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Abstract

Aims Thiazolidinediones have been advocated as seconthimt line insulin-
sensitizing agents in the management of type 2etkab(T2DM). Their widespread
use has been hampered by concerns about theioecasdular safety, including fluid
retention. Metformin is established as first-lineiapse-lowering pharmacotherapy
in T2DM. It has also been suggested that it mayetmenefits in alleviating insulin
resistance in type 1 diabetes (T1DNihis thesis examined: (i) cardiovascular, renal
and metabolic differences between individuals Wi#DM ‘tolerant’ or ‘intolerant’

of TZDs; (ii) risk factors for TZD-associated oedenm T2DM; and (iii) the

potential for metformin as adjunct therapy in TLDM.

Methods (i) A small clinical study characterising TZD todat and intolerant
individuals with T2DM; (ii) A population-based epichiological study of TZD-
induced oedema in individuals with T2DM in Taysi@eotland (using incident loop
diuretic prescription as a surrogate); (iii) A ysatic review and meta-analysis of

published studies of adjunct metformin in TLDM.

Results (i) During a five-day high sodium diet, two known TZD-intoleta
individualswith T2DM had reductions in haematocrit, aldosterone, anstalia BP

and increases in ANP and central and peripherainaatation indices which were
outwith reference ranges derived from nine TZD+ai¢ individuals; (ii) Predictors
of time to loop diuretic prescription included admdy mass index, systolic BP,
haematocrit, ALT and macrovascular disease bus m@it¢his outcome did not differ

by therapy: 4.3% (TZDs) vs 4.7% (other agents afljusted OR 0.909 (95% CI



XXV

0.690, 1.196); p = 0.493]; (ii)) In meta-analysit mne small studies in T1DM
(192.8 patient-years of follow-up), metformin wassaciated with a reduction in
total daily insulin dose (6.6 units/day; p < 0.004)t no studies examined

cardiovascular surrogates or outcomes.

Conclusions Hypotheses were generated for several potentiatdmikers predictive
of TZD-induced oedema but the clinical importandeT@Ds as a risk factor for
oedema in individuals with T2DM was questioned.tiere is some evidence for the
safety of metformin as an adjunct therapy in T1DM little evidence of efficacy,

larger studies are warranted.
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Chapter 1 ntroduction and literature review

Section |- Physiological mechanisms underpinning insulin dmn in

relation to metformin and thiazolidinedione therapy

The incidence and prevalence of diabetes is risvagyldwide in epidemic
proportions [1, 2]. Its associated morbidity andrialty are imposing a major
burden on health care systems [1, 3, 4]. Type Balés (T2DM), accounting for
over 90% of diabetes cases worldwide [5], is charesed by two major
pathophysiological processes: insulin resistanogdired responsiveness to insulin)
and beta-cell failure. The hyperbolic relationshigtween insulin sensitivity and
insulin secretion is well established; insulin g#ion increases in response to a
reduction in insulin sensitivity only up to the pbat which the beta-cell cannot cope
with the added demands such that any further iserea insulin resistance will
cause a fall in insulin secretion [6, 7]. Data agbtlated from the United Kingdom
Prospective Diabetes Study (UKPDS) suggest thas los beta-cell function

commences some 10-12 years before T2DM is diagr8$ed

Insulin sensitivity varies between different ethgroups [9] and populations, up to
seven fold at any given age [10{ is influenced by genetic susceptibilities [11],
constitutional factors (such as obesity [12] angspdal inactivity [13]) or both. The

principal sites for insulin resistance are the st@lmuscle and the liver; adipose
tissue and peripheral tissues are also implicatdd1p]. Skeletal muscle glucose
transport alone accounts for 75% of the insulin-ated glucose uptake in healthy

individuals [17]. Insulin resistance has been assed with reduced expression of



insulin receptors at the surface of insulin-respansells [17], alterations in signal
transduction pathways that are activated followimgulin binding to the receptor
[18], and abnormalities in glucose transport angtagien synthesis [19, 20]. The
role of leptin, adiponectin, and adipocytokinesanfipose tissue inflammation, and

their contribution to insulin resistance is alsog@mting considerable interest [21].

Although type 1 diabetes (T1DM) is characterisedabyoimmune beta-cell failure,
insulin  resistance is being increasingly recognizeas an important
pathophysiological feature, resulting in an asdammaof this disease with the
components of the metabolic syndrome [22-24]. Tleviance of this association is
further enhanced by the observation that insulsistance is an independent risk
factor for vascular complications, both in typd24-32] and in type 2 diabetes [33-
35]. Randomized controlled trials in T2DM have shotliat a pharmacologically-
mediated reduction in insulin resistance decretits=sncidence of diabetes and the
risk of macrovascular complications keep [36-394ht glycaemic control has been
shown in the Diabetes Control and Complication®lT{iDCCT) to reduce rates of

microvascular complications in T1LDM [40].

Targeting insulin resistance and hyperglycaemiaoun different and
complementary mechanisms, metformin and thiazadidiones are widely used,
alone or in combination, in the management of T2DHM®wever, the benefits of
thiazolidinediones have been hampered by theircassan with fluid retention,
bone fractures [41l], and a possible associationh wityocardial infarction
(rosiglitazone) and bladder cancer (pioglitazor&l].[ While metformin’s use in

T2DM is firmly established, there is currently calesable interest in its potential in



T1DM. This review will address the issues surrongdhiazolidinedione-associated
fluid retention in T2DM patients. Moreover, it widlikamine the evidence supporting
insulin resistance in type 1 and type 2 diabeteskmmefits associated with the use

of metformin in T2DM.

1.1 The insulin signalling pathway

The pleiotropic effects of insulin are mediatedotigh its interaction with a
signalling network of molecules that are set in iomtfollowing the hormone’s
binding to its receptor (figure 1.1). The insuleceptor is an integral membrane
glycoprotein existing as a dimer. Each monomeraiostan- and & chain. Theo-
subunits link to each other and to fhsubunits by disulfide bonds, and are located
on the extracellular side of the plasma membraBe 44]. Thep-subunits traverse
the membrane, and are characterised by a tyrogmesk (TK) enzyme domain on
the cytoplasmic side [44-46]. Insulin binding to arsubunit activates the TK
domain on th@-chain, leading to autophosphorylation of the TKndins in eacifi-
subunit. Insulin receptor substrate proteins (IR& then recruited to the plasma
membrane through an interaction with the phosplgeyl insulin receptor, resulting
in phosphorylation of IRS tyrosine residues [47]. 48hosphorylated IRS in turn

recruit additional signalling proteins.

The lipid kinase phosphatidylinositol (Pl) 3-kinakénds to IRS proteins and
converts phosphoinositol 4,5 biphosphate (PIP2) posphoinositol 3,4,5
triphosphate (PIP3) [49]. This in turn recruits kgdn homology domain containing

proteins to the membrane, altering their conforaraind activating protein kinase



cascades. The best characterised of these is tsplphinositide dependent protein
kinase (PDK1) pathway. PDK is a master regulatoa oumber of protein kinases,
including protein kinase B (PKB, also known as ARKC, p90, RSK, p70, S6K
and SGK [50], which in turn phosphorylate and ratgila wide variety of proteins
involved in growth and metabolism. Of relevancegtacose homeostasis, PKB
phosphorylates and inactivates glycogen synthasas&+3 (GSK3) [51, 52] and
forkhead box-containing protein O (FOXO) [53, 54artscription factors. By
regulating the transcription of PEPCK and glucog#i6sphatase genes, these two
transcription factors modify two important rate trofling steps in gluconeogenesis.
Hepatic expression of both PEPCK and glucose-6ytaiase is high in animal
models of diabetes, and overexpression of PEPGKiffecient to induce diabetes in

animals [55].

How does insulin regulate the expression of PEP@H glucose 6-phosphatase?
During starvation, glucagon promotes the assembilya onuclear transcription
complex comprising CREB (c-AMP response elemendibiop protein), CBP (CREB
binding protein) and CRTC2 (CREB-regulated trangmn co-activator 2, also
known as TORCZ2). This complex increases the exjmesd PPARy co-activator 1
(Ppargcl), PEPCK, glucose-6-phosphatase, and k#yegluconeogenic enzymes.
Postprandial activation of the PI3-PKB pathway siees salt-inducible kinase 2
(SIK2), which inactivates the CREB-CBP-CRTC2 compley phosphorylating

CRTC2 at Serl71 and targeting it for degradatioméncytosol [56] (figure 1.1).

Although the IRS/PI 3-kinase/PDK1/PKB pathway isisidered a major pathway of

insulin action, it is not the only pathway downsatreof IRS. The Ras-ERK pathway



has also been elucidated. In summary, the protemptex Grb2/mSOS interacts
with phospho-IRS (tyrosine residues being phosghteg at sites distinct to those
that recruit Pl 3-kinase). Bound mSOS exchanges @GIDRSTP on the small G-

protein Ras, activating Ras [57]. This in turn ates the oncogene c-Raf, which
additionally has protein kinase activity. c-Raf pphorylates and activates
MAP/ERK kinase (MEK) [58], which in turn phosphoayes and activates ERK1/2

[59]. The latter acts on multiple substrates, nobsthich are related to cell growth.

Insulin has also been reported to regulate sewthalr proteins relevant to glucose
homeostasis, such as Rab, atypical PKC (BKCAP and GLUT4 (all involved in
glucose transport) and PDE3, hormone sensitivesdipand ATP citrate lyase
(involved in fat metabolism) [60]. In particulahe translocation of the glucose
transporter GLUT-4 from the intracellular pool feetplasma membrane plays a
crucial role in insulin-mediated glucose entry irgkeletal muscle [61], and is
thought to be mediated by PI3-kinase and its dosamstphosphorylation of PKB
[62] or atypical PKC [63, 64]. In summary, insubignalling is a complex, as yet
incompletely unravelled pathway potentially prooedysregulation or mutation at

several molecular points, resulting in insulin sésnce.

1.2 Diabetes is associated with defective insulirgealling

The molecular pathology of insulin resistance i$ yet established. It is likely to

result from a post-receptor defect, reducing thaityalof insulin to mediate its

pleiotropic actions at hepatic, skeletal muscle adigose tissue level. Although it is



assumed that obesity predates and promotes thewen@efects, this has not been

formally proven in man [60].

Insulin resistance can be generated in mice bytidgl&key insulin signalling
molecules. Thus, a partial loss of the insulin ptae (IR +/-), combined with a
partial loss of IRS1 (+/-), results in severe imsuésistance, and a greatly increased
prevalence of diabetes [65]. Reduced IRS expressias been reported in
association with obesity and T2DM [66]. Reduced 1Rstgnalling has also been
reported in human T2DM [67-69]. PhosphorylationlRE on serine and threonine
residues, as opposed to tyrosine residues (assgsdupreviously), reduces the
interaction of IRS with the insulin receptor andaahstream signalling components
[70, 71] and increases the rate of IRS degradaSenine phosphorylation has been
ascribed to feedback from downstream componentp{8§6K) and protein kinases
induced by obesity, such as PKC or JNK [72-76]vjahimg a link between obesity
and insulin resistance. Several isoforms of PKO,Iltor/p70S6K and GSK-3,
implicated in serine/threonine phosphorylation, aotivated by free fatty acids,

ceramide, TNFe and chronic hyperinsulinaemia [71, 77, 78].



Figure 1.1 - Schematic diagram illustrating the maiinsulin signalling pathways regulating glycaemicontrol and metformin’s
pharmacological effects
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There is evidence suggesting that the Ras-ERK p@atimay be defective in at least
one insulin resistant state, called polycystic gva&yndrome [79, 80], and in many
young males with a BMI exceeding 29kd/i60]. Similarly, in a study of 22
normoglycaemic young men with a body mass index IjBf&inging from 20 to 37
kg/m?, Ruiz-Alcaraz et al. concluded that the MAP-ERKhweay (amongst other
insulin signalling pathways) is defective in obassulin resistant individuals [81],

implicating that such defects predate a clinicakpntation with overt diabetes.

The analysis of the intracellular insulin signailiprocess in man is technically
problematic. Individually, insulin signalling mutamhs have little effect owing to
considerable apparent redundancy of pathways. mngry, in humans, insulin
resistance is thought to arise from the synergestiect of multiple minor molecular

signalling defects [60].

1.3 Metformin — a multifaceted therapeutic approachto insulin resistance

Metformin is most widely prescribed oral anithydgogemic agent worldwide, and
is recommended as a first line agent in the treatro€ T2DM by several national
and international diabetes guidelines, such asetismied by the National Institute
for Health and Clinical Excellence (NICE) [82], th®8cottish Intercollegiate
Guideline Network (SIGN) [83], the European Asstiom for the Study of Diabetes
and the American Diabetes Association (EASD/ADAX|[8and the International
Diabetes Federation (IDF) [85]. Used for approxehat55 years in the UK
(although for only 18 years in the US), metformiacckases intestinal glucose

absorption, reduces hepatic glucose production \®r 80% [86] and increases
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peripheral glucose disposal through complex inssdinsitizing and insulin-

independent mechanisms [87].

1.3.1 Metformin and AMPK

The highly conserved energy sensor adenosine mospphate (AMP)-activated
protein kinase (AMPK) has been identified as a kewdulator of the
pharmacological effects of metformin [88] and tlikdinediones [89]. AMPK is
activated by a range of physiological and pathaalgstresses that increase the
intracellular AMP: adenosine triphosphate (ATP)aatither by decreasing ATP
generation (eg ischaemia or hypoxia) or increagiig consumption (eg muscle
contraction). This kinase acts to restore cellelaergy balance by favouring ATP
generating pathways (eg fatty acid oxidation) whitdnibiting ATP utilizing
pathways (eg fatty acid synthesis and gluconeog@ndsis is achieved initially by
direct phosphorylation of key metabolic enzymesl enthe long term by effects on
gene transcription [90-92]. Additionally, AMPK idsa involved in the central
regulation of food intake and energy expenditurgeisponse to hormones such as

leptin, ghrelin and adiponectin [93].

AMPK exists as a heterotrimeric complex containancatalytic subunito), and two

regulatory subunitsp(andy) [94]. The a-subunit contains the catalytic domain,
including the all important Thrl72 subunit, which phosphorylated by upstream
kinases. The major upstream kinase in mammalida ek complex of the protein
kinase LKB1 and two accessory subunits STRAD (Steldted adaptor) and MO25

(mouse protein 25) [95-97]. LKBL1 is dependent o@ 8TRAD subunit in order to
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phosphorylate the Thrl72 subunit [96]. Besides LKBIRAD and MO25, AMPK
can also be activated by an LKB1l-independent mashan involving
calcium/calmodulin-dependent protein kinase kinéSaMKK) [98-100]. Thep
subunit has a glycogen binding C-terminal domaightglycogen content exerts an
inhibitory effect on AMPK through an interaction tivithe -subunit in skeletal
muscle, although the exact mechanism is unknownd][IDhe y subunit contains
four repeats forming two tandem domains, each a€kvhind one molecule of ATP
or AMP in a mutually exclusive manner [102]. Thadam domains bind AMP with
a high degree of cooperativity [102], suggestirgt the second site is inaccessible to
AMP until the latter has bound to the first tandéamain. Interestingly, insulin and
AMPK signalling pathways work in the same directiah the level of skeletal
muscle, liver and adipose tissue, particularly poocesses that regulate glucose
homeostasis [103]. As with insulin, AMPK-mediate#eletal muscle glucose
disposal is achieved through an increased trartstocaf the glucose transporter
GLUT4 to the plasma membrane, although the fatehef glucose is different:
glycogen synthesis in the case of insulin and dygis/oxidation in the case of
AMPK [104, 105]. Both insulin and AMPK inhibit hefi@ gluconeogenesis by
repressing the expression of gluconeogenic enzysues$, as phosphoenolpyruvate
carboxykinase (PEPCK) and glucose-6 phosphatasp) (66]. Both insulin and
AMPK inhibit hormone-sensitive lipase, and hencpolysis [107-109], albeit
through different mechanisms. Thus, AMPK phosplaigd hormone sensitive
lipase at Ser565, an effect that antagonises dctivdy cAMP-dependent protein
kinase [110], whereas insulin causes phosphorylatiand activation of

phosphodiesterase 3B by PKB, thus lowering cAMAJ11



12

Metformin is thought to activate AMPK indirectlyrbugh an inhibition of complex
1 of the respiratory chain [112], causing an inseean the AMP/ATP ratio.
Inhibition of the respiratory chain in the intestinmucosa may account for the
gastrointestinal adverse effects of this drug [113]Je same mechanism may also
underlie the propensity of its biguanide predecepsenformin (now withdrawn) to
precipate lactic acidosis [113]. It is pertinentpoint out, however, that metformin
pharmacotherapy has not been associated with dicignly increased risk of lactic

acidosis in a recent Cochrane review [114].

Metformin has been reported to activate AMPK indeaae myocytes [115-117],
hepatocytes [88] and skeletal muscle cells [88].BlLKplays a crucial role in
metformin’s interaction with AMPK, such that livepecific knock-out of LKB1
ablates metformin’s ability to lower blood glucoseobese rodents [118]. Like
insulin, metformin also stimulates the phosphoigtat of CREB-regulated
transcriptional coactivator 2 (CRCT2) at Serl71lisTéequesters CRCT2 into the
cytosol, and away from the nucleus, barring anga# on gluconeogenic gene
transcription. In obese and insulin resistant irdlials, CRCT2 is O-glycosylated at
Serl71, blocking any benefical phosphorylation ®tformin at this site [119]. Both
insulin and metformin circumvent this block by aeting atypical Protein Kinase C,
which phosphorylates CBP at Ser436, initiatingdissociation of the CBP:CRTC2
from CREB, and targeting CREB for dissociationhe tytosol [120]. Despite these
findings, the relevance of a metformin-AMPK intetan has recently been
guestioned, following observations that metfomaated mice lacking AMPK in the
liver achieved comparable glycaemic control as iylge mice [121]. Moreover,

Forretz et al. observed that metformin-inducedbititin of glucose production was
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higher in AMPK- and LKB1-deficient hepatocytes caamgd with wild-type
hepatocytes, and that this inhibition correlatedhidose-dependent manner with a
reduction in intracellular ATP content. This le@ thuthors to suggest that metformin
reduces hepatic gluconeogenesis through a reductiomepatic energy state
(possibly through an interaction with complex 1 tfe respiratory chain),
independently of any AMPK- or LKB1- related repriessof gluconeogenic genes

[121].

In contrast, metformin is reported to inhibit AMPK the hypothalamus, by
inhibiting low glucose-induced AMPK phosphorylatiand neuropeptide-Y mRNA
expression [122]. This mechanism is thought to dredenetformin’s anorectic
effects. Indeed, a recent study carried out onve aelayed-release formulation of
metformin (newmet) concluded that higher plasmaceatrations of metformin do
not confer increased therapeutic efficacy. Bypas$ive upper gastrointestinal tract,
lowering systemic exposure and improving toler&pilihrough its special pH-
sensitive coating, newmet is reportedly able tonta@n its glucose-lowering effect
through an activation of nutrient receptors located enteroendocrine cells. The
latter produce key glucose-regulating hormones sscpeptide YY (which signals
satiety to the brain) and glucagon-like peptidedLR-1) [123]. Other studies
suggest that metformin may have a deletirious effagpancreatic beta-cell function
by reducing mitochondrial ATP synthesis, a scen#nat impairs responsiveness,

inhibits insulin release, and possibly induces {oethapoptosis [124] [125].
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1.3.2 The insulin-independent effects of metformin: effects on glucose

absorption

The contribution of the intestine in metformin’stiagperglycaemic effects is often
overlooked because of paucity of clinical dataalstudy on normal 18 hour fasted
mice, Wilcock and Bailey reported that metformimlrtanistered as an intragastric
bolus) decreased intestinal glucose absorptiondos® dependent manner through
effects on mucosal and serosal glucose transfestlynio the middle portion of the
small intestine [126]. Animal studies suggest tmaétformin delays glucose
absorption, such that this occurs more distallghengastrointestinal tract [126, 127].
Metformin administration results in the accumulaticof very high drug
concentrations in the intestinal wall [128]. Thgs accompanied by an increased
utilization of glucose by the intestine, particlyathrough anaerobic metabolism
[129-131], explaining, at least in part, the appashortfall in the passage of glucose
from the luminal to the serosal surface of thestite. To this effect, Bailey et al.
reported that incubation of human jejunal biopsgue with metformin significantly
increased lactate production within the tissue sany 35%. Additionally, in a
study on eight recently-diagnosed, obese, drugen@BDM patients, the authors
showed that incident metformin administration iscasated with metformin jejunal
concentrations ranging from 30 to 300 times higttean plasma metformin

concentrations [132].
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1.3.3 Metformin and the organic cation transporter

Primarily excreted unchanged in the urine, metfarmsia substrate of a number of
organic cation transporters; those identified goaf@ organic cation transporters 1
and 2 (OCT1 and OCT2) and plasma membrane monoatnansporter (PMAT).
Organic cation transporters are polyspecific trangps most commonly expressed
in the liver and the kidney, where they play a rivlethe elimination of organic
cations from the systemic circulation.[133-135). particular, OCT1 is thought to be
a major determinant of metformin’s pharmacologeficts in the liver [136, 137];
passive diffusion and other transporters may adctmsma small portion [137]. In a
transgenic mouse model, knockout of liver OCT1ualy abolished biguanide-
induced hepatic lactate production [136]. Deletidrihe OCT1 gene in mouse liver
reduces metformin’s effects on gluconeogenesis tAeddrug’s interaction with
AMPK [137]. OCT1 polymorphisms have been reportededuce metformin effects
on the response to oral glucose, and affect seratfiormin concentrations [137,
138], and may, at least partly, explain why abdd4of metformin-treated T2DM
patients fail to achieve target fasting plasma gbeclevels [139, 140]. Expressed in
the basolateral membrane of renal tubular cellsSTDG implicated in the renal
excretion of the drug [141, 142]. While both OCTidaDCT2 are expressed at low
levels in the basolateral membranes of entrocyl&3,[ 135, 143], PMAT has
recently been identified as a more important matfortransporter in the small
intestine, and is expressed at higher levels inagheal membrane of these cells

[143-145]
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1.4 Thiazolidinediones — a ‘novel’ class of insulisensitizers

The thiazolidinediones (TZDs) rosiglitazone andgtitazone were approved by the
US Food and Drugs Administration (FDA) as pharmegmal agents in the
management of individuals with T2DM in 1999. Thibdimediones are currently
recommended as second or third line T2DM pharmacagly by NICE and SIGN
[82, 83]. The 2009 consensus statement of the EABD the ADA did not
recommend the use of rosiglitazone in view of com&eabout its cardiovascular
safety profile, while suggesting that pioglitazanay be used as a second line agent
in specific clinical circumstances, such as ‘wheypdyglycaemia is particularly
undesirable’ [84]. The updated 2012 EASD/ADA recoamaiations, guided by the
principle of 'primum non nocere('first do no harm') retain a potential role for
pioglitazone as a second-line add-on agent. Hownecauthors seemingly prefer to
focus on its safety and adverse effect profile [l46oncerns about the
cardiovascular safety profile of rosiglitazonetially raised by (the much disputed)
Nissen and Wolski’'s meta-analysis [147], and coméid by some [148-150], but not
other [151-154] studies and meta-analyses led Bé&abd and Drug Administration
(FDA) to issue guidance detailing the approach #&oquiring, analysing and
reporting the necessary safety information fromRilase Il and Il trials [155].
Acting upon updated meta-analyses data [156, FIJA restricted rosiglitazone’s
use in the management of T2DM [158]. The Europeadidnes Agency (EMA)
went further, withdrawing its marketing authoripaii with immediate effect in
September 2010 [159]. A recent editorial has gaastl the wisdom of curtailing
rosiglitazone's marketing authorization, given thmitations imposed by the

available medical evidence [160].
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Thiazolidinediones lower fasting and postprandiabtd glucose levels by increasing
insulin sensitivity in muscle, fat and liver cellhis is achieved through modulation
of peroxisome-proliferator-activated recepfo(PPARy) activity. Troglitazone, the
first widely used thiazolidinedione introduced i89%, was withdrawn from clinical
practice on account of liver toxicity [161]. The sasiation between
thiazolidinedione therapy and heart failure (HFsweported in the same year, when
Hirsch et al. described two cases of pulmonary medeomplicating the use of
troglitazone in two diabetes patients with presériedt ventricular function. This
clinical condition improved after the drug was distnued [162]. Fluid retention
and weight gain have since been confirmed as thecipal adverse effects of
rosiglitazone and pioglitazone, such that drug nfesturers do not recommend their
use in patients with New York Heart Association (NA&) functional class Il or IV
HF [163, 164]. Both NICE and SIGN guidelines hawo@ted a more stringent
approach, such that they do not recommend thefubsese drugs in any patient with
HF [82, 83]. This chapter aims to review the curremderstanding of the
pathophysiology of PPAR-agonists. Additionally, it shall discuss the il

evidence and mechanisms underlying thiazolidinesioduced oedema.

1.4.1 Peroxisome Proliferator Activated Receptors a heterogenous family of

nuclear receptors

The identification of the insulin-sensitizing propes of thiazolidinediones in
animals and humans has generated significant siter® the mechanism of action

of these drugs. Thiazolidinediones act as peroxesproliferator-activated receptor
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(PPAR)y agonists. Together with PPAR-and PPARS, PPARy belongs to a
nuclear receptor superfamily of transcription fastfil65] which are activated by
polyunsaturated fatty acids, prostanoids and oadlisatty-acids found in low
density lipoproteins (LDLs) [166-168]. PPAR--0 and « are encoded on three
different genes (PPARA, PPARD, and PPARG) locatecheomosomes 22, 6, and
3, respectively [165]. While PPAR-is ubiquitously expressed [169], PPAR-
distribution is largely restricted to tissues whaotive fatty acid catabolism occurs.
Thus, although predominantly expressed in the Jlitehas additionally also been
identified at moderate levels in the kidney andlr@dipose tissue, and at relatively
lower levels in heart and intestine [170]. It h&sbdeen localised in skeletal muscle
[171]. PPARy is mostly, though not exclusively, expressed intevtand brown
adipose tissue; additionally, it has been localisadthe intestine, vascular
endothelium, macrophages, pancreatic beta cellg, [173] and skeletal muscle
[174]. It is characterised by several splice vagamamed PPAR1 to PPARy7

[175-177], the relative distribution of which igrther outlined in table 1.1.
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Table 1.1 - Peroxisome proliferator-activated retepy (PPAR%) receptor isotype
distribution (adapted from [175-177])

PPAR- receptor isotype Physiological distribution

PPAR-y1 Mostly expressed in adipose tissue and
large intestine
Intermediate expression in liver, kidney
and small intestine

Very limited expression in muscle

PPAR-y2 Same distribution as for PPARA4, but
much less abundantly expressed

PPAR-+3 Adipose tissue and large intestine
PPAR-y4 Macrophages

PPAR-+5 Macrophages

PPAR-y6 Adipose tissue

PPAR-y7 Adipose tissue

PPARs and other class Il nuclear receptors are aseatpof six structural regions (A
to F) in four functional domains [178] (figure L.Zhe A/B region is a variable
region located in the Njf£nd of the receptor. It encompasses a ligand-imutkgre

transactivation domain (activation-function 1) (Afthat is transcriptionally active
in the absence of ligands. The ligand-binding #stief the receptor can be modified
positively (in the case of PPA&-[179] or negatively (in the case of PPAIRF180,

181] by phosphorylation [182] or sumoylation [188he C-region holds the DNA-
binding domain (DBD), which is the most conservedhdin in all nuclear receptors.
It targets the PPAR to a sequence of nucleotidéisiwthe regulatory regions of

responsive genes. This sequence is called the REHINnse element (PPRE) [184].
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The E/F region contains the ligand binding domaid a co-activator/co-repressor
binding surface [185]. X-ray crystallography hasea&ed that this ligand-binding
domain is characterised by a large binding pocket tllows the transcription
receptor to bind to a wide variety of structuraliprelated ligands [186]. The
activation-function 2 domain (A-F2), located clasethe C-terminal region of the
receptor, is an integral component of the liganddinig domain. The binding of
antagonists to AF-2 stabilises the PPAR into amganded state [187]. Conversely,
agonists alter the structural conformation of ABr2binding to this domain, locking
the receptor into an active conformation, whictuhssin an increased activity of the
receptor [186]. The mutable linker region D perntiits rotation of DBD, connecting

it the E/F region [178, 185].

Like other class Il nuclear receptors, PPARfre thought to exist as heterodimers
with retinoid-X-receptors (RXRs) and, as discussbohd to PPRE within the
promoter domains of target genes via the DBD [1T8E unliganded PPARRXR
heterodimer is associated with a multiprotein co¥spor complex that contains
histone deacetylase activity. The latter inhibit&laeosome transcriptional activity.
PPAR«y receptor ligand binding results in dissociationtlodé corepressor complex
and the recruitment of a coactivator complex comi@ histone acetylase activity.
This in turn favours chromatin remodelling and \aetigene transcription [188].
PPARy activation favours the differentiation of adipoeytand other cell types and
the induction of lipogenic enzymes and glucoreguiaproteins. The existence of
multiple PPARy isoforms and their wide range of distribution magrease the

diversity of ligands and their tissue-specific samptional responses [185].
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Figure 1.2 - Structure of the peroxisome prolife@tactivated receptop (PPAR)
(adapted from [189])
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Figure 1.3 - Schematic diagramtbe mechanism of PPAR-action (adapted from [190])
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1.4.2 Physiological consequences of PPARactivation

PPARy activation, as evidenced by PPARARNA expression, has been shown to
play a critical role in adipogenesis and adipodjtéerentiation [191, 192]. PPAR
interacts with CCAAT/enhancer-binding protein (Y@p -beta, -delta), setting a
transcriptional network that plays a central rote adipogenesis [191]. This is
achieved in a series of steps. Adipogenic hormormgh as insulin and
dexamethasone, relay signals to CCAAT/enhanceririgndrotein-beta and -delta.
In turn, CCAAT/enhancer binding protein-beta andltal synergistically induce the
expression of both CCAAT/enhancer binding protdphhka and PPAR- by
heterodimerizing with each other [193-196]. CCAAfTMancer binding protein-alpha
and PPARy subsequently enhance each other [197, 198], wroma battery of
genes which are required for the synthesis, uptaie storage of fatty acids and

increasing the number of adipocytes [199-201].

Transcription factor PPAR-increases insulin sensitivity through a number of
mechanisms acting in tandem. PPARavours the selective expression of genes
encoding for proteins involved in fatty acid uptake adipose tissue, namely
adipocyte fatty acid binding protein, acyl-Co A #ymse and lipoprotein lipase,
without affecting their expression in muscle tisstlibis adipocyte free fatty acid
‘steal phonomenon’ causes a relative depletionatif/ facids in muscle [202, 203].
Moreover, PPARy activation favours the retention of fatty acidstissues through
activation of fatty acid transporters [fatty aciarsporter 1 (FATP1) and CD36],
phosphoenylpyruvate carboxykinase (PEPCK) and ghyckinase. PPAR- also

regulates adipocyte hormone gene expression, emgatite expression of genes
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encoding for insulin sensitizing adipocytokinestsas adiponectin, while repressing
the expression of genes encoding for adipocytokimgdicated in insulin resistance,
such as leptin, resistin, tumour necrosis faotdtdf hydroxysteroid dehydrogenase
type-1, interleukin-6 and plasminogen activatoribitor-1. Additionally, PPARy
directly enhances adipocyte glucose disposal byidimg glucose transporter-4
(GLUT-4) and c-Cbl associating protein (CAP), ta#dr being crucial for GLUT4

translocation to the cell surface [204].

1.4.3 Thiazolidinediones and AMPK activation

AMP-activated protein kinase (AMPK), a highly conssl major regulator of
cellular and whole-body energy homeostasis, is algarget of thiazolidinedione
action [89]. Thiazolidinediones are reported tavate AMPK via two independent
mechanisms. Like the biguanides, thiazolidinedioappear to exert their acute
effects on AMPK by inhibiting complex 1 of the raspory chain [205], therebye
explaining the associated drug-induced increaskarcellular AMP:ATP ratio [206,
207]. Morerover, as outlined above, thiazolidinegionduced PPAR- activation
induces the expression and release of adiponeotim iuman and rodent adipocytes
[208]. Adiponectin in turn activates AMPK in thedr and skeletal muscle, reducing
hepatic gluconeogenesis, and favouring glucosekaptand fatty acid oxidation
[209]. Mice lacking adiponectin fail to exhibit #rolidinedone-induced AMPK

activation and improvements in glucose tolerand®]2

In conclusion, metformin and thiazolidinediones e insulin sensitivity through

multifaceted but complementary approaches: bothasctAMPK activators, but
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metformin predominantly targets hepatic glucosepoutwhile thiazolidinediones
regulate peripheral glucose and fatty acid uptakel@gminantly in adipose tissue via
PPARy receptor modulation. In both cases, glucose cbrigromproved with a

minimal risk of hypoglycaemia.
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Section Il - Heart failure in diabetes, with particular reference to

thiazolidinedione therapy

1.5 Concurrence of diabetes and heart failure

In recent years, the relationship between HF amtbeles has been increasingly
recognised and investigated. The American Hearbéiation classifies diabetes as a
high risk factor for the development of HF [211]h€Fe is evidence for diabetes
related effects on HF prevalence, incidence andatityr It is to be noted that large
diabetes trials either excluded patients with HF.[&JKPDS [212], Non-Insulin
Dependent Diabetes, Hypertension, MicroalbuminariBroteinuria, Cardiovascular
Events, and Ramipril (DIABHYCAR) [213], DCCT [214§lr did not report HF as a
co-morbidity [e.g. Collaborative Atorvastatin Diaes Study (CARDS) [215],
Fenofibrate Intervention and Event Lowering in s (FIELD) [216],
PROspective pioglitAzone Clinical Trial in macroatar Events (PROactive)
[217]]. As for the occurrence of diabetes in Hgufies need to be interpreted with
caution, given that the strict recruitment critefea the individual trials exclude
individuals at higher risk of diabetes (such asebldge groups, and renal
dysfunction). Similarly, it is difficult to extragbopulation-based estimates of the
incidence of HF in diabetes from large trials sashthe UKPDS, which solely
recruited patients with newly diagnosed diabetesafmage = 53 years). Given these
constraints, prevalence and incidence data haven be&ieved largely from

population based studies.
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1.5.1 Prevalence

Prevalence of heart failure in diabeted:he prevalence of HF in diabetes stands at
12% [218], increasing to 22% among individuals agdibve 64 years [219],

compared to 1-4% in the general population [218].

Prevalence of diabetes in heart failur®iabetes was reported as being four times
more prevalent among patients with newly diagndded220]. Diabetes occurs in
12-30% of individuals with symptomatic HF [218, 22P2], and in 33-40% of
hospital admissions resulting from HF [223-225]refrospective analysis of around
45,000 patients with idiopathic cardiomyopathy emed similar results, namely
significantly higher prevalence rates among théelia sub-population [26.6% vs
17.2%, corresponding to a relative odds of 1.584%l 1.55, 1.62) after adjusting
for age, sex, hypertension and median income [22Bfta from other smaller
epidemiological studies of patients with left vésutar systolic dysfunction (ranging
from 188 to 3960 patients) reported diabetes pesva rates of 6-25.5%, although
there were considerable differences in patient age in the definition of left
ventricular systolic dysfunction between studie27F233]. It is as yet unclear
whether the prevalence of diabetes in HF varie®rdatg to ethnic group [224,

225].

1.5.2 Incidence

Incidence of heart failure in diabetesDiabetes has also been identified as a major

contributor to the incidence of this cardiac cowit A diagnosis of HF was 2.4
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times as likely among diabetic men and 5.1 timebkasy among diabetic women
who participated in the Framingham Heart Study (emgge 45-74 years). This
association was independent of age, obesity, hsp&dn, dyslipidaemia and
coronary artery disease. The effect was even mooaopnced in individuals
younger than 65 years, where the risk of developiRgvas estimated at 4 fold and
8 fold higher for diabetic men and women respebtiy234]. The National Health
and Nutrition Examination Survey (NHANES) [235] amZhrdiovascular Health
Study [236] reported hazard ratios of 1.85 (95%1@&1, 2.28) and 1.74 (95% CI
1.38, 2.19) respectively for HF development in diabpatients. In Iceland, the age-
adjusted odds ratio for the development of HF w8s(25% CI 2.2, 3.6) in diabetic

patients, compared to their non-diabetic count¢sdad 8.

A cross-sectional study comparing the incidencéibfbetween diabetic and non-
diabetic subgroups of 2737 American elderly patiefrhean age 81 + 9 years)
revealed that HF developed in 39% of diabetic pédieompared with 23% of non-
diabetic individuals (p < 0.0001). Relative risksmastimated at 1.3 for the diabetic
population [237]. A large US cohort study of 1133&0abetes patients over 64 years

of age reported 126 cases of incident HF per 1@d@m years [219].

The United Kingdom Diabetes Prospective Diabetesl\s{UKPDS) reported that
the risk of HF increased with worsening glycaenoateol in T2DM patients, such
that there was a 16% reduction in the risk of HF évery 1% reduction in
glycosylated haemoglobin (HbAlc) [212]. Convers@gch 1% increase in HbAlc
was linked to an 8% increase in HF risk (95% C12%) in a US study [238]. A 2.5

unit increase in BMI has been associated with a i®ease in the risk of HF in
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diabetic patients [239]. A similar relationship waported in another study [240].
Increasing age [213, 219, 239], use of insulin [238d duration of diabetes [239]

have also been identified as risk factors.

Coronary heart disease is a risk factor for HFiabetes [219, 239, 240]. Morerover,
diabetic patients are more likely to develop HHdwing a myocardial infarction
despite comparable infarct sizes [241]. Diabetitepés with retinopathy have also
been recognised as being at an increased risk 2#H. Subgroup analysis of the
Multi-Ethnic Study of Atherosclerosis (MESA) cohoshowed broadly similar
findings, namely an association between retinakratar narrowing and left
ventricular remodelling [243]. Other studies repdrtproteinuria and albuminuria
[213, 240, 244], nephropathy [219] and end-stagaalralisease [219, 239] as
additional risk factors for HF in diabetes. Over#ilese results support the concept
of microvascular aetiology for HF in diabetes, ariateraction between large and

small vessel disease.

Incidence of diabetes in heart failure©nly one non-clinical trial population study
investigated the development of diabetes amongmiatidiagnosed with HF. The 3
year incidence of diabetes was 28.8% in elderlyattapatients with HF compared

with 18.3% in individuals without HF [220].

1.6 Mortality risks associated with heart failure

Diabetes and mortality in patients with heart fatle: Diabetes is a recognised

independent risk factor of death among patients wgtablished HF. This is borne
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out of the results of a number of studies. Howettels unclear whether this risk
holds only for individuals in whom HF is causeddgpecific aetiology. Analysis of
clinical trial population data from the Studies béft Ventricular Dysfunction
(SOLVD) [245, 246], Beta-blocker Evaluation in Swal Trial (BEST) [247] and
Digitalis Investigation Group (DIG) [248] studieaggested that mortality risk was
confined to individuals with HF of ischaemic aetigy, in contrast to a US
community cohort based study, which reported alaason with non-ischaemic
HF [222]. In contrast, diabetes posed a mortalisk to HF patients of either
category in the Danish Investigations of Arrhythralad Mortality ON Dofetilide
Heart Failure (DIAMOND-HF) [249] and CandesartanHeart failure Assessment
of Reduction in Mortality and morbidity (CHARM) [2% clinical trials. Differences
in study outcomes may be borne out of underdiagnafscoronary artery disease in
diabetes and differences in study population charstics and study design. The
hazard ratios for death from pump failure in diabétdividuals were reported as
1.44 (95% CI 1.18, 1.76) and 1.50 (95% CI 1.1541iii the SOLVD [245, 246] and
BEST [247] trials respectively. Subgroup analysisdata from the Framingham
study suggested that the risk of diabetes relatedatity was confined to female HF
patients [251]. The results may have been influérmethe small sample size, and

may explain why such gender differences were noficoed in other studies.

Interestingly, a low HbAlc has been identified asartality risk factor for HF in
diabetic patients in one observational study [2F9}alysing for 123 individuals
with advanced HF, 2 year all-cause mortality ratese significantly higher for

patients with an HbAlc of 7 or less compared tséhwith higher values (35% vs
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20%). These figures need to be interpreted withi@auand probably reflect the

effects of cachexia, which is inherent to individuaith advanced HF.

Heart failure and mortality in patients with diabes: Current evidence suggests
that diabetes patients who develop HF are at areased risk of mortality. The
DIABHYCAR study showed that T2DM patients who diexeHF had a twelve-fold
higher annual mortality rate compared to diabetidividuals who were not
diagnosed with HF (36.4% vs 3.2%). This study wasied out in individuals above
50 years of age and urinary albumin concentratepgalling or exceeding 20mg/L
[213]. A large US population study recruiting détam diabetic patients aged 65
years or older reported a five year survival of5#2.for individuals who developed
HF, as compared to 80% for those who did not dgviies cardiovascular condition

[219].

1.7 Thiazolidinediones and oedema

A meta-analysis of 26 prospective, randomised, gilaecontrolled or comparative
studies investigating the incidence of oedema iaztilidinedione-treated patients
concluded that the latter are associated with aldoy of risk [pooled OR 2.26

(95% CI 2.02, 2.53); p < 0.00001]. Oedema ratesevagrproximately three fold

higher for rosiglitazone-treated patients [pooldd 2274 (95% CI 2.33, 3.14)]. Open
labelled studies reported a higher thiazolidinediassociated risk [pooled OR 6.74
(95% CI 3.32, 13.71); p < 0.00001] [253]. Howevezcruited studies adopted
different definitions of oedema. Moreover, only tetudies used objective methods

to evaluate this adverse effect, while severity wal/ reported in three studies.
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Available data did not permit investigating whetlt®encomitant drugs mitigate or

exacerbate the risk of fluid overload [253].

1.8 Thiazolidinediones and heart failure

The clinical benefits and widespread use of thidamdioneshave been hampered
by concerns on their cardiovascular safety profi@nely ischaemic heart disease
(rosiglitazone) and an association with fluid reé@mHF. Early clinical
efficacy/safety (phase Il) trials had failed to arlg demonstrate any relationship
between pioglotazone or rosiglitazone monotherapy the development of HF,
although the risk may be increased when the drugsed in combination with
insulin. On the other hand, four major prospectargdomized trials and recent meta-

analyses of data from these and other studiesdittested this relationship.

1.8.1 Clinical efficacy/safety trials

The package inserts for rosiglitazone maleate (Aigih [254] and pioglotazone
hydrochloride (Acto®) [255] yield useful prescribing advice in thisyaed. Both

drugs are deemed contraindicated in individual® Wew York Heart Association
(NYHA) HF classes lll and IV. Additionally, the mafacturers do not recommend
their use in individuals with symptomatic HF. Indivals with NYHA HF classes |
and Il are deemed as being at an increased rislthar cardiovascular effects’ when
treated with Avandida The manufacturers of Act®srecommend that this drug
should be commenced at the lowest approved dassmiemplated for use in T2DM

patients with NYHA HF class II. Any further dosecakation, if necessary, should be
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carried out after ‘several months of treatment’ arateful monitoring for weight
gain, oedema, or signs and symptoms of CHF exatwenha\When evaluating
available data, one must keep in mind that indigiswith NYHA HF class IIl and

IV were not included in the pre-approval clinicadls.

(i) Unpublished clinical safety trials for pioglitazone hydrochloride (Acto$)

In their package insert [255], the manufacturerpioflitazone hydrochloride refer
to a double-blind placebo controlled pre-approviaical trial involving 566 insulin-
treated T2DM patients followed up for 16 weeks.tiegrants were randomised to
pioglitazone at 15mg or 30 mg daily, or placebod amcluded individuals with
arterial hypertension (57.2%), coronary heart diegd9.6%), history of Ml (8.8%),
history of angina pectoris (4.4%), congestive héaltire (2.3%) and stroke and/or
transient ischemic attack (4.1%). 2 patients omlgezone 15mg and 2 of those on
pioglitazone 30mg developed CHF. Although this aseesvent was not reported in
placebo-treated individuals, it was restricted idividuals with a past history of

cardiovascular disease.

A 24 week post-marketing study compared the sgbedyile of pioglitazone (n =

262) and glyburide (n = 256) in uncontrolled T2DMsttipnts (mean baseline HbAlc
8.8%) characterised by NYHA class lll and IV HF amdbaseline ejection fraction
less than 40% (mean 30%). Overnight hospitalizaftotHF was increased, reported
in 9.9% of pioglitazone-treated patients compaed.7% of those managed with

glyburide. Treatment differences were first noteftera6 weeks of therapy.
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Pioglitazone-associated hospitalization for HF wasre common in individuals

aged over 64 years and those treated with instlxaseline.

Statistical analyses of the differences betweeatrttent groups are not reported for

either of the two studies, which are not referenodtie package insert.

(i) Unpublished clinical safety trials for rosiglitazone maleate (Avandi&)

The package insert for rosiglitazone maleate [2B#4rs to a 52 week double-blind
placebo-controlled study carried out in 224 T2DMigyats with NYHA class | or |l

HF and a baseline ejection fraction equalling ossldhan 45%, treated with
background antidiabetic and CHF therapy. While theestigators reported no
differences in change in ejection fraction betwéeatment groups, rosiglitazone-
treated patients were more prone to adverse casiooNar events (new or worsening
oedema, new or worsening dyspnoea, increases inr@eéthcation, cardiovascular
hospitalization, cardiovascular deaths) compared tteweir placebo-treated

counterparts. It is not clear whether this study warried out in the pre-approval
phase, and statistical analysis of the differenoesveen treatment groups is not

reported. This study is not referenced in the pgekasert.

1.8.2 Prospective randomized trials

Four large-scale randomized prospective trialslétald.2 and 1.3) cumulatively

recruiting over nineteen thousand patients havielgikevaluable information on the

safety profile of thiazolidinediones. They recrditendividuals from four very
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different populations: patients with pre-diabet@smpaired glucose tolerance or
impaired fasting glucose) and no evidence of caaloular disease [Diabetes
REduction Assessment with ramipril and rosiglitazoWMedication (DREAM)]
[152], pharmacologically naive T2DM patients [A b&es Outcome Progression
Trial (ADOPT)] [154], T2DM patients (some with pieus cardiovascular disease)
inadequately controlled on a sulphonylurea or mgtiio [Rosiglitazone Evaluate for
Cardiovascular outcomes in ORal agent combinatimrapy for type 2 Diabetes
(RECORD)] [153], and high risk T2DM patients witlstablished cardiovascular
disease [PROspective pioglitAzone Clinical Trial imacroVascular Events
(PROactive)] [256]. Two of these trials comparethzblidinedione treatment with
placebo therapy (DREAM, PROactive) [152, 256], whihe other two trials
(ADOPT, RECORD) [153, 154] compared thiazolidinesidherapy with metformin
and sulphonylureas. Three studies (DREAM, ADOPT,CRRD) randomised
patients to thiazolidinedone treatment with rosagione [152-154], while the
PROactive study randomised individuals to piogbtaz [256]. The mean age of the
patients at recruitment ranged from 54.7 to 61.8rgeBaseline HbAlc was sub-
optimal, ranging from 7.4-7.9 in three [153, 15%6P out of four [152-154, 256]
trials (it was not reported in the DREAM trial whigecruited patients with pre-
diabetes [152]). The PROactive trial excluded pasiavith NYHA HF class Il or
above [256]. The DREAM [152], ADOPT [154] and RECDR153] studies

excluded any individual with HF at recruitment.

All four trials reported a significant excess ofaitolidinedione-treated patients with
HF. The DREAM trial [152] defined HF as acute treaht with at least two of the

following criteria: typical signs and symptoms, itsgd radiological evidence and the
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use of diuretics, vasodilators or inotropes. l4glitazone-treated patients and 2
placebo-treated patients developed HF during tbdysfHR 7.03 (95% CI 1.60,
30.9); p = 0.01). There were no reports of deathy fHF during the study, although
the investigators reported a death from myocarndi@rction in one rosiglitazone-
treated patient who had developed HF. Additionally4 (6.8%) of the 2547
rosiglitazone-treated patients had developed perglhoedema by the final visit,
compared to 124 (4.9%) of the 2554 patients rangethio a placebo (p = 0.003).
The authors also reported a significant mean boeight increase of 2.2 kg in the
rosiglitazone-treated group compared to placebea (p0001). While rosiglitazone
therapy significantly reduced the composite endpainncident diabetes or death (p
< 0.0001), there were no significant differenceswieen treatment groups in
composite cardiovascular endpoints (comprising ragaial infarction, stroke,
cardiovascular death, revascularization proceddfg, new angina with objective
evidence of ischaemia, ventricular arrhythmias magy resuscitation), overall
mortality, myocardial infarction, new angina orote between the treatment groups.
The study did not report information on differenaeschanges in lipid profile

between rosiglitazone and placebo-treated groups.

The ADOPT trial [154] sought to investigate diffeces in outcomes between
T2DM patients randomised to monotherapy with raisigbne (n = 1456),
metformin (n = 1454) or glyburide (n = 1441). Altlgh the study protocol excluded
patients with known CHF, retrospective analysissolrce data identified this
diagnosis in 17 study patients at recruitment (3hi rosiglitazone group, 6 in the
metformin group and 6 in the glyburide group). Ohlgf these patients, randomised

to metformin, subsequently developed a HF eveninduhe study. There were no
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significant differences in the number of patienithvHF between the rosiglitazone
and metformin-treated groups at the end of theysfd vs 19; HR 1.22 (95% CI
0.66, 2.26); p = 0.52). Although a greater numberosiglitazone-treated patients
developed HF compared to those randomised to ghy@dR2 vs 9), the difference
achieved only borderline statistical significan&tR[2.20 (95% CI 1.01, 4.79); p =
0.05]. Serious HF events (defined as life threaignifatal, disabling, requiring
hospitalization or prolongation of hospital staysseciated with a congenital
anomaly, cancer or a drug overdose, regarded ds bucthe investigator or
suggesting substantial hazard, contraindicatiate-sffect or precaution) affected 12
patients in the rosiglitazone-treated group, 1Zepé in the metformin-treated group
and 3 glyburide-treated individuals (p < 0.05 fdretcomparison between
rosiglitazone and glyburide-treated patients). An#icantly greater number of
rosiglitazone-treated patients developed peripheeslema compared to those on
metformin (205 vs 104; p < 0.001) or glyburide (205 123, p < 0.001).
Rosiglitazone-treated patients gained 4.8kg (95%.85.3) in weight compared to
a reduction of 2.9 kg (95% CI -3.4, -2.3) for methin-treated patients and an
increase of 1.6kg (95% CI 1.0, 2.2) for glyburideated individuals. At the end of
the study, rosiglitazone-treated patients werekg.deavier (95% CI 6.3, 7.4) than
their metformin-treated counterparts (p < 0.001y &5 kg (95% CI 2.0, 3.1)
heavier than patients randomised to glyburide (p091). The study confirmed that
thiazolidinedione treatment is associated withveelorate of monotherapy failure at
5 years (defined as fasting plasma glucose excgetiih mmol/L) compared to
metformin or glyburide (p < 0.001 for both comparis). Rosiglitazone-treated
patients achieved significantly greater reductiontheir glycated haemoglobin level

compared to those randomized to metformin [redudtiéference of 0.13% (95% ClI
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-0.22, -0.05); p = 0.002] or glyburide [reductioiffefence of 0.42% (95% CI -0.50,
-0.33); p < 0.001]. Despite rosiglitazone being oasged with higher LDL

cholesterol levels at the end of the study, congpasemetformin [2.69 (95% CI
2.63, 2.75) vs 2.50 (95% CI 2.44, 2.55) mmol/L; ©.001] and glyburide [2.69
(95% CI 2.63, 2.75) vs 2.57 (95% CI 2.51, 2.64F% p.008], this did not translate
into any significant differences in the number atipnts with fatal or nonfatal Mi,

stroke or overall mortality between the treatmenugs.

The conclusions borne out of the ADOPT study hawenbthe subject of
considerable debate. Although the study yieldedfulisdata concerning drug
associated changes in body weight, oedema andtHfas primarily designed to
compare durability of glycaemic control betweerethtreatment groups. Given that
the investigators only reported outcomes at theadntie study period (48 months
for metformin and rosiglitazone-treated patient3,63months for glyburide-treated
patients), it is not possible to compare outconfes 4, 2 or 3 years. Morerover,
high dropout rates were reported for the threetrtrteat groups (63% for
rosiglitazone, 62.1% for metformin, 56% for glylie), potentially introducing
hidden biases in reported adverse event rates.[Zxfhplications such as weight

gain would be expected to adversely affect drugm@mnce.

The RECORD trial [153] comprised an unblinded pemtiye study recruiting
T2DM patients inadequately controlled on metformior sulphonylurea
monotherapy. The investigators compared primary secbndary cardiovascular
prevention between patients randomised to treatmeith rosiglitazone or

metformin-sulphonylurea combination. By the endha trial, a significantly greater
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number of rosiglitazone-treated patients had deezlonew-onset HF leading to
hospitalization (undefined in the study) or deatmpared to their comparator-
treated counterparts [61 vs 29; HR 2.1 (95% CI ,13387); p < 0.001]. There were
10 deaths attributed to HF in the rosiglitazonete#d group and 2 in the
sulphonylurea/metformin group; these figures werd nompared statistically.
However there was no significant difference in @luse mortality between the
treatment groups [136 (rosiglitazone) vs 157 (comaoa)], as the higher mortality
from HF was offset by a lower occurrence of deatimf stroke [0 (rosiglitazone) vs
5 (comparator)], myocardial infarction [7 (rosigibne) vs 10 (comparator)] and
other cardiovascular causes [43 (rosiglitazongjds¢comparator)]. The authors did
not report any significant differences in the ocence of myocardial infarction [64
(rosiglitazone) vs 56 (comparator)] and stroke [4fsiglitazone) vs 63
(comparator)] between the treatment groups. Théoasit maintained that the
excessive mortality from HF for rosiglitazone-tieghtpatients was compatible with
the increased occurrence of HF seen in this tredtrgeup, and that the excess
relative risk of HF for these patients was simiiar individuals with and without
ischaemic heart disease. Metformin-treated patigatsdomised to additional
treatment with rosiglitazone gained more weight parad those treated with adjunct
sulphonylurea (+3.8 vs 0.0 kg; p < 0.0001). Sulphaea-treated patients
randomized to adjunct rosiglitazone gained moregttethan those randomised to

additional treatment with metformin (+4.1 vs -14; kb < 0.0001).

A follow-up paper focussing on occurrence of HFreggen RECORD [258] reported
that the mean duration (£ SD) of admission for iHRhe rosiglitazone group [69

events, 10.5 (£ 6.6) days] was similar to thattfa active control group [36 events,
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9.6 (= 5.3) days]. Despite more incident HF eventdhe rosiglitazone group than in
the active control group [61 (rosiglitazone) vs(a6tive control); HR 2.10 (95% CI
1.35, 3.27); p < 0.001], recurrent HF events wemalar in both treatment groups
[12 (rosiglitazone) vs 6 (active control)]. Theiesited excess event rate for HF was
2.6 (95% CI 1.1, 4.1) per 1000 person-years. Oftéimedeaths complicating HF in
the rosiglitazone group, four were incident HF dsewhile six deaths occurred
following a recurrent HF episode. There were nalfatcident HF events in the
control group, while two deaths complicated a resnirHF episode. 17 (30%) of the
57 rosiglitazone-treated patients who survivedrst HF event subsequently died,
compared with 8 (28%) of patients in the active toangroup. Thiazolidinedone
treatment was associated with a similar relatisk mcrease but a doubled absolute
risk for HF events in patients with a history othaemic heart disease (IHD)
compared with their IHD free counterparts [4.4%radiglitazone-treated patients
with prior IHD vs 2.4% of rosiglitazone-treated igats without prior IHD; RR 2.16
(95% CI 0.94, 4.94) for patients with prior IHD RR 2.10 (95% CI 1.25, 3.51) for
patients without prior IHD]. Rosiglitazone assignmmg¢HR 2.34 (95% CIl 1.47,
3.72) vs control], age [1.10 (95% CI 1.07, 1.13) pee-year increase], BMI [HR
1.11 (95% CI 1.06, 1.15) per 1kdfrincrease], systolic blood pressure at baseline
[HR 2.74 (95% CI 1.40, 5.36) for baseline antihypesive therapy vs no therapy;
HR 1.66 (95% CI 1.06, 2.62) for uncontrolled hypedion vs no uncontrolled
hypertension] and urinary albumin:creatinine rfi&® 2.95 (95% CI 1.90, 2.47) for
microalbuminuria/proteinuria vs normoalbuminuria¢ne independent predictors of
HF events. A history of previous cardiovasculared&e, gender and duration of

diabetes were not predictive of HF in this coh@gq].



41

Although RECORD remains the only large, randomisaaly-term trial assessing the
cardiovascular safety of rosiglitazone comparedther glucose lowering agents in
T2DM, its results have been questioned on accoticedain built-in limitations,

namely its open-labelled design, its relatively Braae (for a cardiovascular trial)
and the choice of primary endpoint. Importantlye throvision for investigator

option in referring potential events for adjudioatiand the publication of an
unplanned interim analysis of its results [259)dered by the publication of meta-
analyses questioning the cardiovascular safetyhadzolidinediones may have
inherently biased the cardiovascular outcome reswWt RECORD. These

observations led the FDA to request a re-analyfydREECORD data in a bid to clarify
these conflicting conclusions [158]. Including add@ional 328 patient-years of
follow-up, RECORD investigators confirmed initialndings [revised HR for

rosiglitazone vs metformin/sulphonylurea for thempmsite endpoint of death
(cardiovascular/unknown cause), myocardial infarctr stroke being 0.95 (95% CI
0.78, 1.17) vs 0.93 (95% CI 0.74, 1.15) in the ioag analysis; revised HR for
myocardial infarction 1.13 (95% CI 0.80, 1.59) v441(0.80, 1.63); revised HR for
stroke 0.79 (95% CI 0.54, 1.14) vs 0.72 (95% CB0QM06); unchanged for all-cause

death]. This re-analysis made no reference to Hfatsvor oedema [260].

The PROactive study [256] randomized high risk T2p&ients with a background
of macrovascular disease to additional treatmetit pioglitazone or placebo for a
mean duration of 34.5 months. Despite an unfavderafiect on LDL cholesterol
[+7.2% over baseline (pioglitazone) vs +4.9% ovasdiine (placebo); p = 0.003],
pioglitazone was shown to reduce the composite @ntdwf all-cause mortality,

non-fatal myocardial infarction and stroke in higisk T2DM patients [301
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(pioglitazone) vs 358 (placebo) HR 0.84 (95% CI20.3.98); p = 0.02] [256]. The
investigators reported that a HF event (defined eatdence of ventricular
dysfunction e.g. electrocardiogram (ECG), echocay@dm or auscultation,
accompanied by signs or symptoms of HF) occurrekiB% of pioglitazone-treated
patients compared with 7.5% of those randomizedatglacebo (p<0.0001).
Although pioglitazone therapy was associated wisigaificantly increased risk of a
serious HF event, (defined as HF leading to orgmging a hospitalisation stay)
[149 (5.7%) (pioglitazone) vs 108 (4.1%) (placeldslR 1.41 (95% CI1 1.10, 1.80); p
= 0.007], mortality rates from HF were comparaldeptacebo-treated patients [25
(0.96%) (pioglitazone) vs 22 (0.84%) (placebo); HR5 (95% CI 0.65, 2.03); p =
0.639] [256]. Further analyzing data from patienith a serious HF event, a follow-
up paper reported that subsequent all-cause nignedis proportionately lower with
pioglitazone, although the difference did not reasthtistical significance [40
(26.8%) (pioglitazone) vs 37 (34.3%) (placebo); BIR1 (95% CI1 0.454, 1.111); p =
0.1338] [261]. Significantly fewer such patientdbsequently developed an event in
the secondary endpoint, comprising a compositellefaase mortality, non-fatal
myocardial infarction and stroke [52 of 149 (34.9fpjoglitazone) vs 51 of 108
(47.2%) (placebo); HR 0.64 (95% Cl 0.436, 0.946)= [0.025] [261]. Although
fewer pioglitazone-treated patients who had dewedapserious HF event went on to
develop an event in the primary endpoint (compasital-cause mortality, non-fatal
myocardial infarction [including silent myocardiafarction], stroke, acute coronary
syndrome, endovascular or surgical interventiothan coronary or leg arteries, and
amputation above the ankle), the difference didreath statistical significance [71
of 149 (47.7%) (pioglitazone) vs 62 of 108 (57.4@b6lacebo); HR 0.72 (95% CI

0.512, 1.013); p = 0.0593] [261]. Analyzing datanfr individuals who developed
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serious HF, there were no significant differencesveen the treatment groups in the
median number of days spent in hospital (11 dagsaah treatment group) and in the
median number of days spent in intensive care/ldghendency unit [4 days
(pioglitazone) vs 3 (placebo); p = 0.584] [261]. #leerious HF events resolved in
either group [77.9% (pioglitazone) vs 74.1% (plamelp = 0.4822]. 22.8% of
pioglitazone-treated patients and 15.7% of pladebated patients had a serious HF
event that resulted in discontinuation from thedgiuhis difference did not reach
statistical significance (p = 0.1602) [261]. Sigreint predictors of a serious HF
event on multivariate analysis were randomisateopioglitazone [HR 1.53 (95% CiI
1.183, 1.979)], age in years [HR 1.07 (95% CI 1,a4087)], BMI [HR 1.03 (95%
Cl 1.007, 1.061)], HbAlc of/exceeding 7.5% [HR 1.4%% CI 1.078, 1.895)],
diabetes duration of/exceeding 10 years vs less thgears [HR 1.53 (95% CI
1.107, 2.115)], creatinine > 13®nol/L [HR 2.7 (95% CI 1.796, 4.061)], diuretic use
[HR 2.10 (95% CI 1.62, 2.732)], LDL cholesterol >mmol/L vs < 3mmol/L [HR
1.74 (95% CI 1.245, 2.442)], and previous myocéarndirction [HR 1.70 (95% CI
1.317, 2.205)] [261]. Despite its usefulness, HEadeom the PROactive trial need
to be interpreted with caution given the occurrewéepotentially confounding
baseline differences between pioglitazone and ptaceatients who developed
serious HF, namely higher baseline prevalence riiegpercutaneous coronary
intervention/coronary artery bypass graft and temisischaemic attacks. Such
patients were also characterized by a higher besslystolic blood pressure (data
not shown) [261] — the latter having been reporsda predictor of HF events
complicating rosiglitazone therapy in the RECORRItf262] Moreover, a higher
proportion of pioglitazone-treated patients who tvem to develop serious HF had

been receiving nonsteroidal anti-inflammatory drd@2% (pioglitazone) vs 1%
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(placebo)] and loop diuretics [40% (pioglitazoney) 30% (placebo)] at baseline,
albeit the reverse was true for baseline insularapy [36% (pioglitazone) vs 44%
(placebo)] [261]. Pioglitazone therapy was asdediavith significantly higher risk
for a non-serious HF event [6.4% (pioglitazone)4v3% (placebo); p = 0.0007],
although a similar proportion of such patients pesged to a serious HF event [21
(pioglitazone) vs 20 (placebo)]. In keeping witle tlesults of other studies, Erdmann
et al. reported significant differences in changeweight between the treatment
groups at the end of the study [+3.6 kg (piogliteovs -0.4 kg (placebo);
p<0.0001]. Peripheral oedema occurring in the ateseof HF occurred more
commonly in pioglitazone-treated patients [563 §24) (pioglitazone) vs 341
(13.0%) (placebo); p < 0.0001] [261]. Oedema wasentizely to precede a serious
HF event in pioglitazone-treated patients [51 dut49 (34.2%) (pioglitazone) vs 26
out of 108 (24.1%) (placebo)]; this difference was statistically compared between

allocation groups [261].
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Study Year Design Blinding of Diabetes Baseline Number of TZD (daily Comparator  Duration in Mean age at Baseline Baseline
investigator  status and macrovascul patients dose in mg) (daily dose months (or recruitment  anthropomet HbA.(%)
(patients) treatment ar disease randomised in mg) as stated) (years) ry
(%) (completed)
DREAM 2006 Prospective Yes Pre-diabetes No evidence Rosi: 2635 Rosi (8) PL 36 54.7 Wt a
randomized (Yes) (IFG or IGT) (1863) forced 84.9 kg
PL: 2634 titration
Intention to (1976) BMI
treat analysis 30.9 kg/nf
ADOPT 2006 Prospective Yes Pharmacolog b Rosi 1456 (917) Rosi (4-8) MTF (500- Rosi:48 56.9 Wt 7.4
randomized (Yes) ically naive MTF 1454 (903) 2000) or MTF:48 91.7kg
T2DM Glyb 1441 (807) glyp  (2.5- Glyb: 39.6
Intention to 7.5) BMI
treat analyses 32.2kg/nt
RECORD 2009 Prospective No T2DM IHD: 17.4 Rosi: 2220 Rosi (4-8) MTF (2550) 66 58.4 Wt 7.9
randomized (No) inadequately Stroke: 2.4 (1835) or Glib (15) 89.0 kg
controlled TIA: 2.2 Comp: 2227 /glic(240)/gli
Intention to with SU or PAD: 4.9 (1798) m (4)
treat analysis MF
monotherapy
PROactive 2005 Prospective Yes T2DM All patients Pio: 2605 (2427) Pio (15-45) PL 34.5 61.8 BMI 7.9
Randomized (Yes) treated with PL: 2633 30.9 kg/nk
diet or OHAs (2446)
Intention to or insulin

treat analysis
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Table 1.3 - The four major prospective thiazolidliene trials: study outcomes

Study Year Primary endpoint Effect on primary ~ Vascular secondary endpoint(s) Effect on Effect on HF Effect on HF Peripheral Effect on
endpoint secondary mortality oedema weight (kg)
endpoint
DREAM 2006 Composite of incident 306 (Rosi) vs 686 Composite CVS events (Ml, 75 (Rosi) vs 55 14 (Rosi) vs None reported 174 (Rosi) vs Rosi increased
diabetes or death (PL) & stroke, CVS death, revasc proc, (PL) § 2 (PL) 124 (PL) § wt by 2.2kg
HR 0.40 HF, new angina with objective HR 1.37 (0.97- HR 7.03 (p =0.003) compared to PL
(0.35-0.46) ischaemia evidence, vent 1.94) (1.60-30.9) (p<0.0001)
(p<0.0001) arrhythmia requiring resusc (p=0.08) (p=0.01)
ADOPT 2006 Monotherapy failure at 5 15% (Rosi) vs [ c 22 (Rosi) vs 19 205 (Rosi) vs Rosi vs MTF
years (FPG>10 mmol/L) 21% (MTF) § (MTF) § 104 (MTF) § 6.9 (6.3-7.4)
(p<0.001); HR 1.22 (0.66- (p < 0.001); (p<0.001)
15% (Rosi) vs 1.26) 205 (Rosi) vs
63% (Glyb) 8§ (p=0.52); 123 (Glyb)§ Rosi vs Glyb
(p<0.001) 22 (Rosi) vs 9 (p<0.001) 2.5(2.0-3.1)
(Glyb) § HR 2.20 (p<0.001)
(1.01-4.79)
(p=0.05)
RECORD 2009 Cardiovascular 321 (Rosi) vs 323  Composite of cardiovascular 154 (Rosi) vs 61 (Rosi) vs 29 All cause a Background
hospitalisation or (Comp) § death, Ml and stroke 165 (Comp) § (Comp) § 136 (Rosi) vs MTF +3.8
cardiovascular death HR 0.99 (0.85- HR 0.93 HR 2.1 (1.35-3.27) 157 (Comp) § (Rosi) vs 0.0
1.16) (0.74-1.15) (p=0.001) (p=0.19) (Sv)
(p=0.93) (p =0.50) (p<0.0001)
Fatal HF
10 (Rosi) vs 2 Background SU
(Comp) b +4.1 (Rosi) vs -
1.5 (MTF)
(p<0.0001)
PROactive 2005 Composite of all-cause 514 (Pio) vs 572 Composite of all-cause mortality, 301 (Pio) vs 358 281 (Pio) vs 198 Fatal HF In the absence  +3.6 (Pio) vs
mortality, non-fatal MI,  (PL) § non-fatal Ml (excluding silent (PL) 8 (PL) 8 (p<0.0001) 25 (Pio) vs 22 of HF -0.4 (PL)
ACS, stroke, HR 0.90 (0.8-1.02) MI) or stroke HR 0.84 (0.72- Admissions (PL) & 562 (Pio) vs 341 (p<0.0001)
leg/coronary (p =0.095) 0.98) 149 (Pio) vs 108 (p=0.634) (PL)8Db
endovascular/surgical (p =0.027) (PL) 8 (p =0.007)

intervention,

above ankle amputation
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Table 1.3 continued - The four major prospectiveazolidinedione trials - study outcomes.

Author Year Effect on IHD Effect on IHD Effect on stroke Effect on stroke Overall effect on Effect on HbAlc Effect on LDL
mortality mortality mortality (mmol/L)
DREAM 2006 MI 15 (Rosi)vs 9 (PL) § a 7 (Rosi)vs 5 (PL) 8§ a 30 (Rosi)vs 33 (PL)§ a a
HR 1.66 (0.73-3.80) (p- HR 1.39 (0.44-4.40) HR 0.91 (0.55-1.49) (p
0.2) (p=0.6) =0.7)
New angina24(Rosi) vs
20 (PL) 8 HR 1.20 (0.66-
2.17)(p=0.5)
ADOPT 2006 Nonfatal Ml Fatal MI 16 (Rosi) vs 19 (MTF) a 34 (Rosi) vs 31 (MTF) Rosivs MTF-0.13 (-  2.69 (2.63 t0 2.75)
25 (Rosi) vs 21(MTF) § 2 (Rosi)vs 2 (MTF) § § (p=NS) 8§ (p =NS) 0.22t0-0.05) (p = (Rosi) vs 2.50 (2.44 to
(p =NS) (p =NS) 16 (Rosi) vs 17 (Glyb) 34 (Rosi) vs 31 (Glyb) 0.002); 2.55)(MTF) (p <0.001)
25(Rosi) vs 15 (Glyb) 8 2 (Rosi) vs 3 (Glyb) 8 8 (p=NS) § (p=NS) Rosivs Glyb -0.42 (-  2.69 (2.63 to
(p=NS) (p =NS) 0.50 to -0.33) 2.75)(Rosi) vs 2.57
(p<0.001) (2.51t0 2.64)(MTF)
(p=0.008)
RECORD 2009 Ml 7 (Rosi) vs 10 (Comp) 46 (Rosi) vs 63 0 (Rosi) vs 5 (Comp)  Overall death Background MTF Background MTF
64 (Rosi) vs 56 (Comp) § § b (Comp) § §b 136 (Rosi) vs 157 -0.28 (Rosi) vs +0.01  -0.33 (Rosi) vs -0.5
HR 1.14 (0.80-1.63) HR 0.72 (0.49-1.06) (Comp) § (SU) (p<0.0001) (SU) (p=0.0001)
(p=0.47) (p=0.10) HR 0.86 (0.68-1.08)
(p=0.19) Background SU Background SU
-0.44 (Rosi) vs -0.22 (Rosi) vs
Cardiovascular death  -0.18 (MTF) -0.53 (MTF)
60 (Rosi) vs 71 (p<0.0001) (p<0.0001)
(Comp) §
HR 0.84 (0.59-1.18)
(p=0.32)
Non-fatal Ml (excluding
PROactive 2005 silent MI1)119 (Pio) vs a 86 (Pio)vs 107 (PL) &8 a 177 (Pio) vs 186 (PL) - 0.8 (Pio) vs +7.2% over baseline
144 (PL) 8HR 0.83 HR 0.81 (0.61-1.07) b HR 0.96 - 0.3 (PL) (Pio) vs +4.9% over
(0.65-1.06) b (0.78-1.18) b (p<0.0001) baseline (PL)

(p=0.003)

Comp, comparator; Glib, glibenclamide; glic, glicide; glim, glimepiride; glyb, glyburide; MTF, nfietmin; Pio, piogliotazone; PL, placebo; a, dataawailable; b, not compared statistically; ¢ , ngipdicable;
gfigures expressed in terms of number of affecati@mts; JPatients with unstable/ severe angina, tikcontrolled HT were excluded from this study.
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1.8.3 Meta-analyses and retrospective case contsilidies

A number of meta-analyses and retrospective studie® sought to explore the
relationship between thiazolidinediones and camBoular disease (table 1.4).
Generally speaking, these studies have confirme@& thssociation of

thiazolidinediones with HF.

A meta-analysis of data from 20191 patients reecuihto 19 randomised controlled
double blind studies analyzed congestive heamifaiand cardiovascular mortality
outcomes for rosiglitazone-treated (5 trials) andgitazone-treated (2 trials)
patients [263]. Comparing with controls, thiazoledione-treated patients were at
an increased risk of HF [2.3% vs 1.4%; RR 1.72 (96PA..21, 2.42); p < 0.002].
There were no significant differences in cardiowdecmortality between treatment

groups. Lago et al. did not report data for oedanmaweight [263].

In a meta-analysis of 19 studies involving 1639@epas randomised to treatment
with pioglitazone or placebo/active comparator,doff et al. reported significantly
higher rates of serious HF for pioglitazone-tregpatdients [2.34% vs 1.77%; HR
1.41 (95% CI 1.14, 1.76); p = 0.002] [264]. Howevapglitazone therapy conferred
a significant reduction in the composite endpoini@ath, myocardial infarction and
stroke compared to a placebo/active comparator $4.4pioglitazone) vs 5.7%
(placebo/active comparator); HR 0.82 (95% CI 00.84); p = 0.005], despite the
absence of a similar relationship for each indigldoutcome [264]. An earlier
Cochrane review of the safety profile of pioglitaeadid not yield any meta-analysis

of HF related data [265]. Analyzing randomized colted trials lasting at least 24
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weeks, the authors could only retrieve suitable daim the PROactive study, the
results of which have been discussed earlier. Hewdhe authors pointed out that
data from the recruited studies showed that p&ghibhe therapy was associated with
a weight increase of up to 3.9 kg and a BMI riseupfto 1.5 kg/m Moreover,

pioglitazone was reported to increase the riskgifiBcant oedema almost threefold

[RR 2.86 (95% CI 2.14, 3.18); p < 0.00001] [265].

A meta-analysis by Clar et al. compared glycaenittrol, hypoglycaemia, weight
change, lipids and adverse events for studies itegyupatients randomized to
treatment with insulin with/out adjunct pioglitazn[266]. Although adjunct
pioglitazone therapy was again associated witreatgr increase in body weight (1.4
to 4.4 kg for adjunct pioglitazone vs -0.04 to +k@for insulin-only groups), there
was insufficient data for a formal meta-analysistto$ relationship. Similarly, the
investigators reported that mild to moderate oedse®med to be more commonly
reported for pioglitazone-treated patients, althoygvalues were rarely reported
[266]. Formal reports of HF were sparse, largefleoting the fact that most studies
were not sufficiently powered to investigate cavdiscular adverse outcomes. The
authors were however able to conclude that adjpraglitazone therapy afforded
beneficial effects on glycaemic control [a mean HbAeduction of 0.58% (95% CI
-0.70, -0.46); p < 0.001] albeit at the expensa gfeater risk of hypoglycaemia [RR

1.40 (95% Cl 1.14, 1.73); p < 0.002] [266].

Both Singh et al. [149] and Richter et al. [267]algued data for rosiglitazone-
treated patients. Focussing on randomized contrdtedies of at least 24 weeks

duration, the latter reported a rosiglitazone-aisgéed increased risk of oedema [OR
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2.27 (95% CI 1.83, 2.81); p < 0.001] [267]. Givédratt this meta-analysis showed
moderate heterogeneity, the authors carried o@naitsvity analysis excluding the
largest study at the time (ADOPT [154]); this repdrthat rosiglitazone therapy is
associated with an OR for oedema of 6.04 (95% &1,311.2) (p < 0.00001) [267].
Richter et al. also reported that rosiglitazonerapg was associated with a body
weight increase of up to 5 kg in 11 studies andvil Bcrease of up to 1.5 kg/n
four studies [267]. The authors concluded that ehé/ADOPT study [154] yielded
sufficient data for HF, diabetes-related outconzesl overall mortality [267]. This
contrasts with the approach taken by Singh et 9] Analyzing data from
randomized controlled studies which included astlel?2 months of rosiglitazone
therapy follow-up, the authors concluded that rdsizone therapy is associated
with an increased risk of HF [1.59% of rosiglitaeetneated patients vs 0.79% of
control-treated patients; RR 2.09 (95% CI 1.5282.% < 0.001] and myocardial
infarction [1.46% of rosiglitazone-treated patients 1.05% of control-treated
patients; RR 1.42 (95% CI 1.06, 1.91); p = 0.0Z4)eTmeta-analysis additionally
reported no difference in cardiovascular mortab&pween rosiglitazone and control-
treated patients [149]; the latter result generaflyees with that reported by the two

largest prospective rosiglitazone studies to daRJPT [154] and RECORD[153]).

Despite their undisputed relevance in secondaryicakdesearch, meta-analyses
need to be interpreted with caution, particuladytlae resulting data are bound to
guide patient management. An interesting study bgdFich et al. showed that
different methodological approaches to the rosigbhe cardiovascular safety
related meta-analyses can vyield increased or dssuledsks that are statistically

significant or not significant at the p = 0.05 Iej268]. An editorial by Farkouh and
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Fouster maintained that p values hovering arout® @hould be regarded with
extreme caution. Indeed, some experts believeviilaes of 0.01 or lower should be
adopted [269]. It is widely accepted that the klity of a meta-analysis is linked to
the overall number of events accrued. This is @aldrly of relevance when the
meta-analysis includes data from predominantly kstatlies, as is the case with a
considerable number of thiazolidinedione-relatedlists. In conclusion, while meta-
analysis generates valuable information relatetihéodirection of treatment effects,
the mainstay of evidence based medicine reliehemttcomes of large, sufficiently

powered, well-designed, randomized controlled &tsif269].

In a retrospective nested case control analysmténts on a health care database in
Ontario (Canada), Lipscombe et al. studied the aason between
thiazolidinedione therapy and congestive HF, mydiearinfarction and mortality
among T2DM patients aged 66 years or older, by @img outcomes with similarly
aged individuals on other oral hypoglycaemic ag¢p#]. Analyzing emergency
department visit and hospital admission data, titbas concluded that treatment
with thiazolidinediones was associated with incegassk of HF, and that the risk
was higher for those on monotherapy [adjusted RER [95% CI 1.21, 2.10); p <
0.001] than those on combination therapy (ie tH@mdoediones combined with
other oral hypoglycaemic agents) [adjusted RR X&% CIl 1.17, 1.47); p <
0.001]. Although the authors suggested that theeased risk was limited to patients
treated with rosiglitazone, both as monotherapyugtdd RR 1.98 (95% CI 1.44,
2.72); p < 0.001] or as part of combination therpamjusted RR 1.43 (95% CI 1.25,
1.63); p < 0.001], they indicated that their studay have been not sufficiently

powered to identify a similar association for pitaone-treated individuals. Past
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thiazolidinedione use was also associated witmareased risk of HF [adjusted RR
for rosiglitazone 1.87 (95% CI 1.53, 2.28); p <@L the authors ascribed this to
residual effects of the drug or to discontinuatiomndividuals with a past history of
HF. While thiazolidinedione monotherapy was alssoagsted with an increased risk
of acute myocardial infarction [adjusted RR 1.48%0Cl 1.05, 1.86), p = 0.02] and
death [adjusted RR 1.29 (95% CI 1.02, 1.62); pG3]).combination therapy was
only associated with an increased risk of the igtdjusted RR 1.24 (95% CI 1.11,
1.39); p < 0.001]. As for the risk of HF, theses@sations were restricted to

rosiglitazone-treated individuals.

In a retrospective cohort study of 91251 diabet#septs, Tzoulaki et al. analyzed
the association of oral anthyperglycaemic pharnterapy with incident myocardial
infarction (n = 3588), incident congestive HF (n6800) and death (n = 18548)
[271]. Individually, rosiglitazone monotherapy, igigazone combination therapy
and pioglitazone therapy (monotherapy + combinatlwerapy) did not show any
significant association with incident myocardiafairction when compared with
metformin.monotherapy, irrespective of the Cox esgion model used. Neither
thiazolidinedione was associated with a signifibaimcreased risk of incident HF in
the fully adjusted model, irrespective of its use rmonotherapy or combination
therapy. Pioglitazone therapy (alone + combined associated with a reduced risk
of all cause mortality compared with metformin [HEE9 (95% CI 0.49, 0.98); p =
0.024] in the fully adjusted model. The authors pamed the cardiovascular risks of
the two thiazolidinedione drugs, reporting no digant risk differences for
myocardial infarction (albeit a trend towards ahag risk with rosiglitazone).

Although Tzoulaki et al. suggest that rosiglitazameassociated with a higher risk of
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all-cause mortality, the reported 95% confidenderiwrals (CI) span unity in the fully
adjusted model [HR 1.34 (95% CI 0.90, 1.97)] [27dndering the conclusion
dubious. While the overall results are reassurihg,thiazolidinedione-related data
borne out of this retrospective study must be preted with caution — indeed the
authors acknowledge the possibility of false negatiesults owing to a marked
reduction in sample size in the fully adjusted mpdsuch that each
thiazolidinedione-associated statistical outcome Wwased on the analysis of less

than 90 incident cases.

A retrospective analysis of electronic health diaten a cohort of 20450 T2DM
patients reported no differences in risk of CHFfi(el via ICD-9 code and/or a
post-baseline left ventricular ejection fraction0%4) between initial rosiglitazone
monotherapy and initial metformin monotherapy, wtsliggesting an increased risk
with initial pioglitazone monotherapy [HR 1.38 (9526 1.0, 1.90); p = 0.05] [272].
The former finding is consistent with the resultsADOPT [154]. There was no
difference in CHF risk between initial rosiglitaztherapy and initial sulphonylurea
therapy. Similarly, Pantalone et al. did not repdifferences between initial
pioglitazone monotherapy and initial sulphonylutkarapy [272]. The equivalence
of CHF risk for initial rosiglitazone and sulphooya monotherapy contrast with
those reported in ADOPT [154]. Moreover, Pantal@teal. reported that initial
metformin monotherapy was associated with a 24%ateah in the risk of CHF
compared with initial sulphonylurea monotherapy [BIR6 (95% CI1 0.64, 0.91); p =

0.003] [272].
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Another retrospective cohort study sought to inges¢ the incidence of CHF
among male T2DM patients seen in the South Cebti@l Veterans Administration
health care network betweeff October 1996 and $1December 2004 (n = 3956)
[273]. Bivariate analysis showed that the risk éffFCwas increased by a history of
peripheral vascular disease (p < 0.0001) and hithezis of BMI (p < 0.0001),
HbAlc (p < 0.0001), low-density lipoprotein (p ©002), triglycerides (p < 0.0001)
and systolic blood pressure (p < 0.0001). Presorippf a higher total number of
glucose lowering agents (p < 0.0001), prescriptafn metformin (p<0.0001),
exposure to HMG-CoA reductase inhibitors (p < 0D0@&nd (surprisingly)
treatment with thiazolidinediones (p < 0.0001) veasociated with a lower risk of
incident CHF. After adjustment for multiple cardiask factors, prescription of
thiazolidinediones remained a lower risk factorifaident CHF [HR 0.69 (95% CI
0.60, 0.79)] [273]. In addition to the limitatiomaposed by a retrospective design in
which treatment assignment was neither random nioddd, the investigators
acknowledged that the results of this study mayehseen influenced by prescribing
practice, such that thiazolidinedione exposure hmaged among patients perceived
to be at an increased risk of HF. Additionally, Tam et al. had no access to data
showing duration of diabetes, length of treatmerth whiazolidinediones and the
reason for drug withdrawal. The latter may haveséiastudy outcomes if patients
developing signs of early fluid retention were witawn from thiazolidinedione
therapy before they developed CHF as defined irstihey. Moreover, a diagnosis of
HF based on ICD-9 criteria may have been basedhemptesence of oedema or
dyspnoea rather than a formal assessment of cédtdation. Finally, the study was
carried out in male veterans (mean age 61.5 ydars)ing extrapolation of results

to female patients, and individuals in other agrigs.
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Habib et al. published a large retrospective cohort stofd9736 T2DM patients
aged 66 years or older who were prescribed thidingliione therapy betweeri' 1
April 2002 and 31 March 2008 vyielded comparative data on incident atffong
rosiglitazone and pioglitazone-treated patientg[2Adjusting for demographic and
clinical factors and drug doses, pioglitazone-gdgtatients were reported to be at a
lower risk of developing the composite outcome eétth or hospital admission for
either acute myocardial infarction or HF than thesiglitazone-treated counterparts
[adjusted HR 0.83 (95% CI 0.76, 0.90)]. Pioglitagaherapy was also associated
with lower rates of incident congestive HF andcaalise death [adjusted HR 0.77
(95% CI 0.69, 0.87) for HF; adjusted HR 0.86 (95%0(5, 0.98) for mortality],
despite no significant differences in the risk foyocardial infarction [adjusted HR
0.95 (95% CI 0.81, 1.11)]. Compared with high dossiglitazone, low dose
rosiglitazone was not associated with a significenwer risk of the composite
outcome [adjusted HR 0.94 (95% CI 0.83, 1.07)], iehe both low dose [adjusted
HR 0.83 (95% CI 0.70, 0.97)] and high dose piogbtze [adjusted HR 0.76 (95%

C10.66, 0.88)] were [274].

Using time-updated propensity score adjusted arsa{ysodelling the probability of
being treated with a thiazolidinedione), Hateb al. examined data from 19171
T2DM patients treated with oral glucose loweringmtg and followed longitudinally
within a US health system betweet January 2000 and™IDecember 2006 [275].
The authors compared rates of hospitalization fongestive HF between
thiazolidinedione-treated patients and those npbsad to these drugs, concluding

that the former were at a greater risk of CHF hadipation [adjusted HR with
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propensity adjustment (PA) 1.24 (95% CI 1.07, 144 a significantly lower risk
of all-cause mortality [adjusted HR with PA 0.695¢%® CI 0.52, 0.90)].
Thiazolidinedione use was not associated with aneased risk of the composite
endpoint of fatal and nonfatal acute myocardiaaiation [adjusted HR with PA
0.92 (95% CI 0.73, 1.17)]. Similarly, thiazolidinede exposure did not increase the
risk of any of the other secondary outcomes, naneelebrovascular accidents
/transient ischaemic attacks [adjusted HR with P870(95% CI 0.79, 1.20)] or
combined coronary heart disease events [adjusteavitRPA 0.92 (95% CI 0.77,
1.10)]. Rosiglitazone exposure was associated withincreased risk of CHF
hospitalization [adjusted HR with PA 1.65 (95% C23, 2.19)] but no significant
effects on acute myocardial infarction [adjusted WRh PA 1.06 (95% CI 0.66,
1.70)], cerebrovascular events/transient ischaatacks [adjusted HR with PA 1.20
(95% CI 0.79, 1.82)], combined coronary heart diseavents [(adjusted HR with
PA 1.22 (95% CI 0.91, 1.63)] or all-cause mortaliagjusted HR with PA 0.91
(95% CI 0.57, 1.48)]. Pioglitazone treatment cakren increased risk of CHF
hospitalization when analysed without propensityusitinent [adjusted HR 1.25
(95% CI 1.05, 1.50)]; this risk disappeared oneeplobability of being treated with
pioglitazone was factored into the model [adjudt&l with PA 1.14 (95% CI 0.96,
1.37]. Pioglitazone was associated with a redudtioall-cause mortality [adjusted
HR with PA 0.60 (95% CI 0.42, 0.96)], but no sigraint effects on acute
myocardial infarction [adjusted HR with PA 0.91 ®5CI 0.69, 1.21)],
cerebrovascular events/transient ischaemic atfaciasted HR with PA 0.93 (95%
Cl 0.72, 1.20)] or combined coronary heart diseagents [adjusted HR with PA
0.86 (95% CI 0.69, 1.06)]. Comparing outcomes betw pioglitazone- and

rosiglitazone-treated patients, Hal@bal. concluded that exposure to pioglitazone is
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generally associated with a lower risk than rotagtne for all the above outcomes,
although the difference only reached statistiogihidicance for CHF hospitalizations

(p = 0.013) and combined coronary heart diseaseteye = 0.048) [275].
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Table 1.4 - Meta-analyses and major retrospectwvelyses of thiazolidinedione related outcomes aide-effect profile.

Author Year Design Study Number TZD Evidence of  Primary Effect on Effect on Oedema Effect Effecton Effect on Effetc on
inclusion of heterogeneity endpoint primary heart failure on IHD stroke mortality
criteria patients endpoint weight

(trials)

Lincoff 2007 meta- double- 16390 Pioglitazone no evidence composite of decrease Serious HF ¢ c Ml none none

etal. analysis blind, (29) death, Ml or 4.4% (Pio) increase none 1.22 % (Pio) 2.44% (Pio) vs
randomized, stroke vs 5.7% 2.34% (Pio) 1.53% (Pio) vs 1.67 % 2.86%
controlled (PL/aCompj vs vs 2.03% (PL/aCompj (PL/aComp)
with HR 0.82 1.77% (PL/aCompj HR 0.80 HR 0.92 (0.76,
PL/aComp (0.72,0.94)  (PL/aComp} HR 0.81 (0.62,1.04) 1.11f

p=0.005 HR 1.41 (0.64, 1.02) p=0.09 p=0.38
(1.14.,1.76) p=0.08
® p=0.002

Singhet 2007 meta- randomized 14291 Rosiglitazone no evidence MI, HF and d increase c c Mi c cardiovascular

al. analysis controlled, (4) cardiovascular 1.59% increase mortality
at least 12 mortality (Rosi) vs 1.46% (Rosi) none
months of 0.79 % (CL) vs 1.05% 0.92% (Rosi)
follow-up °*RR 2.09 (CL)® vs 0.91% (CL)

(1.52, 2.88} RR 1.42 (1.06, RR 0.90 (0.63,
p<0.001 1.91f p=0.02 1.26f
p=0.53

Lagoet 2007 meta- randomized, 20191 Rosiglitazone no evidence development d 2.3% (TZD) c c c c cardiovascular

al. analysis controlled, (7) (5 trials) of congestive vs 1.4% mortality
double- and HF and risk of (comp¥ none
blind Pioglitazone cardiovascular RR 1.72 0.7% (Rosi) vs

(2 trials) death (1.21, 2.42% 0.7% (Comp)
p = 0.002 RR 0.93 (0.67,
1.29¥

p=0.68
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Table 1.4 continued - Meta-analyses and majorrospective analyses of thiazolidinedione relatedanmes and side-effect profile

Author Year Design Study Number TzD Evidence of  Primary Effect Effect on Oedema Effect EffectonIHD Effect Effecton
inclusion of heterogeneity endpoint on heart failure on on mortality
criteria patients primary weight stroke

(trials) endpoint

Lipscombe 2007 retrospective diabetes 159026 Rosiglitazone f emergency d hospitalization c¢ c Hospitalization ¢ increased risk

etal. case control patients 66 () and department /ED visit /EDuvisit with TZD"
years or pioglitazone visit or increased risk increased risk
older, hospitalization with TZD" with TZD monotherapy
1/more for congestive monotherapy aRaR 1.29
OHA, HF TZD aRaR 1.40 (1.02, 1.62)
2002-2005 monotherapy (1.05, 1.86) p=0.03°
and aRaR 1.60 p =0.02¢
followed (1.21, 2.109 combination
up until p<0.00£9 " therapy
31/03/2006 aRAR 1.24

TZD (1.11-1.39) p<
combination 0.001
therapy

aRaR 1.31

(1.17, 1.47)

p <0.002°9 "
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Table 1.4 continued - Meta-aanlysisdamajor retrospective analyses of thiazolidinedeorelated outcomes and side-effect profile

Author Year Design Study Number TZD Evidence of  Primary Effect on Effect on Oedema  Effect Effect on Effect Effect on
inclusion of heterogeneity endpoint primary heart failure on IHD on mortality
criteria patients endpoint weight stroke

(trials)
Claretal. 2009 meta- trials 3092 (8) pioglitazone no evidence glycaemic glycaemic i commoner average i c c
analysis  comparing (unless control, control for Pio + weight

pioglitazone indicated) hypoglycaemia, lower HbAlc insulint gain of
+ insulin wt change, for Pio + 3kgin
with same lipids, adverse insulin with
insulin events -0.58% Pid
regimen (-0.70, -0.46)
alone p<0.000%

hypoglycaemia

increased for

Pio + Insulin

RR 1.40 (1.14,

1.73f p=

0.002"

wt changé

TC, LDL

No difference
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Table 1.4 continued - Meta-analyses andjor retrospective analyses of thiazolidinediorsated outcomes and side-effect profile

Author Year Design Study Number of TZD Evidence of Primary Effect on Effect on Oedema  Effect Effect on IHD Effect on Effect on
inclusion patients heterogeneity endpoint primary heart on stroke mortality
criteria (trials) endpoint failure weight

Richteret 2006  meta- randomized 6200 (22) pioglitazone noevidence all-causeand ‘somewhat HF RR 2.86 Pio data only for data only data only

al. analysis  controlled, unless diabetes- lower rates requiring (2.14, increas PROactive for for
lasting at indicated related of hospital 3.18) es wt (Dormandy et PROactive PROactiv
least 24 morbidity and  hypoglyca admission p<0.0000 by up al.) (Dormandy e
weeks mortality, emia’; dataonly 1 t0 3.9 etal) (Dormand

adverse events hypoglyca for kg and yetal)
emia PROactive BMI up
commoner (Dormand to
with Pio+  yetal.) 1.5kg/
insulin m?

Richteret 2009 meta- randomized 3888 (18) rosiglitazone no evidence all-cause and  ‘'somewhat data only increased Rosi data only for data only data only

al. analysis  controlled, unless diabetes- lower rates for risk with increas  ADOPT (Kahn  for for
lasting at otherwise related of ADOPT Rosi ed etal) ADOPT ADOPT
least 24 indicated morbidity and  hypoglyca  (Kahnet OR 2.27 weight (Kahnet (Kahn et
weeks mortality, emia’ with .y (1.83, by up al.y al.)

adverse events Rosi, 2.81) to 5kg

‘especially p<0.0000 in11
when 1 studies
compared and
to SU’; excluding BMI by
‘severe Kahnet up to
hypo were al.: 1.5kg/
rarely OR6.04 min4
reported’ (3.31, studies

11.2)

p<0.0000

1|

aComp, active comparator; aRaR, adjusted rate rafiomp, comparator; CL, control; ED, emergency d#ypeent; HR, hazard ratio; pio, pioglitazone; PL agkbo; rosi, rosiglitazone; RR, relative
risk; TC, total cholesterol;/ LDL, low-dsity lipoprotein cholesterol; OR, odds ratftimumber of affected patienf@S% confidence interval§data unavailable:® data included in adjacent
columns®event rate! not applicable comparing TZD therapy with other oral hypoglycaeauent combination therapieBrisk appeared limited to rosiglitazone usepeta-analysis not possible;
lsensitivity analysis showing moderate heterogengignsitivity analysis showing heterogeneify=(63.4%);' sensitivity analysis showing no significant hetenoegjty.



62

1.9 Association of comparator ‘first and second lie' oral glucose lowering

agents (metformin, sulphonylureas) with incident hart failure

Evidence supporting or refuting a possible associabetween other glucose
lowering agents and incident HF is surpisingly spatrAlthough the US Food and
Drug Administration relatively recently removed dsntraindication to prescribing
metformin in patients with HF, it strongly cautioits use in this setting. This
clinical concern is likely to account for an abseraf randomised control trials
exploring outcomes in metformin-treated T2DM indwals with, or prone to HF.
The only prospective data exploring incident HFregen metformin-treated patients
were provided by the RECORD study [153]. Threeosiective studies recruiting
patients from a US register of T2DM patients shatuable information in this

regard. Nicholset al. reported that incident congestive HF ratesewlowest in

regimens that included metformin and highest inséhdhat included insulin.
Compared with patients on metformin monotherappi¢®l ‘early stage’ diabetes),
adjusted incident congestive HF rates (per 100@emiatears) were 32% higher
among patients treated with sulphonylurea monopgra8% higher among patients
on metformin-sulphonylurea combination therapy, &Ml times higher in patients
on insulin monotherapy [276]. These findings ar@sistent with those from an
earlier retrospective study [277]. In contrast, abenetformin or sulphonylureas did
not influence incident congestive HF rates ovepl&ow-up period of 72 months,
unlike insulin [HR 1.25 (95% CI 1.06, 1.48); p 001] [239]. Analyzing data from

6900 incident cases of congestive HF occurringlif2d patients with T2DM who
were followed up for a mean period of 7.1 yearspulaki et al. reported that,

compared with metformin monotherapy, second geoerassulphonylurea
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monotherapy was associated with an 18% to 30% sxcsk of new onset
congestive HF in adjusted Cox regression modelssigRtazone combination
therapy (with meformin and/or sulphonylurea) wasoagated with an increased risk
of incident HF compared with individuals prescribadtformin monotherapy in two
Cox regression models. Neither sulphonylureast (fms second generation) nor
thiazolidinediones rosiglitazone or pioglitazon@)ezged as significant risk factors

for new onset congestive HF in a fully adjusted el¢d71].

The effect of duration of therapy on incident HEegawas investigated by Maru and
colleagues. Analyzing data from 25, 690 newly desgd T2DM patients registered
in the UK General Practice Research Database, ggpudowering agent use
(metformin or sulphonylurea or insulin) within tiiest year of diagnosis carried a
4.75 fold (hazard ratio) increased risk of incidelfit compared with their drug free
counterparts. This risk did not persist beyond firet year (mean follow-up 2.5

years) and seemed unrelated to type-specific dtpgseires [278].

A retrospective study recruiting 5631 T2DM patiemésvly treated with a single oral
glucose lowering agent and followed up for almase fyears further supported
evidence for an association between high sulphoegkiand incident HF [adjusted
HR 1.24 (95% CI 1.01, 1.54)]. Additionally, McAlest and colleagues reported that
high dose sulphonylurea therapy was more likelyegult in incident HF [HR 1.38
(95% CI 1.20, 1.60)] than low dose sulphonyluréds.such association existed for

metformin users [279].
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1.10 Use of comparator ‘first and second' line oralglucose lowering agents

(metformin, sulphonylureas) in patients with estabkhed heart failure

Compared with data for incident HF, a larger numlmzdér studies (mostly
observational) looked at additional HF events angt@ames in patients with T2DM
and established HF. Using propensity score matshetples, Aguilaet al. reported
that metformin therapy was associated with lowertatity rates [HR 0.76 (95% ClI
0.63, 0.92)], albeit no effect on hospitalizatiatess [280]. A retrospective analysis
of data from 12 272 HF patients who were newly gnieed with oral glucose
lowering agents for T2DM reported that both metianonotherapy and metformin-
sulphonylurea combination therapy were associatath iewer deaths than
sulphonylurea monotherapy [adjusted HR 0.70 (95%09.64, 0.91) and 0.61 (95%
Cl1 0.52, 0.72) respectively] [281]. A reductiontimee composite of all-cause deaths
or all-cause hospitalizations was also observed (HE (95% CI 0.70, 0.99) for
metformin monotherapy vs sulphonylurea monotherd; 0.86 (95% CI 0.77,
0.96) for metformin monotherapy vs metformin-sulphlorea combination
therapy]. Risks of all-cause death, all-cause hakpation and the composite (all-
cause hospitalization or all-cause death) seemingreased at study end (mean *
SD duration of follow-up 2.5 £ 2 years) comparedhwiesults at one year [281].
These results generally agree with those reporyefinalerssoret al. in a cohort of
Danish patients treated with metformin, sulphorgd&s or insulin in the setting of
established HF. Using sulphonylurea monotherapya agference, these authors
reported that metformin monotherapy carries theektwnortality risk in this setting
[adjusted HR 0.85 (95% CI 0.75, 0.98)] followed metformin-sulphonylurea

combination therapy [adjusted HR 0.89 (95% CI 0@86)] and insulin [adjusted
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HR 1.14 (95% CI 1.06, 1.20)] [282]. A retrospectrexiew of 16 417 T2DM with

established HF showed that treatment with both eneiih [adjusted HR 0.86 (95%
Cl1 0.78, 0.97)] and thiazolidinediones [adjusted BIR7 (95% CI 0.80, 0.94)] was
associated with a lower risk of death compared #lhients not treated with an
insulin sensitizer (sulphonylurea or insulin). Reaskion with HF was more likely
in patients treated with a thiazolidinedione [athdsHR 1.06 (95% CI 1.00, 1.09)]
and less likely in patients on metformin [adjustéR 0.92 (95% CI 0.86, 0.99)]

[283].

A systematic review and meta-analyses of randomssedies or controlled trials
revealed that metformin significantly reduced alise mortality in two studies [HR
0.86 (95% CI 0.78, 0.97)] compared with other aalidtic drugs and insulin; a
similar trend was seen in a third study. Metformias also associated with reduced
all cause hospital admissions at one year comparether treatments [pooled OR
0.85 (95% CI 0.76, 0.95); p = 0.004] [284]. In 168&ients newly diagnosed with
T2DM and HF, both metformin monotherapy [adjusteR 0.65 (95% CI 0.48,
0.87)] and metformin combined with/out other agdaifjusted OR 0.72 (95% CI
0.59, 0.90)] were associated with reduced mortaditgs compared with antidiabetic

treatment naive patients [285].

In conclusion, both prospective and retrospectitteliss support an association
between thiazolidinediones and oedema/heart failbsolute rates may be higher
in the setting of cardiovsacular disease, and arssiply influenced by the

concurrent use of other glucose lowering pharmaathes.
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Section Ill - Mechanisms underpinning fluid retention following

thiazolidinedione therapy

While the association between thiazolidinedioneapg, cardiac failure and fluid
retention has been demonstrated by several pragpeand retrospective
studies/meta-analyses, the pathophysiological nmsms underlying these
complications remain unclear. It is clear that thierent paucity of research data in
this field impairs the identification of any preplasing factors of thiazolidinedione
induced fluid overload, an issue which hampersdineelopment of clearer clinical
guidelines governing their use. Moreover, concaegarding the cardiovascular
safety profile of rosiglitazone, initially reporteth Nissen and Wolski's meta-
analysis [147] and culminating in an FDA'’s rulingince revised) that this drug
increases cardiovascular events [150, 160], infiedn prescribing practices
worldwide. Indeed, this has been outlined in a mestudy of prescribing data in
Tayside, Scotland for the period October 2006-M&@68, which confirmed a 34%
decrease in the number of prescriptions for rasigtine (alone or as combination
therapy with metformin), and an accompanying inseem those for pioglitazone
(alone or as combination with metformin) [286]. $hedevelopments, call for a
concerted effort in this regard towards a bettedeustanding of the relevant

mechanisms.

1.11 Renal haemodynamics

As outlined earlier, the PPARE receptor isotype has been shown to be moderately

expressed in the kidneys. Guatral. examined the distribution of the differe AR
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receptors within the human kidney and urinary trasing in situ hybridization
techniques, concluding that renal PPAReceptors are exclusively expressed in the
medullary collecting duct, ureter and bladder [287PARy is also expressed to a
lesser extent in the glomeruli and renal microvidave [288]. Low but significant
expression has been reported in the proximal tgbatel in many other nephron
segments [289]. Other studies have reported catigét expression of PPAR-
receptors in cultured glomerular mesangial cellslgeytes, proximal epithelial cells
and epithelial cells of collecting ducts [290]. $histribution suggests diverse roles
for PPARy in the kidney, both therapeutically and in its mladion of

thiazolidinedione-induced fluid overload.

1.11.1 The collecting duct and distal tubule

The localisation of PPAR-receptors in the medullary collecting duct leadhe
hypothesis that PPAR-activation increases sodium retention throughadson at
this critical site in fluid metabolism that respsno the integrated effects of multiple
hormones such as aldosterone, arginine vasoprésdfi®), insulin and atrial
natriuretic peptide (ANP) [291]. Acting via the rmenalocorticoid receptor,
aldosterone enhances the absorption of sodiumebgrihcipal cells of the collecting
duct. This is achieved by inducing the expressibkey genes that encode for key
regulators of sodium transport, namely the epi#thedodium channat- (ENaGy,),
serum and glucocorticoid regulated kinase-1 (Sgkdl #he sodium-potassium-
ATPaseea (Na-K-ATPasew) [292, 293] (table 1.5). Reabsorption of sodiumhe
distal nephron is a two-step process. Sodium dinsérs renal cells from the luminal

compartment via the rate-limiting apical ENaC, amdhen actively transported out



68

of the cell by the basolateral Na-K-ATPase [294)laE consists of three subunits
designated ENaGy, -p and y [295]. Expression of the ENaGubunit (encoded by
the Scnnlg gene) plays a crucial role in the thiffig of the ENa@, and ENa@ to
the cell membrane [296]. Sgk is a novel membehefderine/threonine kinase gene
family, comprising three highly organ-specific isohs (Sgk-1, -2, -3) sharing 80%
amino acid identity [297, 298]. Skg-1 is thoughbta key mediator of aldosterone-
induced sodium reabsorption through the ENaC attiecting duct [299], and has
been reported as a target gene of PRARa murine study [291]. Similarly, Horeg

al. have shown that PPARean bind to specific elements in the Sgk-1 promate
human collecting duct cells [300]. Hypotonic cdradis increase Sgk-1 expression
and sodium transport in A6 cells, a cultured celelderived from the Xenopus
laevis distal nephron [301]. This contrasted wittdings by Guaret al., who did not
find any evidence for increased expression of Sgk-Icultured mouse inner

medullary collecting duct cells. [302]

Two elegant murine studies sought to investigatee thypothesis that
thiazolidinediones induce fluid retention througRAR-y mediated activity at the
collecting duct. Deletion of PPARg (which encodes PPARy) in the murine

collecting duct prevented thiazolidinedione-inducgdight gain, decreased renal
sodium retention and increased plasma aldosteraneeliable index of plasma
volume) in a study by Guaet al. [302]. Mice pre-treated with amiloride (an
aldosterone antagonist) at a dose of 2mg/kg/day a0 immune to the weight
increasing effect of pioglitazone. Additionally, ethauthors reported that the
treatment of cultured collecting ducts with thiadwlediones increased amiloride-

sensitive sodium absorption through the epithedadlium channel (ENaC); this
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effect was abolished in PPARdeficient collecting duct cells. Guast al. [302]
demonstrated that Scnnlg expression is increasethibyolidinedione therapy,
identifying Scnnlg as a direct and specific taggre of PPAR¢in the medullary
collecting duct. A contemporary study by Zhaag al. comparing outcomes in
PPARy collecting duct knock-out and control mice repdrtesimilar
thiazolidinedione-induced PPAR-mediated differences in body weight, sodium

balance, ENaC sodium transport and plasma aldwvstdevels [303].

The data from the above two studies somewhat cgintvégh those from another
study investigating the renal effects of the higlplgtent and selective PPAR-
agonist farglitazar [291]. Murine administrationtbfs pharmacological agent led to
plasma volume expansion, a small but significardrekse in plasma potassium,
lower aldosterone concentrations and a small bgriifstant increase in plasma
sodium and chloride concentrations. These changesoasistent with aldosterone’s
role at the level of the medullary collecting duetyouring sodium reabsorption and
potassium excretion. Paradoxically however, low ed@sniloride (1mg/kg/day)
exacerbated farglitazar-induced plasma volume esipan and significantly
increased the renal expression of EMaOne notes however that the investigators
used a lower dose of amiloride in this study (1rgglky) compared with Guaet al.

[302], which may, at least in part, explain thdatiénce in treatment outcomes.

Artunc et al. compared body weight, haematocrit, plasrdasé¢rone, leptin, blood
pressure and renal Sgk-1 expression in Sgk knockuaé and their wild type
littermates treated with pioglitazone [304]. Pitagione treatment significantly

increased Sgk-1 mRNA and protein expression argh@avolume only in wild type
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mice. The latter group also exhibited a signifibargreater increase in in body
weight and a significantly more pronounced redurctio haematocrit in response to
treatment. Pioglitazone therapy decreased plaso@starone and blood pressure,
and increased leptin levels in both litter genstibtypes. The authors concluded that
Sgk-1 contributes, but does not fully explain tligdnecdione-induced fluid

retention.

Nofziger et al. reported no change in Sgk-1 transcript @tgdn expression after
incubating mouse principal kidney cortical collegtiduct cells with the PPAR-
agonists GW7845 (a potent non-thiazolidinedione) pioglitazone [305]. Although
the authors were able to identify PPARn 3 differentin vitro models of renal
principal cells, the same agents did not increasalbor insulin-stimulated sodium
flux via the ENaC, supporting the possibility thiaese agonists may be favouring
water and sodium retention at a more proximal witbin the nephron. Consistent
with these observations, Vallogt al. reported that mice selectively lacking the
ENaCa subunit in the collecting duct were still pronettoazolidinedione-induced
water retention, and that thiazolidinediones inseglathe activity of an unspecified
nonselective cation channel [306]. Indeed, in @mépublication, the latter research
group found that thiazolidinediones may actuallpress the ENaCy subunit
transcription by suppressing histone H4K5 aceftytatn murine M1 collecting duct

cells [307].
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1.11.2 The proximal tubule

As discussed earlier, PPARs also reportedly expressed in human proximallarb
cells. Moreover, this expression is up-regulatethi presence of high glucose and
PPARy agonists [308]. The proximal tubule constitutesrenthan 90% of renal
tissue, and together with the descending limbs ehléls loop, account for the
reabsorption of approximately 80% of the water soldites, and 60% of the sodium
filtered at glomerular level. This is mediated thgh the activity of membrane-
inserted water channel proteins called aguapoA@@Ps). AQP1 and AQP7 are the

principal isoforms expressed in the proximal tujg@o, 310].

Strongly expressed in the apical and basolate@dnph membranes of proximal
tubular cells, AQP1 plays a major role in proxintabular transcellular transport
[310-312]. Experiments on AQP1 knockout mice redugeximal tubular transport
by 90%, suggesting that 90% of water transporth@tproximal convoluted tubule is
transcellular and 10% is paracellular [313, 3BHhnermanret al. concluded that
other AQPs and non-AQP transporters play littl@ny role in determining proximal
tubule water reabsorption [314]. AQP7 is an aquagigporin, which allows the
rapid transport of glycerol and water; it is exgegs on the apical membrane of the
proximal straight tubules [315]. Murine experimentsing AQP7 knockout and
AQP1/AQP7 knockout mice concluded that the estithatdative contribution of
AQP7 to water permeability on the proximal straigitules was one-eight that of

AQP1 [316].
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Although rosiglitazone has been reported to indA€gP2 and AQP3 in whole
kidney homogenates in rats and AQP1, AQP2 and AQR3 inner medulla [310],
the effect of PPAR-on AQP expression in the proximal tubule is laygahtknown.

AQP7 has been identified as a PPARarget gene [317]. Saad al. reported that
PPAR«y agonists enhance the expression of AQP1 and AQRdmans through an
Sgk-1 mediated pathway [318]. The clinical relevaruf these findings remains

unclear.

The type 3 sodium hydrogen exchanger (NHE3) iskardtey modulator of sodium
reabsorption at the proximal tubule. Rosiglitazeves reported to increase NHE3
(and theol subunit of the sodium-potassium-ATPase, the banid¢ sensitive
sodium-potassium-2 chloride cotransporter, aquapo# and 3, and endothelial
nitric oxide synthase) expression in a murine mofBl9]. The effect of
thiazolidinediones on NHE3 expression was laterfiooed in human proximal
tubular cells, occurring through an Sgk-1 depengeatitway [318]. The basolateral
type 1 sodium-bicarbonate cotansporter has alson beeplicated in
thiazolidinedione-induced fluid retention, as evided by data from a study by Muto
et al. [320]. Usingn vitro electrophysiological studies on rabbit proximahigtht
tubule cells, the authors established that traghte stimulated this cotransporter in
a dose dependent fashion. Erd@l. described similar findings in rat, rabbiipian
but not in mouse proximal tubular cells. Additidgalthese authors reported that
stimulation of the sodium-bicarbonate cotranspoidemediated in a non-genomic
fashion through PPAR-induced stimulation of the Src-EGFR-ERK signalling

pathway [321].
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Zanchiet al. investigated the effects of pioglitazonerenal salt water handling in
response to a low salt (20 mmol/day) and a high(5&00 mmol/day) diet [322].
This double-blind, randomized, placebo controlledhss-over study recruiting 10
healthy normotensive male subjects demonstrated #heb week course of
pioglitazone therapy (45 mg daily) significantlywered urinary sodium excretion
and reduces lithium clearance when patients welgested to a low salt diet,
suggesting that the drug increases proximal tulsddium reabsorption. A high salt
diet produced similar trends (albeit not statiglycaignificant); the authors ascribed

this to individual variability.

In summary, the physiological mechanisms underlyimgzolidinedione- induced
salt and water retention in the kidney remain Iprgmravelled and the subject of

considerable debate, despite their clear clinioglartance.
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Table 1.5 - Distribution of sodium transporters arsdium channel proteins in the
nephron. Transporters marked with an asterisk (*ahe been implicated to play a
role in PPARy mediated salt retention.

Nephron location Transporter/channel protein Cellular location
All locations Na-K-ATPase* Basolateral
Proximal tubule Type 3 Na-H exchanger* Apical
Proximal tubule Type 2 Na-phosphate cotransporter* Apical
Proximal tubule Type 1 Na-bicarbonate cotransporter*Basolateral
Descending limb of Henle’s loop Type 3 Na-H exchanger* Apical
Thick ascending limb of Henle’s loop Type 3 Na-H exchanger* Apical
Thick ascending limb of Henle’s loop Type 2 Na-K-2Cl transport&r Apical
Distal convoluted tubule Na-Cl cotransport&r Apical
Connecting tubule Epithelial Na channél Apical
Collecting duct Epithelial Na channat subunif’ Apical

ahumetanide sensitivethiazide sensitive’amiloride sensitive

1.11.3 Evidence for an ‘escape mechanism’ and theait handling paradox’

The observation that PPAR-agonist treatment is associated with a lowering of
blood pressure suggests the existence of an ittmmawith the cardiovascular
system. This is further supported by the obsermati@t patients with a dominant
negative mutation in PPAR-exhibit early onset hypertension [323]. One of the
major regulators of systemic blood pressure is rdm@n-angiotensin-aldosterone

system. Thiazolidinedione treatment was reportegrévent an increase in blood
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pressure caused by the infusion of angiotensim Irats [324]. Additionally, it

decreases blood pressure and improves endothehatién in a mouse model of
lifelong hypertension caused by the overexpressfdmoth human renin and human
angiotensinogen transgenes [325]. Morerover, tlhidinedione therapy was also
reported to downregulate angiotensin Il type | ptoegene expression via a PPAR-

vy dependent mechanism in vascular smooth muscke [626].

Renin is the rate limiting step in angiotensin yhhesis. In their study on healthy
normotensive male volunteers subjected to a low lagd salt diet, Zanchet al.
[322] reported that pioglitazone therapy increagkedma renin activity in both salt-
loading states, despite recording no significanb@lpressure changes in response to
thiazolidinedione treatment or alteration in digtasodium load. However, the
authors did note that piogliazone therapy was aastwith a significant increase
in daytime heart rate, which reached statistighificance only on a low salt diet. In
the absence of any effect on supine (nocturnabdfmessure, the authors postulated
that the raised renin is a physiological resporsethiazolidinedione induced
peripheral vasodilatation. This hypothesis was isteist with earlier reports that
thiazolidinediones exert several vasodilatory éffean the vascular system, namely
reducing endothelin-1 secretion by endothelial sce[B27], modulating its
endogenous production in endothelin-dependent kgp&ion [328] and inhibiting
vascular smooth muscle calcium currents [329, 3B04 later study on human renin
secreting Calu-6 cells (derived from a pulmonaryciceema), Todorovet al.
reported that rosiglitazone increases renin gempeession via a PPAR-dependent
mechanism. This association is however disputeatesother studies have reported

that PPARy has no influence on renin mRNA levels [331, 3¥#¥spite the lack of
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consistent data, a delicate balance may exist [leetweéhe effects of
thiazolidinediones on the renin-angiotensin-aldaste system and other mediators

of vascular tone. Further studies are warrantediaafy this relationship.

Nonetheless, these observations cannot adequatabirethe dietary sodium related
differences in renal salt handling during thiazwietlione therapy [322]. Animal
studies suggest that sodium reabsorption from tbh#deating duct during
rosiglitazone treatment reaches a peak at daydsthea balance returns to normal by
day 9 [303]. This led to the hypothesis that arcage mechanism’ plays a role in
thiazolidinedione-associated sodium handling ursddt-loading conditions, similar
to that seen with mineralocorticoid excess [3334]32NP is thought to play a
critical role in this mechanism [333, 334], partanly in low renin states. To this
effect, Goenkaet al. [335] investigated the effects of water imsien to the level of
the neck (which causes a 16% increase in plasmanehnd a redistribution of 700
mls of blood centrally to the thoracic cavity) cenal and hormonal dynamics in
normal and T2DM individuals. The investigators ¢onkéd earlier reports that
T2DM patients are characterized by an impairediunatic response, diminished
ANP and a blunted cGMP response to volume expang86]. Rosiglitazone
treatment for 7 days restored these responsesDiTiAdividuals, and significantly
increased the ANP response in control individud85]. These findings may, at least
in part, explain the salt handling differences réga by Zanchet al. [322], such that
individuals on a chronic high salt diet would haaleeady suppressed the renin-
angiotensin-aldosterone system and increased AN secretion, limiting further

physiological responses to thiazolidinedione thg{&35].
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Available data suggest that thiazolidinedione thgnaaradoxically increases, rather
than decreases natriuresis in response to volurpansion. Rosiglitazone treated
Zucker rats (an animal model of T2DM) exposed t@aumte sodium load (a volume
expansion stimulus) showed a more rapid natriuresmpared to control animals
[336]. Goenkaet al. reported similar results in humans, sugggstihat in

thiazolidinedione treated individuals, the initintreased sodium retention leads to
increased ANP levels or sensitivity, which in tucontributes to an enhanced
natriuretic response to an acute sodium load. Ty prove to be a protective

mechanism against fluid retention [335].

Given that the common praline-to-alanine subsbttutat codon 12 (Prol2Ala) of
exon B in the PPAR- gene may be a pharmacogenetic risk factor for
thiazolidinedione-induced oedema [337], and thatEA{hibitors may be less
effective in individuals with this polymorphism [8B studies are warranted to
investigate whether the propensity for thiazolidilm@e-induced fluid retention
arises as a result of a lower state of activatibthe renin-angiotensin-aldosterone
system. Moreover, although Black and Asian ethnowg individuals with low renin
volume mechanisms have been shown to have higlednpal tubular sodium
reabsorption [339], it is unclear whether such vidlials are more prone to

thiazolidinedione-induced oedema.

1.11.4 Endothelial dysfunction and peripheral vasdar resistance

Increased arterial stiffness and endothelial dysfon associated with diabetes and

the metabolic syndrome may in part explain the @ased cardiovascular risk
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associated with these conditions [340]. Biopsy spens from subcutaneous fat
have demonstrated that endothelial dysfunction ][t structural alteration [342]
of small resistance arteries contribute to perighgascular resistance in diabetic
patients. In healthy individuals, vascular endottiebecretion of nitric oxide
(vasodilator) and endothelin (vasoconstrictor) eptkin balance by circulating
insulin levels [343, 344]. Hyperinsulinaemia distsithis fine balance, favouring an
enhancement of endothelin secretion and a reductioitric oxide secretion [344].
In turn, this increases vascular tone, arterialfn&tss and peripheral vascular
resistance. Not surprisingly, arterial stiffness baen identified as a risk factor for
HF [345]. Moreover, arterial stiffness has receriiBen associated with early and

asymptomatic impairment of systolic and diastolocardial function [346].

The mechanism by which thiazolidinediones reduagperal vascular resistance is
likely to be multifactorial. PPAR- is expressed in various components of the
vascular system, including endothelial cells, tascular smooth muscle cells of the
intimal and medial layers, and monocytes/macroph4847]. As discussed earlier,
thiazolidinediones downregulate endothelin-1 semmetinhibit vascular smooth
muscle currents, and are likely to restore the fiaknce between circulating levels
of endothelin and NO, by virtue of their insulimséizing effects. These drugs have
also been shown to have a favourable on low graftEemmation, as evidenced, for
example, by a reduction in circulating levels odgshinogen activator inhibitor-1,
interleukin-6, tumour necrosis factar(TNF-o) and non-esterified fatty acids, all of
which have been associated with insulin resisté@#&}| and its associated vascular

endothelial dysfunction [349].
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These effects cumulatively translate into a thianeédione-associated improvement
in arterial stiffness, as shown in clinical trig®50, 351]. This beneficial effect
should theoretically reduce (rather than increéiseyisk of development of HF and
its associated fluid retention. Nonetheless, tlaeeno studies evaluating whether
T2DM individuals with a history of thiazolidinedieninduced HF are characterised
by a greater degree of arterial stiffness comptoeteir ‘thiazolidinedione tolerant’
counterparts. Such a ‘susceptiblity factor’, ifgent, could in turn be influenced by
sodium balance, and possibly by relative thiazokdione-induced improvements in
insulin sensitivity. The oedematogenic propertiésnsulin are well documented
[352]. Indeed, insulin has been shown to favoursadreabsorption along various
nephron segments [353]. Blazer-Yost al. described insulin-induced, PI3K-
mediated, activation of the ENaC at the distal odmed tubule/medullary
collecting duct [354]. The PI3K pathway has alserbshown to mediate insulin-
induced sodium reabsorption at the proximal coneauubule [355, 356]. It has
long been been suggested that the associationiadotidinediones with oedema
may occur on account of its favourable effects msuiin sensitivity, and may well
explain why the prevalence of oedema is higher atiepts treated with a
combination of insulin and thiazolidinediones [35@ther authors have ascribed this
phenomenon to a synergistic effect of thiazolidioeds and insulin on renal sodium
handling [358], particularly given the observatitrat the oedematogenic effects of
insulin require IRS2 rather than IRS1 [356]. Insutesistance is often associated
with defects in the IRS1-dependent signalling, @hiRS2-dependent signalling

seems to be sometimes preserved in adipocyteskatetad muscle [66, 359-361].
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1.11.5 Effects on vascular permeability

Increased capillary permeability has also been ybatetd to contribute to
thiazolidinedione-induced oedema. This hypothesis first investigated by Idrist

al. [362], who examined the effects of rosiglitagzamn endothelial barrier function
using anin vitro system of pulmonary artery endothelial cell mogeta, and Evans
blue-labelled albumin to measure transendotheliaimin flux. Exposure of the
cells to high concentrations of rosiglitazone (I to 100uM) for 4 hours resulted
in a dose-dependent increase in transendothebalah flux. This effect was fully
reversible on washing rosiglitazone off the monelaynd subsided if exposure was

prolonged to 24-48 hours.

The mechanism(s) underlying thiazolidinedione-iretlccapillary permeability
remain obscure. Several factors, notably vasculdothelial growth factor (VEGF),

nitric oxide and protein kinase C have been impéida

(i) Vascular Endothelial Growth Factor (VEGF)

VEGF is estimated to be 50 times more potent thstatine in enhancing vascular
permeability [363]. Lower extremity oedema was iceldi following gene transfer of
naked plasmid DNA encoding the 165 amino-acid isafof VEGF in patients with
peripheral artery disease [364]. Em@&bal. reported that plasma levels of VEGF
were significantly higher in troglitazone treatedDM patients compared to those
treated with dietary measures alone, sulphonyloreasulin [365]. Additionally, a

longitudinal study of 5 glibenclamide treated T2D0Opdtients showed that adjunct
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troglitazone therapy was associated with a reviersificrease in plasma VEGF
levels [365]. The same investigators reported thatrapeutic concentrations of
troglitazone and rosiglitazone are associated withincrease in VEGF mRNA
expression in 3T3-L1 adipocytes. In a study on 2uckats, Sotirpoulo%t al.

established that rosiglitazone treatment increag&dsF mRNA expression in
epididymal fat, and that this correlated with iraged vascular permeability [366].
Similar findings were reported in retinal tissuéthaugh the increase in VEGF
MRNA did not reach statistical significance [368}oglitazone, pioglitazone and
two other experimental PPA{R-agonists (LY171883 and 15d-Pfslincreased

VEGF secretion from cultured human umbilical arteagcular smooth muscle cells
[367]. While these studies support a role for VE{BRhiazolidinedione-induced
oedema, they are not consistent with the result®tbér investigations, which

suggest that PPARnegatively regulates VEGF signalling.

Both rosiglitazone and 15-deoxy-delta 12, 14-pgistadin decreased VEGF protein
expression in transformed and primary endometelis ¢n a study by Peeteet al.
[368]. Using PPRES luciferase reporter transfedsdikawa adenocarcinoma cells,
rosiglitazone was shown to repress VEGF promotérigcin a dose-dependent
fashion (IGy around 50 nM). Cotransfecting full-length and vated VEGF
promoter-luciferase constructs and PPARxpression vectors into Ishikawa cells,
Peeterset al. also revealed that the PPARegulated domain is a direct repeat-1
motif - 443 bp upstream of the transcriptional tstare [368]. Sandeet al. [369]
reported that rosiglitazone inhibits VEGF-inducealiferation and migration of
human pulmonary valve endothelial cells, by antagog VEGF-mediated nuclear

factor of activated T cells, Cytoplasmic 1 (NFATc@ssential for heart valve
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formation). This inhibitory mechanism was confirmeda parallel study on human
umbilical vein endothelial cells [369]. In anothetudy on identical cells,
rosiglitazone was reported to markedly reduce VH@ltced tube formation and
endothelial cell migration, which are critical st¢ap angiogenesis [370]. Tookeal.

reported no significant difference in change in ElBvels among insulin treated
T2DM patients who were randomized to treatment vpibglitazone (n = 14) or

placebo (n = 15) [371].

The conflicting data summarized above might residm a PPARy induced,
possibly cell specific, dual effect on VEGF sigmal The relative contribution of

these factors, if any, in thiazolidinedione-induocsdiema remains obscure.

(ii) Nitric oxide (NO)

Synthesised by endothelial cells from the aminad &earginine through the activity
of endothelial nitric oxide synthase (eNOS), thaquhlious naturally occurring
molecule nitric oxide (NO) is an important regulatd vascular function, including
vascular permeabilty. eNOS is regulated at thel leivexpression [372-374], post-
translationally through its interaction with mulggproteins [375-378], and by eNOS
phosphorylation [379-382]. A possible relationsbgtween thiazolidinediones and
NO was first reported by Vinilet al.. In a 16 week, randomized, double-blind,
placebo-controlled, crossover to open-label sirgied trial, NO production was
significantly increased in rosiglitazone treatedWM2 patients [383]. Treating human
umbilical vein endothelial cells with the PPARigands 15d-PG]J ciglitazone and

rosiglitazone increased nitric oxide synthase (N@&ivity and NO release through
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a PPARy dependent mechanism in a study by Polikandrigtsal. [384].
Furthermore, the investigators reported that rdamghne and 15d-PGlreatment
lead to eNOS serl177 phosphorylation, an effedtithattenuated by the PPAR-
antagonist GW9962 [384]. In an vivo study on the fructose-fed rat model, St-
Pierre et al. investigated vascular permeability by assgsthe extravasation of
Evans blue dye in distinct muscle groups [385]. iRdazone increased
extravasation by 30-50% in the rectus femoris,islgastrocnemius lateralis, vastus
lateralis and tibialis cranialis skeletal muscleshomogenates of skeletal muscles
(vastus lateralis) from fructose-fed rats, roségiine treatment resulted in a
significant increase in NOS activity and eNOS imon@active mass, compared to
control animals. Interestingly, the authors repibrte significant change in the level

of neuronal NOS (the most common muscle NOS isof¢8856].

(iif) Protein kinase C (PKC)

Protein kinase C (PKC) constitutes an importantemhetnant of vascular
permeability through its phosphorylation of cytdskal proteins that make up the
tight intercellular junction [386-389]. In a study Zucker rats, Sotiropoulast al.
reported that the rosiglitazone-associated inceeasevascular permeability and
weight were associated with selective activationP&fC and its potent activator
diacylglycerol (DAG) in fat and retinal tissues {6 The same investigators
established that these rosiglitazone-induced effectdipose tissue were abolished

by the specific PK@ inhibitor ruboxistaurin and in PKknockout mice [366].
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(iv) Other potential permeability factors

Analyzing 384 single nucleotide polymorphisms (SNRem 222 cardiovascular
and metabolic genes in 87 thiazolidinedione tredi2DM patients, Ruanet al.
sought to discover associations between thiazadione therapy and oedema [390].
The investigators reported significant associatiatith the genes for neuropeptide
Y, glycogen synthase-1 muscle (Gsk-1 muscle), clkamoC-C motif ligand 2,
oxidized LDL receptor 1 and Growth Hormone Relegdttormone [390]. Despite
being a long-lasting vasoconstrictor, neuropeptidle increases endothelial
permeability [391], and has been implicated in pgenic pulmonary oedema [392],
laryngeal oedema [393] and inflammatory paw oedamrats [394]. Chemokine C-
C motif ligand 2 increases the permeability of theod-brain barrier, and
contributes to vasogenic brain oedema [395]. Entoog the ORL1 gene, the
oxidized LDL receptor 1 is expressed on vasculatodrelial cells [396] and is
involved in capillary formation [397]. In summarRuanoet al. conclude that the
physiogenomic associations suggest a link betweascuwlar permeability and

thiazolidinedione-induced oedema [390].

1.12 Thiazolidinediones and cardiac pump function

Partients with diabetes have a high prevalencaubtlsical systolic and diastolic
cardiac dysfunction and impaired cardiac reserielyl due to a number of
abnormalites such as impaired coronary flow reseexen in the absence of
obstructive epicardial disease [398, 399], autowordysfunction [400-402],

myocardial fibrosis [403] and maladaptive myocardnergy metabolism [404].
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Although cardiac expression of PPARs relatively lower than PPAR; the former

iIs thought to be an important modulator of cardsteucture and function,
particularly in the left ventricle. In a murine diuby Duanet al., cardiac-specific
deletion of the PPAR-receptor resulted in mild cardiac hypertrophy [A05hese

findings were consistent with earlier reports thia¢ pressure-overload induced
increases in heart weight-to-body weight ratio amdll thickness were more
prominent in heterozygous PPARédeficient mice compared to their wild type

counterparts [406].

The effects of exogenous PPARiteatment on cardiac function is controversial.
Studies have shown that PPARxgonist therapy inhibits mechanical strain- [407],
angiotensin-II- [406, 407] and phenylephrine-indii¢é07] cardiac hypertrophy of
neonatal cardiac rat myocytesvitro. Asakaweet al. reported similar resulits vivo,
showing that pioglitazone inhibits pressure ovettosduced cardiac hypertrophy
strongly in wild type mice, and moderately so irtenezygous PPAR-deficient
mice [406]. These pioglitazone-related effects oespure-overload induced cardiac
hypertrophy were associated with a significant otidn in the expression of
endothelin-1 mMRNA [408]. Endothelin-1 has positivetropic and chronotropic
actions, and induces cardiac hypertrophy [409].almurine study investigating
effects at a pathophysiological level, Tsefial. showed that a pioglitazone induced
reduction in left ventricular weight to body weighdtio was accompanied by a
reduction in left ventricular collagen content,tlgéntricular diastolic dysfunction
and plasma malondialdehyde-thiobarbituric acid &ker of oxidative stress) [410].
Studies on intact animal models showed that PRA&jonists improve cardiac

contractility, systolic performance [411-414] an@gdolic performance [412-415].
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Myocardial intracellular calcium concentrations regse in response to myocyte
stretch, in a bid to enhance cardiac output. Taleiwum, calmodulin-dependent
phosphatase calcineurin plays a critical role inis thprocess, through
dephosphorylation of a family of transcription farst known as nuclear factors of
activated T cells (NFATSs) [416]. Four calcineuriansitive NFAT isoforms have
been identified (NFATcl, NFATc2, NFATc3, NFATc4) 14, 418].
Dephosphorylated by calcineurin, NFAT transcriptitattors translocate to the
nucleus and regulate the expression of target mmgiadagenes [416, 419].
Activation of calcineurin or NFATc4 was shown talute cardiac hypertrophy and
HF in murine models [416]. Treatment of cardiomyesy with rosiglitazone
inhibited endothelin-1 induced calcineurin actiyitgnhanced the association of
PPARy with calcineurin/NFATc4 and suppressed the nucleanslocation of
NFATc4 [420]. This observation is consistent witngtypic observations from the
DREAM study, in which one single nucleotide polymioism (SNP) in NFATC2
(rs6123045) was significantly associated with oeal¢@R 1.89 (95% Cl 1.47, 2.42)
[421]. The effect is seemingly additive, with oedemates being highest among
patients homozygous for the risk allele, intermelim heterozygous individuals,

and lowest among subjects homozygous for the pregeallele [421].

Multiple human studies have demonstrated no untweffects on various
parameters of cardiac performance and some tremdard improved systolic
function associated with longer-term thiazolidiredw therapy. Ghazzet al.

compared echocardiographic data before and 48 vadtksrandomizing 154 T2DM
patients to treatment with troglitazone or glybetighowing that thiazolidinedione

therapy was associated with significant improvemefmom baseline in stroke
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volume index and cardiac index, with no changefhventricular mass index. There
were no significant changes in any echocardiogm@apharameter in the glyburide-
treated group [411]. A similar randomized, blindguohical trial that included 203
patients did not report any significant differenaasleft ventricular mass index,
ejection fraction or left ventricular end-diastolicolume between patients
randomized to rosiglitazone versus glyburide [42R]smaller study by Hirayama
and co-workers investigated echocardiographic patars in 10 male hypertensive
T2DM men and 12 normotensive T2DM men treated witlglitazone for 6 months.
There was no change in fractional shortening (gpnwvay of measuring ejection
fraction) in either group. Pioglitazone was howeassociated with a significant
reduction in left ventricular mass in the normoteasgroup [423]. In a 52 week
placebo controlled study of 224 T2DM patients wilW¥HA class I/l HF,
rosiglitazone was not associated with any changdsfi ventricular volumes, left
ventricular ejection fraction or cardiac index [#28imilarly, albeit a different study
population, Horicet al. did not report changes in the absolute wabideft atrial or
left ventricular end-diastolic diameter in 30 naakgktic patients with essential

hypertension treated with pioglitazone for 6 monf¢#5].

The cardiac antihypertrophic properties of exogen®PARy agonist therapy
discussed above contrast with the results of adhefies. Duaret al. reported that
rosiglitazone treatment caused cardiac hypertraphwild type and cardiac-specific
PPARy knockout mice, suggesting that although PPAR-essential for normal
cardiac development, treatment with exogenous PiPABgonists might be
detrimental [405]. This raised the hypothesis tBabgenous PPAR-associated

cardiac hypertrophy could reflect the anabolic egugnces of improved insulin
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sensitivity. However, comparing outcomes in wildogy mice and mice with
cardiomyocyte restricted knockout of insulin recept the non-thiazolidinedione
PPARy agonist 2-(2-(4-phenoxy-2-propylphenoxy) ethyl)dafe-5-acetic acid
increased heart weights by 16% in the former graod 22% in the latter, and
induced similar fold increases in the expressiomygfertrophic markers such as
skeletal actin, brain natriuretic peptide, and AiNRboth type of mice [426]. These
outcomes suggested that thiazolidinedione-inducgdcardial hypertrophy occurs
independently of insulin signalling [426]. Indeedis plausible to hypothesize that
cardiac hypertrophy is a consequence of thiazadione-induced water retention
[427], in keeping with the observation that 2-(2pldenoxy-2-propylphenoxy) ethyl)
indole-5-acetic acid-treated mice had typical eandiographic features of volume
overload (increased left ventricular diastolic deders and increased cardiac output)
[426]. In a pilot study randomizing 30 T2DM patisnhadequately controlled in
metformin and sulphonylurea to treatment with giagbne or insulin glargine for
26 weeks, Dorkhaat al. reported that left ventricular end-diasteldume increased
by 11% and left atrial systolic volume increasedli@yo in the pioglitazone group (p
< 0.05 for the difference between pioglitazone- amglilin-treated groups). There
were no differences in the change of ejection imactor left ventricular mass
between the randomization arms [428]. The reparieckases in left atrial volume
may be of particular clinical significance in thodilinedione-treated T2DM
patients, given the observation that this echoogrdphic parameter carries
prognostic significance in a variety of cardiacodders and in the general population
[429]. Moreover, one case series suggested thatMIZiatients with diastolic
dysfunction are more prone to developing thiazokdione-induced HF [430].

Although most patients can tolerate a 6-8% plasmwlame expansion occurring
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subacutely after initiation of thiazolidinedioneethpy [163, 164, 431], diabetic
patients with impaired cardiac reserve may mansgegis and symptoms of CHF in

this setting.

There is currently considerable interest in theceph of ‘cardiac lipotoxicity’,
wherein triglycerides are deposited in cardiac myex [432, 433], particularly in
the setting of obesity or absolute or relativeilepeficiency/resistance (a phenotype
associated with T2DM). Intracardiac triglyceridentant was reported to be higher
in obese human subjects, and was associated witkaised left ventricular mass and
decreased septal wall thickening [434]. Intramyd@draccumulation of ectopic
fatty acid results in cellular dysfunction and nmneative fatty acid metabolism,
which increases traffic through the ceramide pathwd32], resulting in
lipoapoptosis, impairing cardiac compliance andti@mility [435]. Troglitazone
was shown to reduce intra-cardiomyocyte lipid comicgions and prevent loss of

myocardial contractile function in a Zucker rat rab@33].

In summary, the effects of PPARagonists on cardiac performance remain unclear,
particularly given the conflicting results from aral studies. Human studies have
been reassuring in this regard, albeit limited oy number of recruited patients and
duration of follow-up. Further mechanistic reseabesed on careful phenotyping is
clearly warranted to clarify these issues furtlparticularly given the ongoing lack

of large scale, prospective trials.
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1.13 Other suggested ‘fluid-retaining’ mechanisms

Thiazolidinedione-induced oedema has also beenibasicito altered water-ion

transport in the gastrointestinal tract. The laltgpothesis is borne out of the results
of a study investigating the effects of troglitagoon rat and human duodenal
mucosa cells. In this study, Hosokaetaal. demonstrated inhibition of electrogenic
bicarbonate secretion by these cells, possiblyfariag with passive sodium and
water movement into the gastrointestinal tract lnnvéa a paracellular pathway

[436].

1.14 Thiazolidinediones and heart failure: unanswesd questions

Guided by the data summrised above, the manufastwe rosiglitazone and
pioglitazone excluded diabetic patients with Newkrbleart Association (NYHA)
functional class Il or IV HF from their applicatis for marketing licenses [163,
164]. The NICE guidelines have adopted a more gegnh approach, and do not
recommend the use of these drugs in any patiefit M#, irrespective of severity
[82]. While this approach is likely to minimize thisk of fluid retention, it does not
eliminate it completely. Although thiazolidinedicassociated oedema is a clinically
important adverse effect, absolute rates are low tAe time course is uncertain.
Traditional observational study designs have entwad difficulties in finding
informative cases. Given the hypothesis that sord&viduals are more sensitive to
the phenotype than others, it seems appropriatd @ost-effective) to study
previously-intolerant individuals in some depth.eTmost appropriate comparator

group is patients who are tolerant of thiazolidioeés.
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Based on a case-control design, one of the aimthisfthesis was therefore to
identify and compare the baseline characteristicsnatched cohorts of patients
tolerant and previously intolerant of thiazoliditmtes with the aim of assessing
whether patients known to be intolerant to thiadiokdiones are characterised
during acute or chronic ‘high salt’ loading by eifénces in their metabolic,

cardiovascular and renal responses.

Given the anticipated difficulties in identifyingiazolidinedione intolerant patients,
a parallel project was conceived in collaboratiathwhe Health Informatics Centre
(HIC) at the University of Dundee to identify anloacacterize NHS patients exposed
to thiazolidinediones in routine clinical care. $aeption and hospital admission
data were used to identify thiazolidinedione-trdapatients whose treatment was
apparently complicated by HF. Moreover, the Diabefaidit and Research in
Tayside Scotland (GoDARTS) cohort [437], a wellidated electronic data linkage
— based register of diabetes patients in Taysideptl&d enabled genetic
characterization of the phenotypic characterisiientified at population level. At
the time these studies were conceived, it was da@nthat they would provide
sufficient background data to embark on a largesgpeotive trial validating the
usefulness of one or more biomarkers in the predicof thiazolidinedione-
associated fluid retention. Better characterizatadnthiazolidinedione intolerant
patients, together with an adequate understandindpeo mechanisms underlying
thiazolidinedione-associated fluid retention watemaed to guide the development
and future assessment of PPAReceptor modulators (and related agents such as

dual PPAR/S agonists) with apparently more favourable advexant profiles.
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.Section IV- Insulin resistance in type 1 diabetes - is thera role for

metformin?

1.15 Insulin resistance — a common co-morbidity itype 1 diabetes

While insulin resistance is undoubtedly a centathpgnomonic feature of T2DM,
its association with TIDM is also increasingly rgeized. Insulin resistant patients
with TIDM have been shown to express lower tisewels of the insulin receptor
[438]. Moreover, the expression of the GLUT-4 tiaorser in skeletal muscle is
lower in obese patients with TIDM [439]. Insulirsemsitive patients with T1DM
and T2DM have been reported to have raised intraeiligdar lipid [440], which as
discussed, interferes with insulin signalling. Camipg adipocytokine levels in 91
T1DM and 91 healthy children, Cdt al. reported that circulating adiponectin levels
were higher in prepubertal diabetic children anditpeely correlated with HbAlc,
while BMI-adjusted leptin concentrations were higire pubertal diabetic children
and positively correlated with daily insulin do3dere were no differences in TNF-
a concentrations between the two groups [441]. Lenal. similarly reported that
children with TLDM were characterized by highertilegoncentrations compared
with their healthy counterparts, but did not asatecthis finding with HbAlc, daily
insulin dose or duration of the disease [442]. Tsmaall studies investigating the
kinetic mechanisms of insulin resistance in T1DNdated that impaired insulin-
stimulated vasodilation impairs glucose deliveryl dence extraction at the level of

skeletal muscle [443, 444].
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Additional factors are thought to contribute toulns resistance in pubertal TIDM
patients. Insulin resistance increases in pubartg,reaches a peak at Tanner stage 3
[445]. The situation is further compounded by thetfthat obesity is a growing
problem in young patients with T1DM. Indeed, Libredral. [446] showed that 50%
of young Americans with T1DM were overweight or seeProduced in the liver,
insulin growth factor (IGF-1) plays a insulin-likeole in glucose homeostasis,
influencing hepatic glucose output and periphehat@se uptake. Circulating IGF-1
levels are reduced in T1DM [447], possibly secopdar portal hypoinsulinaemia
[448]. This results in a compensatory increase iowEh Hormone (GH) secretion
(which antagonizes the effects of insulin) and IGBinding protein synthesis [448,

449], diminishing free (and hence biologically ae)iIGF-1 levels further.

1.15.1 The 'accelerator' hypothesis

Although the functional effects of these multi-leddferences are yet to be clearly
elucidated, they have the potential to contributethe mechanism of insulin
resistance in T1DM individuals. It has been nothdttT1DM is increasing in
incidence and generally presenting at a youngergesover, a smaller proportion
of newly diagnosed patients are characterised Ig hisk and protective HLA
haplotypes [450, 451], while a larger number hawermediate genetic susceptibility
[452]. This suggests an increasing role of ther@mvnent in the aetiology of TLDM.
Some [446, 453, 454], though not all studies [485%], have reported that obese
patients with TLDM present at a younger age, pbsséflecting genetic and ethnic
differences between study populations [457]. Addidlly, BMI may have been too

crude a measure of insulin resistance in pubegtémts [445]. Four studies carried
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out in different continents analyzed data from peusive follow-up studies of
autoantibody positive first degree relatives ofigres with T1DM. Using the
homeostasis model of insulin resistance (HOMA-IRJitst phase insulin response
(FPIR) as an index that standardizes insulin r@sc to residudl-cell function and
corrects for falling FPIR as the T1DM process pesges, all four studies reported
that insulin resistance is an independent riskofafdr the development of TIDM
[458-461]. Insulin resistance in pre-T1DM may nangtically determined, as
suggested in a twin study by Hawa et al., in wipatients developing T1DM had
higher fasting insulin levels compared to their wmygotic twin counterpart who
did not progress to the disease after 18 montHsliofwv-up [462]. The hyperbolic
insulin secretory response of thecells is dependent on normal insulin sensitivity
[7]. Given that several studies have reported ilat-cell antibody individuals who
progress to T1DM have greater insulin resistancdheir level of insulin secretion
[458-461], the insulin resistant state may unnfaskll deficiency at an earlier stage
[456, 463]. Adipocytokine receptors are expressedhe surface of immune cells
[464], an observation that is likely to be relevanthe aetiopathogenesis of TLDM
given that the intraperitoneal injection of leptaccelerated the autoimmune
destruction of insulin-producing cells and significantly increased interferpn-
production in peripheral T-cells in the non-obesdbdtic mouse (a model of TIDM)
[465]. Reports that insulin resistance is assodiatéh a lower frequency of entering
the ‘honeymoon phase’ in T1DM [466, 467] follow tlsame line of thought,
potentially further justifying pharmacological atipts at reducing insulin resistance
in TLDM. Thus, in summary, the accelerator hypathesggests that, while T1DM
is essentially triggered by an immune mediated ggscits progression is expedited

by potentially modifiable factors such as insulesistance and BMI [468]. This
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essentially implies that, in the absence of a &iggy immunological event, such

patients would have developed T2DM at some poittéir lives.

1.15.2 The concept of 'double diabetes'

The term 'double diabetes' was coined from therehtien that patients with TLDM
and a family history of T2DM were more likely to bgerweight, required higher
insulin doses and yet were less likely to achiedeqaate glycaemic control [469].
This hypothesis considers T1DM and insulin resistawbesity as independent
processes. A study of 427 patients with T1DM regmbthat 15% fulfilled the WHO
criteria for the metabolic syndrome, and of the§9% were insulin resistant,
compared with 3.4% of those without metabolic spmiz (OR 8.9; p = 0.001).
Those with the metabolic syndrome required highedian insulin dosage [0.9
(interquartile range = 0.7, 1.2) vs 0.6 (intergilamange = 0.5, 0.9) U/kg; p = 0.03],
were older [median 35.0 (interquatile range = 28723) vs. 29.7 (interquartile range
= 23.4, 36.4) years, p = 0.002], and had longentitur of diabetes [median 19.7
(interquartile range = 10.7, 25.6) vs. 12.1 (intemdgile range = 6.3, 17.9) years, p =
0.0001] [23]. 21% and 44% of patients with TILDM riféHO diagnostic criteria of
the metabolic syndrome in the Pittsburgh EDC [4afd FiannDiane [471] cohorts
respectively. A parental history of hypertensions haeen associated with
albuminuria in both men and women with T1DM. Additally, albuminuria in
women with T1DM was associated with parental diebéh a cross-sectional study
of 3250 patients recruited into the EURODIAB stydy2]. Analyzing data from the
Pittsburgh Epidemiology of Diabetes Complicatiortady, Erbeyet al. concluded

that TLDM patients with a first degree family memkath T2DM were at higher
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risk of coronary artery disease [OR 1.89 (95% @I712.84)]. However, this effect
did not remain significant after adjusting for T1DMuration, triglycerides,
hypertension, Beck depression and nephropathyssf@&i 1.45 (95% CI 0.87,
2.28)] [473]. Nonetheless, a T1DM patient's risk dd#veloping coronary artery
disease increased with an increasing number of tlegree family members
suffering from T2DM (p = 0.001 for trend), such tthhe presence of two, rather
than one family member virtually increased a T1DMividual's OR from 1.62 to

5.13 [473].

1.16 Consequences of insulin resistance in type ihldetes

McGill et al. reported that patients with TIDM and feaducé the metabolic
syndrome were characterised by a higher macrovascamposite endpoint (OR =
3.3, p = 0.02), and a higher combined macrovasautar microvascular endpoint
(OR = 3.1, p = 0.0001). Subdividing individuals kviT1DM into duration of
diabetes quartiles, the same investigators addilyprreported that individuals
diagnosed 20 or more years earlier and fulfillifg tcriteria for the metabolic
syndrome were at a higher risk of stroke (OR = 22.8= 0.008) and severe
retinopathy (OR = 3.7, p = 0.01); the risk of plepal vascular disease was
borderline (OR = 7.3, p = 0.05) [23]. Investigatih837 Caucasian patients with
T1DM fulfilling IDF diagnostic criteria for the mabolic syndrome and participating
in the DCCT trial, Kilpatricket al. [24] reported that insulin sensitivity (meged as
estimated glucose disposal rate [eGDR] in mg/kg)rsirongly protected against the
development of retinopathy (HR 0.75 per mg/kg/nurs 0.001), nephropathy (HR

0.88 per mg/kg/min; p = 0.005) and cardiovascuisease (HR 0.70 per mg/kg/min;
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p = 0.002). The authors also reported that thegheaee of the metabolic syndrome
in these patients increased from 15.5% at basdtn®7.2% at year nine in
conventionally-treated patients. The correspondiag was higher in intensively-
treated individuals (13.7% to 45.4%). These changa® attributed to weight gain

[24].

Similar associations between markers of the metalsghdrome, insulin resistance
and individual macro-/micro-vascular complicationd 1DM were reported in other
studies [25-32]. A historical prospective cohomdst of 603 patients with T1DM

recruited from the Pittsburgh epidemiology of digsecomplications study and
followed up for 10 years (excluding individuals Wwiprevalent coronary artery
disease) showed that insulin resistance, (measusedy eGDR, and comparing
lowest quintile versus the rest), predicted hartowary artery disease endpoints
(myocardial infarction, coronary artery diseasetldear angiographically proven
stenosis) [HR 2.7 (95% CI 1.3, 5.6); p = 0.007 rffr&Cox proportional hazards
model)] [27]. In general, this result is in agreemeavith that published by

Soedamah-Muthiet al., who reported a relationship between wajst#latio (a

surrogate measure of insulin resistance) and coyom@art disease in men
participating in the EURODIAB Prospective Complicas Study (n = 2329

patients) [HR 1.32 (95% CI 1.08, 1.62); p < 0.0biti Cox proportional hazards

model)] [28].

Olsonet al. investigated the relationship between imstdisistance and peripheral
artery disease in a cohort of patients from thesButrugh epidemiology of diabetes

complications study (n = 586 patients), concludititat eGDR predicts the
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development of lower extremity arterial diseasefi(@el as claudication, foot
ulceration or lower extremity claudication) in womgR 0.45 (95% CI 0.32, 0.64);

p < 0.001 (from Cox proportional hazards modelf][3

A review of the relationship between insulin resmmte and microvascular
complications also yields significant data. In paate publication based on follow-
up data of patients from the Pittsburgh epidemiplofydiabetes complications study
(n = 485 patients), insulin resistance was repaibeloe a predictive factor for overt
nephropathy in T1DM, both in the short term (1-@angeof follow-up) and in the
long term (6-10 years of follow-up) [p < 0.001 fboth associations (from Cox
proportional hazards model)] [31]. Giorginet al. analyzed data from 352
microalbuminuric patients with TI1DM from 31 Europeeentres recruited in the
EURODIAB Prospective Diabetes Study. The investigjtompared risk factors at
baseline between patients who remained microalbumein progressed to
macroalbuminuria or reverted to normoalbuminuriaas@&ine body weight was
associated with progression to macroalbuminuriarj@ardised estimate of relative
risk (SERR) 1.5 (95% ClI 1.1, 2.3); p = 0.03], tdgetwith HbAlc [SERR 2.1 (95%
Cl 1.4, 3.0); p = 0.0003] and albumin excretioref i BERR 1.9 (95% CI 1.3, 2.8); p
= 0.0006]. [30]. de Boest al. investigated whether waist circumferencassociated
with incident microalbuminuria and a change in treae clearance among 1279
patients with TLDM who were enrolled in the Dialse@ontrol and Complications
Trial (DCCT). Each 10 cm increase in waist circurafee was associated with a
significantly increased risk of incident microalbwria [HR 1.34 (95% CI 1.07,

1.58)], after adjusting for age, gender, race, tlomaof diabetes, treatment group,
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smoking status, waist circumference, HbAlc and ralbuexcretion rate (each of

which were measured at DCCT close-out) [25].

Analyzing data from 764 patients with T1DM recrditeto the EURODIAB study
and followed up for 7.3 years, Chaturvedial. reported that waist-hip ratio is a risk
factor for developing retinopathy [standardizedresgion estimate (SRE) 1.32 (95%
Cl11.07, 1.63); p = 0.01], together with duratidrd@betes [SRE 1.32 (95% CI 1.07,
1.61); p = 0.008], HbAlc [SRE 1.93 (95% CI 1.5244); p = 0.0001] and fasting

triglyceride levels [SRE 1.24 (95% CI 1.01, 1.54) 0.04] [26].

Data from the EURODIAB study was also used to itigate the association
between insulin resistance, its surrogate measamesincident distal symmetric
neuropathy in 1172 patients with TIDM. Adjusting fébAlc values and duration
of diabetes, weight [OR 1.34 (95% CI 1.17, 1.54% 0.001], BMI [OR 1.40 (95%
Cl 1.22, 1.61); p < 0.001] and a lower eGDR [OR71(95% CI 1.08, 1.73); p =

0.01] were associated with an increased risk aflexd neuropathy [29].

1.17 Is there a conceptual role for metformin in tpe 1 diabetes?

Intensive glycaemic control in patients with TLDMsweported to decrease the long
term risk of cardiovascular disease by 42% andrible of nonfatal myocardial
infarction, stroke or cardiovascular death by 574%4], with changes in HbAlc
(rather than changes in cardiovascular risk fag®eemingly accounting for most of
the benefit. However, the DCCT showed that intemsnsulin therapy is hampered

by excessive weight gain, resulting in viscerapadity [475], and deletirious effects
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on lipids, blood pressure [476] and inflammatoryrkeas [477]. Similar findings
were reported in the EURODIAB study, with TLDM atis gaining more than 5 kg
over a mean observation period of 7.3 years benagacterised by better glycaemic
control at the expense of higher blood pressurd,-tBolesterol and triacylglycerol,
and lower HDL-cholesterol [478]. Subcutaneous imsatiministration is associated
with relative peripheral hyperinsulinaemia and tie& hepatic hypoinsulinaemia
[479]. Surprisingly, although portal administratiof insulin increased IGF-1 and
reduced prevalent GH levels, this occurred at #peese of a more atherogenic lipid
profile (reduced HDL-cholesterol, increased LDL-&sterol:HDL-cholesterol ratio)
[480-484]. Whether this effect translates intodwease cardiovascular outcomes
remains to be determined. Despite relative heplyigoinsulinaemia, glucagon
secretion is preserved in T1DM, favouring lipid daiion. Exogeneous
subcutaneous insulin administration further enhsntas process, increasing
circulating levels of non-esterified fatty acidsdafuelling lipid accumulation in

skeletal muscle [440, 479, 485, 486].

These findings may justify the addition of the weigeutral insulin-sensitizing drug
metformin, the use of which (in T2DM) has been agged withmodest reductions
in serum triacylglycerol, VLDL and LDL levels, deased C reactive protein,
decreased platelet activation and a reduction aecgagulant factors (such as factor

VIl and fibrinogen) [487].
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1.18 Metformin in type 2 diabetes - benefits beyondlycaemic control

The United Kingdom Prospective Diabetes Study (UKP@as the first major study
underpinning the cardiovascular benefits of metiarnm T2DM. The study
randomized 1704 overweight patients with T2DM tatiah treatment with
metformin (342 patients), sulphonylurea/insulin X9%atients) or dietary measures
alone (411 patients). Compared with dietary measuraetformin (but not
sulphonylurea/insulin therapy) was associated &i2% lower incidence of any
diabetes-related endpoint (micro and macrovasc®%o Cl 13, 47; p = 0.002),
42% fewer diabetes related deaths (95% CI 9, 63;00017), 36% lower all-cause
mortality (95% CI 9, 55; p = 0.011), and 39% fewsyocardial infarctions (MIs) (p
= 0.010) [488]. These effects persisted after Jdryef follow-up [risk reductions of
21% for any diabetes related end-point (p = 0.83¥ for myocardial infarction (p
= 0.005), and 27% for death from any cause (p ©X))0 despite the fact that
differences in glycaemic control (as assessed b&llddevels) were lost after one

year of follow-up [489].

The cardiovascular benefits of metformin in higbBkripatients with T2DM was
elucidated by the the Prevention of Restenosis Witinilast and its Outcomes
(PRESTO) trial. This double-blind randomised coltad trial compared
cardiovascular outcomes in patients treated wahilast following a percutanouse
coronary intervention. After 9 months of follow-upatients treated with metformin
(with or without additional therapy, n = 887) weatka significantly lower risk of

death [OR 0.39 (95% CI 0.19, 0.77); p = 0.007) anydcardial infarction [OR 0.31
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(95% CI 0.15, 0.66); p = 0.002] compared to thasated with insulin and/or

sulphonylurea (n = 1110) [490].

Similar beneficial outcomes were noted followingr@spective analysis of data from
several large databases of patients with T2DM. Diadetes and Audit in Research
Tayside Scotland (DARTS) study (n = 5730 patieméported that mortality was
significantly lower after 5 years among drug-nai2DM patients initially treated
with metformin compared to a sulphonylurea [491]cAf¥ee et al. compared
cardiovascular outcomes in T2DM patients commenced metformin, a
sulphonylurea or rosiglitazone over a period of gears and whose data were
extracted from a large US insurance database (8363. Metformin monotherapy
was associated with a lower risk of the compasiigpoint of myocardial infarction
and coronary revascularization after 5 years dbvolup compared to sulphonylurea
monotherapy{HR 0.77 (95% CI 0.62, 0.96)] [492]These findings are consistent
with the results of other studies. Euriehal. analyzed data of 12,272 new users of
oral hypoglycaemic agents suffering from T2DM andF, Hecruited from the
Saskatchewan Health Database (n = 1833, averagiaggars) and followed up for
a mean of 2.5 years. Metformin monotherapy wascas®nl with a lower risk of
mortality [HR 0.70 (95% CI 0.54, 0.91)] and a lowesk of the composite outcome
of deaths or hospitalizations [HR 0.83 (95% CI 0.71099)] compared to
sulphonylurea monotherapy [281]. A retrospectiveidgt of 16417 Medicare
beneficiaries with HF discharged after hospital@atwith a principal diagnosis of
HF showed that metformin pharmacotherapy was as®utiwith a reduction in
crude 1-year mortality rates (24.7% vs 36.0% ofegpd$ not treated with an insulin

sensitizing drug; p < 0.0001), a result confirmadnultivariate analysis [HR 0.87
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(95% CI 0.78, 0.97)] [283]. Metformin was also asated with a modestly reduced
risk of readmission with HF [HR 0.92 (95% CI 0.8899)] but no effect on all-cause
readmissions [283]. A systematic review and metysis of eight controlled
studies compared outcomes between different ardiigyycaemic agents in T2DM
patients with HF [284]. Metformin was associatedhwsignificantly reduced all
cause mortality in two studies [HR 0.86 (95% Cl18).0.97)] (n = 1861 patients),
and with similar trends in a third study, comparedth non-sensitisers
(sulphonylureas, non-sulphonylurea insulin seckjags, alpha glucosidase
inhibitors or insulin) (n = 12069 patients). Formaeta-analysis showed that
metformin was not associated with any significanffects on all-cause
hospitalization, albeit a lower risk for heart-tag related readmissions [HR 0.92

(95% C10.86, 0.99)] [284], in keeping with thedings of Masoudet al. [283].

Of potential direct relevance to T1DM, Koat al. compared outcomes in 390
insulin-treated patients with T2DM randomized teatment with metformin or
placebo therapy and followed up for 4.3 years [49B-junct metformin
pharmacotherapy was associated with a reductiobedy weight [-3.07 kg (range -
3.85 to -2.28); p < 0.001], HbAlc level [mean -0.496% CI -0.25, -0.55); p <
0.001] and insulin requirements [mean -19.63 IU/@8% CI -14.36, -24.91); p <
0.001]. Additionally, metformin was reported to demse macrovascular morbidity
and mortality (HR 0.61 [95% CI 0.40, 0.94]; p = ®0an effect that was partly

explained by the difference in weight [493].

In a retrospective study on 8063 patients with norphistory of congestive HF,

Nichols et al. compared the incidence of HF between indiaisl who were
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commenced on additional treatment for T2DM overeaqa of 4 years [494]. The
prescription of metformin to insulin-treated paternwith T2DM reduced the
congestive HF rate ratio to 0.63 (95% CI 0.3, 1.0&)development which is
particularly desirable given that initial insuliherapy was associated with a higher
incidence of congestive HF [44.5/1000 patients/y&&% Cl 37.9, 52.3)] than
metformin [15.3/1000 patients/year (95% CI 8.9, 3Jb.or sulphonylureas
[19.9/1000 patients/lyear (95% CI 17.2, 23.1)] A9 a similar vein, the
systematic review by Eurickt al. had also reported that insulin treatment was
associated with increased cardiovascular morbidyspital admission for HF,
prescription for open label angiotensin convertamgyme inhibitor, or myocardial

infarction) and mortality [HR 1.38 (95% CI 1.068@)] [284].

1.19 Use of adjunct metformin in type 1 diabetes: hat is the evidence?

As suggested above, the available data underpirthengse of metformin in T2DM
justify examining the safety and efficacy of thisigl in TLDM. Its low cost, proven
safety profile and promising short and long-terncroaand microvascular benefits
in T2DM justify studies to define its use in a dise increasingly associated with
insulin resistance and other components of the métasyndrome. This thesis will
therefore examine the available evidence suppottieguse of this drug in T1DM,
and investigate the hypothesis that adjunct meiform associated with (i) a
decrease in insulin dose and weight, and (ii) aprawement in glycaemic control

and lipid profile.
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Chapter 2 Clinical study
Characterising thiazolidinedione 'tolerant' and 'intolerant' patients

A physiological approach

Section | -Methods

2.1 Study design

This clinical study was a case-control biomarkedgtin T2DM patients aged 40 to
70 years. It compared physiological parameters éetvthiazolidinedione 'tolerant’
and 'intolerant’ patients in response to a lowteatigh and chronic high salt diet.

This was achieved during three study visits.

2.2 Good clinical practice

The study was conducted in accordance with theopobt protocol amendments,
Good Clinical Practice (GCP) as described in thierirational Conference on
Harmonization (ICH) tripartite harmonized guidebnef technical requirements for
registration of pharmaceuticals for human use [498¢ Declaration of Helsinki
(2000 Edinburgh) [496], the ‘Research Governancamiework for Health and
Community Care’, second edition, 2006 [497], angliapble legal and regulatory

requirements
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2.3 Ethics

In accordance with the above guidelines governirgginoal research, the study
protocol and its subsequent amendments were sadbj¢ctethical approval by the
Tayside Research Ethics committee. The protocoltticr study was approved in
February 2008. A number of amendments pertainingtudy documentation were
subsequently submitted for ethical approval in viefvdifficulties with patient

recruitment, funding withdrawal by Wyeth Pharmaasls, and a re-location of the
principal investigator. Patient recruitment anddgtyprocedures were allowed to
commence and/or proceed only when the ethics caeenatpproval letter had been
received by the Principal Investigator at each estéd@yrotocol amendments were
prepared by the undersigned, working as a Clifkedearch Fellow in this project,
and approved by the Principal Investigator. Adntmative amendments that did not
affect the conduct of the study or patient safatyd did not significantly reduce the
scientific value of the protocol did not requiréoamal review and approval from the
Ethics Committee. A copy of all correspondence etwthe investigator and the
Ethics Committee was kept in the appropriate seatifothe study file. The Clinical

Research Fellow or Principal Investigator was botmdollow local institutional

guidelines on reporting serious adverse events.

2.4 Caldicott-Guardian approval

ICH GCP section 2.13 states that ‘systems with gutaces that assure the quality of

every aspect of the trial should be implemente®5]4 The identification of

potentially suitable patients was aided by accesSQ@I-DC datasets. With this in
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mind, the data collection process was subjecte@aldlicott-Guardian approval in
accordance with established protocols [498], andy @wommenced once the
necessary approval letter was received by the iBahinvestigator. A copy of all

study-related correspondence pertaining to Cald@atrdian approval was kept at

the appropriate section of the study file.

2.5 Study objectives

2.5.1 Objective 1 — to compare the baseline charaeistics of two cohorts of
patients with type 2 diabetes who are either sensie or insensitive to

thiazolidinedione-associated fluid retention

Although thiazolidinedione-induced oedema is aicéity important adverse effect,
absolute rates are low and the time course is taperTraditional observational
studies have encountered difficulties in findingomative cases. Given the
hypothesis that some individuals may be more ptortaiazolidinedione-associated
oedema than others, it seemed appropriate andeffestive to study these
'intolerant’ individuals in some depth. The mogtrapriate comparator group was a
cohort of thiazolidinedione 'tolerant’ patients.eTpotentially confounding effect of
thiazolidinedione therapy was avoided by substitutthese antihyperglycaemic
agents with sulphonylurea therapy for 4 weeks godhe study interventions, while

maintaining stable glycaemic control.
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2.5.2 Objective 2 — to compare the characteristicef the above two cohorts
during an acute and chronic ‘*high normal’ sodium laading in order to detect

differences in metabolic, cardiovascular and renatharacteristics.

This case-control study, comparing cohorts of medcthiazolidinedione ‘tolerant’
and previously 'intolerant’ patients, was desigrted address the following

hypotheses:

Primary hypotheses:

Are patients known previously to have been intoleraf thiazolidinediones
characterised during either acute or chronic “mghmal” sodium loading by:

1) Increased ankle-foot volume (AFV) (a measureerfema)

2) Impaired left ventricular diastolic function ¢imding tissue Doppler)
3) High pulse wave velocity

4) Salt sensitivity of blood pressure

5) High plasma VEGF levels

Secondary hypotheses:

Do renin-angiotensin system activation, fractios@dium excretion, free water
handling and/or total body water (deuterium dilojidiffer between cohorts 1 and 2

during acute or chronic sodium loading?
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2.6 Study population

The study recruited male and female T2DM patiegedabetween 40 and 70 years
of age with a history of thiazolidinedione exposuraese patients were subdivided

into two cohorts:

* A thiazolidinedione 'tolerant' cohort (cohort 1¥ided by T2DM individuals
previously initiated on thiazolidinediones (usuallyut not exclusively in
combination with metformin), with HbA1&9.0% and without diuretic
therapy, whose current thiazolidinedione therapy wat complicated by

fluid retention and/or HF.

* A thiazolidinedione 'intolerant’ cohort (cohort @fined by T2DM patients
whose thiazolidinedione therapy was withdrawn watthiree months of onset
of thiazolidinedione exposure as a consequenceruag-associated fluid
retention and/or HF, and now with an HbA1c<®.0% on one or two non-
thiazolidinedione agents (sulphonylreas/metformand without diuretic

therapy.

The cohorts were matched as far as possible foamadegender. Only patients who
met all inclusion criteria and no exclusion critgewere considered for participation

in this study.
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2.7 Inclusion criteria

All patients recruited into the study were requitedfulfil all of the following
criteria:
* Adult patients tolerant (cohort 1) or previouslyeierant (cohort 2) of
thiazolidinediones
 T2DM
* Aged=40 years ang70 years
* Recorded HbA1&9.0% within last six weeks
« Non-microalbuminuric (either negative single momsample or tested at
screening)

e Recorded blood pressux&é45/85 mmHg on no therapy, monotherapy or dual

therapy

» Ability to understand and willingness to sign théormed consent form

Patients in Cohort 1 (tolerant of thiazolidinedishevere additionally required to
fulfil all of the following criteria:
* Previously initiated and currently continuing omattolidinedione therapy
without diuretic therapy
* Prepared to discontinue thiazolidinedione therajtly mformed consent

* Prepared to take an alternative treatment instétfdazolidinedione therapy

Patients in cohort 2 (previously intolerant of #ohdinediones) were likewise

additionally required to fulfil all of the followiinclusion criteria:
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Previously withdrawn from thiazolidinedione theragtyany stage because of
reported fluid retention (including oedema and/&t) H

Currently being treated with one or two non-thiadiokedione oral anti-
hyperglycaemic agents

No current diuretic therapy

2.8 Exclusion criteria

Patients were excluded from the study if they nmgtaf the following criteria:

BMI > 40 kg/nf

HbAlc > 9.0%

Patients (Cohort 2) withdrawn from thiazolidinedtotherapy for reasons
other than oedema (e.g. weight gain without oedédinex, dysfunction, lack
of efficacy, other adverse events).

Hypertension requiring treatment with three or mamé-hypertensive agents
HF (NYHA Classes Il, Ill, IV orleft ventricular systolic ejection fraction <
40%)

Significant renal or hepatic dysfunction (definesiaaserum creatinine level
exceeding 130umol/L or a > 2.5 fold increase in prevalent alanine
aminotransferase (ALT) levels respectively)

Known to be HIV-positive

Known active hepatitis B and/or hepatitis C infenti

Pregnant or lactating women

Known drug/alcohol abuse

Known psychiatric condition
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Both men and women and members of all ethnic grawgye eligible for this study.
Pregnant women were excluded for safety reasonfdr€n were not eligible — the

study population encompassed individuals aged 1@ years.

2.9 Withdrawal from the study

Patients had the right to withdraw from the stutlgray stage, for any or no specific
reason, without affecting any of their statutoryhts as patients or continuing care.
The investigator had the right to withdraw patientsicccordance with the following

guidelines:

* At his discretion, if it was perceived to be in thest interests of the patient

to withdraw

* Intercurrent illness: a condition, injury or diseasrelated to diabetes, that
rendered continuing the study unsafe or reguldovieLip impossible

e General or specific changes in the patient's cardthat rendered the patient
ineligible

* Noncompliance with study procedures or protocolineyl evaluations

* Termination of the clinical study by the sponsofwrding body

The reasons for any withdrawal(s) were clearly aix@d in the case report form

(CRF).
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2.10 Recruitment process

The study recruited T2DM patients whose routine agament is monitored within
the Scottish Care Information — Diabetes Collabegat(SCI-DC) clinical
information system in Tayside, Scotland. This cdafitial password-protected
national computerised clinical system provides aqoldte single patient records,
yielding a Scottish-wide register of all patientshwdiabetes based on a unique nine-
digit patient identifying number [Community Healtdentifying (CHI) number].
Primarily designed to deliver integrated diabeta®do all members of the diabetes
care team, it is also an invaluable research tmotdcruitment purposes [437]. The
original Diabetes Audit and Research Tayside (DARd&abase for Tayside has a
sensitivity of 96% and a positive predictive valak 95% for ascertainment of
known diabetes [437]. At the time of the study, @ consisted of two separate
elements, called SCI-DC clinical and SCI-DC netwdrke former was a secondary
care clinical management system whilst the lattas & web-based clinical system
containing data from primary and secondary car¢h(lere superceded in 2012 by
a single web-based system, SCI-Diabetes). SCI-0€ iddinked to the Medicines
Monitoring Unit (MEMO) database. The Ilatter was eleped for
pharmacoepidemiological research in the populatdnTayside, and contains
detailed records of all prescription items dispende patients at community
pharmacies [499]. Thus, at the time of the stu@yaited records of all prescriptions
dispensed for thiazolidinediones, insulin, diurgtiand all other drugs referred to
hereafter were available for all Tayside patiem®n( across Scotland). This highly

integrated clinical information system proved impaiasable in identifying the two



115

groups of thiazolidinedione-treated patients fgtthe very specific inclusion criteria

for this study.

The method of approaching T2DM patients followecek tBtandard Operating
Procedures developed by the Scottish School of @yinCare, formerly Scottish
Practices and Professionals Involved in ReseardPi®e) [500]. Thus, the
University of Dundee Health Informatics Centre proeld a computer diskette
permitting the interrogation of the computer systeoh participating practices by
study research nurses. An algorithm was used tontifge patients on
thiazolidinedione therapy (cohort 1) or in recegitup to three (but not more)
previous prescriptions for rosiglitazone or picagione in the last two years (cohort
2). Individual general practitioners were contactedarding patients who were
likely to fit the inclusion criteria. General praners who agreed were invited to
forward a signed letter to the patient invitingrthéo participate in the study. This
approach ensured that only patients who were liteel§t the inclusion criteria were

actually contacted, minimizing patient inconveninc

Additionally, the University of Dundee Health Infoatics Centre identified

potential patients who had been recruited into \thellcome Trust Case Control
Genetics study (LREC ref 053/04). These patientsduansented to be re-contacted
regarding participation in future research. Pasiefulfilling the preliminary

recruitment criteria (as assessed on the SCI-D@lcali information system) were
written to using a standard letter specific to tt@hort, accompanied by an
information sheet outlining the nature of the studthere telephone contact details

were available in this Wellcome Trust dataset, togespondence was followed up
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by means of a phone call made by the author, &aliresearch fellow in this study.
An alternative recruitment approach was used igghastances where the patient’s
telephone number was not available from the stuatglzhse. A letter of invitation
was sent to these patients. This included a tdaslip allowing invited patients to
indicate whether they were interested in partiegratind to provide current contact
details in the prepaid envelope provided. For pésievho are willing to participate,
screening of suitable patients was aided by clinizda available on the SCI-DC
clinical information system. This recruitment apgech commenced after obtaining

Caldicott-Guardian approval.

The author personally invited participation by T20OMtients who were likely to

fulfil the study inclusion criteria (as suggesteddvailable SCI-DC records) when
they attended the Diabetes Clinic at Ninewells Haspetween December 2008 and
April 2010. This process commenced after obtainthg necessary Caldicott-

Guardian approvals.

2.11 Study procedure - visit 1

Patients identified as potentially suitable eithfer inclusion into cohort 1
(thiazolidinedione tolerant) or cohort 2 (thiazatieldione intolerant) were provided
with one of two specific patient information sheaflining the aims and method of
this study. They were also informed about the paikbenefits and adverse effects
associated with participation. The information gheeplained that participation,
while greatly appreciated, was entirely voluntaPatients were free to decline the

invitation, or withdraw from participating at anyage. They were not obliged to
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explain their reasons for doing so; additionaltywas clarified that such a decision
did not adversely affect their statutory rightspagients. Subjects were offered the
opportunity to clarify any concerns with the stuthsearch nurses, myself, the
principal investigator or an external advisor (lBssfor Ewan Pearson). All patients
considered for participation were recorded on aeung log that was maintained at

the study site.

Patients expressing an interest were thus scheftiedfirst study visit, which also
encompassed a screening procedure. Transport vwasded for all study and
monitoring visits. In accordance with procedurepraped by ethics committee,
patients were compensated for time and inconveaidancurred as a result of
participation in this study (E50 for each studyityisand for any travelling costs

incurred if they opted to travel to the study s#te per ethical approval.

Patient participants were once again familiariséith the study schedule and given
the opportunity to ask questions. | was delegatét vesponsibility for obtaining
informed consenting using the approved form. Tha&seat encompassed the

extraction of routine clinical data from the SCI-Bgstem.

The following data were subsequently collected:
« Date of birth and age
» Gender
e A brief structured questionnaire detailing patisntexperience of
thiazolidinedione therapy, with particular emphastd duration of

thiazolidinedione therapy, ankle swelling, fluidertion, symptoms or signs
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of HF, other adverse effects while on thiazolidioee therapy (including
hypoglycaemia)

Diabetes related history with collection of datadagnosis, macrovascular
and microvascular complications. Status was asdeksaugh available SCI-
DC records. Retinal screening was repeated if sggssed within the last 12
months

Past medical history

Concomitant medications

Weight was measured to the nearest 0.1 kilogram {kgg an electronic,
recently calibrated weighing scale. Patients weileed to stand unattended
and barefoot on both feet at the centre of the veggplatform scale.
Standing height was measured to the nearest Ofimstre (cm) using a
Leicester height measure. The subject was askezirtove any head dress or
head ornaments and to stand barefoot with his/aek lagainst the height
rule, such that the back of the head, back, bustoc&lves and heels were
touching the vertical scale, feet together. Thenaling clinical research
fellow ensured that the patient was looking stragjiead, with the top of the
external auditory meatus level with the inferiorrgia of the bony orbit. The
apparatus’ horizontal measure was lowered to ttletiop of the head once
the latter was correctly positioned.

Waist circumference was measured using a flexihle ton-stretchable
measuring tape to the nearest 0.1 cm midway betwezfower rib margin
and the iliac crest at the mid-axillary line. Theasuring points on each side
were determined by marking these bony margins usingater-soluble

marker pen, and determining and marking the midp@aynt for each side.
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Patients were asked to remove clothing from arothed waist and hips.
Measurement was taken with the subjects standingotin feet, with their
feet pointing forwards and approximately 25-30 goara They were asked
to breathe normally. The reading of the measuremesttaken at the end of
a gentle exhalation. BMI was calculated by dividearh subject’'s weight in
kilograms by the square of the height in metres

Pregnancy test (if applicable) — patients with gi{pge pregnancy test were
excluded

Pulse and blood pressure were recorded in trigliafter 5 minutes of rest, in
the non-dominant arm and sitting posture, using aotomated
sphygmomanometer placed at the level of the p&iéetart and approved by
the British Hypertension Society. Patients wereedshot to cross their legs
while sitting. They were also advised to refraionfr smoking, drinking tea,
coffee or cola, and participating in any arduousvayg for one hour prior to
blood pressure measurement. Adherence to thesenmeeodations was
verified at the study visit. Measurements were alging an appropriately
sized cuff that covered 80% of the circumferencethef midpoint of the
upper arm, after removing or loosing any clothirgyering this site. Care
was taken to ensure that the cuff was rotated thattthe indicated mark on
the cuff was placed over the brachial artery. Time was rested on a pillow
or bed while the measurement was being taken.rRatrgere asked to refrain
from moving and speaking for a minute while thedolgressure was being
recorded. Subjects were rested for five minutesreafepeating the readings.
All three pulse and blood pressure readings weoeded on the CREF,

enabling the calculation of a mean reading for ealthical parameter.
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Patients were excluded from participation if theiean blood pressure (on
current antihypertensive therapy if applicable)em=ded 145/85mmHg.

* Physical examination of the cardiovascular, respiya abdominal,
neurological, locomotor and endocrine systems \aaset out.

* Venous blood samples were taken for estimatiomibbfood count, HbAlc,
sodium, urea, creatinine, glucose, liver functiests and lipid profile.

» Dipstick urinalysis and urine for microalbuminusaA second morning mid-
stream urine sample was collected in a sterile araal container for this
purpose. Patients were appropriately counselledhleyresearch nurse or
clinical research fellow prior to this procedure

« ECG

Cohort 1 patients were asked to replace their nutfeazolidinedione therapy with
gliclazide therapy at the same visit. They werevgled with a glucose meter, and
advised to check and record their blood glucosdinga on the diary provided. The
clinical research fellow maintained telephone contaith these patients, titrating
sulphonylurea dose if necessary to maintain prexpiHbAlc at <9%. Cohort 2
(thiazolidinedione 'intolerant’ patients were addigo continue therapy with their

current antihyerglycaemic agents.

Individuals treated with (one or two) antihyperteesagents were advised to
discontinue these agents, one at a time, with alafeflow-up of blood pressure
readings at each stage. Patients were withdrawm filee study if their blood
pressure exceeded 160/110 mmHg following the wavdi of one or both

antihypertensive agents. Aspirin-treated individuakre advised to discontinue this
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agent 10 days prior to visit 2. Patients were aVito recommence treatment with

aspirin and antihypertensives once visit 3 was detag.

Participating individuals were asked to follow a demte low (100 mmol/day)
sodium diet for five days prior to visit 2; writtanformation was provided in this
regard. They were additionally supplied with se#ighing scales and urine
specimen collecting containers enabling self-weighand the collection of early
spot urine samples for urinary sodium and urinargatnine estimation for 5

consecutive days prior to the next visit.

2.12 - Study procedure - visit 2

Visit 2 was scheduled 4-7 weeks after visit 1, wiig adequate ‘wash-out’ of
thiazolidinedione effects in thiazolidinedione éant' individuals (cohort 1).
Patients were instructed to follow a moderately (@0 mmol/day) salt diet for five
consecutive days prior to the study visit. On thésgs, participating subjects were
asked to collect an early morning urine sampleuienary sodium and creatinine
estimation, and to weigh themselves on awakenirggsed in their underwear, using
the electronic self-weighing scale provided, recaydhe measurements on a diary.
Patients arrived at the vascular research labgrattoaround 08.30 hours. They were
instructed to consume 300 mg lithium carbonate2a®d@ hrs the previous night and
subsequently remain starved. Patients were askeckftain from smoking and
consuming alcohol and caffeine-containing beverdgeshe duration of the fast;
compliance to this advice was verbally ascertaigtetthe start of the study visit. On

arrival, patients were made comfortable on a bed, remained supine, except for
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voiding and ankle-fluid measurements. Patients neadafasted until the end of the
study visit, which lasted till about 16.00 hourstiPnts were permitted to drink a
volume of water equivalent to urinary losses thiemg this visit. They were

additionally provided with a sandwich meal befaaJing the unit

2.12.1 Baseline measurements

During this study visit, the following baseline assments and measurements were
made:

e Echocardiography including tissue Doppler

« Concomitant therapy

e Compliance with diet

* Compliance with medication

* Assessment of occurrences of hypoglycaemia

» Dipstick urinalysis and urine for microalbuminuria

* Weight and waist measurement

« Blood pressure (in triplicate)

* AFV by water displacement

* Pulse wave analysis and velocity.

* HbAlc

» Plasma for biochemistry (urea and electrolytegrlfunction tests)

* ANP

» Aldosterone

* Renin

* BNP and NT-proBNP
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» VEGF

* AVP

2.12.2 Biochemistry

Blood samples for HbAlc estimation were collectedai vacuum collection tube
containing EDTA. while plasma glucose samples weodlected in a vacuum
collection tube containing FX sodium fluoride/patiassn oxalate. Sera for renal,
liver and lipid profiles, serum albumin and lithiumeasurement were collected in a
Z serum clot activator vacuum collection tube wg#l separator. Details pertaining
to assay methodology are outlined in table 2.1veeldrinary lithium levels were
measured by Mr Neil R Johnston in Professor Davidblds laboratory at the
Clinical Pharmacology Unit, Queens' Medical Redealustitute, University of
Edinburgh, Edinburgh, using the flame photometrghteque. The latter is
characterized by an intra-assay CV of 1.54% anchten-assay CV of 2.98%, based
on repeated analysis of the control sample. Thesarewy instrument, a BWB-1
Flame Photometer (BWB Technologies) has a workarge of between 1 and 100
ppm lithium. All other analyses were carried out NS Tayside laboratories,

Ninewells Hospital and Medical School, Dundee.
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Assay System Method principle

Serum sodium Roche SWA Indirect measuring ion-selective electrode

Serum potassium Roche SWA lindirect measuring ion-selective electrode

Serum urea Roche SWA Kinetic urease

Serum creatinine Roche SWA Compensated kinetic Jaffe

Plasma glucose Roche SWA Hexokinase

Bilirubin Roche SWA Diazo

Serum alkaline phosphatase =~ Roche SWA IFCC

Serum alanine Roche SWA IFCC without pyridoxal phosphate

aminotransferase activation

Serum GGT Roche SWA IFCC

Serum AST Roche SWA IFCC without pyridoxal phosphate
activation

Serum albumin Roche SWA Bromocresol green

Serum total cholesterol Roche SWA Cholesterol oxidase/peroxidase

Serum HDL-cholesterol Roche SWA PEG-modified cholesterol esterase/PEG-
modified cholesterol oxidase/peroxidase

Serum triglycerides Roche SWA lipoprotein lipase/glycerokinase/glycerol
phosphate oxidase/peroxidase

Glycosylated haemaoglobin Menarini HA

(HbAlc) 8160

Serum lithium Roche AVL Direct measuring ion-selective electrode

9181

Urine sodium Roche SWA Indirect measuring ion-selective electrode

Urine creatinine Roche SWA Compensated kinetic Jaffe

Urine microalbumin Roche Integra  Immunoturbidimetry

800
Urine lithium BWB Flame Photometer

Technologies

2P800 module

Estimated glomerular filtration rate (eGFR) was it using the abbreviated

MDRD equation (GFR [mL/min/1.73th= 175*serum creatinine in mg/dt'**age

in years>?°*0.742 if female*1.212 if African American) [501]Low density

lipoprotein cholesterol (LDL-C) was indirectly deed from serum total cholesterol,

high density lipoprotein cholesterol (HDL-C) andglyceride values using the

Friedewald formula [LDL-C = total cholesterol — HBL. — (triglycerides/2.22)], all

values being in mmol/L [502].
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2.12.3 Biomarkers

Plasma samples for measurement of Vascular Endatli@&lowth Factor (VEGF)
and high sensitivity copeptin were assayed by @ulRVelsh in the laboratory of
Professor Naveed Sattar at the Institute of Caediovlar and Medical Sciences,
University of Glasgow. The high sensitivity copepdissay used is characterised by a
functional assay sensitivity of less than 2 pmodh,intra-assay CV of < 3% (for hs
copeptin concentrations exceeding 50 pmol/L) to 5 % (for hs copeptin
concentrations of 3-4 pmol/L) and an inter-assay @V< 5% (for hs copeptin
concentrations exceeding 50 pmol/L) to < 17% (ferdopeptin levels of 3 to 4
pmol/L). The VEGF assay used gives a functionahyasensitivity of <5 pg/mL, an
intra-assay CV of 4.5% to 6.7% and an inter-asssyof 6.2% to 8.8%. Blood
samples for estimation of hs copeptin and VEGF entrations were both collected
in vacuum collection tubes containing EDTA, stoed-80 °C until assay, thawed
overnight in a refrigerator at 4 °C, and mixed tyersion prior to assay. The rest of
the biomarkers [ANP, B-type natriuretic peptide @INN-terminal prohormone of
brain natriuretic peptide (NT-pro-BNP), aldostercaad renin] were analysed by
Ms. Leslie McFarlane at the laboratories of the ifdon of Cardiovascular and
Research Medicine, Medical Research Institute, &hsity of Dundee. Blood
samples for ANP, BNP, and renin were collected atuum collection tubes
containing EDTA, and immediately spun (3000 rpnt) 16 minutes at 4°C. Two 2
mL plasma aliquots were collected in 5mL plasticetsi and frozen at - 70°C until
formal analysis of ANP and BNP levels. Two 1mL phkasaliquots were likewise
collected in 1.5mL plastic tubes and frozen at @@¢ending formal renin level

estimation. Both ANP (reference range: 8.6 + @8rh) and BNP (reference range:
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3.9 £ 0.3 pg/mL) assays were characterised by-iatrd inter-assay CVs of 12.5 and
20% respectively. The renin assay kit (referenogea0.2-2.8 ng/mL/hr supine; 1.5-
5.7 ng/mL/hr upright) was characterised by an tagasay CV of 4% and an inter-
assay CV of 7.3%. Sensitivity was deemed at <2pg{95% confidence limit).
Blood samples for NT-pro-BNP and aldosterone wetkected in vacuum collection
tubes containing lithium-heparin. They were immesliakept on ice and spun for
10 minutes at 3000 rpm at 4°C. Two 1mL plasmaualis| (one for each of NT-pro-
BNP and aldosterone) were then collected in a L %lastic tubes, and frozen at -
70°C, pending formal analysis. The aldosteroneyaksgreference range: 75-150
pg/mL supine; 35-300 pg/mL upright) gives an irdssay coefficient of variation
(CV) of 5.5% and an inter-assay CV of 5.2%. Sewigjtis deemed at <20 pg/mL
(95% confidence limit). The assay for NT-pro-BNRIaracterised by an intra-assay
CV of 10%. All blood samples for biomarkers wereasured in the supine position
following an hour's rest. Individual biomarker agsaethodology is outlined in table

2.2.

Table 2.2 - Biomarker assay methodology

Assay System Method principle
VEGF R and D systems ELISA

ANP Bachem Radioimmunoassay
BNP Bachem Radioimmunoassay
NT-pro-BNP Oxford Biosystems ELISA

Aldosterone Diasorin Radioimmunoassay
Renin Diasorin Radioimmunoassay

High sensitivity copeptin

B.R.A.H.M.S. Kryptor

Time-Resolved Amplified
Cryptate Emission
(TRACE)
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2.12.4 Echocardiography (including tissue doppler)

At the start of this study visit, the patient unglent echocardiography enabling a
baseline assessment of left ventricular functiomoderate low sodium states. This
procedure was repeated after infusion of one life0.9% saline for each

participating subject, allowing additional assessh@# cardiac function in response
to acute salt loading. All echocardiographic measwants were carried out by Dr.
Adnan Nadir (Clinical Research Fellow, Division Gardiovascular and Diabetes

Medicine, Ninewells Medical School).

The Philips iIE33 echocardiography system enables-aatomated analysis of true
left ventricular volumes, using all the voxels tengrate a full three dimensional
endocardial border. This approach is characterlsgdcigher accuracy and less
dependency on left ventricular shape assumptioas tonventional methods. Its
three dimensional quantification advanced (3D QAgveform display provides

accurate data for the assessment of global funttised on left ventricular volume,
ejection fraction and stroke volume, while allowisgnultaneous display of 17
regional waveforms, enabling temporal comparisoegvéen the segments. Any
patients found to have previously-undetected baseleft ventricular systolic

ejection fraction below 40% were excluded by protaat this stage of this study.
The E-wave/A-wave (E/A) ratio was used to assefisvientricular systolic and

diastolic function. E prime (E’) was measured &t fgvel of the mitral valve annulus
as a sensitive index of longitudinal axis left ventlar relaxation [503]. The latter
method is well established in the University of daa Division of Medicine and

Therapeutics. Three dimensional echocardiographgo ahllowed accurate,
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assumption free and reproducible quantificatiotetifventricular mass. The 3D QA
waveform display was thus poised to characterisee thbaseline
echocardiocardiographic features of thiazolidinaedio'tolerant’ and ‘intolerant’
patients, and to investigate the effects of dietamg therapeutic interventions on

cardiac function among patients in either cohort.

2.12.5 Ankle-foot volume measurements

AFV was measured close to the start of visit 2, eqkated after infusion of one
litre of 0.9% saline, allowing analysis of datakboth low and acute high sodium
states. Measurements were made using a plastic batte (measuring 390 mm long
by 330 mm wide by 280 mm high) with an outlet tapwater overflow at the top of
the bath, located 200 mm from the bottom of theewb#th (figure 2.1). This tap had
a tube attached, from which the overflow water vwadlected into a plastic
container. Patients were verbally familiarised withe procedure prior to
commencing the measurements. The water bath (imgjwadl its grooves) was filled
with water at 26-27 °C, and water was allowed ¢ovfbut through the overflow tap
into the plastic collecting container until the emtvithin the water bath levelled
with the overflow tap. The latter was fully closatthis point. Water temperature
was assessed using an electronic thermometer. [Akgcpcollecting container was
then emptied and weighed on an electronic scakyramg it was placed at the centre
of the weighing scale platform, without touching thath or its attached water tap.
The subject was then asked to dip their bare feetlinto the bath of water until
their feet were flat at the bottom of the bathttesy sat at the edge of a bed with

their knees flexed at right angles. His/her feetemgositioned into a reproducible
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position, facing forwards, in the water bath. Tlject was then asked to sit still,
while being kept comfortable to rest their armsaopillow placed over their knees.
Once the water level within the bath had settlbd, water tap was turned open and
left in this position for five minutes (timed usiran electronic stopwatch). The
volume/weight of the water displaced was weighethatend of this time-interval.
The procedure was repeated thrice, enabling thmilegdilon of mean values for the
ankle fluid volume at each stage of the study. Ruspd water was replaced within

the water bath at each repeat ankle fluid volumasmement procedure.

Figure 2.1 — Schematic diagram of a water bath ustml measure ankle-foot

volume by water displacement

+— 330MmM ——M»

Va

390 mm

280 mm l
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2.12.6 Pulse wave velocity and analysis

Arterial stiffness was measured in this study usiagplanation tonometry
(SphygmoCadr). The latter is a computerised diagnostic toolnpting accurate
description of pulse wave characteristics and pulsgve velocity, and the
extrapolation of findings to central cardiac andrtiao physiological events.
SphygmoCdt derives central aortic pressure waveform non-iived from the
pressure pulse recorded at a peripheral site bhaagion tonometry. The apparatus
reconstructs the aortic waveform from the non-inxglg derived radial waveform
by a validated mathematical model termed transterction [504]. While the
characteristics of transfer function are determibgdhe physical properties of the
arterial system (namely arterial diameter, walketty, wall thickness, amount of
branching and the condition of the peripheral &tdreds), its main components do
not change markedly between normal individuals vaigie. This is consistent with
the observation that most of the ageing changegranahe aortic trunk rather than

in the arteries of the arm [505].

Although arterial stiffness is a major risk factimr cardiovascular disease, and
predicts the development of left ventricular fadf506-508], traditional methods
detecting left ventricular failure do not providgarmation on the arterial dynamics
that determine left ventricular hypertrophy. Tosthaffect, this study utilized the
technique of applanation tonometery to investighte hypothesis that individuals
prone to develop HF after incident thiazolidinedigorescription are characterised
by greater arterial stiffness compared with thetiniazolidinedione tolerant’

counterparts.
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The patient was advised to lie supine, calm anaxegl on a bed, with their head
supported on a pillow and their arms relaxed byirtisedes, in a temperature
controlled room. The patient’s right wrist was sagpd, such that the palm faced
upwards. | ascertained that the radial pulse wastical in both arms and that the
arterial pressure by cuff sphygmomanometry was iwitbtOmmHg systolic. A
baseline ECG ruled out significant arrhythmias whilaseline echocardiography
carried out immediately prior to this procedureerolut significant aortic stenosis
(gradient > 60 mmHg). Both aortic stenosis andieardrrhythmias adversely affect
the reproducibility of pulse wave analysis and e#glomeasurements [509, 510]. For
pulse wave analysis, the SphygmoCwnometer was placed on the patient’s radial
artery by the clinical research fellow. The patiesis advised to dorsiflex the wrist
while supporting it on a small cushion, so as telpthe artery towards the surface,
easing access. The tonometer was pressed gentlsteeaudily on the patient’s radial
artery, adjusting the tonometer slightly backwaaaisl forwards until a consistent
large arterial waveform was displaced completelyhini the laptop computer
monitor screen. The pulse wave signal was captongg after ascertaining that the
pulse waveform was characterised by a steady aesiaveform position, constant
pulse height and consistent waveform profiles ¥a» tomplete screens (at least 10
seconds). The study report was generated by theuwem software. Data were

recorded on the CRF.

For pulse wave velocity measurement, which wasezhout immediately following
pulse wave analysis, the patient was positiongor@gously. Three ECG electrodes

were attached to the patient’s skin. Skin was pexpheforehand, by shaving excess
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hair over the electrode site (if indicated) andskigi rubbing the site with a cotton
pad soaked in isopropyl alcohol, to ensure a stabtefact free ECG trace. The
SphygmoCadr system uses a LEAD Il ECG lead configuration systeeads were

placed on the chest wall to increase QRS heighe phise wave velocity was
calculated using a three-stage process. The destimom the suprasternal notch to
the arterial pulse site was measured and recordedmillimetres in the

SphygomoCdt computer software. The distance between the sigpnas notch and

the carotid pulse was likewise measured and redorflee subtraction of these two
measurements was automatically performed by thsvacé once the proximal and
distal values were entered. The tonometer was ueedapture steady pulse
waveforms, intially on the distal (radial arteryites and subsequently on the
proximal (carotid artery) site, once good qualitaweforms were ascertained for
each site. The study report was then generatetidogdmputer software. Data were

recorded on the CRF.

2.12.7 Assessment of glomerular filtration rate (inlin clearance method)

Glomerular filtration rate (GFR) cannot be measuda@ctly in humans, and is
determined by measuring the clearance of an idéehtion marker. Inulin, an
uncharged polymer of fructose derived from platiers, fulfils this requirement on
account of the following characteristics, whichder it the gold standard method in
this field [511, 512]:

(1) its low molecular weight

(i) physiologically inert

(iif) being unbound to plasma proteins
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(iv) ability to reach a stable plasma concentration

(v) free filtration at the glomerulus

(vi) not reabsorbed, secreted or metabolised irkidheey

(vii) does not alter renal function

The CV in serum and urine inulin levels rangingrra00 to 250 mg/L is less than

5%. The intra-test CV in inulin clearance is arol®do [512].

As outlined earlier, following informed consenttipat participants were requested
to fast from 22.00 hours prior to visit 2, refraagifrom smoking and consuming
alcohol and caffeine containing beverages for theatibn of the fast (free fluids
permitted). On arrival for visit 2, two intravenoagannulae were inserted into the
antecubital veins, one for infusion of inulin, aheé second one into the contralateral
vein for drawing blood. The patient was made cotafide on a bed, and was
advised to remain supine throughout the test praegexcept for voiding. Baseline
levels of inulin were measured at t = -130 minuBdeod samples were collected in
a Z serum clot activator vacuum collection tubehwgel separator and allowed to
settle at room temperature for about ten minutdseyTwere then spun for ten
minutes at 3000 rpm and stored at -20°C, pridransfer on dry ice for analysis by
Mr Neil R Johnston in Professor David Webb's labmya at the Clinical
Pharmacology Unit, Queens' Medical Research Itstituniversity of Edinburgh,
Edinburgh. Plasma inulin was measured using arousé& colorimetric microplate
assay based upon the chemical reaction betweeio$riand resocinol, following an
initial acid hydrolysis of inulin to its fructoseulunits [513]. This method gives
sensitivity of 50 ug/mL, an intra-assay CV of 3.@%d an inter-assay CV of 5.35%.

A priming dose of inulin (InuteSt 25%) was commenced at t = -120 minutes,
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administered as an intravenous bolus of 50 mg/ktinnfollowed by a continuous
intravenous infusion at a rate of 25mg/min, infused.9% saline until t = 130
minutes (ie over 250 minutes) [514]. Venous bloathgles for plasma inulin were
again measured at t = - 10 minutes and t = - 5 temPlasma levels of inulin reach
a steady state after approximately 60 to 90 minoft@glministration [512, 514]. One
litre of 0.9% saline was then infused over two Iso(as per salt loading protocol,
section 2.12.11), commencing at t = 0 minutes, wigasurements of plasma inulin
levels at t = 120 minutes and t = 130 minutes. padigent’'s glomerular filration rate
was estimated from the steady state infusion ofinnaccording to the calculation

method described by Schnurr et al. [515].

Normally, clearance (C) is calculated from serum anne samples using the

formula:

U*V/ S ml/min

where U = urine concentration, V = urine volume &vd serum concentration

In the method outlined here, clearance is calcdlbatereplacing U*V by the

infusion ratd C*IVV

where IC = concentration of the test substanchenrifusion fluid and IV = rate of

the infusion.

i.e. C=IC*IV/ S ml/min
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The result was corrected for body surface aregyubia standard nomogram.

Inulin is not considered a hazardous compound daogrto EU Directive
67/548/EC. Therefore, any risks associated withinnafusion were related only to
the procedures of intravenous cannulation and iofudnulin had been infused in
the same vascular research laboratory on sevectakmns, without adverse effects

[516].

2.12.8 Fractional excretion of sodium

Fractional excretion of sodium (FENa) was calcuai®m spot measurements of
urine sodium, serum sodium, urine creatinine arasmph creatinine, using the

formula:

FENa = (UNa*PCr/PNa*U Cr)*loo

where Y = urine sodium, R = serum creatinine,\@ = serum creatinine and.Ju

urine creatinine [517].

All four measurements were made at t = -120 minata$ t = 0 minutes (before
infusion of 0.9% saline), enabling a calculatiom@dan FENa at low sodium states).
Similar measurements were made at t = 120 minutgs a 240 minutes (after 0.9%
saline infusion, enabling a calculation of mean BEMNIlowing acute high salt

loading.
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2.12.9 Fractional excretion of lithium

Renal reabsorption of lithium is virtually confingd the proximal tubules, and
occurs in the same proportion as that of sodium water. Post-proximal tubule
reabsorption of lithium has been deemed limited8[5519]), and probably
unimportant in humans [520]. This method has béeemed the best available
estimate of proximal tubule function [521]. Hen@dcalation of fractional excretion
of lithium (FELi) gives an accurate and non-invasi@ssessment of sodium and

water delivery to the distal tubules.

FELi was likewise calculated from spot measuremeftaurine lithium, serum

lithium, urine creatinine and plasma creatininsing the formula

FELi = (U i*Po/PLi*U ¢)*100

where U; = urine lithium, R = serum creatinine, [P= serum lithium and )= urine

creatinine

Once again, all four measurements were made al2@ minutes, t = 0 minutes, t =
120 minutes and t = 240 minutes, enabling calautatif FELi at low sodium and

acute high sodium states.
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2.12.10 Fractional reabsorption of distally deliveed sodium

Fractional reabsorption of distally delivered sodi(FRDDNa) was calculated at t =

-120 minutes, t = 0 minutes, t = 120 minutes an@40 minutes, using the formula:

(FELi - FENa/FELi)*100

Each result was expressed as a percentage [522, 523

2.12.11 Salt sensitivity of blood pressure

Pulse, blood pressure and respiratory rate readvegs taken at ten minute intervals
from the non-dominant arm using an automated spbygamometer while a litre of
0.9% saline was infused over two hours in the rdmoant position, as discussed
earlier. The attending clinical research fellowoadssessed the patient for signs of
fluid overload at each time-point. Participants pdteiming of dyspnoea or whose
respiratory rate exceeded 20 breaths per minutesat(or increased by more than
five breaths per minute from baseline) were assesadier. Patients with priori
HF were excluded from the study. Moreover, basedideocardiography performed
at the start of visit 2 excluded patients whose Vehtricular ejection fraction was
estimated at less than 40%. The saline infusion eiesontinued immediately if
patients were deemed to be developing signs da fhwerload, showing other signs
of decompensation, or developing a blood pressseeaxceeding 170/95 mmHg at

rest (mean of two duplicates).
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2.13 Study procedure - visit 3

Visit 3 was scheduled one to two weeks after Asifollowing five days on a ‘high
normal’ 200 mmol/day sodium diet, essentially coisipg the previous ‘low salt’
diet supplemented by ten slow sodium tablets (HiérRla, each 10 mmol/sodium)
daily. On these five preceding days, participatsudpjects were asked to collect an
early morning urine sample for urinary sodium anehtinine estimation. They were
also instructed to weigh themselves on awakeniregsed in their underwear, using
the electronic self-weighing scale provided, recmydhe measurements on a diary.
Patients arrived at the vascular research labgratbraround 08.30 hours, having
consumed 300 mg lithium carbonate at 22.00 hrs sutasequently fasted the
previous night. Patients were asked to refrain fesnoking and consuming alcohol
and caffeine-containing beverages for the duratibmhe fast; compliance to this
advice was verbally ascertained at the start ofstdy visit. On arrival, patients
were made comfortable on a bed, and remained supicept for voiding and ankle-
fluid measurements. Patients remained fasted th@ikend of the study visit, which
lasted until about 13.30 hours. They were providaith a sandwich meal before

leaving the research unit.

During this study visit, the following baseline assments and measurements were
repeated:

e Echocardiography including tissue Doppler

« Concomitant pharmacological therapy

e Compliance with a ‘high normal’ 200 mmol/day sodidiat

* Compliance with medication
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* Assessment of occurrences of hypoglycaemia

» Dipstick urinalysis and urine for microalbuminuria
« Weight/waist measurement

* Blood pressure (in triplicate)

* AFV by water displacement

* Pulse wave analysis and velocity.

* HbAlc

« Plasma for biochemistry (urea and electrolytegrliunction tests)
« ANP

* Aldosterone

* Renin

« BNP and NT-proBNP

« VEGF

* AVP

2.13.1 Total body water estimation

Total body water (TBW), comprising both intracefluland extracellular fluid, was
measured in this study visit using deuterium, airahtstable isotope of hydrogen.
The isotope dilution technique has been dubbethi@sbst robust method of TBW
estimation [524-526], with a reproducibility of @mpximately 0.5% [525]. A basal
spot urine sample was collected at the onset udlystisit 3. A 25 ml aliquot of this
sample was stored in a labelled universal bottle ifreezer for eventual analysis by
Ms. Alexandra Small in Professor Tom Preston’s [gtalsotope Biochemistry

Laboratory, Scottish Universities Environmental &ash Centre (SUERC),
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Glasgow. 4g deuterium oxide were administered awalstable isotope dilution at t
= -120 minutes, ie 2 hours prior to the adminigtratof the inulin infusion.
Deuterium oxide had been previously produced gratrically at SUERC, diluted
with around 50 ml tap water and stored in a leaopcontainer in a specific freezer
until thawed for use. The dose bottle was rinseith wap water, and the latter was
also drunk by the patient, ensuring complete ingestf the deuterium oxide dose.
The participating patient was asked to provide dhpest dose urine samples at
approximately two hourly intervals (approximately t0 minutes, t = 120 minutes
and t = 240 mins). from the start of the inulifugion. Patients were encouraged to
void at an earlier stage or at additional time ihthey so required. The time and
volume of each sample was accurately recorded ang5anL aliquot stored in a
labelled universal bottle in a freezer for IRMSabsis at SUERC. The residue of
each sample was discarded. Patients were perntdgtellink a volume of water

equivalent to urinary losses throughout this visit.

Fat-free mass (FFM, also known as lean body mass) derived from TBW by
dividing the latter by the water content of fateréssue (73.2%) [524]. Fat mass
(FM) was derived by subtracting FFM from each indial patient's total body
mass. Percentage FM and percentage FFM were daidulelative to total body
weight [527]. Derived FFM values were validated iagh non-linear regression
models published by Wang et al. (FFM = 10.8*heigim) **° for males and

10.1*height (mY-*°for females) [528].

Use of deuterium for TBW measurement has been ddefmree from the hazards

associated with radioisotopes. An adult male ofg8flay have a TBW of 40 kg or
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greater. This will naturally contain 155 ppm deiuter or 6.2g deuterium oxide in 40
kg water [527]. Isotope ratio mass spectrometry leygal for TBW estimation
allowed minimalization of deuterium dosage, sudit #il doses used were less than
that naturally present in the human body. This apgh, coupled with the sourcing
of deuterium oxide of guaranteed purity and the ok@& non-invasive protocol
combining oral doses of heavy water and urine sagpkensured that the TBW

protocol was completely risk free.

2.13.2 Glomerular filtration rate

Glomerular filtration rate was once again assedsedisit 3 using the inulin

clearance method outlined earlier. Following a batiose (50 mg/kg), inulin was
administered at a rate of 25 mg/min over 130 mmstarting at t = 0 minutes).
Venous plasma samples were withdrawn pre-infuston {10 minutes), t = 120

minutes and t = 130 minutes, and sent for measureafiénulin levels.

2.13.3 Salt and water handling techniques

FENa, FELi and FRDDNa were calculated on a chramderately high sodium diet

using the formulas discussed earlier. The relevame and serum samples were

collected at t = -120 minutes, t = 0 minutes, 28 thinutes and t = 130 minutes.
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2.14 Biostatistical considerations

2.14.1 Sample size

About five months into recruitment for this studyyeth Pharmaceuticals, who had
provided funding via the Scottish Translational dates Research Collaboration
(TMRC) underwent a merger with Pfizer. An initidréat that funding would be
completely withdrawn was successfully challengedetimcal grounds (given that
patients had already been enrolled and undergorasive procedures). However,
the project had to be scaled down to a to a maximtiB0-40 patients, enabling a
comparison between 10 thiazolidinedione intolerapatients and 20

thiazolidinedione tolerant completed patients, Wwhi@s a significant reduction from
the original recruitment plan for this study (40-p@tients comprising at least 20
thiazolidinedione tolerant and 20 thiazolidinediom@lerant patients). It should also
be acknowledged that recruitment had proved mofécut than anticipated,

especially for thiazolidinedione intolerant pateeiids confirmed section Il), despite

adopting an integrated and multifaceted approach.

This was an exploratory study aimed at assessmgakential of ankle—foot volume
(and/or other specified measurements) under acutmmachronic sodium challenge
as biomarkers of TZD intolerance. This was of nesé to Wyeth Pharmaceuticals,
who provided funding via the TMRC. We did not fimta in the literature to
permit a formal power calculation for ankle-fooblwme measurements. The
background literature from which the sample size derived was a study in which

AFV had a between-day intra-subject coefficient vafriation of 1.76% [529];
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amlodipine therapy increased this parameter by #8®0 unselected hypertensive
patients in a study by Fogari et al [530]. | fourmprevious data measuring AFV on
high salt diets either in TZD-tolerant or intolergratients with or without diabetes.

Other endpoints were purely exploratory. It was-gpecified that there would be no

adjustment for multiple comparisons.

Once the study had been initiated, as already orwedi (page 142), following the
merger of Wyeth and Pfizer, subsequent limitationsfunding imposed by the
TMRC dictated a reduced sample size from that waigy intended. Thus, a revised
submission was made to the TMRC adopting a morestined exploratory
analysis defining a reference range (with 95% @is)n thiazolidinedione tolerant
patients, and plotting individual data from theattulidinedione intolerant patients
individually against these reference ranges to éxamnd explore the data formally
for trends[531]. The ultimate power of these analyses was lowen thaginally

intended and can be visualised for those resudtswiere positive from the graphs

showing 95% Cls for the reference range in the Tderant patients.

2.14.2 Statistical analyses

Objective 1: All patients who completed visit 1 waronsidered in the analysis of

baseline characteristics. Any patient(s) withdreyvconsent after visit 1 had their

data included in the analysis.

Objective 2: All patients who completed all thedstwisits, or had completed visits

1 and 2 (including patients who have withdrawn doe hypertension) were
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considered in the analysis. If the patient witidi@nsent after visit 2, their data
were included in the analysis. Patients who weladiprior to visit 2 were not

considered in the analysis.

Patients judged not to have complied with diet ba basis of urinary sodium
excretion were excluded from the analysis. Givea limited sample size, only

descriptive statistics were used.

2.15 Follow-up of these patients

All cohort 1 patients were offered the option ofitshing back from gliclazide to
their usual thiazolidinedione at completion of vi8i They were also advised to
recommence their usual antihypertensive therapg,savitch back to their ‘usual’
sodium diet. All patients were offered a follow-wsit within a few days of
completing visit 3, so as to address issues pantaito drug therapy modification,
glucose monitoring or any other potential queriesirgg out of their participation in
this study. General practitioners were advised rdigg any long-term therapeutic

modifications once patients completed their pgstition in this study.



145

2.16 Validation of ankle-foot volume measurementybthe water displacement

technique

2.16.1 Aim

The water displacement technique is establishisglfitas a useful volumetric
method for monitoring peripheral oedema. Howeueis also considered to be time
consuming and difficult to perform [532, 533]. Way-to-day reproducibility has
only been validated over a mean duration of 4.8 d&%9], which limits its use to
monitor longer-term volumetric changes. This istipalarly relevant in research
practice, where rigorous objective assessment ugialr This study aimed to
investigate intra-subject variability of the watksplacement technique over a longer

period of 2 weeks.

2.16.2 Methods

Ten healthy individuals without signs of periphesaldema were recruited for this
single centre prospective cohort study carried attthe Vascular Research
Laboratory of the Department of Clinical Pharmaggl@and Therapeutics, Division
of Cardiovascular and Diabetes Medicine, Medicadd@ech Institute, University of
Dundee. Recruitment was carried out by emailingepidlly interested participants
working at Ninewells Medical School. No particularstructions on physical

activity, working hours or break time was given participants. Subjects were
excluded if any of the following criteria were meurrent hospitalization, known

history of selected medical conditions (hypertensiacardiac failure, renal
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impairment/failure, liver disease, lymphoedemapalt venous insufficiency, deep
vein thrombosis), treatment with diuretics, calciwhannel antagonists, statins,
insulin or thiazolidinediones, known pregnancy,serece of superficial skin ulcers,
open sores, wounds, or other skin conditions onldher extremity, history of an

ankle injury or lower extremity surgery within tphast 30 days.

| carried out a simplified clinical examination ofie lower limbs, essentially
comprising an assessment for signs of chronic ven@ufficiency, ulcers, ankle/leg

injuries or skin conditions that precluded subjdis participation.

Subjects fitting inclusion criteria had their cumive (bilateral) ankle volume
measured in triplicate at weekly intervals for thseiccessive weeks. Measurements
were taken at approximately the same time each \e&kour), minimising diurnal
variation. An outline of the method used has beescdbed elsewhere. All
measurements were carried out by myself. Shoessacks were removed before
each examination. Height, weight and blood pressmeee measured for each
participant. Standing height was measured usin@qdimneter and standing weight
using the same validated electronic scale, asnadtliearlier. Blood pressure was
measured using a British Hypertensive Society wtdid automated
sphygmomanometer with the patient sitting comfdytadt rest for five minutes.
Waist circumference was measured using a non-elesasuring tape in accordance

with Scottish Diabetes Research Network (SDRN)ddath operation procedures.

Distribution of baseline demographic data and cahcharacteristics were presented

as mean (x SD) or as percentages. An estimate eofattalytical variance (also
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known as measurement error), defined as the avevagence of repeated
measurements at the same time point, was definethéocohort of participating
subjects at each study visit using one way ANOVADbjsct as term). Within-
individual variance, the average variance of reggbaneasurement in the same
subject at different time points was likewise céted for each individual using
two-way ANOVA (subject and day as terms). Residwadse deemed to be normally
distributed using the Kolmogorov-Smirnov test arydcbnstructing Q-Q plots. The
CV in each case was calculated by dividing the sgjuaot of the total error term of
the adjusted mean squares from ANOVA by the meanhefobservations and
expressed as a percentage. Intra-class correlatiogfficient (ICC) (with
corresponding 95% CI value) was calculated as aaratlv estimation of the
reproducibility of leg volume measurements. Alltistizcal analyses were performed

using SPS3version 21.0.

2.16.3 Results

Descriptive statistics for the ten participatingjgets (five males, five females) are
summarised in table 2.3. Although mean (SD) BMI wasverweight range, mean
systolic blood pressure (SBP) and diastolic bloossgure (DBP) readings were in

the normotensive range.
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Table 2.3 — Demographic and clinical characteristiof the ankle-foot volume
validation study participants (n = 10)

Subject characteristit Mean (SDY or absolute valug
Age (years) 41.80 (9.3)
Females 5 (50%}¥

Weight (kg) 77.4 (13.2)

Body mass index (kg/fi 26.5 (3.9)

Waist circumference (cm) 76.2 (21.6)

Resting heart rate (mir) 68.5 (10.2)

Resting systolic blood pressure (mmHg) 123.2 (11.9)

Resting diastolic blood pressure (mmHg) 75.6 (6.8)

®Data accrued from all participants in each of theee study visits.

Tables 2.4, 2.5 and 2.6 summarise individual andnr(e@ SD) AFV measurements
for each of the ten participating subjects at eafckhe three study visits. CV for
individual subjects ranged from 0.62% to 3.73%isit\i, 0.70% to 2.72% in visit 2
and 0.66% to 2.59% in visit 3. Cumulative CV fol pérticipating subjects was
1.96% , 1.66% and 1.57% for visits 1, 2 and 3 retspaly. The corresponding ICC
values were 0.995 (95% CI 0.986, 0.999), 0.997 (¥5496.992, 0.999) and 0.997
(95% C10.992, 0.999). Mean (x SD) AFV measuremémtendividual patients over
the cumulative observation period of two weekspdotted on figure 2.2. Plots of the
difference in AFV measurements between two indigldstudy visits against the
mean AFV for these study visits are given in figur23 to 2.5, as a visual
appreciation of the amounts of variability whichncée expected using this

technique.
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Table 2.4 - Leg volume measurements and derivedfaent of variation for each
subject at visit 1

Subject number AFV:, AFVy ARV AFV nean 1 Ccv;
1 2761 2904 2911 2858.7 (84.7) 2.96
2 2990 2998 2944 2977.3 (29.1) 0.98
3 3617 3755 3702 3691.3 (69.6) 1.89
4 3524 3557 3566 3549.0 (22.1) 0.62
5 3275 3252 3211 3246.0 (32.4) 1.00
6 2396 2412 2281 2363.0 (71.5) 3.02
7 2921 2735 2746 2800.7 (104.4) 3.73
8 2514 2410 2473 2465.7 (52.4) 2.12
9 3648 3673 3609 3643.3 (32.3) 0.89
10 3353 3386 3367 3368.7 (16.6) 0.49

AFV, ankle-foot volume (mls); ALY first ankle-foot volume reading for visit 1; AfVsecond ankle-
foot volume reading for visit 1; ARY third ankle-foot volume reading for visit 1; AR¥a, 3 Mean
(SD) ankle-foot volume for visit 1; G\toefficient of variability for visit 1(%)

Table 2.5 - Leg volume measurements and derivedfament of variation for each
subject at visit 2

Subject number AFV,, AFVy AFVy AFV nean 2 CV,
1 2777 2742 2774 2764.33 (19.40) 0.70
2 2783 2924 2912 2873.00 (78.17) 2.72
3 3767 3617 3613 3665.67 (87.78) 2.39
4 3615 3664 3675 3651.33 (31.94) 0.87
5 3342 3433 3335 3370.00 (54.67) 1.62
6 2306 2347 2376 2343.00 (35.17) 1.50
7 2753 2768 2786 2769.00 (16.52) 0.60
8 2367 2411 2372 2383.33 (24.09) 1.01
9 3774 3711 3729 3738.00 (32.45) 0.87
10 3357 3474 3435 3422.00 (59.57) 1.74

AFV, ankle-foot volume (mls); ARY first ankle-foot volume reading for visit 2; AJVsecond
ankle-foot volume reading for visit 2; AkYthird ankle-foot volume reading for visit 2; AR¥an 2
mean (SD) ankle-foot volume for visit 2; £¥oefficient of variability for visit 2(%)
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Table 2.6 - Leg volume measurements and derivedfament of variation for each
subject at visit 3

Subject number AFVi3, AFVz, AFV3 AFV nean 3 CV;
1 2734 2743 2797 2758.00 (34.07) 1.24
2 3074 2988 3040 3034.00 (43.31) 1.43
3 3520 3534 3489 3514.33 (23.03) 0.66
4 3738 3654 3733 3708.33 (47.12) 1.27
5 3355 3267 3321 3314.33 (44.38) 1.34
6 2312 2234 2301 2282.33 (42.22) 1.85
7 2710 2803 2852 2788.33 (72.13) 2.59
8 2315 2359 2311 2328.33 (26.63) 1.14
9 3658 3716 3644 3672.67 (38.18) 1.04
10 3521 3394 3395 3436.67 (73.04) 2.13

AFV, ankle-foot volume (mls); AgY first ankle-foot volume reading for visit 3; AfgVsecond
ankle-foot volume reading for visit 3; AkYthird ankle-foot volume reading for visit 3; AR¥an 3
mean (SD) ankle-foot volume for visit 3; £®oefficient of variability for visit 3(%)

The overall CV of the AFV measurement techniqueeoled over a period of 2
weeks (spanning from visit 1 to visit 3) stood af4P6. The corresponding ICC
value was 0.995 (95% CI =0.985, 0.999).

Figure 2.2 — Mean (SD) ankle-foot volume values iten healthy subjects
measured at each of three successive visits (1A&) week apart
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Figure 2.3 —Variation in ankle-foot volume measurements between visits 1 ar

[CV = 0.91% for visits 1 and® ICC = 0.993 (95% CD.974, 0.99)]
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Figure 2.4 —Variation in ankle-foot volume measurements between visits 2 ar

[CV = 0.81% for visits 2 and®; ICC = 0.994 (95% CD.977, 0.99)]
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Figure 2.5 —Variation in ankle-foot volumemeasurements between visits 1 an
[CV = 0.89 % for visits 1 and®; ICC = 0.989 (95% CI 0.98, 0.99)]
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2.16.4 Discussion

This study demonstrated that the water displacersstinique is a relatively eas
yet reproducible method of measuring ai-fluid volumes in human subjeci
Cumulative CV for all participating subjects randgeaim 1.96% in visit 1 to 1.57¢
in visit 3, which compares well with those reporiacthe literature. In a study ¢
patients withlymphoedema, Auvert and Vayssairat reported a cemibility of
1.3% for the water displacement techni(534]. Van Hamersvelt and colleagL
report use of a water displacement device withveetoCV value of 0.30%[535].
This study reports ICC values of 0.995 (95% CI 6,98999), 0.997 (95% CI 0.99
0.999) and0.997 (95% CI 0.992, 0.999) for visits 1, 2 ande3pectively. Thes

values compare excellently with those reported bydBvic: et al. (0.9-0.96) in a
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study which evaluated foot and ankle volumes inhessy separately [536].
Additionally, this study's CV and ICC values confithat measurements are highly
reproducible over a period of two weeks in the abeeof any significant
intervention. This renders interpretation of tengboeffects on AFV using this
measurement technique highly plausible in an erpental setting. To this effect,
Brijker et al. reported a CV of 1.76% over a mean obsemgteriod of 4.8 days
[529], which is considerably shorter than this gtsidobservation period of two
weeks. Diurnal variation in leg volume, and henkedfdisplacement have been
reported in several studies [529, 537, 538]. Thisspbility was minimised by
ensuring that participating subjects had their dfluvolumes measured at
approximately identical times each week [539]. Narsfethe subjects reported

significant alteration in their daily lifestyle ovthe intervening observation period.

2.16.5 Conclusion

Measuring leg volume by water displacement is nedét easy, cheap, and highly
reproducible. It can be used to monitor temporaing/es in peripheral oedema over

an extended period of time.
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Section Il - Results

2.17 Phenotype

2.17.1 Baseline demographic characteristics

Thirteen Caucasian patients attended and complle¢eiditial screening visit for this
study (visit 1). Of these, 11 (subjects 1 to 9,jectbA and subject B, comprising
seven males and four females) reported themseleesbé tolerant of
thiazolidinediones, and two (subjects 11 and 1) liemales) had been withdraawn
from TZDs on account of fluid retention. In onetbé latter cases, thiazolidinedione
had been withdrawn less than three months aftexitisiazolidinedione prescription
on account of 'severe bilateral hand oedema’. Hoensl had discontinued her
thiazolidinedione within one to two weeks after eleping 'weight gain and severe
abdominal, bilateral upper limb and ankle swellingdverse effects resolved
spontaneously on drug withdrawal in both instan¢Hsiazolidinedione tolerant
subject A had to be withdrawn soon after recruitimeto this study on account of
development of proteinuria soon after withdrawalhe$ losartan therapy (as per
study Protocol). Subject B was likewise withdrawteradeveloping an excessively
high blood pressure ( > 160/110 mmHg) on withdrawglhis antihypertensive
(atenolol 50 mg). Thiazolidinedione tolerant subjewere on average older [mean
(95% CI) age = 61.6 (58.9, 64.2) years] than théimazolidinedione intolerant
counterparts (both aged 55) at recruitment into theidy (table 2.7).
Thiazolidinedione 'intolerant’ subject 10 had bekegnosed slightly earlier (166

months) than her 'tolerant' counterparts [114.24951 76.8, 151.5) months]. The
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corresponding value for 'intolerant’ subject 11 (&@nths) was well within the 95%
Cl range for 'tolerant' subjects. Analyzing foripats who progressed to visits 2 and
3, the difference in diabetes duration betweenexilfjO and the lower 95% CI range
for thiazolidinedione 'tolerant' subjects decreaedpproximately 10 months [166

(subject 10) vs 112.9 (95% CI 69.0, 156.8) (TZztaht) months].

Table 2.7 - Demographic characteristics of thiahedione - 'tolerant’ and
'intolerant’ patients

Subject number/letter Age Gender Duration of diabetes
by category (years) (months)

TZD tolerant®*

1 57 male 24
2 66 female 266
3 62 male 105
4 54 male 65
5 66 female 123
6 65 male 95
7 59 male 113
8 65 male 144
9 59 female 81
A 57 male 77
B 67 female 164
Mean 61.6 114.2
(95% CI)¢ (58.9, 64.2) (76.8, 151.5)
TZD intolerant
10 55 female 166
11 55 female 82

2 Subjects 1 to 9 progressed to visiZubjects A and B were withdrawn after visit Inean (95%
Cl) values refer to all participating thiazolidingshe ‘tolerant’ subjects, irrespective of their
progression or otherwise to visit 2.

2.17.2 Past medical history

Thiazolidinedione tolerant patient number 2 hadnogtathy diagnosed 37 months

prior to recruitment into the study. Tolerant patgel and 8 gave a past history of

coronary artery disease. TZD tolerant patient 1o asffered from peripheral
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vascular disease; however none of the patients uratergone any peripheral
vascularization procedure or amputation. Toleraatiept A had sustained a
cerebrovascular accident in the past. TZD tolepatient 1 had been diagnosed with
C5/C6 radiculopathy. None of the patients gavestohy of peripheral neuropathy,

autonomic neuropathy or erectile dysfunction. Agpexted, more than 50% of
thiazolidiedione tolerant patients suffered fronpéstension (patients 1, 2, 6, 8, A
and B), whereas an even higher proportion sufféi@u dyslipidaemia (patients 1,

2,3,5 7, 8 9, A B, and thiazolidinedioneoletant patient number 14). None of

the participants were known to suffer from HF arogment.

2.17.3 Drug history

Eight out of 11 thiazolidinedione tolerant patie(d.5%) were being treated with
pioglitazone at visit 1, with dose ranging fromt®545 mg. Daily rosiglitazone dose
ranged from 4 to 8 mg. Both intolerant patientsemMeeing treated with the lowest
possible dose on withdrawal of the offending thimioedione. Duration of

thiazolidinedone therapy for 'tolerant’ subjectaged from 7 to 51 months. All

participating patients, except one, were beingéctaith a statin (table 2.8).
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Table 2.8 - Oral glucose lowering agent and statimerapy of thiazolidinedione
'tolerant’ and ‘intolerant’ patients.

Subject TZD TZD - daily Duration of Metformin Statin
number/letter dose TZD therapy daily dose
by category prescribed at visit 1 (mg)
(mg) ¢ (months) at visit 1

TZD tolerant
a, b

1 rosiglitazone 4 11 1500 atorvastatin
2 pioglitazone 30 51 2500 simvastatin

3 pioglitazone 15 14 2000 simvastatin

4 pioglitazone 15 7 2000 atorvastatin
5 rosiglitazone 8 33 1500 simvastatin

6 pioglitazone 30 28 1000

7 pioglitazone 45 49 2550 simvastatin

8 pioglitazone 36 33 2700 simvastatin

9 rosiglitazone 8 42 2000 atorvastatin
A pioglitazone 36 30 2000 rosuvastatin
B pioglitazone 36 30 1700 atorvastatin

TZD
intolerant
10 rosiglitazone 4 ¢ 2500 simvastatin
11 pioglitazone 18 ¢ 1000 atorvastatin

TZD, thiazolidinedione;® subjects 1 to 9 progressed to visit’Xubjects A and B were withdrawn
after visit 1; ¢ thiazolidinedione dose at visit T thiazolidinedione dose at withdrawaf; not
applicable

2.17.4 Clinical measurements

Table 2.9 summarises the clinical parameters (dwcty anthropometric
measurements) of thiazolidinedione ‘tolerant’ amiblerant’ patients. All recorded
baseline blood pressure readings were generallyirwihe desired range at visit 1
[mean (95% CI) SBP (thiazolidinedione tolerants136.2 (132.2, 140.2) mmHg;
mean (95% CI) DBP (thiazolidinedione tolerants) 5.07 (71.2, 78.8) mmHg].
Patients who did not report symptoms of fluid owad following thiazolidinedione
exposure tended to be overweight or obese [medh @) BMI = 32.54 (30.23,

34.85) kg/m]. They were also characterised by an excessivstveiricumference
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[mean (95% CI) = 113.9 (107.5, 120.3) cm], as aatli in table 2.9. Baseline
exploratory data therefore suggested no major réifflees in baseline body weight,

BMI and waist circumference between the tolerauwt iatolerant groups.

2.17.5 Biochemistry

Patient' glycaemic control was within the rangec#ip by the Protocol (i.e. HbAlc
< 9%) at recruitment. Baseline biochemical parametgamely haematorit, sodium,
serum creatinine (and eGFR) and lipid profile (tatiaolesterol, HDL-cholesterol,
LDL-cholesterol and triglycerides) were also withime Protocol range for most
patients, as attested by mean (95% CI) values Ha@azaolidinedione ‘tolerant’
subjects. Thiazolidinedione ‘intolerant’ subject Hdd severe dyslipidaemia. Her
LDL-cholesterol concentration could not be detemedinusing the Friedewald

equation on account of her triglyceridemia (4.46aftih) (table 2.10).
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Table 2.9 - Clinical measurements of thiazolidinede 'tolerant’ and ‘intolerant’ patients.

Subject number Mean pulse Mean SBP Mean DBP Height Weight BMI wWC
lletter by category  (beats mift) (mmHg) (mmHg) (m) (kg) (kg/m?) (cm)

TZD tolerant®*

1 71 124 81 1.68 76.4 27.07 98.0
2 53 139 61 1.60 64.9 25.35 d

3 82 127 75 1.80 93.7 28.90 103.0
4 70 143 72 1.65 89.3 32.80 109.5
5 92 130 79 1.60 90.2 35.23 129.5
6 73 145 79 1.72 101.9 34.44 1145
7 70 137 78 1.74 94.7 31.28 109.0
8 72 136 79 1.80 121.4 37.46 127.5
9 81 135 81 1.60 87.7 34.26 108.0
A 84 140 73 1.73 105.9 35.38 121.0
B 71 141 67 1.57 88.1 35.74 119.0

Mean 74.5 136.2 75.0 1.68 92.2 32.54 113.9
(95% CI)° (68.5, 80.4) (132.2, 140.2) (71.2, 78.8) (1.63, 1.73) (83.5, 100.9) (30.23, 34.85) (107.5, 120.3)
TZD intolerant

10 83 141 85 1.57 88.2 35.78 123.0
11 81 127 75 1.60 85.6 33.65 103.5

TZD, thiazolidinedioneyVC, waist circumference (cmj:subjects 1 to 9 progressed to visi® Zubjects A and B were withdrawn after visit 1
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Table 2.10 - Baseline biochemistry results of trofidinedione 'tolerant’ and ‘intolerant’ patients.

Subject Haematocrit HbAlc Sodium Serum Total HDL-C LDL-C Triglycerides
number/letter (%) (%) (mmol/L) creatinine cholesterol (mmol/L) (mmol/L) (mmol/L)
by category (umol/L) (mmol/L)

TZD tolerant®*

1 42.8 7.0 140 69 3.57 0.80 ¢ ¢
2 39.9 6.5 146 64 3.30 1.45 1.45 0.88
3 42.7 8.0 138 66 3.37 1.11 1.27 2.21
4 415 8.5 139 86 4.10 1.13 1.90 2.38
5 43.0 8.8 141 51 4.14 0.66 d 4.97
6 43.7 6.3 142 76 3.70 0.91 1.94 1.88
7 44.0 7.4 142 76 3.82 1.49 1.81 1.16
8 41.2 8.7 144 94 3.69 1.92 1.45 0.71
9 42.4 7.0 144 61 4.68 1.44 2.33 2.03
A 41.5 7.2 140 55 4.34 1.05 4.30 2.46
B 36.7 6.8 142 63 4.35 1.57 2.32 1.02
Mean 41.8 7.5 141.6 69.2 3.91 1.23 2.09 1.97
(95% CI)° (40.6, 43.0) (6.9, 8.0) (140.2, 143.1) (61.6, 76.8) (3.65, 4.17) (1.01, 1.45) (1.50, 2.68) (1.20, 2.74)
TZD intolerant
10 37.4 7.5 143 70 4.76 1.65 2.24 1.94
11 ¢ 7.3 139 47 8.28 1.47 ¢ 4.46

2 subjects 1 to 9 progressed to visit'Zubjects A and B were withdrawn after visif ftata unavailable® LDL-C level could not be derived from the Friedévaquation
on account of an excessively high serum trigly@ddncentration
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2.17.6 Sodium exposure - low and high salt diets

Daily morning spot urinary sodium concentrationstggaing to thiazolidinedione
'tolerant’ subjects 1 to 9, and 'intolerant’ suisjd® and 11, were measured for five
days prior to visit 2 (during which patients folledra moderately low salt diet), and
for an additional five days prior to visit 3 (highlt diet). Despite daily variations in
urinary sodium excretion, patients were generatlgnpliant to dietary instructions
given. Calculation of the area under the curvetfoazolidinedione 'tolerant’ and
'intolerant’ subjects between days -5 (five dayereevisit) to 0 (day of visit) (as a
surrogate of total dietary sodium exposure) shothed the former increased their
urinary sodium excretion by 49 (95% CI 43.5, 59.7)¢% 20.6% and 125.9% for

subjects 10 and 11 respectively) (data not shown).

2.18 Arterial stiffness

Data were accrued from all eleven participatingigoas [nine thiazolidinedione
'tolerant’ (subjects 1 to 9) and two thiazolidiroed ‘intolerant’ (subjects 10 and 11)]
who proceeded to visits two and three. Pulse waatysis and velocity estimations
were carried out once in visit two in patients esgub to a moderately low sodium
diet (and before being treated with an intraverd@86 saline infusion), and once in
visit three following exposure to a high sodiumtdiBercentage shift in central
augmentation index (cAl), peripheral augmentatiodex (pAl) and pulse wave
velocity (PWV) readings across sodium load catego(chronic high sodium - low

sodium) was derived for all participating subjects.
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2.18.1 Pulse wave analysis

(i) Central augmentation index

cAl was derived from the ratio of augmentation ptge to pulse pressure. Data are
summarised in table 2.11 below. Mean cAl readirggstiiiazolidinedione 'tolerant’
patients exposed to a moderately low sodium diét archronic high sodium load
were 30.9 (95% CI 25.2, 36.7)% and 30.2 (95% C0,2386.4)% respectively (table
2.11, figure 2.6). Available data suggest that zbi@inedione intolerant patients
increase their cAl values when exposed to a chrbimgt sodium load (37.0%,
88.2%), unlike their thiazolidinedione tolerant aterparts [mean (95% CI) = -1.59
(-10.76, 7.58)%], as outlined in table 2.11 andifey2.7.

Table 2.11 - Central augmentation index (cAl) measments (%) and derived %
differences between sodium load exposures.

Subject cAl cAl % difference cAl
number by (low sodium) (chronic high sodium) (chronic high sodium -
category low sodium)
(%) (%)

TZD tolerant

1 30 30 0
2 46 49 6.5
3 16 20 25.0
4 21 18 -14.3
5 38 36 -5.3
6 31 33 6.5
7 29 22 -24.1
8 32 32 0
9 35 32 -8.6
Mean 30.9 30.2 -1.59
(95% CI) (25.2, 36.70) (24.0, 36.4) (-10.76, 7.58)
TZD
intolerant
10 27 37 37.0

11 17 32 88.2
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Figure 2.6 — Mean (95% CI) central augmentation e (cAl) values (%) for
thiazolidinedione (TZD) tolerant (n = 9, plotted irblue) and individual cAl
readings forthiazolidinedione intolerant (n = 2, plotted in r@gubjects exposed to
a low sodium diet and a chronic high sodium load.
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Figure 2.7 — Percentage difference in central augntation index (cAl) readings
(%) between exposure to a moderately low sodiunt diel a chronic high sodium
load for thiazolidinedione (TZD) tolerant (n = 9, plotted irblue) and TZD
intolerant (n = 2, plotted in redsubjects. Mean and 95% confidence intervals were
derived for TZD tolerant subjects.
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(ii) Peripheral augmentation index

Peripheral augmentation index (pAl) was likewiserivde using applanation
tonometry from the ratio of late systolic press{i2) to early systolic pressure (P1).
Percentage shifts in pAl readings were also es@ichédr visits 2 and 3, as outlined
in table 2.12.

Table 2.12 - Peripheral augmentation index (pAl) msurements (%) and derived
% differences between sodium load exposures.

Subject number pAl pAl % difference pAl
by category (low sodium) (chronic high sodium) (chronic high sodium -
low sodium)

(%) (%)

TZD tolerant

1 143 142 -0.7
2 185 196 5.9
3 119 126 5.0
4 127 122 -3.9
5 162 156 -3.7
6 145 150 3.4
7 141 129 -8.5
8 146 148 0.7
9 153 148 -3.9
Mean 147.1 146.3 -0.6
(95% CI) (134.7, 159.5) (131.9, 160.7) (-3.74, 2.54)
TZD intolerant
10 136 159 16.9
11 120 147 22.5

Mean pAl readings for thiazolidinedione tolerantigats were 147.1 (95% CI 134.7,
159.5) % and 146.3 (95% CI 131.9, 160.7)% undereraidly low and high sodium
dietary conditions respectively (table 2.12, fig@r8). Oedema prone TZD patients
seemingly increase their pAl when subjected torarb sodium load, unlike their
thiazolidinedione tolerant counterparts [-0.6 (98%-3.74, 2.54)% (TZD tolerant)

vs 16.9%, 22.5% (TZD intolerant)] (table 2.12, fig2.9).
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Figure 2.8 — Mean (95% CI) peripheral augmentatiandex (pAl) values (%) for
thiazolidinedione (TZD) tolerant (n = 9, plotted ifblue) and individual pAl
readings forthiazolidinedione intolerant (n = 2, plotted in r@gubjects exposed to
a low sodium diet and a chronic high sodium load.
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Figure 2.9 — Percentage difference in peripheral gmentation index (pAl)
readings (%) between exposure to a moderately lodiem diet and a chronic high
sodium load forthiazolidinedione (TZD) tolerant (n = 9, plotted iblue) and TZD
intolerant (n = 2, plotted in red$ubjects. Mean and 95% confidence intervals were
derived for TZD tolerant subjects.
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2.18.2 Pulse wave velocity

Pulse wave velocity data pertaining to the paréitig subjects are summarised in
table 2.13 below. Mean (95% CIl) PWV readings forzblidinedione 'tolerant’
patients exposed to a moderately low sodium didt archronic high sodium load
were 8.57 (7.84, 9.30) m/s and 8.32 (7.61, 9.03) n@$pectively. Available data do
not suggest any differences in baseline PWV betweedema prone and
thiazolidinedione tolerant patients, irrespectivesadium exposure. Likewise, there
seems to be no appreciable difference in % PW\M ahibss sodium load exposures
between the two groups [-2.82 (95% CI -5.34, -@8ZD tolerant) vs -9.4%,
11.4% (TZD intolerant)], as outlined in table 2.13.

Table 2.13 - Pulse wave velocity (PWV) measuremefmgs) and derived %
differences between sodium load exposures.

Subject PWV PWV % difference PWV
number by (low sodium) (chronic high sodium) (chronic high sodium -
category low sodium)
(m/s) (m/s)

TZD tolerant

1 10.6 9.9 -6.6
2 8.0 7.6 -5.0
3 9.7 9.2 5.2
4 8.7 9.2 5.7
5 7.0 6.6 5.7
6 7.7 7.6 -1.3
7 8.2 8.1 -1.2
8 9.3 9.2 -11
9 7.9 7.5 5.1
Mean 8.57 8.32 -2.82
(95% CI) (7.84, 9.30) (7.61, 9.03) (-5.34, -0.30)
TZD
intolerant
10 8.5 7.7 9.4

11 7.9 8.8 11.4
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2.19 Echocardiography

Echocardiographic parameters (left ventricular tepecfraction, E/A ratio, E prime,
E/e prime ratio, left ventricular mass) were captufor participating subjects in
visits two and three. Data were collected for nieight and nine thiazolidinedione
tolerant subjects following exposure to a modeyatel, acute high and chronic
high sodium loads respectively (one patient dedliae echo following intravenous
saline administration). Data were captured fromhbGZD ‘intolerant’ patients in all
three instances. Preliminary exploratory data ssiggeo differences in any of the
measured echocardiographic parameters between olidiaedione patient
categories. Plotting percentage change in anyexdetimeasurements across sodium
load categories for both TZD tolerant and intolérpatients did not yield any

consistent trends (appendix tables I1.1 to 11.5).

2.20 Biomarkers

In a bid to identify predisposing factors for thoéidinedinoe-associated fluid
retention, this study measured a number of biommarké interest, as outlined in
section I. Plasma samples were collected to measseular endothelial growth
factor (VEGF), ANP, BNP, N-terminal prohormone oftype natriuretic peptide
(NT-pro-BNP), aldosterone, renin and copeptin factepatient at visit 2 (moderately
low sodium dietpeforeinfusion of intravenous saline) and visit 3 (choosodium

load). This enabled a relative comparison betwdgszolidinedione 'tolerant’ and

'intolerant' subjects.
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2.20.1 Vascular endothelial growth factor

Plasma was sampled for VEGF level estimation fronghte and nine

thiazolidinedione tolerant patients at visits 2 ahdespectively, and from both
thiazolidinedione intolerant patients at eithentviMMean (95% CI) VEGF readings
for 'tolerant’ subjects were 57.3 (12.0, 102.6)/mpgand 38.6 (24.1, 53.1) pg/mL
after exposure to a moderately low and a chrongh tsodium load respectively
(appendix table 11.6). Generally decreasing folelant' patients on sodium loading,
available data suggest no significant difference WEGF levels between

thiazolidinedione categories on exposure to a logisn diet. However, exposure to
a moderately high sodium diet for five days reslilteseemingly lower VEGF levels
for thiazolidinedione intolerant subjects compatedtheir intolerant counterparts
(appendix table 11.6). Plotting percentage changeVIEGF readings between
exposure to a moderately low sodium diet and argbroigh sodium load showed a
mean (95% CI) VEGF reduction of 11.6 (-32.5, 9.38thiazolidinedione tolerant

individuals. The two intolerant subjects exhibitd(EGF changes on either side of

the 95% CI range for their tolerant counterparpgpéandix table 11.6).
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2.20.2 Atrial natriuretic peptide

ANP data were available from eight and seven thidn@dione tolerant patients,
and from both intolerant subjects after exposura taoderately low and a chronic
high sodium load respectively. Mean (95% CIl) ANRdiags for TZD tolerant
patients were 40.33 (7.37, 73.29) fmol/mL and 2{9345, 33.15) fmol/mL
respectively. No significant difference in ANP |lé&ve between either
thiazolidinedione category, irrespective of sodiexposure (table 2.14, figure 2.10)
was detected. However, plots of percentage changdP between the period of
low and high sodium diets suggests an 80-129% aseréor TZD intolerant patients
compared with a mean (95% CI) 5.2% increase (;3348) for thiazolidinedione

tolerant patients (table 2.14, figure 2.11).

Table 2.14 - Atrial natriuretic peptide (ANP) measaments (fmol/mL) and derived
% differences between sodium load exposures foitvid and 3

Subject number by ANP (fmol/mL) ANP (fmol/mL) % difference ANP
category (low sodium) (chronic high sodium) (chronic high sodium
- low sodium)

TZD tolerant

1 21.162 16.506 -22.0
2 26.289 43.736 66.4
3 65.473 8.938 -86.3
4 5.4796 12.298 124.4
5 1.999 0.134 -93.3
6 26.022 30.531 17.3
7 28.152 36.659 30.2
8 148.033 @ ¢

9 b b C

Mean 40.330 21.300 5.2
(95% ClI) (7.370, 73.290) (9.450, 33.150) (-53.4, 63.8)
TZD intolerant

10 25.726 46.297 80.0
11 10.815 24.802 129.3

2 haemolyzed sample, rendering result dubiolisatient's ANP data are unavailablederivation of
% difference not possible due to missing data
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Figure 2.10 — Mean (95% CI) atrial natriuretic pegte (ANP) values (fmol/mL)
for thiazolidinedione (TZD) tolerant [n = 8 (low sodiurdiet), n = 7 (chronic high
sodium load) plotted in bluednd individual ANP readings forthiazolidinedione
intolerant (n = 2, plotted in red)subjects exposed to a low sodium diet and a
chronic high sodium load.
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Figure 2.11 — Percentage difference in atrial natiretic peptide (ANP) readings
(fmol/mL) between exposure to a moderately low smdlidiet and a chronic high
sodium load forthiazolidinedione (TZD) tolerant [n = 7 (low sodiurdiet), n = 8
(chronic high sodium load) plotted in bluegnd intolerant (n = 2, plotted in red)
subjects. Mean and 95% confidence intervals wereivted for thiazolidinedione
tolerant subjects.
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2.20.3 B-type natriuretic peptide

BNP concentrations were measured in eight thiaradtlone tolerant and both TZD
intolerant patients in each of visits two and thrdtean (95% CI) BNP levels
decreased for the oedema free subjects on sodiyposere [16.87 (1.08, 32.66)
pg/mL (low sodium) vs 8.50 (5.53, 11.47) pg/mL ¢higodium)] (table 2.15, figure
2.12). Exploratory data suggest no significant edtdhce in BNP levels between
thiazolidinedione categories after exposure tonadodium diet. Individually plotted
data for oedema prone subjects lie beyond, albegither side, of the mean (95%
Cl) reference range for thiazolidinedione 'toletanbjects on exposure to a chronic
moderately high sodium load (figure 2.12). Theelagubgroup were characterised
by a mean (95% CIl) 27.5% increase (-37.22, 92.22) prevailing BNP
concentrations on progressing from a moderately tmw moderately high sodium
diet. TZD intolerant subjects tended to exhibitreager increase (90.1% and 249.7%
respectively). However, any conclusions are rerdiehgbious by the observation
that the 90.1% increase reported for one of theew@dprone patients marginally
overlaps with the upper limit of the 95% CI refezerrange for tolerant subjects

(table 2.15, figure 2.13).
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Table 2.15 - B-type natriuretic peptide (BNP) measments (pg/mL) and derived
% differences between sodium load exposures foitid and 3

Subject number by BNP (pg/mL) BNP (pg/mL) % difference BNP
category (low sodium) (chronic high sodium) (chronic high sodium -
low sodium)
TZD tolerant
1 5.284 9.399 77.9
2 4.645 11.082 138.6
3 3.511 4.610 31.3
4 29.089 4.687 -83.9
5 68.905 12.482 -81.9
6 1.975 5.138 160.2
7 7.656 4917 -35.8
8 13.868 15.697 13.2
9 a a b
Mean 16.870 8.500 27.5
(95% CI) (1.080, 32.660) (5.530, 11.470) (-37.22, 92.22)
TZD intolerant
10 2.303 4.379 90.1
11 6.440 22.523 249.7

apatient's BNP data were unavailabl&;calculation not possible due to missing data

Figure 2.12 — Mean (95% CI) B-type natriuretic pegé (BNP) values (pg/mL) for
thiazolidinedione (TZD) tolerant (n = 8, plotted imlue) and individual BNP
readings forthiazolidinedione intolerant (n = 2, plotted in r@gubjects exposed to
a low sodium diet and a chronic high sodium load.
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Figure 2.13 — Percentage difference in B-type natetic peptide (BNP) readings
(pg/mL) between exposure to a moderately low sodidiet and a chronic high
sodium load forthiazolidinedione (TZD) tolerant (n = 8, plotted ifblue) and
intolerant (n = 2, plotted in redyubjects. Mean and 95% confidence intervals were
derived for thiazolidinedione tolerant subjects

300 +
250 - |
200 -
150 -

100 -

% BNP difference

(chronichigh 50 -
sodium - low

sodium) 0

0 10 J 20 30 40 50 60 70 80
.50 -

-100 -

-150 -
Baseline BNP (pg/mL) on a moderately low sodium diet

2.20.4 N-terminal prohormone of B-type natriureticpeptide

N-terminal prohormone of B-type natriuretic pept{d&-pro-BNP) was measured in
eight thiazolidinedione ‘'tolerant’ subjects [me@b% CI) 440.29 (347.05, 533.53)
fmol/mL (low sodium); 501.1 (355.08, 647.12) fmol/nhigh sodium)]. Plotting

individual data points for TZD intolerant patiergsggest no significant difference
between either thiazolidinedione category at eitisit (table 2.16). In a similar

vein, thiazolidinedione tolerant patients were elsterised by a mean (95% CI) 14.8
% increase (-21.86, 51.46) in prevailing NT-pro-BNB 4.4% and 31.8% increase

for TZD intolerant ones) (table 2.16).
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Table 2.16 - N-terminal prohormone of B-type natretic peptide (NT-pro-BNP)
measurements (fmol/mL) and derived % differencestvween sodium load
exposures for visits 2 and 3.

Subject number by NT-pro-BNP NT-pro-BNP % difference

category (fmol/mL) (fmol/mL) NT-pro-BNP
(low sodium) (chronic high sodium) (chronic high sodium

- low sodium)

TZD tolerant

1 377.184 300.216 -20.4
2 379.128 453.702 19.7
3 471.018 981.57 108.4
4 759.132 293.82 -61.3
5 359.022 586.938 63.5
6 411.786 359.736 -12.6
7 348.504 446.826 28.2
8 416.568 386.472 7.2
9 é 700.788 b
Mean 440.29 501.1 14.8
(95% Cl) (347.05, 533.53) (355.08, 647.12) (-21.86, 51.46)
TZD intolerant
10 535.656 559.014 4.4
11 344.214 453.666 31.8

2 patient's NT-pro-BNP data were unavailabl&estimation of % difference not possible due to
missing data

2.20.5 Aldosterone

As expected, plasma aldosterone concentrationgeased in response to chronic salt
loading for either thiazolidinedione category. Med@5% CIl) values for
thiazolidinedione tolerant subjects were 292.595(@3, 429.31) pg/mL and 99.4
(22.77, 176.03) pg/mL after exposure to a moderddeV and a chronic high sodium
load respectively (table 2.17, figure 2.14). Exptory data suggest no significant
difference in plasma aldosterone readings betwden ttvo thiazolidinedione
categories (figure 2.14). While thiazolidinedionetolerant subjects generally
exhibited a greater reduction in prevailing plassagosterone concentrations on salt

loading (-69.7% and -86.2% respectively), theseiesloverlap with the lower end-
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point of the 95% CI for tolerant subjects [mean%®6l) = -50.9 (-87.07, -14.73)%)]

(table 2.17, figure 2.15).

Table 2.17 - Plasma aldosterone measurements (pg/amd derived % differences
between sodium load exposures for visits 2 and 3

Subject number by  Aldosterone (pg/mL)  Aldosterone (pg/mL) % difference

category (low sodium) (chronic high sodium) aldosterone
(chronic high sodium -

low sodium)

TZD tolerant

1 421.018 32.506 -92.3
2 199.085 110.64 -44.4
3 194.593 20.289 -89.6
4 93.108 154.133 65.5
5 699.726 386.860 -44.7
6 127.101 81.291 -36.0
7 255.647 50.408 -80.3
8 350.456 52.320 -85.1
9 2 6.447 b
Mean 292.590 99.400 -50.9
(95% ClI) (155.870, 429.310) (22.770, 176.030) (-87.07, -14.73)
TZD intolerant

10 108.970 32.967 -69.7
11 358.130 49.375 -86.2

2patient's plasma aldosterone data unavailabfegrivation of % difference not possible due to
missing data

Figure 2.14 — Mean (95% CIl) plasma aldosterone wedu (pg/mL) for
thiazolidinedione (TZD) tolerant [n = 8 (low sodiundiet), n = 9 (chronic high
sodium load) plotted in blue]and individual aldosterone readings for
thiazolidinedione intolerant (n = 2, plotted in rg¢@ubjects exposed to a low sodium
diet and a chronic high sodium load.
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Figure 2.15 — Percentage difference in plasma altwysne readings (pg/mL)
between exposure to a moderately low sodium diet archronic high sodium load
for thiazolidinedione (TZD) tolerant [n = 8 (low sodiurdiet), n = 9 (chronic high
sodium load) plotted in bluegnd intolerant (n = 2, plotted in redsubjects. Mean
and 95% confidence intervals were derived for thoédinedione tolerant subjects
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2.20.6 Renin

Plasma renin levels were measured in eight and thiezolidinedione tolerant
patients, and in both TZD intolerant subjects aitsi2 and 3 respectively. In
concordance with earlier reported aldosterone tgsekposure to a chronic sodium
load was associated with a reduction in prevailiagin concentrations in either
thiazolidinedione category [mean (95% CIl) = -71.8B2(5, -59.9) % for
thiazolidinedione tolerant subjects vs -86.2% ariD.9% (thiazolidinedione
intolerant)] (table 2.18, figure 2.17). Thus, thieliminary data suggest that patients
prone to thiazolidinedione-induced oedema decrdase prevalent plasma renin by
a greater margin than their tolerant counterpdtsts of individual plasma renin

readings for intolerant subjects at either visid @omparing these to the mean (95%
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Cl) values for their TZD tolerant counterparts segfg no significant differences

between either patient category (table 2.18, fiqui®).

Table 2.18 - Plasma renin measurements (ng/mL/hoand derived % differences
between sodium load exposures for visits 2 and 3

Subject number by Renin (ng/mL/hour) Renin (ng/mL/hour) % difference
category (low sodium) (chronic high sodium) renin
(chronic high sodium
- low sodium)

TZD tolerant

1 3.234 0.269 -91.7
2 0.314 0.134 -57.3
3 1.798 0.262 -85.4
4 0.468 0.191 -59.2
5 3.644 1.946 -46.6
6 0.281 0.053 -81.1
7 1.644 0.263 -84.0
8 1.860 0.659 -64.6
9 2 0.062 b
Mean 1.655 0.427 -71.2
(95% ClI) (0.76, 2.55) (0.04, 0.82) (-82.5, -59.9)
TZD intolerant

10 1.649 0.227 -86.2
11 1.767 0.001 -99.9

2 patient's plasma renin data were unavailable® estimation of % difference not possible due to
missing data
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Figure 2.16 — Mean (95% CI) plasma renin values (nd-/hour) for
thiazolidinedione (TZD) tolerant [n = 8 (low sodiundiet), n = 9 (chronic high
sodium load) plotted in bluefnd individual renin readings forthiazolidinedione
intolerant (n = 2, plotted in red)subjects exposed to a low sodium diet and a
chronic high sodium load.
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Figure 2.17 — Percentage difference in plasma rennmeadings (ng/mL/hour)
between exposure to a moderately low sodium diet archronic high sodium load
for thiazolidinedione (TZD) tolerant [n = 8 (low sbum diet), n = 9 (chronic high
sodium load) plotted in bluednd intolerant (n = 2, plotted in redsubjects. Mean
and 95% confidence intervals were derived for ttoéidinedione tolerant subjects
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2.20.7 Copeptin

Copeptin was measured using a highly sensitive yasgam eight and nine

thiazolidinedione 'tolerant’ patients at visits 2da3 respectively, and from both
thiazolidinedione ‘intolerant’ subjects at eithasitv Mean (95% CI) copeptin

readings decreased for such patients when proggessbm a moderately low

sodium to a chronic high sodium load [5.83 (3.7.33Y (low sodium) vs 4.1 (3.19,
5.01) (high sodium)] (appendix table I1.7). Indiual readings for thiazolidinedione
'intolerant’ subjects stood beyond, albeit on eitae, of the 95% CI range for their
'‘oedema free' counterparts (appendix table THazolidinedione 'tolerant’ subjects
experienced a mean (95% CI) copeptin reduction/d®% (-40.87, 5.67) on chronic
salt loading. Plots did not suggest that differsnitem TZD intolerant counterparts

(-30.4% and 7.5% respectively) (appendix table).ll.7

2.21 Haematocrit shifts in response to salt loading

Consistent with the observations on urinary sodaxeretion, both thiazolidinedione
tolerant and intolerant patients exhibited a deswe@ their haematocrit (i.e.
haemodiluted) in response to salt loading, whetmrte or chronic (table 2.19,
figure 2.18). Thiazolidinedione intolerant subjet® and 11 were characterised by
lower haematocrit values at all three salt loaditages (table 2.19, figure 2.18). The
degree of reduction (expressed as a percentage}hfarolidinedione tolerant
subjects tended to be greater following acute coetpbavith chronic salt loading
(table 2.19, figures 2.19 and 2.20). Comparing %nge in haematocrit across

thiazolidinedione categories, both intolerant sotsiehad a larger decrease in
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haematocrit following exposure to a five day higidism diet [-6.99%, -7.54%
respectively vs mean (95% CI) values of -3.69 05-8.49) % for 'tolerant’ patients]
(table 2.19, figure 2.20). Analyzing for the perage difference across low and
acute high salt loading, TZD intolerant patientie® a numerically larger decrease
in haematocrit (-5.52%) compared with her thiazakdione tolerant counterparts
[mean (95% CI) = -4.13 (-5.29, -2.97) %], but thias not the case for subject 11

(table 2.19, figure 2.19).

Table 2.19 - Haematocrit measurements (%) and dedi2o differences between
sodium load exposures for visits 2 and 3

Subject Haematocrit Haematocrit Haematocrit % difference % difference

number by (low Na) (acute high Na) (chronic high haematocrit  haematocrit
category (%) (%) Na) (acute high (chronic
(%) Na - low high Na -

sodium) low sodium)

TZD tolerant

1 44.40 @ 42.45 b -4.39
2 38.88 36.35 36.68 -6.50 -5.66
3 42.05 40.45 41.13 -3.80 -2.20
4 39.15 37.45 39.58 -4.34 1.09
5 43.00 40.45 41.43 -5.93 -3.66
6 45.18 44.00 40.78 -2.60 -9.74
7 44 .45 43.15 43.75 -2.92 -1.57
8 41.00 39.85 39.60 -2.80 -3.41
9 @ @ 38.95 b b
Mean 42.26 40.24 40.48 -4.13 -3.69
(95% Cl)  (40.58,43.94) (38.20,42.28)  (39.13,41.83) (-5:297) (-5.89, -1.49)
TZD
intolerant
10 37.58 35.50 34.95 -5.52 -6.99
11 39.48 37.70 36.50 -4.50 -7.54

2 data unavailable® calculation not possible due to missing data
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Figure 2.18 — Mean (95% CI) haematocrit readings Y%or thiazolidinedione
(TZD) tolerant [n = 8 (low sodium diet); n = 7 (at& high sodium load); n = 9
(chronic high sodium diet), plotted in bluednd individual haematocrit readings
for thiazolidinedione intolerant (n = 2, plotted in r@dsubjects exposed to a low
sodium diet, an acute high sodium load and a chromiigh sodium load.
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Figure 2.19 — Percentage difference in haematocibietween exposure to a
moderately low sodium diet and an acute high sodilmad for thiazolidinedione
(TZD) tolerant [n = 8 (low sodium), n = 7 (acuteigh sodium), plotted in blue]
and intolerant (n = 2, plotted in redsubjects. Mean and 95% confidence intervals
were derived for TZD tolerant subjects.
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Figure 2.20 — Percentage difference in haematocbetween exposure to a
moderately low sodium diet and a chronic high sodidoad for thiazolidinedione
(TZD) tolerant [n = 8 (low sodium), n = 9 (chronibigh sodium), plotted in blue]
and intolerant (n = 2, plotted in redsubjects. Mean and 95% confidence intervals
were derived for TZD tolerant subjects.
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2.22 Weight change in response to salt loading

All participating patients tended to gain weightmogressing from a low to a high
salt diet. Exploratory data suggest no significadifferences between
thiazolidinedione categories (table 2.20). Plott#gchange in weight secondary to
dietary adjustments yielded a mean (95% CI) in&eals0.67 (0.20, 1.14)% for
thiazolidinedione tolerant patients. TZD intolerapatient 11 exhibited a
substantially greater increase in body weight oromic sodium exposure (2.14%);

however, this result was not replicated in intakisubject 10 (table 2.20).
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Table 2.20 - Body weight (kg) and derived % diffeces between sodium load
exposures for visits 2 and 3.

Subject number Body weight Body weight % difference body weight
by category (low sodium) (chronic high sodium)  (acute high sodium - low
sodium)
(kg) (kg)

TZD tolerant

1 74.8 76.4 2.14
2 62.8 63.3 0.80
3 92.1 92.6 0.54
4 89.2 89.0 -0.22
5 88.4 89.4 1.13
6 98 98.6 0.61
7 93.6 93.4 -0.21
8 118.6 119.0 0.34
9 86.0 86.8 0.93
Mean 89.3 89.8 0.67
(95% ClI) (79.25, 99.31) (79.91, 99.75) (0.20, 1.14)
TZD intolerant
10 88.6 88.8 0.23
11 84.0 85.8 2.14

2.23 Ankle-foot volume changes in response to digyasodium exposure

Data from participating thiazolidinedione toleraahd intolerant subjects are
summarised in table 2.21, figures 2.21 to 2.28WeDne thiazolidinedione tolerant
subject declined to pursue with AFV measurementsr afxposure to intravenous
0.9% saline infusion (acute sodium load); hence Afa¥a for acute sodium load
exposure are limited to eight subjects. Mean (95Pof@ the %AFV difference

between acute high sodium load exposure and lowargiesodium exposure for
thiazolidinedione tolerant subjects amounted to(2%2, 7.2)%. The corresponding
values for the difference between chronic high lawddietary sodium exposure was
2.2 (0.3, 4.1)%. Available data suggest that exposo a acute high sodium load
may result in a reduction in AFV in thiazolidined® intolerant subjects, but not in

TZD tolerant patients (table 2.21, figure 2.22).wéwer, data must be interpreted
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with caution, given (i) the small number of papigiing subjects in each
thiazolidinedione category, and (i) wide 95% Clor fAFV change in
thiazolidinedione 'tolerant' subjects. TZD intolgraubject 11 reduced her AFV by a
greater extent than her 'tolerant counterpartsesponse to acute salt loading [-2.4%
vs mean (95% CI) 2.5 (-2.2, 7.2)% for 'tolerant jeats]. A similar, thought
seemingly insignificant change, was reported fdolerant subject 10 (table 2.21,
figure 2.22). Analyzing percentage change in AFVoleing five days of high
sodium intake, TZD intolerant subject 11 was chiarésed by a greater increase
[5.5% vs mean (95% CI) 2.2 (0.3, 4.1)% for thizdiokedione tolerant subjects].
TZD intolerant subject 10's % AFV increase was Eimio that of TZD tolerant
patients subjected to chronic sodium loading (t&dd, figure 2.23).

Table 2.21 - Ankle-foot volume (AFV) measurementsdaderived % differences
between sodium load exposures for visits 2 and 3

Subject number ARV ARV ARV % %
by category (low Na) (acute high (chronic high difference  difference
Na) Na) ARV ARV

(acute high (chronic
Na - low high Na -
sodium)  low sodium)

TZD tolerant

1 2779 e 3013 b 8.4
2 2394 2868 2497 19.8 4.3
3 3101 3085 3100 -0.5 0.0
4 3167 3254 3194 2.7 0.9
5 2875 2872 2858 -0.1 -0.6
6 3617 3654 3630 1.0 0.4
7 3055 3013 3106 -1.4 1.7
8 3559 3613 3706 1.5 4.1
9 3548 3441 3569 -3.0 0.6
Mean 3122 3225 3186 25 2.2

(95% Cl) (2855,3389) (3006, 3444) (2929, 3443) (2.2,7.2) (0.3, 4.1)

TZD intolerant
10 3572 3503 3627 -1.9 1.5
11 2743 2677 2894 -2.4 55

2patient declined to measure ankle-foot volume bykkndisplacement on this occasiof;
calculation not possible due to missing data.
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Figure 2.21 — Mean (95% CI) ankle-foot volume (AFWeadings (mLs) for
thiazolidinedione (TZD) tolerant [n = 9 (low sodiundiet); n = 8 (acute high
sodium load), plotted in blueand individual AFV readings forthiazolidinedione
intolerant (n = 2, plotted in redysubjects exposed to a low sodium diet, an acute
high sodium load and a chronic high sodium load.
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Figure 2.22 — Percentage difference in ankle-foailume (AFV) between exposure
to a moderately low sodium diet and an acute higlodeim load for
thiazolidinedione (TZD) tolerant [n = 9 (low sodiundiet); n = 8 (acute high
sodium load) plotted in blueand intolerant (n = 2, plotted in redsubjects. Mean
and 95% confidence intervals were derived for TZiderant subjects.
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Figure 2.23 — Percentage difference in ankle-foailume (AFV) between exposure
to a moderately low sodium diet and a chronic highodium load for
thiazolidinedione (TZD) tolerant (n = 9, plotted iblue) and intolerant (n = 2,
plotted in red)subjects. Mean and 95% confidence intervals weegived for TZD
tolerant subjects.
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2.24 Salt sensitivity of blood pressure

SBP and DBP values were compared at the begintingsits 2 and 3, enabling an
assessment of salt sensitivity in response to anahrsalt loadingMean arterial
pressure (MAP) values were derived for each paaéreach time-point using the

formula [(2*DBP) + SBP]/3.

2.24.1Systolic blood pressure

Thiazolidinedione tolerant patients exhibited ngngdicant shift in their baseline
SBP readings when progressing from a moderatelystasium diet to a chronic high
sodium diet [mean (95% CI) SBP = 138.6 (132.3, 944low sodium) vs 138.1

(130.7, 145.5) (chronic high sodium)]. The two papating 'intolerant’ subjects
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shifted their SBP readings in either direction, caglined in appendix table x.x
Derived percentage SBP shifts across sodium lotjcaes were more marked for
either thiazolidinedione intolerant subject, albeibpposite directions, as outlined in

appendix table I1.8.

2.24.2 Diastolic blood pressure

Thiazolidinedione tolerant patients’ DBP readingswsed only marginal change on
progressing from a moderately low sodium diet [m&oBPo Cl) DBP = 83.4 (79.0,
87.8) mmHg) to a chronic high sodium diet [mear24951) DBP = 83.1 (78.3, 87.9)
mmHg], as outlined in table 2.22 and figure 2.24plératory data suggest that mean
(95% CI) percentage DBP change for thiazolidineditslierant subjects [-0.2 (-4.1,
3.7)] is lower than the individual % DBP reductivalues for intolerant patients (-

7.5%, -4.6% respectively) (table 2.22, figure 2.25)
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Table 2.22 - Diastolic blood pressure (DBP) readsngmmHg) and derived %
differences between sodium load exposures for sigiand 3.

Subject number by DBP (mmHg) DBP (mmHg) % difference DBP
category (low sodium) (chronic high sodium) (chronic high sodium -
low sodium)

TZD tolerant

1 84.3 89.7 6.3
2 74.0 73.0 -1.4
3 76.7 84.0 9.6
4 91.0 92.0 1.1
5 75.7 70.7 -6.6
6 88.0 87.0 -1.1
7 87.3 80.0 -8.4
8 92.0 88.0 -4.3
9 81.7 84.0 2.9
Mean 83.4 83.1 -0.2
(95% CI) (79.0, 87.8) (78.3, 87.9) (-4.1, 3.7)
TZD intolerant
10 93.3 86.3 -7.5
11 93.7 89.3 -4.6

Figure 2.24 — Mean (95% CI) diastolic blood pressu(DBP) values (mmHg) for
thiazolidinedione (TZD) tolerant (n = 9, plotted iblue) and individual systolic
blood pressure readings fothiazolidinedione intolerant (n = 2, plotted in réd
subjects exposed to a low sodium diet and a chrdngh sodium load.
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Figure 2.25 — Percentage difference in diastolicobdd pressure (DBP) readings
(mmHg) between exposure to a moderately low sodidiet and exposure to a
chronic high sodium load forthiazolidinedione (TZD) tolerant (n = 9, plotted in
blue) and intolerant (n = 2, plotted in redsubjects. Mean and 95% confidence
intervals were derived for thiazolidinedione tolerasubjects.
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2.24.3 Mean arterial pressure

Comparing MAP values following exposure to five ga@f a moderately low sodium
and another five days of chronic salt loading, Zzbialinedione ‘tolerant’ subjects
were characterised by a marginal change in tha@vgent MAP [mean (95% CI)
MAP = 101.8 (98.2, 105.4) mmHg (low sodium diet) M¥1.5 (97.1, 105.8) (high
sodium diet)] mm Hg (appendix table 11.9). Whileiakolidinedione intolerant
subject 11 exhibited a 2.9 mmHg increase in MAReBponse to chronic salt loading
(2.6% increase over baseline MAP), almost rendehieg salt sensitive, intolerant
subject 10 exhibited a 12.3 mmHg (10.7%) shifth@ opposite direction, rendering

comparisons across thiazolidinedione categoriesregal (appendix table 11.9).
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2.25 Deuterium analysis

Total body water (TBW), measured in kg, and per@gatotal body water (% TBW,
relative to total body mass) were determined usi@gterium analysis, as discussed
earlier. FFM, FM, percentage FFM and percentagewdyk derived from individual

patients' TBW values, as outlined in section I.

2.25.1 Total body water estimation

Mean (95% CI) derived TBW and % TBW readings faatolidinedione tolerant
patients were 39.76 (34.59, 44.93) kg and 44.4244048.42)% respectively.
Available data (table 2.23) suggest no differenceTBW or % TBW between
thiazolidinedione tolerant or intolerant patients.

Table 2.23 - Total body water (TBW) measurementg)(land derived % TBW

values for thiazolidinedione ‘'tolerant’ and 'intolant’ patients exposed to a
moderately high sodium diet.

Subject number  Weight Height Body mass  Mean (SD) %
by category (kg) (cm) index true TBW TBW
(kg/n) (kg)*

TZD tolerant

1 76.4 168 27.07 33.88 (0.78) 44.35
2 63.3 160 24.73 30.23 (0.59) 47.76
3 92.6 180 28.58 52.94 (0.33) 57.17
4 89.0 165 32.69 42.27 (0.41) 47.50
5 89.4 160 34.92 33.16 (0.92) 37.09
6 98.6 172 33.33 42.68 (0.18) 43.29
7 93.4 174 30.85 41.34 (1.03) 44.26
8 119.0 180 36.73 48.99 (0.12) 41.17
9 86.8 160 33.91 32.30 (0.02) 37.21
Mean 89.8 169 31.42 39.76 44.42

(95% Cl)  (79.91,99.75) (163.6,174.4) (28.85, 33.99) (3448093) (40.42, 48.42)

TZD intolerant
10 88.8 157 36.03 38.06 (1.06) 42.86
11 85.8 160 33.52 31.88 (0.20) 37.16
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2.25.2 Fat-free mass and fat mass

Mean (95% CI) FFM values for thiazolidinedione tala patients was 54.31 (47.25,
61.37) kg while the corresponding % FFM amountedb®x%9 (55.22, 66.16) %
(table 2.24). TZD tolerant patients were charaségliby a mean (95% CI) FM of
35.52 (28.65, 42.39) and a mean % FM of 39.31 B381.78) (table 2.24).

Available data suggest no significant differences=M, FFM, % FM or % FFM

between either thiazolidinedione subgroup. Fat-fr@ss index (FFMI) and fat mass
index (FMI) were derived by dividing each FFM and Falue by body weight in kg

and expressed as kdimMean (95% CI) FFMI and FMI for thiazolidinedione
'tolerant’ patients amounted to 18.89 (17.45, 20.83d 12.53 (10.08, 14.98)
respectively (table 2.24). Exploratory data suggésit TZD intolerant may be
characterised by a higher FMI than their oedema é@unterparts (95% CI for the
latter treatment group only marginally overlap \ndual data points for the former).
However, there seems be no difference in FFMI \@alusetween either

thiazolidinedione cohort, with individual plots f@iZD intolerant patients being on

either side of the 95% CI range for 'tolerant’ saty (table 2.24).
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Table 2.24 - Derived fat-free mass (FFM) and fat s®(FM) measurements (kg),
and derived % FFM and % FM for thiazolidinedionddlerant’ and ‘intolerant'
patients exposed to a moderately high sodium diet).

Subject Fat free % Fat % Fat free Fat mass
number mass fat free mass fat mass index
by category (kg) mass (kg) mass index (kg/mz)
(kg/n)
TZD
tolerant
1 46.29 60.58 30.11 39.42 16.40 10.67
2 41.30 65.25 22.00 34.75 16.13 8.59
3 72.32 78.10 20.28 21.90 22.32 6.26
4 57.75 64.88 31.25 35.12 21.21 11.48
5 45.30 50.67 44.10 49.33 17.70 17.23
6 58.31 59.14 40.29 40.86 19.71 13.62
7 56.48 60.47 36.92 39.53 18.65 12.20
8 66.93 56.24 52.07 43.76 20.66 16.07
9 4412 50.83 42.68 49.17 17.23 16.67
Mean 54.31 60.69 35.52 39.31 18.89 12.53
(95% (47.25, (55.22, (28.65, (33.84, (17.45, (10.08,
Cl) 61.37) 66.16) 42.39) 44.78) 20.33) 14.98)
TZD
intolerant
10 51.99 58.55 36.81 41.45 21.09 14.93
11 43.55 50.76 42.25 49.24 17.12 16.61

2.26 Inulin clearance

Glomerular filtration rate was measured using thdin clearance (InCl) method at
each of the three salt loading states, as outlinezection 1. Mean (95% CI) InCl

readings for TZD tolerant patients increased foit@yvboth acute and chronic salt
exposure - with the magnitude of change being higime likely significant in

response to the former [13.78 (8.33, 19.23)% (ahigk sodium exposure) vs 4.39
% (-0.04, 8.82) % (chronic high sodium exposurggble 2.25). Individual readings
for thiazolidinedione intolerant subject 10 (84r%8min) exceeded the upper end of
the 95% CI range for tolerant patients after intraaus saline infusion [mean (95%

Cl) = 68.95 (63.93, 73.97) ml/min]. However, thesult was not replicated in TZD
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intolerant subject 11. In contrast, the latter'€llvalue marginally exceeded the
mean (95% CI) readings for tolerant subjects expdsea five day high salt diet
[69.60 (subject 11) vs 64.54 (59.69, 69.39) (thiabwedione tolerant) mL/min]

(table 2.25). Intolerant subject 10's percentageemse in glomerular filtration rate in
response to acute high salt loading exceeded dnat4D tolerant patients [33.90%
(subject 10) vs 13.78 (8.33, 19.23)% (thiazolidined tolerant)]. A similar pattern
of difference in percentage change was only refgctan intolerant subject 11
following chronic salt loading [18.8% (subject 115 4.39 (-0.04, 8.82)%
(thiazolidinedione tolerant)] (table 2.25).

Table 2.25 - Inulin clearance (InCl) and derived %ifferences between sodium
load exposures for visits 2 and 3.

Subject InClI InClI InCl % difference % difference

number by (low Na) (acute high (chronic InClI InCl
category (mL/min) Na) high Na) (acute high  (chronic high
(mL/min) (mL/min) Na - low Na) Na - low Na)

TZD tolerant

1 66.27 e 75.24 b 13.53
2 61.68 67.07 68.79 8.75 11.53
3 68.09 79.67 69.02 17.00 1.37
4 54.38 69.62 51.50 28.02 -5.30
5 61.47 64.51 66.08 4.94 7.49
6 61.71 70.15 60.73 13.68 -1.59
7 64.94 73.45 66.89 13.10 2.99
8 52.46 58.21 55.15 10.97 5.13
9 @ e 67.46 @ e
Mean 61.38 68.95 64.54 13.78 4.39
(95% Cl) (57.58, 65.18) (63.93, 73.97) (59.69, 69.39) (8.33,19.23) (-0.04, 8.82)
TzD
intolerant
10 63.16 84.58 65.47 33.90 3.65
11 58.58 69.39 69.60 18.44 18.80

aData unavailable; calculation not possible due to missing data
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2.27 Fractional excretion of sodium

FeNa values were derived for nine, six and sevazadhidinedione tolerant subjects
at low sodium, acute high sodium and chronic sodioading states respectively,
and from both intolerant patients at all stagesafium exposure (table 2.26). As
expected, most thiazolidinedione-treated subjeriseased their FeNa in response to
chronic salt loading. Percentage change in FeNam@ae marked in response to a
five day high sodium diet compared with acute shiading for either
thiazolidinedione subgroup (table 2.26). Mean (9324 FeNa values for
thiazolidinedione tolerant subjects overlapped s&rall three sodium load
categories. Individual plots for oedema prone patiel suggested significantly
lower FeNa values when exposed to a low sodiumatdtacute salt loading (table
2.26). This individual was also characterised bgaaticularly marked percentage
increase in her FeNa on chronic salt loading [iness of 4.5 fold increase over
baseline low sodium FeNa reading vs mean (95% G@lyev of 115.14 (11.48,
218.80)% for thiazolidinedione tolerant subjectdpwever, these results were not

replicated in intolerant subject 10.
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Table 2.26 - Fractional excretion of sodium (FeNand derived % differences
between sodium load exposures for visits 2 and 3.

Subject FeNa FeNa FeNa % difference % difference

number by (low Na) (acute high (chronic FeNa FeNa
category (%) Na) high Na) (acute high  (chronic high
(%) (%) Na - low Na) Na - low Na)

TZD tolerant

1 0.98 e @ b b
2 0.56 e @ b b
3 0.44 0.70 0.99 59.16 127.12
4 1.08 0.86 1.45 -20.35 33.84
5 0.09 0.18 0.45 109.81 416.11
6 0.37 0.23 0.63 -36.42 71.30
7 0.29 0.41 0.45 42.89 54.51
8 0.21 0.32 0.43 55.32 108.40
9 0.95 e 0.90 e -5.32
Mean 0.55 0.45 0.76 35.07 115.14
(95% ClI) (0.31, 0.79) (0.23,0.67) (0.48,1.04) (-8.49, 78.63) (11.48, 218.80)
TZD
intolerant
10 0.56 0.68 1.14 21.57 103.17
11 0.15 0.20 0.85 33.72 455.63

aData unavailable; ° calculation not possible due to missing data.

2.28 Fractional excretion of lithium

FelLi data could be accrued from eight, six and setgazolidinedione tolerant
patients exposed to a moderately low sodium datteasaline infusion and chronic
salt loading respectively, and from two intolergatients for each of the three salt
loading states (table 2.27). Exploratory data ssgthat TZD intolerant subject 10
was characterised by a significantly higher Felantholerant patients in response to
acute and chronic salt loading. These results wargally replicated in intolerant
subject 11, with the latter exhibiting a higher F&lllowing exposure to a high salt
diet (17.46%), albeit marginally lower FeLi (7.57%)der low salt conditions (table

2.27). Analyzing for percentage change in Feli ssrosodium categories,
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thiazolidinedinone intolerant subject 11 was chi@®ed by a greater increase over
baseline (low sodium diet) on both acute and cleraait loading. TZD intolerant
subject 10's % FeLi change was within the 95% @Ggeafor 'tolerant’ subjects after
exposure to one litre of intravenous saline, anhdileted a reduction in Feli in
response to chronic salt loading (table 2.27).

Table 2.27 - Fractional excretion of lithium (FeLi)and derived % differences
between sodium load exposures for visits 2 and 3.

Subject Feli Feli Feli % difference % difference

number by (low Na) (acute high (chronic Feli Feli
category (%) Na) high Na) (acute high  (chronic high
(%) (%) Na - low Na) Na - low Na)

TZD tolerant

1 18.09 @ @ b b
2 40.00 @ @ b b
3 19.28 15.43 15.17 -19.99 -21.34
4 14.93 13.77 17.53 -7.77 17.42
5 7.51 8.15 11.26 8.51 50.04
6 10.83 9.76 11.63 -9.96 7.36
7 7.40 12.19 11.16 64.82 50.90
8 10.51 11.07 10.80 5.29 2.74
9 @ @ 18.35 b b
Mean 16.07 11.73 13.7 6.82 17.85
(95% CI) (8.68,23.46) (9.6,13.86) (11.29, 16.11) (-17.40,31.04) (-4.79, 40.49)
TZD
intolerant
10 17.67 19.63 16.33 11.10 -7.56
11 7.57 11.96 17.46 58.04 130.71

aData unavailable; calculation not possible due to missing data.

2.29 Fractional reabsorption of distally deliveredsodium

Fractional reabsorption of distally delivered sedi(FRDDNa) was calculated for

each participant from FeNa and Feli values, asirmdlin section |. Data were

accrued from eight, six and seven thiazolidinedimerant subjects after low, acute
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high and chronic high sodium exposure respectivatyd from each of the two

intolerant subjects at each instance.

Table 2.28 - Fractional reabsorption of distally kileered sodium (FRDDNa) and
derived % differences between sodium load expostwesisits 2 and 3.

Subject FRDDNa FRDDNa FRDDNa % difference % difference

number by (low Na) (acute high Na) (chronic high FRDDNa FRDDNa
category (%) (%) Na) (acute high  (chronic high
(%) Na - low Na) Na - low Na)

TZD tolerant

1 94.58 e e b b
2 98.60 e e b b
3 97.72 95.46 93.47 -2.31 -4.34
4 92.77 93.75 91.73 1.07 -1.12
5 98.80 97.79 96.00 -1.02 -2.83
6 96.58 97.64 94.58 1.10 -2.07
7 96.08 96.64 95.97 0.58 -0.12
8 98.00 97.11 96.02 -0.91 -2.02
9 e e 95.10 b b
Mean (gg'ig 96.40 94.70 -0.25 -2.08
(95% ClI) 98 '10)' (95.17, 97.63) (93.51, 95.89) (-1.35,0.85) (-3.24,-0.92)
TZD
intolerant
10 96.83 96.54 93.02 -0.30 -3.94
11 98.02 98.33 95.13 0.32 -2.95

aData unavailable;” calculation not possible due to missing data

Comparing with mean (95% CI) values for thiazolatifone tolerant patients, TZD
intolerant subject 11 (albeit not subject 10) wharacterised by a higher absolute
FRDDNa value in response to acute salt loading. TEBlerant subject 10 exhibited
a lower FRDDNa than her tolerant counterparts spoase to a five day moderately
high sodium diet (table 2.28). No differences insHifts in FRDDNa between
thiazolidinedione categories were reported in raspoto acute salt loading.

Thiazolidinedione intolerant subject 11 decreased FRDDNa to a greater extent
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than her tolerant counterparts in response to ahsailt loading; however, this result

was not replicated in TZD intolerant subject 1biga2.28).

2.30 Discussion

This study sought to investigate the hypothesespaients previously known to be
intolerant to thiazolidinediones would be charastat during either acute or chronic
'high normal' sodium loading by impaired left vérifar diastolic function, high

pulse wave velocity and higher plasma VEGF levEfgere are two main theories of
the mechanisms underpinning the development of madé&econdary (underfill)

oedema results from a renal response to actuanses underfilling of the effective
arterial blood volume (EABV). The resulting redactiin tissue perfusion sets forth
a physiologically appropriate retention of sodiund avater by the kidneys through
activation of the sympathetic nervous system, téeinrangiotensin-aldosterone
system and vasopressin release, and an increageufating catecholamines [540].
The relative contribution of VEGF in the aetiopajkoesis of thiazolidinedione-
associated oedema remains controversial. This digiyot observe differences in
VEGF according to tolerance of thiazolidinedionegreover, no differences in any
of the measured echocardiographic indices werectetdetween TZD tolerant and

intolerant patients.

Available evidence suggests that thiazolidinedigdherapy may be primarily
associated with inappropriate renal sodium handlRgnal PPAR¢ receptors are
primarily concentrated in the collecting tubule87? a major site of sodium and

water retention occurring primarily under aldosterpand to a lesser extent AVP,
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ANP and insulin control [541]. PPARmediated ENaC activity may favour sodium
reabsorption and an increase in extracellular fiatbme [302, 303], causing an
expansion of its subcompartments, manifesting cdity as oedema. In accordance
with the overfill theory, this would be expected émhance the normal central
inhibition of the sympathetic nervous system, wislgppressing both the renin-

angiotensin-aldosterone pathway and baroreceptdiateel AVP release [540].

Thiazolidinedione intolerant patients exhibitedraajer decrease in haematocrit, and
increase in cAl and pAl (surrogate markers of aatestiffness) in response to salt
loading. This would suggest a preservation of tAB¥. Thiazolidinedione therapy
has been associated with a reduction in aldostg@0% 304, 541] and an increase
in ANP [335, 336] in published studies of animaldals and human subjects. ANP
is synthesised and stored (within granules) agpposeANP, cleaved to pro-ANR 26
and secreted as the biologically active 28 aminm geptide (together with
biologically inactive N-terminal pro-ANP) [542]. Ese physiological processes
proceed in the atria in response to increasedl giressure and distension [543],
occurring as a result of acute volume expansidh feading, water immersion and
postural changes. BNP is likewise synthesised &434aamino acid peptide called
pre-pro-BNP, cleaved into pro-BNRios [544, 545], and secreted in bursts as
biologically active BNP;.3; (together with its inactive amino-terminal fragm&i -
pro-BNP) [545-547]. This synthetic activity progses primarily in the ventricular
myocardium, particularly in response to volume egoan [548, 549]. Both pro-
ANP and pro-BNP are cleaved into biologically aet&NP and BNP by the cardiac
myocyte transmembrane enzyme corin, a member ofs#nme protease family

[550]. ANP and BNP play a pivotal role in salt amdter homeostasis by increasing
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glomerular filtration and filtration fraction desgia fall in mean arterial pressure
[551]. Moreover they decrease sodium reabsorptiothé cortical collecting tubule
and inner medullary collecting duct (independendf effects on glomerular
filtration) [552], decrease passive sodium chlomeabsorption in the thin ascending
limb [553], reduce renin secretion, block aldostercsecretion and oppose the
vasoconstrictive effect of angiotensin Il [549, 55%5]. This study did not report
differences in aldosterone, renin, ANP and BNP eatrations between
thiazolidinedione tolerant patients and those whibsgzolidinedione therapy was
complicated by oedema and /or HF. However, TZD lanemt patients were
characterised by a significantly greater reductiontheir circulating renin (and
possibly aldosterone), and a greater increase if? Adels (and possibly BNP)
following chronic salt loading. These observati@are consistent with the overfill
theory. Copeptin is a 39 amino-acid peptide relg@asgether with AVP during
processing of the precursor peptide pro-AVP, arglgtaven to be a useful surrogate
marker of circulating AVP [556]. AVP secretion favoured by hypovolaemia,
increased serum osmolality [556, 557], angiotetisamd norephinephrine [558]. As
expected, high sensitivity copeptin decreased $parse to chronic salt loading in
thiazolidinedione tolerant subjects. Physiologigalthis would be an expected
response in the face of an increased EABV (astattdsy an accompanying fall in
haematocrit). 'Oedema-prone' subject 10's copégtiel was lower than the mean
(95% CI) range for 'tolerant’ subjects, in keepwith the overfill theory. Perhaps
surprisingly, 'intolerant' subject 11 increased bepeptin on chronic salt loading.
This study's small dataset precludes from judgimngtiver this is a stress response

[556] or a result worthy of further investigation.
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In their study on healthy, normotensive male vadens subjected to both low and
high salt diets, Zanchi et al. reported that thiiaaeedione therapy is associated with
a significant increase in plasma renin activitybioth instances, as well a rise in
daytime heart rate, which however, only reachetssitzal significance in low salt

loading states. In the absence of a significaneotfbn nocturnal (supine) blood
pressure, the authors ascribed this to thiazoldlome-associated peripheral
vasodilation [322]. Results arising from this stusem to imply that ‘oedema-prone’
patients are less likely to peripherally vasodilateéesponse to chronic salt loading,
further enhancing intravascular volume, increasitm@l stretch (and hence ANP and
BNP release), while propogating a further inhibitief the renin-angiotensin-

aldosterone pathway. While thiazolidinedione-mestiatncreases in ANP should
theoretically mitigate any drug-associated oedetmg, effect is blunted in T2DM

patients [335].

Although the synthetic activity of atrial and cadimyocytes may be overwhelmed
in severe HF (creating a relative deficiency) [5560], resistance to the effects of
natriuretic peptides has been suggested as a [@ssilitributory mechanism in the
aetiopathogenesis of fluid overload. ANP and BNiRdlip the natriuretic peptide A
receptor (NPR-A) and exert their hormonal effecis 8', 5' - cyclic guanosine
monophosphate (cGMP). Both natriuretic peptides ceared via the natriuretic
peptide C receptor (NPR-C), and degraded by theeaziyme neutral endopeptidase
24.11 (NEP). ANP and/or BNP resistance reportedigeaas a consequence of
decreased corin activity, down-regulation of NPRis#¥reased metabolism of cGMP
by cGMP phosphodiesterase V or increased clearainttee natriuretic peptides by

NPR-C or NEP [561-564]. A higher relative increaseANP and BNP levels in
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response to chronic salt loading among thiazoldimee 'intolerant’ patients in this
exploratory study could thus be ascribed to nagtiapeptide resistance.

There is currently considerable interest in th@assion of common genetic variants
at the Natriuretic Peptide Precursor A (NPPA) -rNagtic Peptide Precursor B
(NPPB) locus on chromosome 1 with circulating ANRd éBNP concentrations.
Cheh et al. reported that genetic variants rs5088ral198358 are associated with
higher ANP concentrations, lower SBP and DBP valuwesd a lower risk of
hypertension in a 14,743 individuals of Europearceatry with no prior HF
participating in the Framingham study [565]. Theffects are not entirely surprising
given ANP's modulation of natriuresis and vasctdae. Cannone et al. additionally
associated genetic variant rs5068 with a betteti@anetabolic profile (lower BMI,
lower prevalence of obesity, lower waist circumfexe, lower C-reactive protein,
higher high-density lipoprotein cholesterol), atb®@ association with an altered risk
for hypertension, congestive HF, coronary artergedse, atrial fibrillation or
cerebrovascular accident in a study of 1608 rangmulected US subjects [566].
Similar results were reported in a Mediterraneaputetion [567]. Moreover, the
corin 1555 (P568) allele, particularly common iratks, has been associated with
higher blood pressure and a higher prevalence gerfgnsion in a genotype-
phenotype genetic association study of US pati¢sd8]. This study described
considerable differences in prevalent ANP leveldwben individual subjects
participating in this small exploratory study, peutarly among those pertaining to
the thiazolidinedione tolerant subgroup. While auM be unwise to draw specific
conclusions, such differences could well be asdriimegenetic variants, and may be

worthy of further study.
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This study also sought to investigate the hypothedet patients prone to
thiazolidinedione-associated oedema and HF areactaised by increased AFV,
salt sensitivity of blood pressure and differeniceactional sodium excretion, free
water handling and total body water when compargd thiazolidinedione tolerant
subjects. A decline in haematocrit and an accompgnincrease in total body
weight was reported in response to chronic saltlilga for all subjects. This
observation would be consistent with a tendencfiuid overload. The degree of
haemodilution following acute compared with chrosialt loading tended to be
greater within thiazolidinedione tolerant subjestigigesting a role for compensatory
physiological mechanisms which become more effeciivthe 'longer' rather than
'shorter' term. In contrast, patients whose thidawdione therapy was previously
complicated by oedema were characterised by aayre#gree of haemodilution
following chronic salt loading. This could imply eelative failure of counter-

regulatory mechanisms.

Thiazolidinedione intolerant subject 11 virtuallylffls the criterion for salt-
sensitivity of blood pressure (SSBP) (being chamstd by a 2.9 mmHg increase in
MAP following chronic salt loading). This patientag/ also characterised by a 17.3
mmHg increase in SBP following exposure to a cladmgh salt diet. Oedema prone
subject 10 shifted her MAP and SBP in the oppatitection. This study's reported
mean (95% CI) reductions in SBP and MAP for thiainkdione 'tolerant’ patients
are perhaps surprising, and generally contrast thitlse reported in the literature.
The INTERSALT study analyzed data from 10,079 pasieaged 20 to 59 recruited
from 52 centres across 32 countries. Multivariatalysis with and without BMI in

the analysis showed that a 100 mmol daily dietatyreduction results in a 3.1-6.0



204

mmHg and a 0.1 -6.0 mmHg reduction in SBP and D8&spectively [569]. The
Dietary Approach to Stop Hypertension (DASH) stymlished data on the effect
of the DASH diet and dietary salt restriction (<Iénhol/day) on SBP, claiming it is
associated with a 7.1 mmHg reduction in normotengidividuals and a 11.5 mmHg
reduction in hypertensive individuals compareddntmls exposed to a high salt diet
[570]. A recent Cochrane systematic review and raatdysis of 34 trials recruiting
3230 participants concluded that a 75 mmol redactio daily urinary sodium
excretion (equivalent to a reduction of 4.4 g/diay)at least four weeks is associated
with a 4.18 mmHg reduction in prevalent SBP (95%-.18, -3.18) and a 2.06
mmHg reduction in DBP (95% CI -2.67, -1.45), andttthis was associated with a
small physiological increase in plasma renin agtjvaldosterone and noradrenaline
(albeit no significant change in lipid concentragd [571]. In a study of 70 Hong
Kong Chinese patients with untreated hypertensiwh 47 normotensive controls,
DBP correlated with 24 hour urinary sodium excretio hypertensive patients, but
not in controls [572]. Despite their undisputedidi#y, these studies findings' may
not be directly relevant to this exploratory stugbarticularly as they either (i)
recruited patients whose dietary sodium intake masdified for substantially longer
periods (>30 days) [570, 571] or (ii) observeeé #ffects of long-term (usual)
dietary sodium habits [569, 572]. Closer to thisdg's design, Foo et al. analysed
the impact of a 6-day high (220 mmol/day) and |é@ (hmol/day) sodium diet on
blood pressure, leg flow and insulin sensitivityli® healthy normotensive subjects.
Salt loading was associated with a borderline &mamt increase in 24-hour SBP
[mean (SD) = +5.8 (£ 14.2) mmHg], but no signifitampact on DBP or MAP
[573]. Twenty healthy normotensive volunteers wezeruited into another study

investigating the impact of dietary salt on inswgensitivity. Although Townsend et
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al. reported a 6/4 mmHg BP increase on progressorg a six-day 20 mmol/day
sodium diet to a six-day 200 mmol/day diet, thigrde did not reach statistical
significance [574]. Vedovato et al. examined theaet of a seven-day low (20
mmol) and seven-day high (250 mmol) sodium dieM#&P and other parameters in
a cohort of 20 T2DM patients with microalbuminuaiad 21 T2DM patients without
microalbuminuria. 24-hour MAP increased signifidgritom 95 (SEM £2) mmHg
to 103 (SEM +2) mmHg on salt loading (p<0.0001). $\gnificant MAP change was
reported in normoalbuminuric patients [575]. Simil@sults were published in
microalbuminuric TLDM patients [576]. Indeed, aahike evidence suggests that salt
sensitivity of blood pressure (defined as a MARéneent > or = 3 mmHg on a salt
loading) is least common in non-diabetic subjedt8%), increasing to 37% in
normoalbuminuric T1DM patients and 50% in T1DM pats with

microalbuminuria [577].

Several mechanisms have been put forward to exalh sensitivity in T2DM
patients. These include low prevalent renin comegions [578-580], hypertension,
activated sympathetic nervous system and hypemmsol [575, 581-585].
Additionally, evidence points to two types of hatady SSBP, namely the low renin
(LR) phenotype and non-modulation. Whereas patienith the former are
characterised by a blunted rise in plama reninvigigtin response to salt restriction
[586], the latter typically display a muted aldoetee response to exogenous
angiotensin Il despite a normal renin response lmrvasodium balance [587, 588].
Underwood et al. reported that elevated BP is thengest predictor of SSBP in
T2DM patients, and that the latter is largely dniv®/ non-modulation [589]. T2DM

patients recruited into this exploratory clinicalidy were normoalbuminuric and
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exhibited relatively well controlled blood pressueadings despite withdrawal of
their antihypertensive therapy. This, coupled witd small number of participating
subjects, lessened the possibility of identifyingit-sensitive patients in either

thiazolidinedione subgroup.

Both thiazolidinedione subgroups decreased theiP DB response to chronic salt
loading, with the degree of reduction being greaemong subjects prone to
thiazolidinedione-associated oedema. Ventriculterial stiffening is

characteristically accompanied by a reduction inPDBAs peripheral arterial

resistance increases in older individuals (agedo200), expanded artery walls are
less likely to recoil in diastole, leading to earliwave reflection, higher SBP, lower
DBP, increased pulse pressure and an increaserdiecaafterload, with resultant
ventricular-vascular uncoupling [590, 591]. The h#ntricle becomes progressively
stiffer (possibly an adaptive mechanism) and ldtgpertrophic, a phenomenon
associated with increased cardiovascular risk [E®2}. Extrapolating from this

study's exploratory data, a greater reduction InPDB response to chronic salt
loading among thiazolidinedione intolerant patieistsconsistent with this study's
reported greater increase in cAl and pAl, sugggstiat such patients are more

prone to increase their arterial stiffness on clarsalt exposure.

Exploratory data suggest no consistent differences TBW between
thiazolidinedione categories following a five-dagln salt diet, albeit a higher FMI
among patients prone to fluid overload. AFV tentledhcrease in response to both
acute and chronic salt loading among tolerant stdj&ut decreased following acute

intravenous saline infusion in ‘intolerant' pateenthe degree of increase in AFV
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seems to become mitigated in tolerant patiente@ggrogress from acute to chronic
salt loading. However, the small number of paratipg subjects and wide 95% Cls
hamper definitive conclusions in this regard. Meexg TZD intolerant patients

seemingly exhibited inconsistent degrees of %AFNtsIm response to chronic salt

loading.

Both thiazolidinedione intolerant patients tendedé characterised by higher GFR
on salt loading. Subject 10's GFR was higher than for her 'tolerant’ counterparts
in response to acute salt loading, whereas suljgécexhibited a similar trend
following a five day high sodium diet. Percentagerease in GFR was generally
higher for acute than for chronic salt loading, eptcfor thiazolidinedione intolerant
subject 11, where the reverse was true. Lithiunsiane freely filtered at the
glomerulus and reabsorbed at the proximal tubukhénsame proportion as sodium
and water. There could be some reabsorption adiiittin the loop of Henle in some
extreme conditions [596]. This renders calculatainFeLi a valuable marker of
proximal tubule salt and water handling. Thus, ghlr FelLi would be consistent
with less proximal tubule sodium and water reabsomp and hence greater delivery
to the distal tubules [596]. TZD intolerant subj&& was characterised by a higher
FeLi (implicating greater sodium and water delivéosythe distal tubules) albeit no
difference in FRDDNa on acute salt loading. Notpsisingly, this translated into a
higher FeNa, implicating that this patient improveer natriuresis in response to
acute salt loading. Following exposure to a fivg-tieggh sodium diet, subject 10's
FeLi and FENa were higher, while FRDDNa was lovagiain implicated better renal
sodium handling than her 'oedema free' counterpatimzolidinedione intolerant

subject 11's FRDDNa was no different from that bifazolidinedione tolerant



208

patients on acute salt loading. However, this pateas characterised by a lower
FENa (less natriuresis) and a lower FeLi, impliogta greater degree of proximal
tubular sodium and water reabsorption. In respaasghronic salt loading, subject
11 exhibited a higher FeLi (implicating more sodianmd water delivery to the distal
tubules), albeit no differences in FeNa and FRDDBlaggesting impaired renal

sodium and water handling between the proximaldisicl tubules.

In summary, the limited exploratory data for thikdioedione intolerant subjects
suggest heterogeneity in sodium handling. SubjeCs Xesults are generally
consistent with those reported by Zanchi et[aR2], with a role for aquaporins
(AQP) 1 and 7, the type 3 sodium hydrogen exchadidE3) or the type 1 sodium-
bicarbonate cotansporter in the aetiopathogenesithiazolidinedione-associated
oedema. On the other hand, subject 10 exhibitedti@rbnatriuresis in response to
chronic salt loading with an increase in ANP (amdggbly BNP) in the context of
apparent suppression of renin (and possibly aldmstd; other as yet unidentified

mechanisms play a role in fluid overload in herecas

This is the first case-control study comprehengivielvestigating physiological

differences between patients tolerant to thiazoéidiones and those developing HF
and/or oedema within three months of their indaazblidinedione exposure. The
study design seemed ideally suited to investigdtatwvas recognised as being a
relatively infrequent adverse event (as confirmedhis thesis' population based
study in Chapter 3). A case-control design thusngéed a detailed characterisation
of both thiazolidinedione subgroups (over threedgtuisits cumulatively lasting

several hours), as exposed to different degreesalbfloading. Moreover, a case-
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control approach allowed detailed investigationanfadverse event arising from a
class of drugs whose prescription has diminishest the years for reasons discussed
elsewhere. This study's approach did not permdleutation of incidence (absolute
risk). However, this issue was specifically tack&dh population level elsewhere in
this thesis (chapter 3). Ultimately, the main pesblencountered was difficulty in
identifying adequate numbers of confirmed casesldD-intolerant patients for
formal statistical analysis, despite comprehense@ching using multiple methods.
It is recognised that study design may also haea Ibempered by selection bias and
reliance on recall of exposure to the drug of ier(rosiglitazone/pioglitazone),
particularly with respect to the temporality of adse drug reactions. However, this
possibility was inherently minimised by cross-chagkwith prescription data readily
linked to the SCI-DC database. Access to detailedcal records at NHS Tayside
permitted the inclusion of patients who fitted vestyict inclusion and exclusion
criteria, minimising confounding factors and majbrases, particularly when

selecting the control group of thiazolidinedionketant subjects.
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Chapter 3
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and heart failure after initiation of

thiazolidinedione therapy

A population based approach



211

Chapter 3 Factors predicting diuretic prescription and heartfailure
after initiation of thiazolidinedione therapy

A population based approach

Section | -Methods

3.1 Rationale of this study

Given the difficulties in identifying thiazolidingshe intolerant patients for the
aforementioned clinical study, | embarked on relatecondary research based on
anonymised person-specific data sets captured ®yNHHS and the University of
Dundee, and managed by the Health Informatics €e(i#tIC) at the latter
institution. This enabled the identification andadcterisation of patients exposed to
thiazolidinediones and compared data with two @dnpopulations, namely (i) a
metformin-sulphonylurea combination therapy cohedmprising patients treated
with established, cheap and effective first andosdcline oral glucose lowering
agents, and (ii) insulin-treated cohort, comprispagients at a more advanced stage
of their disease process. There is currently pauifitdata comparing incident HF
and ‘oedema’ rates between patients treated widlexinrmetformin-sulphonylurea
combination therapy and index thiazolidinedionerdpg. Moreover, it is unclear

whether risk factors for incident HF /oedema am@reti by patients in either cohort.
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3.2 Research aims

This population based research project was desigitedhe following objectives in
mind:

* Defining T2DM at a population level

» Defining incident thiazolidinedione use

* Defining comparator T2DM populations

* Defining index loop diuretic prescription as a sgate marker of fluid
overload /oedema

» Defining incident HF

* Phenotypic characterisation of thiazolidinedioreated patients.

« Identification and phenotypic characterisation dtignts whose index
thiazolidinedione therapy was complicated by intiep diuretic prescription
and / or congestive HF, and comparing them withrth®op diuretic /
congestive HF free counterparts

* Defining the genetic characteristics of T2DM patsen whose
thiazolidinedione treatment was followed by incidéwop diuretic use and
/or hospitalization for HF

» Comparing the genotypic characteristics of T2DMayds of patients whose
treatment with thiazolidinediones was/was not fekd by index loop

prescription and/or diagnosis of congestive HF
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3.3 Hypotheses

This study aimed to investigate the hypothesesttiatolidinedione-treated patients
are at a higher risk of progressing to index loaredic prescription (a surrogate
marker of oedema) and/or HF compared with pati@ms'established' first and
second line oral glucose lowering agents (metforsulphonylurea combination
therapy). Additionally, this study hypothesisedtthach patients are more likely to
progress to such adverse events if they fulfill onenore of the following baseline
criteria:
* macrovascular disease
» co-administration of insulin and thiazolidinediones
* non-steroidal anti-inflammatory agents (NSAIDS) /anddihydropyridine
calcium channel blockers
* higher mean systolic blood pressure, higher mear® @Bd higher mean
arterial pressure (as surrogate markers of artstifbdess)
* impaired renal function
* impaired left ventricular function
e CYP2C8*1/*1 (wild type) carriers compared with CYE&3 and / or

CYP2C8*4 allelic variants

3.4 Study outcomes

Based on the results of epidemiology data, thislystsought to explore simple

clinical differences between individuals who areletant’ and ‘intolerant’ to

thiazolidinedione therapy, using a comparative aggih. Two cohorts, comprising
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metformin-sulphonylurea combination therapy treapadient’ and insulin-treated

patients (defined in section 3.5) acted as compioplulations in this regard.

Initially, the primary and secondary outcomes as tstudy were defined as time
from index thiazolidinedione pharmacotherapy toeidoop diuretic prescription
and incident HF respectively. Acting upon availabdata, a decision was
subsequently made to pursupast-hocanalysis which amalgamated the metformin-
sulphonylurea and thiazolidinedione cohorts. Thalded inclusion of index TZD
therapy (vs index metformin-sulphonylurea combwrattherapy) as a covariate in

multivariate logistic and Cox regression analyses.

3.5 Study population

This observational cohort study was carried outragtbe resident population of the
Tayside Health Board, Scotland (approximately 4000 people). Data were
provided by the Health Informatics Centre (HIC), imsity of Dundee after
approval by the Tayside Committee Medical Reseéttics. HIC has developed a
record-linkage of multiple routinely-collected dsg#és to carry out anonymized
health-related research in Tayside. Accurate aeatrlinkage was facilitated by the
widespread use of a nine-digit Community Healthntdeer that is assigned to all
patients in Scotland who are registered with a ggpgactitioner. Data-sets used for

this study included:

- Scottish Care Information-Diabetes CollaboratiorCK®C): a validated

population based diabetes clinical information eystThe original Diabetes
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Audit and Research Tayside (DARTS) database forsilay has 95%

sensitivity for identifying people with diabetes3[4.

Additionally, patients were identified from an omgg study of the Genetics
of Diabetes Audit and Research Tayside (GODART8)ce&October 1997,
all patients with diabetes have been invited teegaritten informed consent
to have their DNA and serum collected as part ef\Wellcome Trust United
Kingdom Type 2 Diabetes Case Control Collection7]5%s of June 2009,

more than 8,000 individuals have participated en@o-DARTS study [598].

Scottish Morbidity Record (SMR) data: Forming paita national database
managed by ISD Scotland on behalf of NHS Scotlahd, SMR project
compiles a comprehensive core data-set based dandasd set of data
definitions and codes for the key areas of (i) eudtiidentification and
demographic data, (ii) episode management data,(iahdeneral clinical
data [599]. SMR data were used to identify patievite have been registered

with a clinical diagnosis of HF.

The Tayside echocardiography database: Maintairyethé Department of
Cardiology at Ninewells Hospital, Dundee, this tate hosts all elective
outpatient echocardiograms carried out by Britishoci&y of
Echocardiography (BSE) accredited echocardiograpii@d0]. A random
blinded re-reading of left ventricular functionadsessment recorded a 90%
concordance rate between results reported in ttabase and those recorded

at independent review [600].
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- The above data were linked to the Medicines MomgprUnit (MEMO)
database [499]. The MEMO database was developed for
pharmacoepidemiological research in the populatiohayside and contains
detailed records of all prescription items dispensepatients at community
pharmacies. Thus for all Tayside patients, theee datailed records of all
prescriptions dispensed for thiazolidinedionesyling diuretics, and all other

drugs referred to hereatfter.

This data-linkage permitted a detailed retrospectphenotypic, genetic and
pharmacoepidemiological comparison of ‘thiazolidim@me intolerant’ with

‘thiazolidinedione tolerant’ cohorts, and with antm| population of T2DM patients.

3.5.1 Type 2 diabetes definition

Patients were defined as suffering from T2DM ifytiveere diagnosed after the age
of 40, with no progression to insulin within six nths of diagnosis, and currently
treated with metformin and /or a sulphonylureaidtds diagnosed above the age of
90 were excluded. Patients commencing insulin ntbes six months after the
diagnosis were eligible for inclusion. This T2DMfidéion has been adopted and

validated elsewhere [601].

3.5.2 Type 2 diabetes cohorts

() Thiazolidinedione cohort: a cohort of T2DM patients commenced on a

thiazolidinedione (pioglitazone or rosiglitazona)routine clinical care. This cohort



217

was further subdivided into patients whose piogbtee or rosiglitazone therapy was
being used (i) in the absence of insulin i.e. ad ad to metformin and /or
sulphonylurea or as monotherapy and (ii) in comtoamawith insulin (+/- metformin
and/or sulphonylurea). Patients treated with adjuacarbose, nateglinide /
repaglinide, sitagliptin / vildagliptin or exenagid liraglutide (BNF section 6.1.2.3)

while on pioglitazone or rosiglitazone were excldidi®m this cohort.

Patients were eligible for inclusion from the dabé index prescription of
pioglitazone or rosiglitazone until the date of tHast thiazolidinedione
prescription/censor unless excluding factors camte effect. Patients were excluded
from the thiazolidinedione cohort if they had reesl any treatment with
thiazolidinediones (pioglitazone or rosiglitazorat) any point within the previous
twelve months. The index date of thiazolidinedigmescription was defined as the
date of first thiazolidinedione prescription whigtas followed by a subsequent
thiazolidinedione prescription within the first é& months. If the latter gap exceeded
three months, the next eligible thiazolidinediomesgription for inclusion as an
index thiazolidinedione prescription was one whiedd not been preceded by an

earlier thiazolidinedione prescription over theyioes 12 months.

Thiazolidinedione-treated patients were censoregtdey commenced treatment with
another oral glucose lowering agent, namely aca;bosateglinide / repaglinide,
sitagliptin / vildagliptin or exenatide / liragldie (BNF sections 6.1.2.3) after index
thiazolidinedione prescription. The censor dat¢his case was defined by the date
of first prescription of the first additional oraylucose lowering agent.

Thiazolidinedione-treated patients who had beeatérk with insulin prior to index
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thiazolidinedione prescription, but whose insuliraswstopped prior to index
thiazolidinedione prescription were excluded frohe tthiazolidinedione cohort.
Thiazolidinedione-treated patients who were treatgth insulin both before and
after index thiazolidinedione prescription wereidedl as belonging to the TZD +
insulin group for the purposes of this study. Thenimum number of insulin

prescriptions required for inclusion into the TZDnsulin group was set at two - one

prescription before index thiazolideindione therapg one after.

Thiazolidinedione-treated patients who had insulwlded on to prevalent
thiazolidinedione therapy, and whose thiazolidioedi therapy was continued

uninterruptedly were defined by two study dates:

- study period 1 comprising the time between indexaziblidinedione
prescription (index date 1) and index insulin prggon. Such patients were

included in the TZD — insulin groupr the purpose of this study.

- study period 2 comprising the time between thet fttgazolidinedione
prescription occurring after index insulin prestop (index date 2) and the
last thiazolidinedione prescription. Such patiemése included in the TZD +

insulin group for the purposes of this study.

Thiazolidinedione-treated patients who were comradnan insulin at some point
after index thiazolidinedione prescription, and wédhiazolidinedione therapy was

stopped at that point were included in the TZD-limsgroup.
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(i) Metformin and sulphonylurea combination therapy cohort (MFSU cohort or
control cohort 1): a cohort of T2DM patients treated with a combinatiof
metformin and sulphonylurea therapy. This includedtients who had a
sulphonylurea added on to metformin monotherapypatents who had metformin

added on to sulphonylurea monotherapy.

This cohort excludes treatment with thiazolidinedis at any time point. Patients
were also excluded if they were treated with imsBNF sections 6.1.1.1 and
6.1.1.2), acarbose, nateglinide / repaglinidegBgtin / vildagliptin or exenatide /
liraglutide (BNF section 6.1.2.3). Censor date vamgined by the date of first
prescription of any of these drug or drugs (while metformin-sulphonylurea

combination), whichever was introduced first

The index date of metformin prescription was defias the date of first metformin
prescription which was followed by a subsequentfonetin prescription within the

first three months. If the latter gap exceeded ehmonths, the next eligible
metformin prescription for inclusion as an indextfmenin prescription was one
which had not been preceded by an earlier metfoprescription over the previous

12 months.

The index date of sulphonylurea prescription wa$indd as the date of first
sulphonylurea prescription which was followed bysabsequent sulphonylurea
prescription within the first three months. If tladter gap exceeded three months, the

next eligible sulphonylurea prescription for ingtus as an index sulphonylurea
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prescription was one which had not been precededrbyearlier sulphonylurea

prescription over the previous 12 months.

Patients who separately fulfilled index date cr#dor metformin and sulphonylurea
prescription, as defined above, and whose indexesddbr metformin and
sulphonylurea prescription overlapped, were elgibk inclusion into control cohort
1. Index date for inclusion into this combinatiamtrol cohort 1 was defined as the
first day of adjunct index metformin/sulphonylurgmescription. End date for
inclusion into control cohort 1 was defined as ttade of the last metformin or
sulphonylurea prescription, whichever was withdrdwst. Patients with an index

date prior to T January 1994 were excluded from inclusion intodbigort.

Patients were likewise censored if commenced oulim$BNF sections 6.1.1.1 and
6.1.1.2), acarbose, nateglinide / repaglinidegBgtin / vildagliptin or exenatide /

liraglutide (BNF section 6.1.2.3) after index da@ensor date was defined by the
date of first prescription of any of these drugdougs, whichever was introduced

first.

(i) Insulin-treated cohort (control cohort 2): a cohort of insulin treated T2DM
patients treated with insulin

- in combination with metformin and /or sulphonylu@R

- Monotherapy

but excluding thiazolidinedione therapy (pioglitaeoor rosiglitazone)
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Patients were eligible for inclusion from the dafeindex insulin prescriptiomintil
the date of the last insulin prescription/censoless excluding factors come into
effect. To be eligible for inclusion into the casitcohort 2, patients must not have

had any treatment with insulin within 12 monthopto index insulin prescription

The index date of insulin prescription was defiresl the date of first insulin
prescription which was followed by a subsequentilingrescription within the first
three months. If the latter gap exceeded three Imsprthe next eligible insulin
prescription for inclusion as an index insulin grggion was one which had not

been preceded by an earlier insulin prescripticer ¢tive previous 12 months.

Patients were excluded from this cohort if theiddr insulin prescription date

occurred prior to 3 January 1994.

3.6 Defining drug dose

Thiazolidinedione therapyPopulation based drug dispensing records were tesed

express each prescribed dose of thiazolidinediena percentage of the maximal

prescribed dose in the British National Formulatgriving a mean percentage dose

for each thiazolidinedione-treated patient.

3.7 Definition of heart failure

Individuals were defined as suffering from congestF if they fulfil one of the

following criteria:
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have had a standardized morbidity record (SMREé&orgestive HF. This was
defined as a hospital admission International @fiaation of Diseases, Ninth
Revision and 10 Revision (ICD 9/10) diagnostic code for congestivE
during the study period (ICD-9 code 428, ICD-10 edb0). The date of
admission was defined as the date of CHF diagnosis.SMR for HF in
Tayside gives the date of admission, type of adonsg&mergency or not),

and the primary reason for admission accordined@D code.

OR

have had echocardiographic evidence of left vautaicsystolic dysfunction
and prescription of a loop diuretic (BNF code 2)2within one year. The
date of prescription of a loop diuretic and/or diagis of left ventricular
systolic dysfunction, whichever came first, wasimed as the date of CHF
diagnosis. The latter echocardiographic based itiefinof HF has been
validated elsewhere (reporting a 91% concordandke aiclinical diagnosis

of HF from case note review).

Any subsequent CHF events after diagnosis date eefneed using SMR data.
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3.8 Clinical data extraction

3.8.1 Basic demographics

Basic demographic criteria captured within thisadat included index date of
inclusion and the date until which individual pate satisfied the
aforementioned set criteria for inclusion into théieatment cohort. This
approach permitted calculation of duration of methm-sulphonylurea
combination, insulin or thiazolidinedione therapy feach individual patient.
Duration of T2DM was defined by the number of dalgpsed since diagnosis of
T2DM at inclusion into the respective treatment ambhAge (in years) and

gender were likewise captured at inclusion intodbleort (table 3.1).

Table 3.1 - Baseline demographics

Clinical characteristic Units Definition

Age years Age at inclusion into the cohort

Gender - Male/female

Duration of type 2 diabetes days days elapsed since registered diagnosis of type 2
diabetes at inclusion into the respective cohort

Duration of treatment days days elapsed between inclusion into the

respective cohort and date until which patient
satisfied criteria for inclusion into the cohort

3.8.2 Past medical history

Baseline and post-treatment past medical histooyo(@ry artery disease, stroke,

peripheral artery disease) were defined by ICD mgdor the respective event prior
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to, and after, inclusion into either of the thregatment cohorts respectively (table
3.2). Additionally, a macrovascular composite (liaséoost-treatment) was
generated from this dataset, encompassing the recma of either of these three
events before or after index metformin-sulphonydurmsulin or thiazolidinedione

prescription.

Table 3.2 - Past medical history

Past medical history Definition

Coronary artery disease ICD 10:120-125, ICD 9:410-414
Stroke ICD 10:160-169, ICD 9:430-438
Peripheral artery disease ICD 10:1739, ICD 9:4439

3.8.3 Drug history

Individual drug therapy was defined by the respectrug’s BNF code, as outlined
in table 3.3 below. Baseline and post-treatmentg diterapy were defined by
capturing evidence of a prescription prior to, after, inclusion into the respective

treatment cohort respectively.
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Table 3.3 - Drug history

Drug history

Definition

Peripheral vasodilators and related drugs
Thiazide diuretics

Loop diuretics

Potassium sparing diuretics / aldosterone
antagonists

Non-steroidal anti-inflammatory drugs
Dihydropyridine calcium channel blockers

Verapamil

Diltiazem

Beta-adrenoceptor blocking drugs
Vasodilator antihypertensive drugs
Centrally acting antihypertensive drugs
Adrenergic neurone blocking drugs
Alpha adrenoceptor blocking drugs
Angiotensin-converting enzyme inhibitors
Angiotensin-Il receptor antagonists
Renin inhibitors

Nitrates

Other antianginal drugs

BNF code 2.6.4
BNF code 2.2.1
BNF code 2.2.2
BNF code 2.2.3

BNF code 10.1.1

Amlodipine, felodipine, isradipine,
lacipidine, lercanadipine, nicardipine,
nifediipine or nimodipine

BNF code 2.4
BNF code 2.5.1
BNF code 2.5.2
BNF code 2.5.3
BNF code 2.5.4
BNF code 2.5.5.1
BNF code 2.5.5.2
BNF code 2.5.5.3
BNF code 2.6.1
BNF code 2.6.3

3.8.4 Clinical measurements

Given the likely fluctuant nature of blood pressteadings, baseline SBP and DBP

were defined as mean values measured in the yeartprprescription of the index

glucose lowering drug(s) of interest (table 3.4)stRreatment SBP and DBP were

defined by the mean of any readings measured withenfirst year (excluding

readings taken less than 30 days) after inclusma the cohort. In contrast, as

weight changes are likely to be more progressiwk sarstained, baseline and post-

treatment weight and BMI measurements were defimedhe respective closest

values before, and at least 30 days after, presmripof index metformin-

sulphonylurea combination, insulin or thiazolidiree therapy.
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Table 3.4 - Clinical measurements

Clinical measurements  Units  Definition

Systolic blood pressure mmHg Mean values for the year before, 30-365 days after,

inclusion?®
Diastolic blood pressure mmHg Mean values for the year before, 30-365 days after,
inclusion?®
Weight kg Closest values before, 30-365 days after, inclusion
Body mass index kg/m?  Closest values before, 30-365 days after, incluion

%into the respective treatment cohort

3.8.5 Laboratory investigations

Likewise, baseline and post-treatment values ferddaboratory investigations were
captured from routine clinical measurements (taBlg). Baseline values were
defined by the most recent result issued prior rfdusion into the respective
treatment cohort. Post-treatment laboratory ingesion values were defined by the
earliest result issued at least 30 days after &nmhy with the exception of post-
treatment HbAlc, defined as the earliest value nredsbetween 30 days and 18
months after recruitment into the metformin-sulpylarea combination, insulin or

thiazolidinedione cohort. Estimated glomerular rdifion rate (eGFR) values
(reported in mls/min/1.73 fhwere calculated from available age, weight andrae

creatinine values using the established CockcraftitFormula [602]:

(140 — age) * lean body mass / plasma creatinine’2 for males, and

[(140 — age) * lean body mass / plasma creatininer2 ] * 0.85for females
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Table 3.5 - Laboratory investigations

Laboratory Units Definition

investigations

Haematocrit % Most recent value prior to, at least 30 days after,
inclusion®

HbAlc % Most recent value prior to, 30 days — 18 monthsraft
inclusion®

TC mmol/L Most recent value prior to, at least 30 days after,
inclusion®

HDL-C mmol/L Most recent value prior to, at least 30 days after,
inclusion®

LDL-C mmol/L Most recent value prior to, at least 30 days after,
inclusion®

Triglycerides mmol/L Most recent value prior to, at least 30 days after,
inclusion®

ALT IU/L Most recent value prior to, at least 30 days after,
inclusion®

Sodium mmol/L Most recent value prior to, at least 30 days after,
inclusion®

Creatinine umol/L Most recent value prior to, at least 30 days after,
inclusion®

eGFR mis/min/1.73mM Most recent value prior to, at least 30 days after,
inclusion®

Albumin g/L Most recent value prior to, at least 30 days after,
inclusion®

TSH IU/L Most recent value prior to, at least 30 days after,
inclusion®

%into the respective treatment cohort; ALT, alanaminotransferase; eGFR, estimated glomerauld
filtration rate; HbAlc, glysoylated haemoglobin; HEC, high density lipoprotein cholesterol; LDL-
C, low density lipoprotein cholesterol; TC, totdlatesterol; TSH, thyroid stimulating hormone

3.8.6 Echocardiography measurements

Likewise, this study captured echocardiographic suemments from recruited
T2DM patients who had undergone tissue Doppler eatabography (table 3.6).
Baseline and post-treatment measurements wereedefia the most recent values
measured prior to, and at least 30 days after simmfuinto their respective treatment
cohort. Intraventricular septum width and left wentlar posterior wall thickness

were measured at end-diastole.
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Left ventricular mass (LVM) was defined as

0.8 (1.04[(LVID + LVPW + IVS)3 — (LVID) ¥) + 0.6g

as conventionally defined by Devereeixal.[603], validated at necropsy (r = 0.90; p
< 0.001) [604], and endorsed by the American SypaétEchocardiography [605],

where LVID denotes left ventricular internal diaereat diastole, LVPW thickness
denotes left ventricular posterior wall thicknessead-diastoleand IVS thickness

denotes intra-ventricular septum thickness at aastale.

Table 3.6 - Echocardiography measurements

Echocardiography  Units Definition

measurements

IVS thickness cm  Most recent values measuregrior to, at least 30 days after,
inclusion®

LVPW thickness cm  Most recent values measuregrior to, at least 30 days after,
inclusion®

LV mass g Most recent values measured prior to, at leastey8 dfter,
inclusion®

2 measured at end-diastol&;into the respective cohort; IVS, interventriculazpsum; ; LV, left
ventricular; LVPW, left ventricular posterior wall

3.8.7 Genotyping

Genotyping of CYP2C8*3 and CYP2C8*4 variants wasried out under the

manufacturer's (Applied Biosystems) recommendechdstal conditions using

Tagman-based allelic discrimination assays. Theatvgenotyping call rate was
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94% and both SNPs were in Hardy-Weinberg Equiliorin the sample (p > 0.05).

Genotyping data were extracted and merged witlathdable datasets for analysis.

3.9 Statistical methods

3.9.1 Descriptive statistics

Continuous variables were expressed as means aaddastl deviations.
Dichotomous variables were expressed as percent@gesinuous variables did not
satisfy criteria for normality (as assessed by aligalot inspection and estimation of
skewness) were transformed (pgquare root or reciprocal) to achieve normality.
Between-group differences across normally distabduvariables were compared
using one-way Analysis of Variance (ANOVA). Skewedriables which defied
attempts at normalisation through transformatiomeneompared using the Mann-
Whitney U test. Chi Square and Fisher's exact tegtse used to compare
dichotomous variables. All tests were two-sidedhvai p value < 0.05 considered as
statistically significant. All post-hoc analyses were Bonferroni, Tukey-HSD or
Games-Howell test corrected, as appropriate. 8tatisanalyses were performed

using IBM Social Package for the Statistical Scean(SPSY) version 18.0.

3.9.2 Logistic regression analysis

Binary logistic regression analyses were condutitepredict (i) index loop diuretic

prescription, and (ii) incident HF within one yeafter exposure to metformin-

sulphonylurea combination / thiazolidinedione tipgralhe backward:LR regression
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method was used in each case. The regression difitlhey outcome (index loop
diuretic prescription / incident HF) on the covémincluded only those covariates
passing the univariable screening. Binary univarlagistic regression was thus run
between index loop diuretic prescription / incide#f (dependent variable) and
individual continuous and categorical variablesliimdually acting as independent
variables), separating the covariates into thogeifstant and those not significant at
p < 0.1. Categorical covariates were dummy codeihgunon-exposure to the
categorical variable of interest as the referenoaig (and conversely, exposure as
the indicator group). Index thiazolidinedione prgs#on (vs metformin-
sulphonylurea combination) was included as a catarin the logistic regression
models, irrespective of the outcome of its univarieegression with the dependent
categorical variables of interest, in a bid to eagbe its contribution or otherwise in
predicting fluid overload/HF events. Logistic regg®mn models were tested for
residuals and overdispersion, and satisfied thenagons of linearity of logit and
multicollinearity. ROC curves were generated focleanodel to assess model

discrimination.

3.9.3 Time to event analysis

Cox proportional hazards regression models (Baakw® method) were used to
predict (i) time to index loop diuretic prescriptiand (ii) time to incident HF within

one year of inclusion into the metformin-sulphomgly combination therapy or
thiazolidinedione cohort, investigating (i) predict of either event of interest and
(i) specifically whether thiazolidinedione pregaion (as a categorical covariate)

has a significant impact on either outcome.
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Binary univariate logistic regression was run betwerescription of index loop
diuretic within one year of exposure to index metfm-sulphonylurea combination /
thiazolidinedione therapy (dependent variable) andividual continuous and
categorical variables (individually acting as indegent variables), separating the
covariates into those significant and those nohiBgant at p < 0.1. Univariate
regression of continuous variables was carriedusirtg univariate Cox regression
while univariate regression of categorical variableas carried out using Kaplan
Meier survival analysis (separating significant andn-significant categorical
covariates using the Log Rank test). Likewise, hinaivariate logistic regression
was run between development of incident HF withire gear of inclusion into the
metformin-sulphonylurea combination / thiazolidirete cohort and the same
individual continuous and categorical covariatesdépendent variables). Only
covariates passing univariate screening (p < Odrewonsidered for inclusion into
the Cox regression model. Time-independent cowmiaivere included The
Proportional Hazards assumption was formally asskessing log-minus-log against
survival/log survival time plots. Covariates notisiging the Proportional Hazards
Assumption on account of a time-varying effect weransformed into time-
dependent covariates by forming an interaction dpet) term between the
individual predictor (continuous or categorical)daa function of time (logtime to
index loop diuretic prescription / incident HF, whever was applicable), as
described by Bellera et al. [606]. Covariates whisbemingly satisfied the
Proportional Hazards Assumption were nonethelesstormed into time-dependent
covariates using the same procedures, in ordeomdirm their time-independent

contribution to the final model. The correlationtwseen any categorical variables
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that proved to be significant (p < 0.1) at univegiaegression (log rank test) was
determined using a chi square test. When two vi@salere significantly correlated,
the variable more significantly linked to index podiuretic prescription / incident

HF (and hence to ‘fluid overload’) was includedmultivariate analysis.
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Section Il - Results

3.10 Data capture — number of patients in each treément cohort

3027 thiazolidinedione-treated T2DM patients patdiyt fitted the inclusion criteria
for this cohort. Of these, 2754 individuals coulel d&ssigned an index prescription
date. 55 patients were excluded given they wenaegoieeated with other antidiabetic
drugs, leaving 2699 patients. A further 15 thiadiokdione-treated patients were
excluded as they had commenced and stopped insidirapy prior to index
thiazolidindedione prescription, leaving 2684 patise

Table 3.7 - Total number N (%) of thiazolidinediorieeated patients fitting the
inclusion criteria for this study.

Insulin prescribing definition N (%) TZD cohort subtype
Insulin-naive 2070 (76.7) TZD - insulin group
Insulin therapy commenced before and60 (2.3) TZD + insulin group

continued after index TZD prescription

Insulin introduced after index 475 (17.6) TZD - insulin group
thiazolidinedione prescription, followed by
cessation of TZDs

Insulin introduced after index 79 (2.9)* TZD - insulin group until
thiazolidinedione prescription, followed by index insulin prescription.
continuation of TZDs TZD + insulin group after

index insulin prescription

* Only 38 out of these 79 patients had an idertitaindex date for TZD prescription after index
insulin prescription.

In summary, the thiazolidinedione cohort comprig&@2 patients (1542 males, 1180
females) ie 2684 patients + the 38 patients witlindiex date for thiazolidinedione

prescription after index insulin therapy.
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The TZD-insulin group comprised a total of 2624 iguas (1489 males, 1135

females) subdivided into:

2070 thiazolidinedione-treated insulin-naive pdgerinever treated with
insulin)

475 patients who had insulin therapy introducedrafidex thiazolidinedione
prescription followed by cessation of thiazolidirate therapy

79 thiazolidinedione-treated patients whose adjunicsulin therapy

(introduced after index thiazolidinedione presdéopj was accompanied by
continuation of thiazolidinedione therapy (censored first insulin

prescription).

TZD + insulin group comprised a total of 98 patgerfb3 males, 45 females)

subdivided into:

60 thiazolidinedione-treated patients whose insulirerapy had been
commenced before and continued after index thidim@dione prescription

38 thiazolidinedione-treated patients whose insthierapy was introduced
after index thiazolidinedione prescription, follodveby continuation of

thiazolidinediones.

The metformin-sulphonylurea cohort comprised al k&725 patients (2079 males,

1646 females). 2205 patients (1124 males, 1081 lésnhavere treated with insulin

(without thiazolidinediones).
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3.10.1 Patients treated with metformin-sulphonylura combination therapy,

insulin and thiazolidinediones in excess of 90 days

In order to control for confounding variables argsiout of poor drug compliance,
this study opted to analyze data from patients wiere treated with
thiazolidinediones for more than 90 days. 2664 ziblidinedione-treated patients
fitted these inclusion criteria (1511 males, 11&8éles), of whom 2566 (1458
males, 1108 females) belonged to the TZD — insgiwup and 98 (53 males, 45
females) belonged to the TZD + insulin group. A suwamy of the relative

distribution of patients within each treatment grésisummarised in table 3.8.

Table 3.8 - Total number N of patients treated ircess of 90 days and fitting the
inclusion criteria for this study.

Metformin- Insulin cohort Thiazolidinedione
sulphonylurea cohort cohort
Males and females 3706 2205 2664
Males 2067 1124 1511
Females 1639 1081 1153

1021 (38.3%) patients prescribed pioglitazone @tsion into the thiazolidinedione
cohort, whereas 1643 (61.7%) patients were adrmenmg@dtrosiglitazone as their first
thiazolidinedione prescription. As patients tend&switched from rosiglitazone to
pioglitazone, owvice versaan attempt was made to capture these prescrippgads

in the dataset (table 3.9). There were no dataitodffect for 2052 (77%) patients

[994 (97.36%) pioglitazone and 1058 (64.40 %) rdsizpne-treated patients]. Only
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548 (20.6%) patients had not had their initial zbledinedione replaced by another
[13 (1.3%) pioglitazone and 535 (32.6%) rosiglitagdreated patients]. Thus it can
be concluded that 535 (20.08 %) of patients wesatéd with pioglitazone alone
during their observation period, whereas only 13iepés (0.49%) received

rosiglitazone monotherapy throughout their follop-period. At least 64 (2.4%)

patients switched between the two thiazolidinedsprfer reasons which were not
captured for the purposes of this study, rendeaimg ascertainment of drug-specific

(as opposed to class-specific) adverse effectedliffand probably imprecise.

Table 3.9 - Total number N (%) of patients treatedth thiazolidinediones in
excess of 90 days and fitting the inclusion criterifor this study, classified
according to tendency to switch between rosiglitag@nd pioglitazone therapy.

Initial pioglitazone Initial rosiglitazone
prescription prescription
(n=1021) (n=1643)
Data unavailable 994 (97.36) 1058 (64.40)
No switch 13 (1.27) 535 (32.56)
Switched between thiazolidinediones 14 (1.37) 50 (3.04)

3706 patients (2067 males, 1639 females) receirgatnbent with metformin and
sulphonylureas in combination for more than 90 daysl were thus included in
subsequent analysis of index loop diuretic presiompand incident HF events within

one year of inclusion into their respective coh@able 3.8).

2205 patients (1124 males and 1081 females) wesgenl with insulin therapy in

excess of 90 days, and were thus recruited forhdurtanalysis (table 3.8).
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Interestingly, this approach did not diminish thegimal number of insulin-treated
patients fitting the inclusion criteria, presumabbecause insulin is a ‘final’

therapeutic option in patients with T2DM.

Further analysis will refer to patients treatedhwitetformin-sulphonylurea (MFSU)

combination, insulin and thiazolidinedione therapgxcess of 90 days.

3.10.2 Background loop diuretic therapy at inclusia into each respective

treatment cohort

As the intention was to compare patients in whodexnmetformin-sulphonylurea

combination therapy, insulin monotherapy or thiadinedione therapy was followed

by index loop diuretic prescription, it was necegstd exclude patients with a

background of loop diuretic therapy at inclusiotoitheir respective cohort. This left

a total of 2785 (1634 males, 1151 females), 1384 (Aales, 617 females) and 2097
(1264 males, 833 females) in the metformin-sulphmey, insulin and

thiazolidinedione cohorts respectively (tables Jahd 3.11, figures 3.1 and 3.2).

The corollary to this observation is that 21.3 %patients (567 out of 2664) were
already being treated with a loop diuretic at intl@azolidinedione prescription. The
respective proportions for MFSU and insulin-tregtatients were 24.9 % and 38.3%
respectively (tables 3.10 and 3.11, figures 3.1 &hd). Pairwise post-hoc

comparisons between the cohorts (Bonferroni coghctconfirmed that these
differences reached statistical significance (ekdep male patients prescribed a

thiazolidinedione vs metformin-sulphonylurea conaion therapy). Although rates
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of background loop diuretic therapy for thiazolielitione therapy were the lowest
among the three cohorts, one would have expectethaller proportion of such
‘fluid overloaded’ patients being prescribed a drageatedly associated with weight
gain, fluid retention and HF events. Backgroundplatiuretic rates for T2DM
patients prescribed insulin pharmacotherapy arenttely surprising, given that the
latter tends to be prescribed at a relatively *latage of the disease, in patients

prone to other cardiovascular risk factors andételdished coronary artery disease.
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Table 3.10 - Differences in frequency of backgradifoop diuretics therapy at inclusion into the metmin-sulphonylurea, insulin and

thiazolidinedione cohorts for at least three months

Gender subgroup Metformin-sulphonylurea cohort

N = 3706
(2067 males
1639 females)

Insulin cohort

N = 2205
(1124 males
1081 females)

Thiazolidinedione cohort

N = 2664
(1511 males

1153 females)

Background loop Background loop Background loop

diuretic prescribed diuretic-free diuretic prescribed
N % N % N %
Males and 921 2485 2785 7515 844  38.28
Males 433 20.95 1634 79.05 380 33.81
Females 488 29.77 1151 70.23 464 42.92

Background loop
diuretic-free

1361

744

617

%

61.72

66.19

57.08

Background loop
diuretic prescribed

567

247

320

%

21.28 2097

16.351264

27.75 833

Background loop
diuretic-free

%

78.72

83.65

72.25

< 0.001

< 0.001

<0.001

&Chi square test for the overall difference betwestformin-sulphonlylurea, insulin and thiazolidin@ae cohorts. Statistical significance is defingdatwo-sided p value

of < 0.05.

® Chi Square = 194.055, df = 2
°Chi Square = 117.917, df =2
4 Chi Square = 70.338, df = 2
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Table 3.11 - Post-hoc analysis: Chi square teststhe association between frequency of backgroundp diuretic therapy and inclusion into
the metformin-sulphonylurea, insulin and thiazolidedione cohorts for at least three months.

Gender subgroup Metformin-sulphonylurea cohort vs

insulin cohort

Metformin-sulphonylurea cohort vs
thiazolidinedione cohort

Insulin cohort vs
thiazolidinedione cohort

Chi square df p?
Males and 118.969 1 <0.001
females
Males 63.414 1 < 0.001
Females 49.504 1 < 0.001

Chi square df p?
11.020 1 0.001
12.007 1 0.001
1.344 1 0.246

Chi square df p?
169.264 1 <0.001
108.373 1 <0.001
56.364 1 <0.001

Tests of the three a priori hypotheses were cordiugsing Bonferroni adjusted alpha levels of 0.0aéi7test (0.05/3).

#two-sided p value
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Figure 3.1 - Relative proportions (%) of backgrouraop diuretic therapy at inclusion into each resgée cohort for at least three months.
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p < 0.001 for the overall difference in loop diucetreatment counts across the three treatment gehti* p < 0.001; the three pairs of post-hocstis were Bonferroni corrected.
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Figure 3.2 - Relative proportions (%) of backgrouraop diuretic therapy at inclusion into each resgese cohort for at least three months, stratifieg
gender. ok
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p< 0.001 for the overall difference in loop diuketreatment counts across the three treatment ¢shtt* p < 0.001; ** p = 0.001; NS, no statisticalifference; the three pairs of post-hoc
tests were Bonferroni corrected
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3.10.3 Background heart failure at inclusion into ach respective treatment

cohort

Likewise, this study sought to investigate for eiéinces in rates of HF among
thiazolidinedione-treated patients, and patientsriggng to the two control cohorts.
HF data were derived from SMR, index loop diureticl echocardiography data, as
outlined earlier. The relative proportions of patge identified as suffering from

background HF based on these definitions are @atlin table 3.12 below:

Table 3.12 - Derivation of baseline heart failurédF) data at inclusion into the
respective treatment cohort, based on data ext@ctlefinitions.

Baseline HF* Metformin- Insulin Thiazolidinedione
definition sulphonylurea cohort' cohort* cohort*

Echo + loop datd

Males and females 55 93 44
Males 32 63 28
Females 23 30 16
SMR®data

Males and females 175 295 71
Males 102 166 44
Females 73 129 27

' HF, heart failure; ? echo + loop data, echocardiographic evidence of iefntricular systolic
dysfunction and prescription of a loop diuretic hiit one year? SMR, Scottish morbidity record;
number of patients captured based on each dataetibn definition.

Analyzing for differences in the rates of occurrerm background HF (tables 3.13
and 3.14, figures 3.3 and 3.4), 4.32% of patierdsevprescribed a thiazolidinedione
against a background of HF. The corresponding éigdior metformin-sulphonylurea
combination and insulin-treated patients were 6.2% 17.60%, which translates
into a significant difference across the threetineat cohorts (p < 0.001). Overall,

these proportions are consistent with observati@ported for background loop



244

diuretic therapy. Pairwise comparisons (Bonferrororrected) showed that
thiazolidinedione-treated patients had lower ratebackground HF compared with
their metformin-sulphonylurea combination (p = @PO6r insulin-treated (p < 0.001)
counterparts. As discussed earlier, the latter rebsen is likely to represent the
end-result of a progressive illness characterisgdabtendency to progress to
coronary artery disease. One would have expectiedvar proportion of patients
having thiazolidinediones prescribed against a ¢pammknd of HF, given the much

publicized association with fluid overload.
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Table 3.13 - Differences in frequency of occurrenoébackground heart failure at inclusion into thenetformin-sulphonylurea, insulin and
thiazolidinedione cohorts for at least three months

Gender subgroup Metformin-sulphonylurea cohort Insulin cohort Thiazolidinedione cohort p
N = 3706 N = 2205 N = 2664
(2067 males (1124 males (1511 males
1639 females) 1081 females) 1153 females)

Background heart  Background heart  Background heart = Background heart  Background heart = Background heart

failure present failure free failure present failure free failure present failure free

N % N % N % N % N % N %
Males and 230 621 3476 9379 388 1760 1817 8240 115 432 5492 9568  <0.001
Males 134 6.48 1933 93.52 229 20.37 895 79.63 72 4.77 9143 95.23 <0.001
Females 96 5.86 1543 94.14 159 14.71 922 85.29 43 3.73 111096.27 <0.001

&Chi square test for the overall difference betwestformin-sulphonlylurea, insulin and thiazolidin@ae cohorts. Statistical significance is defingdatwo-sided p value

of < 0.05.

® Chi Square = 317.942, df
¢ Chi Square = 220.714, df
4 Chi Square = 108.194, df

2
2
2



246

Table 3.14 - Post-hoc analysis: Chi square tests flle association between frequency of occurrendebackground heart failure and
inclusion into the metformin-sulphonylurea, insulimnd thiazolidinedione cohorts for at least threeonths.

Gender subgroup Metformin-sulphonylurea cohort vs

insulin cohort

Metformin-sulphonylurea cohort vs
thiazolidinedione cohort

Insulin cohort vs
thiazolidinedione cohort

Chi square df p?
Males and 191.579 1 <0.001
females
Males 139.349 1 < 0.001
Females 60.067 1 < 0.001

Chi square df p?
10.800 1 0.001
4.747 1 0.029
6.478 1 0.011

Chi square df p?
229.667 1 <0.001
155.193 1 <0.001
81.772 1 <0.001

Tests of the three a priori hypotheses were cordiugsing Bonferroni adjusted alpha levels of 0.0aéi7test (0.05/3).

#two-sided p value
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Figure 3.3 - Relative proportions (%) of backgroumatcurrence of heart failure (HF) at inclusion int@ach respective cohort for at least three months.
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p< 0.001 for the overall difference in backgrourghht failure (HF) counts across the three treatmestiorts; *** p < 0.001; ** p = 0.001; the threeairs of post-hoc tests were Bonferroni
corrected (statistical significance defined by aatue <0.0167).
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Figure 3.4 - Relative proportions (%) of backgroumatcurrence of heart failure (HF) at inclusion int@ach respective cohort for at least three months,

stratified by gender.
NS
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p < 0.001 for the overall difference in backgroumeiart failure counts across the three treatmentoctsh *** p < 0.001; * p = 0.011; NS, NS = no statical difference; the three pairs of
post-hoc tests were Bonferroni corrected (statdtgignificance defined by a p valued<0167)
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3.10.4 Prescription of index loop diuretic therapywithin one year of inclusion

into each respective treatment cohort

Given the difficulties in controlling for all potéal confounding variables that could
account for index loop diuretic prescription andident HF events, this study
analysis was limited to events occurring within g@ar (365 days) after inclusion
into the metformin-sulphonylurea, thiazolidinedioared insulin cohorts. Such an
approach was more likely to capture this studylsgdrelated adverse effects of
interest. 4.3% of patients required an index loiadic within one year of their first

prescription for rosiglitazone or pioglitazone. Figure was comparable to that for
patients on metformin-sulphonylurea combinationrdapg (4.7%; p = 0.493), but

significantly lower than for patients commenced iosulin (12.5%; p < 0.001)

(tables 3.15 and 3.16, figure 3.5). Stratifyingdender yielded similar results (tables

3.15 and 3.16, figure 3.6).
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Table 3.15 - Differences in frequency of prescrimi of index loop diuretics within one year after ¢tusion into the metformin-
sulphonylurea, insulin and thiazolidinedione cohartfor at least three months.

Gender subgroup Metformin-sulphonylurea cohort Insulin cohort Thiazolidinedione cohort p?
N = 2785 N =1361 N = 2097
(1634 males (744 males (1264 males
1151 females) 617 females) 833 females)

Index loop diuretic  Index loop diuretic- Index loop diuretic  Index loop diuretic- Index loop diuretic  Index loop diuretic-

prescribed within free within prescribed within free within prescribed within free within
one year one year one year one year one year one year
N % N % N % N % N % N %
Males and 131 4.7 2654 953 170 125 1101 875 90 43 2007 .7 95 <0.00F°
females
Males 74 4.5 1560 95.5 81 10.9 663 89.1 40 3.2 1224 96.8< 0.001°
<0.001
Females 57 5.0 1094 95.0 89 14.4 528 85.6 50 6.0 783 94.0 74

&Chi square test for the overall difference betweetformin-sulphonlylurea, insulin and thiazolidinege cohorts
® Chi Square = 115.327, df = 2

¢ Chi Square = 59.101, df = 2

4 Chi Square = 55.860, df = 2
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Table 3.16 - Post-hoc analysis: Chi square teststhe association between frequency of prescriptimiiindex loop diuretics within one year
and inclusion into the metformin-sulphonylurea, ingin and thiazolidinedione cohorts for at least tae months.

Gender subgroup Metformin-sulphonylurea cohort vs

insulin cohort

Metformin-sulphonylurea cohort vs
thiazolidinedione cohort

Insulin cohort vs
thiazolidinedione cohort

Chi square df p
Males and 82.337 1 <0.001
females
Males 33.920 1 < 0.001
Females 47.573 1 <0.001

Chi square df p
0.470 1 0.493
3.510 1 0.061
1.045 1 0.307

Chi square df p
79.790 1 <0.001
49.323 1 <0.001
29.009 1 <0.001

Tests of the three a priori hypotheses were comdiugsing Bonferroni adjusted alpha levels of 0.0féi7test (0.05/3).
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Figure 3.5 - Relative proportions (%) of index loafiuretic prescription within one year of inclusiomto each cohort.
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loop -, index loop diuretic-free; loop +, index jpdiuretic-treated; *** p < 0.001; NS, no statistitdifference; p< 0.001 for the overall differeniceloop diuretic treatment counts across the
three treatment cohorts; the three pairs of past-tests were Bonferroni corrected.(statisticahdfigance defined by a p valueG:0167)
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Figure 3.6 - Relative proportions (%) of index lo@jiuretic prescription within one year of inclusioimto each cohort, stratified by gender.
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three treatment cohorts; the three pairs of gust-tests for each gender were Bonferroni corre¢statistical significance defined by a p valu®@0167)
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Further investigating the increased risks assatiatéh each treatment cohort,

(unadjusted) odds ratios (OR) and relative riskR)(Rvith 95% CI) were derived for

each pairwise comparison. As outlined in table 2&low, the risk of requiring an

index loop diuretic within one year of exposurdrsulin is almost three times that

of patients treated with thiazolidinediones. Ttekiis higher in insulin-treated males

(3.4 fold) compared with insulin-treated femaleigatis (2.4 fold).

Table 3.17 - Unadjusted relative risk of index loafiuretic prescription after
exposure to index insulin therapy vs thiazolidinedie therapy

Gender status

Males and females
Males
Females

Unadjusted relative risk of
index loop diuretic
prescription after
exposure to insulin (vs
thiazolidinedione therapy)

291
3.44
2.40

95% confidence intervals

Lower Upper
2.28 3.72
2.38 4.97
1.73 3.34

Insulin-treated patients have a 2.7 times highgk df progressing to index loop

diuretic prescription within one year compared tatignts on metformin-

sulphonylurea combination therapy [RR 2.66 (95%213, 3.30)]. Similar results

were obtained when stratifying by gender (tablé&3.1

Table 3.18 - Unadjusted relative risk of index loafiuretic prescription after
exposure to index insulin therapy vs metformin-salpnylurea therapy

Gender status

Males and females
Males
Females

Unadjusted relative risk of

index loop diuretic
prescription after
exposure to insulin
(vs metformin-
sulphonylurea therapy)

2.66
2.40
2.91

95% confidence intervals

Lower Upper
2.13 3.30
1.78 3.26
2.12 4.00
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As expected, given the non-significant differenaegates of index loop diuretic
prescription between patients assigned a thianadione and those on metformin-
sulphonylurea combination therapy, 95% CI for RRrsged unity, as outlined in
table 3.19 below.

Table 3.19 Unadjusted relative risk of index loogurktic prescription after

exposure to index thiazolidinedione therapy (vs foahnin-sulphonylurea
therapy).

Gender status Unadjusted relative risk of 95% confidence intervals
index loop diuretic
prescription following
exposure to Lower Upper
thiazolidinediones (vs
metformin-sulphonylurea

therapy)
Males and females 0.91 0.70 1.19
Males 0.70 0.48 1.02
Females 1.21 0.84 1.75

OR values for each of the three pairwise compasidmtween thiazolidinediones,
metformin-sulphonylurea combination therapy andilinstherapy are outlined in

appendix | (appendix tables 111.1 to 111.3)

3.10.5 Kaplan-Meier survival curves for index loopiuretic therapy

(Unadjusted) Kaplan-Meier survival curves were tartded to compare time to
index loop diuretic prescription between the thieatment cohorts. Index insulin
prescription was likely to be complicated by anexdoop diuretic prescription at a
significantly earlier stage than either of the othehorts, as outlined in table 3.20

and figure 3.7 below. There were no significantfedlé#nce in loop diuretic-free
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survival rates between metformin-sulphonylurea coation and thiazolidinedione
cohorts.
Table 3.20 - Survival (Kaplan-Meier) analysis compay time to index loop

diuretic prescription (censored at one year) afteidex metformin-sulphonylurea
combination, insulin or thiazolidinedione therapy

Log-rank (Mantel-Cox)
Chi square  df p

Treatment cohort

Metformin-sulphonylurea combination vs insulin vs

. S O 111.279 2 <0.001
thiazolidinediones

Metformin-sulphonylurea combination vs thiazolidii@enes 0.420 1 0517
Metformin-sulphonylurea combination vs insulin ass 1 <0.001
Insulin vs thiazolidinediones 75.655 1 <0.001

Figure 3.7 - Hazard curve comparing time to indewdp diuretic prescription

following index metformin-sulphonylurea  combinatign insulin  and
thiazolidinedione therapy
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3.10.6 Timing of index loop diuretic prescription wthin a year after index

metformin-sulphonylurea, insulin or thiazolidinedione therapy

Table 3.21 and figure 3.8 stratify the number afex loop diuretic prescription in
three monthly intervals following index metforminkghonylurea, insulin and
thiazolidinedione therapy. Index loop diuretic mmgstion is fairly evenly distributed
throughout this period of observation for both metfin-sulphonylurea and
thiazolidinedione-treated patients. This pattermtiasts with that exhibited for
insulin-treated subjects, in whom index loop diigrerescription becomes less likely

over each progressive treatment quarter.

Table 3.21 - Index loop diuretic prescriptions stiféed in three monthly intervals
following index metformin-sulphonylurea combinatign thiazolidinedione and
thiazolidinedione therapy.

Treatment quarter Metformin- Insulin Thiazolidinedione
sulphonylurea cohort cohort cohort
0 - 90 days 30 65 20
91-180 days 46 48 31
181-270 days 26 30 16
271-365 days 29 27 23




258

Figure 3.8 - Number of patients prescibed an indi@op diuretic stratified in three monthly intervalafter index metformin-sulphonylurea,
insulin and thiazolidinedione therapy
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3.10.7 Occurrence of incident heart failure withinone year of inclusion into

each respective treatment cohort

Likewise, this study sought to investigate the sabé occurrence of incident HF
within one year of inclusion into each respectie@dart. This necessarily meant that
patients with a background history of HF at inatusivere excluded, leaving 3476,
1815 and 2549 patients within the metformin-sulptarea, insulin and

thiazolidinedione cohorts respectively. The relagproportions of patients defined as
developing index HF within one year, based on SMé&hocardiography and loop

diuretic data (as outlined in the methods sect®outlined in table 3.22 below.

Table 3.22 - Derivation of index heart failure (HFdata within one year of
inclusion into the respective treatment cohort, leaison data extraction definitions.

Index HF Metformin- Insulin Thiazolidinedione
definition * sulphonylurea cohort' cohort* cohort*

Echo + loop datd

Males and females 9 15 7
Males 8 6 5
Females 1 9 2
SMR?®data

Males and females 40 50 21
Males 25 28 13
Females 15 22 8

'index HF definition, index heart failure developinithin one year of inclusion into the respective
treatment cohort;> echo + loop data, echocardiographic evidence ot Meéntricular systolic
dysfunction and prescription of a loop diuretic hiit one year? SMR, Scottish morbidity record;
number of patients captured based on each dataetibn definition.

As outlined in tables 3.23 and 3.24, 1.1% of thialboedione-treated patients
developed incident HF within one year of prescoptof their index rosiglitazoene

or pioglitazone. This was not significantly diffatefrom patients on metformin-
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sulphonylurea combination therapy (1.4%; p = 0.288t significantly lower than
for patients prescribed insulin (3.5%; p < 0.00%jratifying by gender yielded
similar results. These relative proportions are alammarised in figures 3.9 and

3.10.
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Table 3.23 - Differences in frequency of occurrenceincident heart failure within one year after iclusion into the metformin-
sulphonylurea, insulin and thiazolidinedione cohartfor at least three months.

Gender subgroup Metformin-sulphonylurea cohort
N = 3476
(1933 males
1543 females)

Insulin cohort

N =1815
(893 males
922 females)

Thiazolidinedione cohort p

N = 2549
(1439 males
1110 females)

Incident heart
failure free within

Incident heart
failure developed

within one year one year
N % N %
Males and 49 1.4 3427 986
females
Males 33 1.7 1900 98.3
Females 16 1.0 1527 99.0

Incident heart
failure free within

Incident heart
failure developed

within one year one year

N % N %
63 3.5 1752 96.5
32 3.6 861 96.4
31 3.4 891 96.6

Incident heart
failure developed
within one year

28

18

10

Incident heart
failure free within

one year
% N %
1.1 2521 98.9< 0.00P
1.3 1421 98.7 0.0&f
0.9 1100 99.1 0.08f

&Chi square test for the overall difference betweeiformin-sulphonlylurea, insulin and thiazolidineue cohorts

P Chi Square = 39.062, df = 2
¢ Chi Square = 16.769, df = 2
4 Chi Square = 24.824, df = 2
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Table 3.24 - Post-hoc analysis: Chi square teststhe association between frequency of occurrenéénaident heart failure within one year
and inclusion into the metformin-sulphonylurea, ingin and thiazolidinedione cohorts for at least tae months.

Gender subgroup Metformin-sulphonylurea cohort vs

insulin cohort

Metformin-sulphonylurea cohort vs
thiazolidinedione cohort

Insulin cohort vs
thiazolidinedione cohort

Chi square df p
Males and 24.454 1 <0.001
females
Males 9.569 1 0.002
Females 16.685 1 < 0.001

Chi square df p
1.129 1 0.288
1.153 1 0.283
0.123 1 0.726

Chi square df p
29.229 1 < 0.001
14.290 1 < 0.001
15.434 1 < 0.001

Tests of the three a priori hypotheses were comdiugsing Bonferroni adjusted alpha levels of 0.0féi7test (0.05/3).
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Figure 3.9 - Relative proportions (%) of occurrencé incident heart failure (HF) within one year oinclusion into each cohort.

p=NS
*k%k | | *k*k
100 - 98.6 96.5 98.9
g 90 +
i
2 80 -
5]
o
S 70 A
(5]
(]}
£ 60 -
2 W HF -
3 50 -
© mHF +
- 40 -
o
c
2 30 -
t
2
S 20 A
. 10
1.4 3.5 1.1
O _ T T 1
Metformin-sulphonylurea Insulin Thiazolidinediones

Treatment cohort

p< 0.001 for the overall difference in loop diuketreatment counts across the three treatment d¢shbiF -, incident heart failure free; HF +, devgled incident heart failure within one year;
*** p < 0.001; NS, no statistical differencethe &® pairs of post-hoc tests were Bonferroni coaddstatistical significance defined by a p valu6.8167)



264

Figure 3.10 - Relative proportions (%) of developmef incident heart failure (HF) within one year binclusion into each cohort, stratified by gender.
p=NS

p=NS

‘ | **% | | **% | ‘

98.3 99 96.4 96.6 98.7 99.1

100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 - 17 1 3.6

M HF - males

B HF + males

W HF - females

W HF + females

Proportion of patients in each cohort (%)

Metformin-sulphonylurea Insulin Thiazolidinediones
Treatment cohort

HF -, incident heart failure free; HF +, developéttident heart failure within one year; *** p < 001; ** p < 0.01; NS, no statistical difference; @001 for the overall difference in loop
diuretic treatment counts across the three treataehorts; the three pairs of post-hoc testsefach gender were Bonferroni corrected (statistgighificance defined by a p value <
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Similarly, (unadjusted) RR ratios were derived focident HF for each cohort
pairwise comparison (tables 3.25 to 3.27). Thuiepts exposed to insulin are at a
three fold risk of developing this adverse eventmpared with their
thiazolidinedione-treated counterparts [RR 3.16%4961 2.03, 3.72)] (table 3.25).
This risk is higher for female insulin-treated pats [RR 3.73 (95% CI 1.84, 7.57)],
albeit characterised by wider 95% CI. The lattesbaibly arose on account of a
relatively small number of female patients develggHF on subgroup analysis.

Table 3.25 - Unadjusted relative risk of occurrenoé incident heart failure after
exposure to index insulin therapy (vs thiazolidinede therapy).

Gender status Unadjusted relative risk of  95% confidence intervals
incident heart failure after
exposure to insulin

(vs thiazolidinedione Lower Upper

therapy)
Males and females 3.16 2.03 491
Males 2.87 1.62 5.07
Females 3.73 1.84 7.57

Similarly insulin therapy carries a 2.5 fold risk progression to incident HF
compared with metformin-sulphonylurea combinatiberapy [RR 2.46 (95% CI
1.70, 3.56)] (table 3.26). Female insulin-treatatigmts are more likely to develop
this adverse event [RR 3.24 (95% CI 1.78, 5.90)].

Table 3.26 - Unadjusted relative risk of occurrenoé incident heart failure after
exposure to index insulin therapy (vs metformin-phionylurea therapy).

Gender status Unadjusted relative risk of  95% confidence intervals
incident heart failure
following exposure to
insulin Lower Upper
(vs metformin-
sulphonylurea therapy)

Males and females 2.46 1.70 3.56
Males 2.10 1.30 3.39
Females 3.24 1.78 5.90
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Unadjusted RR values for exposure to thiazolidioeds vs metformin-
sulphonylurea combination therapy were charactenge95% CI which span unity
(table 3.27), in keeping with the non-significassaciations described earlier.
Table 3.27 - Unadjusted relative risk of occurrenoé incident heart failure after

exposure to index thiazolidinedione therapy (vs foahnin-sulphonylurea
therapy).

Gender status Unadjusted odds ratio of 95% confidence intervals
incident heart failure
following exposure to

thiazolidinediones (vs Lower Upper
metformin-sulphonylurea
therapy)
Males and females 0.779 0.491 1.236
Males 0.733 0.414 1.296
Females 0.869 0.396 1.907

Derived ORs for each of the three pair-wise congoas between treatment cohorts

are summarised in appendix tables Il1.4 to III.6.

3.10.8 Kaplan-Meier survival curves for incident hart failure

Pairwise log-rank (Mantel-Cox) p values comparinget to index loop diuretic
prescription between the three treatment cohortse wensistent with the above
results, confirming significantly earlier progressito incident HF for insulin-treated
patients, and comparable HF free survival times fbiazolidinedione and

metformin-sulphonylurea combination cohorts (teh28, figure 3.11).
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Table 3.28 - Survival (Kaplan Meier) analysis compay time to incident heart
failure (censored at one year) after index metfomsulphonylurea combination,
insulin or thiazolidinedione therapy

Treatment cohort Log-rank (Mantel-Cox)
Chi square  df p

Metformin-sulphonylurea combination vs insulin vs 35.990 2 <0.001
thiazolidinediones

Metformin-sulphonylurea combination vs thiazolidii@enes 1.089 1 0.297
Metformin-sulphonylurea combination vs insulin 22 1 <0.001
Insulin vs thiazolidinediones 27.015 1 <0.001

Figure 3.11 - Hazard curves comparing time to ineiat heart failure following
index metformin-sulphonylurea, insulin or thiazolidedione therapy
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3.10.9 Timing of incident heart failure events witin a year after index

metformin-sulphonylurea, insulin or thiazolidinedione therapy

Timing of incident HF events largely mirrors thaorfindex loop diuretic
prescription, with occurrences of new-onset HF b@og progressively less likely at
each successive three month interval following xnatesulin prescription. Incident
HF events were more or less randomly distributeidbiong index metformin-
sulphonylurea and thiazolidinedione therapy, adirad in table 3.29 and figure

3.12 below.

Table 3.29 - Incident heart failure events stragfi in three monthly intervals
following index metformin-sulphonylurea combinatign thiazolidinedione and
thiazolidinedione therapy.

Treatment quarter Metformin- Insulin Thiazolidinedione
sulphonylurea cohort cohort cohort
0 - 90 days 7 20 2
91-180 days 17 16 10
181-270 days 9 14 4
271-365 days 16 13 12
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Figure 3.12 - Number of incident heart failure evénoccurring at three monthly intervals after indexetformin-sulphonylurea, insulin and
thiazolidinedione therapy
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3.11 Baseline characteristics

3.11.1 Age, diabetes duration and duration of fadw-up

Table 3.30 outlines mean (SD) values for age, desbduration and study duration
for patients without background loop diuretic thmra Thiazolidinedione-treated

patients tended to be younger than their metforsaiphonylurea [63.23 (9.77) vs
64.96 (10.53) years; p < 0.001] and insulin-tred&®123 (9.77) vs 64.92 (10.13)
years; p < 0.001] counterparts. As perhaps expdoted second/third line glucose
lowering agent such as a thiazolidinedione, paigmiescribed the latter drugs
tended to have been diagnosed with diabetes aadierestage than patients on
metformin-sulphonylurea combination therapy [6.880) vs 5.31 (4.74) years; p <
0.001], although not as long as for insulin-treagedjects [6.86 (4.90) vs 8.70 (6.02)
years; p < 0.001]. Thiazolidinedione-treated pdsiehad the shortest follow-up
observation period [3.02 (2.16) years], possiblylemting tendency to drug

withdrawal on developing/suspicion of developingrede effects to these drugs.
This duration of follow-up was significantly shartthan for insulin [6.22 (4.10)

years] and metformin-sulphonylurea [3.53 (3.02)rgp&reated patients (p < 0.001

for either treatment cohort vs thiazolidinediones).

Table 3.31 outlines the mean (SD) values for agehedes duration and years of
follow-up for each treatment cohort, stratified mdex loop diuretic status and
gender. Thiazolidinedione-treated patients reqgi@n index loop diuretic within

one year of inclusion into the cohort were oldef.g8 (10.02) vs 63.02 (9.70) years;

p < 0.001], and had been diagnosed with diabetassanificant earlier stage [8.44
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(5.61) vs 6.79 (4.85) years; p = 0.003] than theidex loop diuretic-free
counterparts. Index loop diuretic-treated TZD p@Bewere also characterised by a
tendency for a shorter observation period of folapv (albeit not statistically
significant) [2.60 (1.92) vs 3.04 (2.17) years; p0:856], once again, possibly
reflecting a tendency to discontinue thiazolidimedi therapy, or shorter survival
once there is clinical evidence of fluid overlo@dsimilar analysis of incident HF
events occurring within one year of inclusion ietch of the three treatment cohorts
(HF +) yielded largely similar results, albeit widlifferences in duration of follow-
up [1.50 (1.65) (HF +) vs 2.98 (2.12) (HF —) y@aeaching statistical significance
(p < 0.001), in contrast to those for diabetes tloma[8.15 (4.88) (HF +) vs 6.93

(5.01) (HF -) years; p = 0.136) (data not showtabie format).

Likewise, MFSU patients treated with an index labpretic after inclusion into the
cohort were older [69.21 (9.81) vs 64.75 (10.5rgep < 0.001], and had a longer
duration of diabetes [6.56 (5.50) vs 5.24 (4.69rgep = 0.005] compared with their
index loop diuretic-free counterparts. The duratdfollow-up of these patients was
largely similar [3.46 (3.16) vs 3.53 (3.01) years;= 0.669] (table 3.31), an
observation that is perhaps not entirely surprisgigen the lack of a known
association between metformin-sulphonylurea contlmna therapy and fluid
overload. Similar trends were reported for inciddfitevents, with differences being
more pronounced, and reaching statistical sigmfieawith respect to duration of
follow-up [1.99 (2.24) (HF +) vs 3.49 (2.96) (HF ygars; p < 0.001) (data not
shown in table format). This suggests that oncese#s in, patients are either (i)
characterised by a shorter survival, or (ii) moilely to be switched to more

intensive glucose lowering therapy (such as inyulin
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Insulin-treated patients requiring an index loopreiic were older [68.30 (9.24) vs
64.44 (10.16) years; p < 0.001] and likely to beeslied for a significantly shorter
period after inclusion into their respective coHértl8 (3.81) vs 6.37 (4.11) years; p
< 0.001] (table 3.31). Whilst discontinuation ofuin therapy is unlikely at such a
late stage of the disease, a shorter observatinadpeould reflect higher mortality

rates for index loop diuretic-treated patients hrs tcohort. Diabetes duration was
similar in either insulin subgroup [9.12 (6.61)&:$5 (5.93) years; p = 0.420] (table
3.31). Similar results were reported for incideri évents (data not shown in table
format), with particularly pronounced, statistigallsignificant, differences in

duration (years) of follow-up [3.30 (3.13) (HF +3 %.99 (4.06) (HF -) years; p <

0.001].
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Table 3.30 - Comparison of mean (SD) values for &élase age, diabetes duration and study duration foatients treated with metformin-

sulphonylurea combination, insulin and thiazolidirdone therapy for at least three months, and having background loop diuretic therapy
at inclusion into their respective cohort.

Metformin- Insulin Thiazolidinedione p value for p value for p value for  p value for
sulphonylourea cohort (TZD) cohort the metformin- metformin- insulin
cohort

difference  sulphonylurea sulphonylurea cohort vs
across the cohort vs  cohortvs TZD TZD

N = 2785 N = 1361 N = 2097 three insulin cohort cohort cohort
cohorts b b b
a
Age (years) 64.96 (10.53) 64.92 (10.13) 63.23 (9.77) <0.001 0.993 < 0.00f < 0.00f
Diabetes duration 5.31 (4.74) 8.70 (6.02) 6.86 (4.90) < 0.00f <0.00t°¢ <0.00t°¢ <0.00t°¢
(years)
Study duration (years) 3.53 (3.02) 6.22 (4.10) 3.02 (2.16) < 0.00f <0.00t°¢ <0.00t°¢ <0.00t°¢

2 two-tailed p value [One-way analysis of varian8NQOVA)]; " two-tailed p value (pair-wise post-hoc analysi®st of the three a priori hypotheses were conduasing
the Games-Howell te§t ™ differences calculated on square root transformathd
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Table 3.31 - Comparison of mean (SD) values for agaration of diabetes and years of follow-up betmeindividuals requiring treatment
with loop diuretics and those remaining loop diuretfree within one year after exposure to metformsulphonylurea combination, insulin

or thiazolidinedione therapy for a minimum of threenonths, and having no background loop diuretic tia@y at inclusion into their
respective cohort.

Metformin-Sulphonylurea cohort Insulin cohort Thiazolidinedione cohort
Loop diuretic  Loop diuretic Loop diuretic  Loop diuretic Loop diuretic  Loop diuretic

-treated -free p? -treated -free p? -treated -free p?

N=131 N = 2654 N=170 N=1191 N =90 N = 2007
ggezrs) 69.21 (9.81) 64.75(10.52) <0.001 68.30(9.24) 64.44 (10.16) <0.001 67.98 (10.02) 63.02 (9.70) < 0.001
(Dy'sgg)es duraion 656 (550) 524 (4.69) 0.005° 9.12(6.61)  8.65(5.93) 0420° 844 (561) 679 (4.85) 0.00%
Study duration
(years) 3.46 (3.16) 3.53(3.01) 0.669" 5.18 (3.81) 6.37 (4.11) <0.001 2.60(1.92) 3.04 (2.17) 0.056"

2 two-tailedp vslue for the difference between loop diurdtieated and loop diuretic- free patients [One-vemalysis of variance (ANOVA)]:differences calculated on
square root transformed data
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3.11.2 Past medical history

Analyzing data pertaining to these patients’ pastdical history, 317 (15.1%) of
patients with no background loop diuretic therapgrev prescribed an index
thiazolidinedione on a background of known coronarery disease or peripheral
arterial disease or stroke. This is considerablyelo than for metformin-

sulphonylurea- [549 (19.7%); p < 0.001] and insuliB63 (26.7%); p < 0.001]

treated patients (table 3.32). Analyzing these mascular complications
separately, thesgost-hocpairwise comparisons reached statistical sigmfteaonly

for coronary artery disease and stroke. There veasignificant difference in the
frequency of background peripheral artery disea&t@den metformin-sulphonylurea
and thiazolidinedione-treated patients, althougé tditer were significantly less
likely to suffer from background PAD at index TZDepgcription compared with

their insulin-treated counterparts [43 (2.1%) v44.2%); p < 0.001] (table 3.32).

Analyzing for individuals who had never been prdsmt a loop diuretic before
inclusion into their respective cohort, there were significant differences in the
frequencies of background HF between thiazolidioedi and metformin-
sulphonylurea-treated patients [18 (0.9%) (TZD)31s(1.1%) (MFSU); p = 0.377]
(table 3.32). Lower background rates for HF at arlyestage of T2DM (when
metformin-sulphonylurea combination therapy islyki® be prescribed) are likely to
be offset by lower background rates of HF amongieptt prescribed
thiazolidinediones in accordance with establishe@dtment guidelines. Insulin is
statistically more likely to be prescribed in pate known to suffer from HF

compared with thiazolidinediones [69 (5.1%) vs 1B9%); p < 0.001], again
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probably reflecting (i) consensus guided prescglpractices (thiazolidinediones are
contraindicated in patients with HF) and (ii) treetf that insulin requiring patients
are more prone to coronary artery disease with tioatmg HF given the more

advanced stage of their disease.

Interestingly, excluding patients with backgroumebp diuretic therapy, HF rates
following inclusion into the respective treatmenbhorts were lowest for
thiazolidinediones [64 (3.1%)], significantly ledsan for metformin-sulphonylurea
[162 (5.8%); p < 0.001] or insulin [209 (15.4%);<p0.001] (table 3.32), although
this comparison must be interpreted with cautien(athese patients were followed
up for a significantly shorter period than theirtfoemin-sulphonylurea and insulin-
treated counterparts, and (ii) background HF ratese significantly lower for
thiazolidinedione-treated patients compared witlsuiim-treated ones. Similar
observations apply to post-treatment coronary artksease, stroke and peripheral

artery disease, or their composite.

Patients requiring an index loop diuretic within eonyear after index

thiazolidinedione prescription were more likelygaffer from background coronary
artery disease [18 (20.0%) vs 225 (11.2%); p = I),Ofderipheral artery disease [6
(6.7%) vs 37 (1.8%); p = 0.009] or the compositenmdcrovasular disease [27
(30.2%) vs 290 (14.4%); p < 0.001] (table 3.33)thAugh background stroke rates
were higher among patients requiring an index ldypetic after TZD prescription

[4 (4.6%) vs 53 (2.6%)], these differences did neach statistical significance,
possibly as a result of the relatively smaller nembf patients with this disease

category at TZD prescription. Similar differencagmely higher background rates
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of coronary artery disease, peripheral artery diseand the composite of
macrovascular disease were observed for index thaetic requiring metformin-

sulphonylurea-treated patients (table 3.33). AnatyZor incident HF events, both
thiazolidinedione and metformin-sulphonylurea camaltion therapy patients
diagnosed with new-onset HF within one year ofusin into either cohort were
likewise characterised by significantly higher satdf background coronary artery
disease [11 (39.3%) vs 337 (13.4%), p = 0.001H@mzblidinedione-treated patients;
22 (44.9%) vs 540 (15.8%), p < 0.001 for MFSU-teeatpatients]. Higher

background stroke rates among HF prone TZD- and WAtf&ated patients did not
reach statistical significance — however, the numifeincident HF events was
particularly low for either cohort [3 (MFSU) and (ZZD)], rendering statistical

interpretation somewhat dubious (data not showtabte format).

Insulin-treated patients requiring requiring anerdoop diuretic within one year
after inclusion into this glucose lowering treatrineategory were more likely to
have suffered from coronary artery disease [631%@J.vs 214 (18.0%); p < 0.001]
or the composite of macrovascular disease [74 ¥B\S 289 (24.3%); p < 0.001] at
baseline. (table 3.33). Higher rates of index |dapetic prescription among insulin-
treated patients with a history of stroke or peeipih artery disease did not reach
statistical significance. Similar results were regiied for incident HF events in this

treatment cohort (data not shown).

Perhaps not surprisingly, index loop diuretic prggion was commoner among
metformin-sulphonylurea or insulin-treated patieptescribed these drugs on a

background of HF [6 (4.6%) vs 25 (0.9%); p = 0.@0®&tformin-sulphonylurea); 32
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(18.8%) vs 37 (3.1%); p < 0.001 (insulin)]. SucHifference, although reported for
thiazolidinediones [2 (2.2%) vs 16 (0.8%)] did nmtach statistical difference,

probably because of lower rates of background Hfhis cohort (table 3.33).
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Table 3.32 - Comparison of the relative frequency(Po)] of background and post-treatment macrovasaudisease and heart failure among
patients treated with metformin-sulphonylurea commlaition, insulin or thiazolidinedione therapy for aminimum of three months, and

having no background loop diuretic therapy at indion into their respective cohort.

Metformin- Insulin Thiazolidinedione p value for p value for p value for p value for
sulphonylourea cohort (TZD) cohort the difference  metformin- metformin- insulin
cohort across the  sulphonylurea sulphonylurea  cohort vs
N =1361 N = 2097 three cohorts cohort vs  cohortvs TZD TZD cohort
N = 2785 a insulinbcohort coL\ort b
Background CAD 397 (14.3) 277 (20.4) 243 (11.6) <0.001 <0.001 0.006 <0.001
Post-treatment CAD 358 (12.9) 410 (30.1) 170 (8.1) < 0.001 < 0.001 .00 < 0.001
Background stroke 152 (5.5) 85 (6.2) 57 (2.7) < 0.001 0.305 <0.001 0.601
Post-treatment stroke 127 (4.6) 147 (10.8) 39 (1.9) <0.001 <0.001 00.0 <0.001
Background PAD 76 (2.7) 67 (4.9) 43 (2.1) <0.001 <0.001 0.128 <0.001
Post-treatment PAD 93 (3.3) 137 (10.1) 27 (1.3) <0.001 <0.001 < 0.00 <0.001
Background 549 (19.7) 363 (26.7) 317 (15.1) <0.001 <0.001 0.601 <0.001
macrovasc disease

Post-treatment 490 (17.6) 534 (39.2) 217 (10.3) <0.001 <0001  0.601 <0.001

macrovasc disease

CAD, coronary artery disease; macrovasc diseasmpmsite of macrovascular disease comprising a histbknown coronary artery disease or periphergkaal disease
or stroke; PAD, peripheral arterial diseas®;two-tailed p value (Chi Square test)two-tailed p value (Chi Square test). Tests of tvee a priori hypotheses were

conducted using Bonferroni adjusted alpha lelve8.06167 per test (0.05/3).
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Metformin- Insulin Thiazolidinedione  p value forthe  p value for p value for p value for
sulphonylourea cohort cohort (TZD) cohort difference metformin- metformin- insulin cohort
across the  sulphonylurea sulphonylurea vs TZD cohort
N =2785 N = 1361 N = 2097 three cohorts cohort vs cohort vs TZD
@ insulinbcohort cogort
Background
HE 31(1.1) 69 (5.1) 18 (0.9) <0.001 <0.001 0.377 0.601
ngptreatme”t 162 (5.8) 209 (15.4) 64 (3.1) <0.001 <0.001 <0.001 <0.001

HF, heart failure;? two-tailed p value (Chi Square testfwo-tailed p value (Chi Square test). Tests ofttivee a priori hypotheses were conducted using &oori
adjusted alpha levels of 0.0167 per test (0.05/3)
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Table 3.33 - Comparison of the relative frequency lmackground and post-treatment macrovascular diseaand heart failure between individuals
requiring treatment with loop diuretics and thosemaining loop diuretic-free within one year aftexposure to metformin-sulphonylurea combination,
insulin or thiazolidinedione therapy for a minimunof three months, and having no background loop datic therapy at inclusion into their respective

cohort.
Metformin-Sulphonylurea cohort Insulin cohort Thiazolidinedione cohort
Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic  p*°

-treated -free -treated -free -treated -free

N=131 N = 2654 N=170 N=1191 N =90 N = 2007
Background
CAD 35 (26.7) 362 (13.6) <0.001  63(37.1) 214 (18.0) <0.061  18(20.0) 225 (11.2) 0.0f1
E‘E‘”eatme”t 37 (28.2) 321(121) <0001 80 (47.1) 330 (27.7) <0061 15 (16.7) 155 (7.7) 0.062
Et?gtgm“”d 10 (7.6) 142 (5.4) 0.261 12 (7.1) 73 (6.1) 0.639 4 (4.4) 53 (2.6) 0.303
Post-treatment
stroke 11 (8.4) 116 (4.4) 0.031 26 (15.3) 121 (10.2) 0.044 2(2.2) 37 (1.8) 0.683
Ei%(ground 10 (7.6) 66 (2.5) 0.003 12 (7.1) 55 (4.6) 0.169 6 (6.7) 37 (1.8) 0.000
Post-treatment 9 (6.9) 84 (3.2) 0.039 21 (12.4) 116 (9.7) 0.289 2(2.2) 25 (1.2) 0.32%

PAD

CAD, coronary artery disease; PAD, peripheral ait¢disease;® two-tailed p valudor the statistical difference between loop diurdteated and loop diuretic-free patients (Chi Sgua
test);? two-tailed p valudor the statistical difference between loop diureteated and loop diuretic-free patients (Fishessact tes
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Metformin-Sulphonylurea cohort Insulin cohort Thiazolidinedione cohort
Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic paP

-treated -free -treated -free -treated -free

N=131 N = 2654 N =170 N=1191 N =90 N = 2007
Background
macrovasc 47 (35.9) 502 (18.9) < 0.061 74 (43.5) 289 (24.3) < 0.061 27 (30.2) 290 (14.4) < 0.001
disease
Post-treatment 46 (35.1) 444 (167) <0001 98 (57.6) 436 (36.6) <0061 17 (18.9) 200 (10.0)  0.007%
macovasc disease
Ei‘:kgm“nd 6 (4.6) 25 (0.9) 0.003 32 (18.8) 37(31)  <0.001° 2(2.2) 16 (0.8) 0.179
Post-treatment 25 (19.1) 137(5.2) <0.001  63(37.1) 146 (12.3)  <0.001° 12 (13.3) 52 (2.6) <0.001

HF

HF, heart failure; macrovasc, composite of macraaar disease comprising a history of known corgrantery disease or peripheral artery disease oolst;  two-tailed
p valuefor the statistical difference between loop diuretreated and loop diuretic- free patients (Chugre test)” two-tailed p valudor the statistical difference between
loop diuretic- treated and loop diuretic- free jzaits (Fisher's exact test)
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3.11.3 Drug history

This study captured data pertaining to a wide rasfglrugs which could possibly, at
least partly, explain an increased risk for fluidvedoad following index

thiazolidinedione prescription. Thiazolidinediomeeted patients were more likely
to be prescribed these oral glucose lowering agemta background of peripheral
vasodilators (3.2%), thiazide diuretics (35.8%),nssteroidal anti-inflammatory
drugs (69.8%), angiotensin converting enzyme inbibi (54.9%) and aldosterone
receptor antagonists (14.9%), compared with theatfonmin-sulphonylurea or

insulin-treated counterparts (table 3.34).

Thiazolidinedione-treated patients were additionattharacterised by higher
background rates of dihydropyridine calcium chanleckers (35.4%), diltiazem
(6.5%), beta blockers (40.1%), nitrates (18.7%) atiebr anti-anginal drugs (2.2%)
and lower background prescription of peripheraloedators (3.2%) compared with
patients on insulin. Antecedent prescription ofhal@drenoceptor blocking drugs
was commoner among thiazolidinedione prescribettipiat (8.9%) compared with

metformin-sulphonylurea-treated ones (table 3.34).

Searching for possible causes of fluid overload $tudy compared frequencies of
background drug therapy between patients requidog diuretic (LD+), and those
remaining loop diuretic-free (LD-) after index th@idinedione therapy (table 3.35).
The former patients were more likely to be treatgtth a nitrate [25 (27.8%) (LD+)
vs 367 (18.3%) (LD-); p = 0.024], in keeping witiglher rates of coronary artery

disease among this category of thiazolidinedioeated patients. Higher
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background use of thiazides [41 (45.6%) (LD+) v 7(B5.4%) (LD-)] was

borderline statistically significant (p = 0.049).

Patients were more likely to require an index piipson of a loop diuretic after
index metformin-sulphonylurea combination therapythie latter was introduced
against a background of peripheral vasodilators (.2%) (LD+) vs 118 (4.4%)
(LD-); p = 0.013), dihydropyridine calcium chanrmbckers [55 (42.0%) (LD+) vs
853 (32.1%) (LD-); p = 0.019], diltiazem [19 (14.5%D+) vs 170 (6.4%) (LD-); p
< 0.001); beta blockers [64 (48.9%) (LD+) vs 987Z.(8B%6) (LD-); p = 0.006] or

nitrates [52 (39.7%) (LD) vs 532 (20.0%) (LD-); 0<001] (table 3.35).

T2DM patients treated with insulin were more likeéty require treatment with an
index loop diuretic after their index insulin praption if the latter was introduced
on a background of thiazide diuretics [46 (27.1%D)«) vs 237 (19.9%) (LD-); p =
0.031], diltiazem [25 (14.7%) (LD+) vs 115 (9.7%d)D¢); p = 0.043], alpha
adrenoceptor blocking drugs [22 (12.9%) (LD+) vs (653) (LD-); p = 0.002],

angiotensin |l receptor antagonists [16 (9.4%) (L®s 58 (4.9%) (LD-); p = 0.015]

or nitrates [60 (35.3%) (LD+) vs 280 (23.5%) (LDp)= 0.001] (table 3.35).

Likewise, a comparison of background drug presoiptamong individuals

developing incident heart failure (HF+), and thom@aining heart failure free (HF-)
within one year of inclusion into each of the threeeatment cohorts yielded
provocative but preliminary results (data not shpvas interpretation was limited in
by small numbers of patients being prescribed dessmonly used drugs, especially

in the context of a relatively infrequent adverserd of interest (HF). Thus, patients
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developing incident HF within one year of their éxcthiazolidinedione prescription
were more likely to have had their oral glucosedang agent introduced against a
background of verapamil [4 (14.3%) (HF+) vs 34 f&)3(HF-); p = 0.001],
diltiazem [7 (25.0%) (HF+) vs 206 (8.2%) (HF-); p0007], beta blockers [18
(64.3%) (HF+) vs 1084 (43.0%) (HF-); p = 0.024]damtrates [16 (57.1%) (HF+)
vs 548 (21.7%) (HF-); p < 0.001]. Analyzing for rwemin-sulphonylurea
combination therapy, patients were more likely éodiagnosed with new-onset HF
if their glucose lowering therapy was prescribedilevion potassium sparing
diuretics/aldosterone antagonists [8 (16.3%) (H¥s+148 (4.3%) (HF-); p = 0.001],
beta blockers [28 (57.1%) (HF+] vs 1402 (40.9%) (4B = 0.022] or nitrates [25
(51.0%) (HF+) vs 831 (24.2%) (HF-); p <0 .001].iBats whose insulin therapy was
commenced while on potassium sparing diuretics&iéone antagonists [10
(15.9%) (HF+) vs 99 (5.7%) (HF-); p = 0.003], ndersidal anti-inflammatory
drugs [50 (79.4%) (HF+) vs 1148 (65.5%) (HF-); p0:923], dihydropyridine
calcium channel blockers [34 (54.0%) (HF+) vs 638.4%); p = 0.013], diltiazem
[18 (28.6%) (HF+) vs 213 (12.2%) (HF-); p < 0.00Hngiotensin converting
enzyme inhibitors [33 (55.6%) (HF+) vs 725 (41.48F-); p = 0.025] or nitrates
[36 (57.1%) (HF+) vs 495 (28.3%) (HF-); p < 0.002dre more likely to progress to
incident HF within one year. Baseline angiotensireteptor antagonists were only
marginally significant [9 (14.3%) (HF+) vs 128 (%3 (HF-); p = 0.050).
Associations with potassium sparing diuretics/dielase antagonists, angiotensin
converting enzyme inhibitors, angiotensin Il rece@ntagonists and nitrates suggest
a priori coronary artery disease, its risk factors (inadgdhypertension) and its

consequence of interest (namely HF), and are densiwith results reported earlier.
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As expected, patients developing incident HF withie year of inclusion into either
of the three cohorts were more likely to have haeirtglucose modulating drug
introduced against a background of loop diureteraby [28 (57.1%) (HF+) vs 694
(20.3%) (HF-), p < 0.001 for metformin-sulphonylargeated patients; 40 (63.5%)
(HF+) vs 485 (27.7%) (HF-), p < 0.001 for insulmedted patients; 15 (53.6%)
(HF+) vs 455 (18.0%) (HF-), p < 0.001 for thiazatiedione-treated patients] (data

not shown).
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Table 3.34 - Comparison of the relative frequenay (%)] of background and post-treatment drug hisyoemong patients treated with
metformin-sulphonylurea combination, insulin or tlazolidinedione therapy for a minimum of three morgth

Metformin- Insulin Thiazolidinedione p value for p value for p value for p value for
sulphonylourea cohort cohort (TZD) cohort the difference  metformin- metformin-  insulin cohort
across the  sulphonylurea sulphonylurea vs TZD cohort
N =2785 N =1361 N = 2097 three cohorts cohort vs  cohortvs TZD b
a insulinbcohort cott;\ort
Background p. 130 (4.7) 80 (5.9) 67 (3.2) 0.001 0.095 0.010 00.0
vasodilators
Post-treatment p. 58 (2.1) 54 (4.0) 22 (1.0) <0.001 <0.001 0.005 0.601
vasodilators
Background 783 (28.1) 283 (20.1) 751 (35.8) <0.001 <0.001 0.001 <0.001
thiazide diuretics
Post-treatment 757 (27.2) 412 (30.3) 631 (30.1) 0.035 0.038 0.026 0.910

thiazide diuretics

Background K
diuretics / 45 (1.6) 28 (2.1) 26 (1.2) 0.168 0.310 0.277 0.058

aldosterone antag.

Post-treatment K
diuretics / 112 (4.0) 164 (12.0) 61 (2.9) <0.001 <0.001 0.037 <0.001

aldosterone antag.

K diuretics /aldosterone antag., potassiunm spadigetics /aldosterone antagonists; p. vasodSoilaf peripheral vasodilators? two-tailed p value (Chi Square test),
two-tailed p value (Chi Square test). Tests ofttinee a priori hypotheses were conducted using@aoni adjusted alpha lelves of 0.0167 per tesD%B)
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Metformin- Insulin Thiazolidinedione p value for p value for p value for p value for
sulphonylourea cohort cohort (TZD) cohort the difference  metformin- metformin-  insulin cohort
across the  sulphonylurea sulphonylurea vs TZD cohort
N = 2785 N = 1361 N = 2097 three cohorts cohort vs  cohortvs TZD b
a insulinbcohort coE\ort
Background
1839 (66.0) 850 (62.5) 1463 (69.8) < 0.001 0.023 006. <0.001
NSAIDs
Post-treatment
892 (32.0) 640 (47.0) 655 (31.2) <0.001 <0.001 558. <0.001
NSAIDs
Background
dihydropyridine 908 (32.6) 423 (31.1) 742 (35.4) 0.021 0.324 0.042 0.009
CCBs
Post-treatment
dihydropyridine 1047 (37.6) 628 (46.1) 732 (34.9) <0.001 <0.001 .058 <0.001
CCBs
Background 30 (1.1) 18 (1.3) 26 (1.2) 0.760 0.488 0.597 0.832
verapamil
Post-treatment 19 (0.7) 18 (1.3) 13 (0.6) 0.049 0.040 0.789 0.032
verapamil
Background 189 (6.8) 140 (10.3) 137 (6.5) <0.001 <0.001 6.72 <0.001
diltiazem

dihydropyridine CCBs, dihydropyridine calcium chahblockers; NSAIDs, non-steroidal anti-inflamnatairugs;? two-tailed p value (Chi Square tesjwo-tailed p value
(Chi Square test). Tests of the three a priori ilipses were conducted using Bonferroni adjustekiaalgvels of 0.0167 per test (0.05/3)
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Metformin- Insulin Thiazolidinedione p value for p value for p value for p value for
sulphonylourea cohort cohort (TZD) cohort the difference  metformin- metformin-  insulin cohort
across the  sulphonylurea sulphonylurea vs TZD cohort
N =2785 N =1361 N = 2097 three cohorts cohort vs  cohortvs TZD b
a insulinbcohort coE\ort
Post-treatment 175 (6.3) 151 (11.1) 89 (4.2) <0.001 <0.001 0002  <0.001
diltiazem
Background beta 1046 (37.6) 479 (35.2) 841 (40.1) 0.013 0.138 0.070 0.004
blockers
Post-treatment beta 895 (32.1) 591 (43.4) 663 (31.6) <0001  <0.001° 0.700° < 0.00P°
blockers
Background 15 (0.5) 9 (0.7) 10 (0.5) 0.770 0.625° 0.765° 0.474°
vasodilator drugs
Post-treatment 4(0.1) 13 (1.0) 1(0.0) < 0.061 <0.001° 0.399° <0.007°
vasodilator drugs
Background
centrally acting 24 (0.9) 9 (0.7) 26 (1.2) 0.190 0.495° 0.194° 0.097°
antiht
Post-treatment
centrally acting 31(1.1) 21 (1.5) 18 (0.9) 0.174 0.243 0.377 0.063

antiht

centrally acting antiht, centrally acting antihypensive drugs; vasodilator drugs, vasodilator agfirtensive drugg: two-tailed p value (Chi Square testywo-tailed p
value (Chi Square test). Tests of the three a phigpotheses were conducted using Bonferroni agijliatpha levels of 0.0167 per test (0.05f3)o-tailed p value (Fisher's
exact test). Tests of the three a priori hypothegsre conducted using Bonferroni adjusted alphalkwef 0.0167 per test (0.05/3)
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Metformin- Insulin Thiazolidinedione p value for p value for p value for p value for
sulphonylourea cohort cohort (TZD) cohort the difference  metformin- metformin-  insulin cohort
across the  sulphonylurea sulphonylurea vs TZD cohort
N =2785 N =1361 N = 2097 three cohorts cohort vs  cohortvs TZD b.c
a insulin cohort cohort
b, c b, c
Background c c c
anbd 4(0.1) 3(0.2) 5(0.2) 0.729 0.690 0.511 1.000
Post-treatment 2(0.1) 0(0) 0 (0) 0.289 1.000° 0.510° -
anbd
Sggsgmund 180 (6.5) 97 (7.1) 186 (8.9) 0.006 0.421° 0.002° 0.068"
Z‘fg&treatme”t 290 (10.4) 247 (18.1) 197 (9.4) <0001  <0.00%° 0.240° < 0.00P°
Background
ACE] 1040 (37.3) 491 (36.1) 1151 (54.9) <0.001 0.427 0.001 <0.001
Z‘ésl’zt;”eatme”t 1438 (51.6) 916 (67.3) 1179 (56.2) <0.001 <0001  0.001 <0.001
Background
ARB 226 (8.1) 74 (5.4) 313 (14.9) <0.001 0.002 <0.001 <0.001

ACEI, angiotensin convering enzyme inhibitors; anbdrenergic neurone blocking drugs; aabd, alphaemtceptor blocking drugs; ARB, angiotensin |l netoe
antagonists; ® two-tailed p value (Chi Square testywo-tailed p value (Chi Square test). Tests oftlitee a priori hypotheses were conducted using &omifii adjusted
alpha levels of 0.0167 per test (0.05/3yyo-tailed p value (Fisher's exact test). Testthefthree a priori hypotheses were conducted uBmgferroni adjusted alpha levels
of 0.0167 per test (0.05/3)
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Metformin- Insulin Thiazolidinedione p value for p value for p value for p value for
sulphonylourea cohort cohort (TZD) cohort the difference  metformin- metformin-  insulin cohort
across the  sulphonylurea sulphonylurea vs TZD cohort
N =2785 N =1361 N = 2097 three cohorts cohort vs  cohortvs TZD
a insulinbcohort coE\ort
Post-treatment
ARE 391 (14.0) 272 (20.0) 423 (20.2) <0.001 <0.001 0.601 0.894
Background renin
S 0(0 0( 0( - - - -
inhibitors © © ©
Post-treatment
L 0(0 0( 0( - - - -

renin inhibitors © © ©
Background 584 (21.0) 340 (25.0) 392 (18.7) <0.001 0.004 9.04 <0.001
nitrates
Post-treatment 558 (20.0) 455 (33.4) 336 (16.0) <0.001 <0.001 0.001 <0.001
nitrates
Background other 51 (1.8) 45 (3.3) 46 (2.2) 0.011 0.003 0.369 0.046
anti-anginal drugs
Post-reatment other 98 (3.5) 126 (9.3) 53 (2.5) <0.001 <0.001 0.048 0.601
anti-anginal drugs
Ei?g;g;o“nd 584 (21.0) 340 (25.0) 392 (18.7) <0.001 0.004 9.04 <0.001

ARB, angiotensin Il receptor antagonistéwo-tailed p value (Chi Square testjwo-tailed p value (Ch Square test). Tests of lineet a priori hypotheses were conducted

using Bonferroni adjusted alpha levels of 0.016i7tpst (0.05/3)
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Metformin- Insulin Thiazolidinedione p value for p value for p value for p value for
sulphonylourea cohort cohort (TZD) cohort the difference  metformin- metformin-  insulin cohort
across the  sulphonylurea sulphonylurea vs TZD cohort
N =2785 N = 1361 N = 2097 three cohorts cohort vs  cohortvs TZD b
@ insulinbcohort coL\ort
Post-treatment 558 (20.0) 455 (33.4) 336 (16.0) <0.001 <0.001 0.601 <0.001
nitrates
Background other 51 (1.8) 45 (3.3) 46 (2.2) 0.011 0.003 0.369 0.046
antianginal drugs
Post-treatment other 98 (3.5) 126 (9.3) 53 (2.5) <0.001 <0.001 0.048 0.601

anti-anginal drugs

2 two-tailed p value (Chi Square testjwo-tailed p value (Chi Square test). Tests ofttitee a priori hypotheses were conducted using &omii adjusted alpha levels of
0.0167 per test (0.05/3)
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Table 3.35 - Comparison of the relative frequenay[@o]) oprescription of background drug therapy e¢en individuals requiring treatment with loop
diuretics and those remaining loop diuretic-free thin one year after exposure to metformin-sulphooyga combination, insulin or thiazolidinedione
therapy for a minimum of three months, and havingbackground loop diuretic therapy at inclusion imtheir respective cohort.

Metformin-sulphonylurea cohort

Insulin cohort

Thiazolidinedione cohort

Background p.
vasodilators

Post-treatment p.

vasodilators

Background
thiazide diuretics

Post-treatment
thiazide diuretics

Background K
diuretics /

aldosterone antag.

Loop diuretic
-treated

N =131

12 (9.2)

6 (4.6)

36 (27.5)

33 (25.2)

2 (1.5)

Loop diuretic
-free

N = 2654

118 (4.4)

52 (2.0)

747 (28.1)

724 (27.3)

43 (1.6)

p®®  Loop diuretic
-treated
N=170

0.013 15 (8.8)

0.053 7 (4.1)

0.869 46 (27.1)

0.600 47 (27.6)

1.000 6 (3.5)

Loop diuretic

-free

N=1191

65 (5.5)

47 (3.9)

237 (19.9)

365 (30.6)

22 (1.8)

a, b

p

0.081

0.91%

0.031

0.426

0.14%9

Loop diuretic
-treated

N =90

3(3.3)

2(2.2)

41 (45.6)

32 (35.6)

3 (3.3)

Loop diuretic
-free

N = 2007

64 (3.2)

20 (1.0)

710 (35.4)

599 (29.8)

23 (1.1)

0.763

0.24%3

0.049

0.248

0.098

K diuretics/aldosterone antag., potassium sparingretics/aldosterone antagonists ; p. vasodilatgeeripheral vasodilators ; 2 two-sided p value for the statistical
difference between loop diuretic-treated and loapetic- free patients (Chi Square testivo-sided p value for the statistical differencéviEen loop diuretic-treated and
loop diuretic- free patients (Fisher’'s exact test)
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Metformin-sulphonylurea cohort

Insulin cohort

Thiazolidinedione cohort

Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic paP

-treated -free -treated -free -treated -free

N =131 N = 2654 N =170 N=1191 N =90 N = 2007
Post-treatment K
diuretics / 17 (13.0) 95 (3.6) <0.001 56 (32.9) 108 (9.1) <0.001 13 (4.4) 48 (2.4) < 0.001
aldosterone antag.
Eg%%g“”d 91 (69.5) 1748 (65.9) 0395 111 (65.3) 739 (62.0) 04%4 64 (71.1) 1399 (69.7)  0.776
Z%%g‘;atme”t 43 (32.8) 849 (32.0)  0.842 79 (46.5) 561(47.1)  0.877 32 (35.6) 623 (31.0)  0.366
Background
dihydropyridine 55 (42.0) 853 (32.1) 0.0f9 63 (37.1) 360 (30.2) 0.072 40 (44.4) 702 (35.0) 0.066
CCBs
Post-treatment
dihydropyridine 56 (42.7) 991 (37.3) 0.272 75 (44.1) 553 (46.4) 0.571 36 (40.0) 696 (34.7) 0.300
CCBs
Background
verapamil 2 (1.5) 28 (1.1) 0.650 3(1.8) 15 (1.3) 0.59H 2(2.2) 24 (1.2) 0.308

dihydropyridine CCBs, dihydopyridine calcium chahbtockers; K diuretics / aldosterone antag., paias sparing diuretics / aldosterone antagonis¥SAIDs, non-steroidal anti-
inflammatory drugs? two-sided p value for the statistical differencevieen loop diuretic- treated and loop diuretic-freatients (Chi Square test)two-sided p value for the statistical
difference between loop diuretic-treated and loapetic-free patients (Fisher's exact test)
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Metformin-sulphonylurea cohort Insulin cohort Thiazolidinedione cohort
Loop diuretic  Loop diuretic paP Loop diuretic- Loop diuretic paP Loop diuretic  Loop diuretic  p®®

-treated -free treated -free -treated -free

N =131 N = 2654 N=170 N=1191 N =90 N = 2007
Post-treatment 1(0.8) 18 (0.7) 0.601 5(2.9) 13 (1.1) 0.063 2(2.2) 11 (0.5) 0.105
verapamil
Background 19 (14.5) 170 (6.4) <0001  25(14.7) 115 (9.7) 0.043 8 (9.9) 129 (6.4) 0.355
diltiazem
Post-treatment 22 (16.8) 153(5.8) <0001 28 (16.5) 123 (10.3) 0.0%7 6 (6.7) 83 (4.1) 0.275
diltiazem
Elii'l‘(ge';‘;“”d beta 64 (48.9) 982 (37.0) 0006 71 (41.8) 408 (34.3) 0.085  34(37.8) 807 (40.2)  0.645
Post-treatment beta
blockers 49 (37.4) 846 (31.9) 0.186 94 (55.3) 497 (41.7) 0.001 37 (41.1) 626 (31.2) 0.048
Background 1(0.8) 14 (0.5) 0.51% 0(0) 9 (0.8) 0.61% 1(11) 9 (0.4) 0.356
vasodilator drugs ' ' ' ' ' ' ' '
Post-treatment 0 (0) 4(0.2) 1.000 3(1.8) 10 (0.8) 0.21% 0(0) 1(<0.1) 1.000

vasodilator drugs

vasodilator drugs, vasodilator antithypertensiveigs; ®two-sided p value for the statistical differencéwmen loop diuretic- treated and loop diureticedrpatients (Chi
Square test)’two-sided p value for the statistical differencewsen loop diuretic-treated and loop diuretic-frgstients (Fisher's exact test)
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Metformin-sulphonylurea cohort Insulin cohort Thiazolidinedione cohort
Loop diuretic  Loop diuretic  p®P® Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic  p®®

-treated -free -treated -free -treated -free

N=131 N = 2654 N=170 N=1191 N =90 N = 2007
Background
centrally acting 3(2.3) 21 (0.8) 0.10B 1 (0.6) 8 (0.7) 1.000 2(2.2) 24 (1.2) 0.308
antiht
Post-treatment
centrally acting 3(2.3) 28 (1.1) 0.177 4(2.4) 17 (1.4) 0.321 2(2.2) 16 (0.8) 0.179
antiht
Sﬁg‘ggm“”d 0 (0) 4(0.2) 1.000 1(0.6) 2 (0.2) 0.33D 1(1.1) 4(0.2) 0.197
Post-treatment 0 (0) 2 (0.1) 1.008 0(0) 0(0) - 0(0) 0(0) -
anhd
Sgg'ggr"“”d 11 (8.4) 169 (6.4) 0356 22 (12.9) 75 (6.3) 0002 10 (11.1) 176 (8.8) 0.445
Post-treatment 20 (15.3) 270(102)  0.062 38 (22.4) 209(175) 0128 13 (14.4) 184 (9.2) 0.093

aabd

aabd, alpha adrenoceptor blocking drugs; anbd, aergic neurone blocking drugs; centrally actingiahtcentrally acting antinypertensive drugawo-sided p value for
the statistical difference between loop diuretieated and loop diuretic- free patients (Chi Scuésest);” two-sided p value for the statistical differencevieen loop
diuretic-treated and loop diuretic-free patientdqirer’'s exact test)
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Metformin-sulphonylurea cohort Insulin cohort Thiazolidinedione cohort

Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic  p®®

-treated -free -treated -free -treated -free

N =131 N = 2654 N =170 N = 1191 N = 90 N = 2007
iaCcEIjground 50 (38.2) 990 (37.3)  0.841 71 (418) 420(35.3) 0099 53 (58.9) 1098 (54.7)  0.436
igsé;”eatme”t 75 (57.3) 1363(51.4)  0.187 119 (70.0) 797 (66.9) 0423  55(6L1) 1124 (56.0)  0.339
ig‘g‘ground 10 (7.6) 216 (8.1) 0.836 16 (9.4) 58 (4.9) 0015 18 (20.0) 295 (14.7)  0.167
Zgﬁ'treatmem 24 (18.3) 367 (13.8) 0.148 39 (22.9) 233(19.6) 08.3  25(27.8) 398 (19.8) 0.066
Background renin 0(0) 0(0) : 0(0) 0(0) : 0(0) 0(0) :
remin innibitors 00 00 : 0(0) 0 (0) : 0 (0) 0 (0) :
Ei?g;g;o“nd 52 (39.7) 532(20.0) <0.001 60 (35.3) 280 (23.5) 0001  25(27.8) 367 (18.3)  0.0%4

ACEI, angiotensin converting enzyme inhibitors; AR®giotensin Il receptor antagonistdwo-sided p value for the statistical differencévieen loop diuretic-treated and loop diuretic- €re

patients (Chi Square testtwo-sided p value for the statistical differencénsen loop diuretic-treated and loop diuretic-frgatients (Fisher's exact test
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Metformin-sulphonylurea cohort Insulin cohort

Thiazolidinedione cohort

Loop diuretic  Loop diuretic paP Loop diuretic  Loop diuretic

-treated -free -treated -free

N =131 N = 2654 N =170 N=1191
Post-treatment 51 (38.9) 507 (19.1)  <0.001 86 (50.6) 369 (31.0)
nitrates
Background other
anti-anginal drugs 0 (0) 51 (1.9) 0.178 7 (4.1) 38(3.2)
Post-treatment
other anti-anginal 6 (4.6) 92 (3.5) 0.463 28 (16.5) 98 (8.2)

drugs

a, b

p* Loop diuretic  Loop diuretic
-treated -free
N =290 N = 2007
<0.061 25(27.8) 311 (15.5)
0.527 2(2.2) 44 (2.2)
0.001 33) 50 (2.5)

0.062

1.000

0.495

2 two-sided p value for the statistical differencevimen loop diuretic-treated and loop diuretic-frpatients (Chi Square test);two-sided p value for the statistical

difference between loop diuretic-treated and loapetic- free patients (Fisher's exact test)
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3.11.4 Clinical measurements

Table 3.36 summarises clinical measurements foematbelonging to each of the
three treatment cohorts, together with two-sidedlpes for trend across the cohorts,
and post-hoc pairwise comparisons between the treatment grolipble 3.37

outlines mean (SD) values, and two-sided p valaeshe comparison between loop

diuretic-treated and -free patients belongingacheof the three treatment cohorts.

Comparing with metformin-sulphonylurea-treated @i, patients prescribed an
index thiazolidinedione were characterised by lob&seline mean arterial pressure
[99.32 (9.77) vs 100.29 (9.48) mmHg; p = 0.001}yvdo baseline systolic blood
pressure [139.65 (12.92) vs 141.23 (15.70) mmHg;Q001], lower baseline DBP
[79.17 (7.92) vs 79.81 (8.64) mmHg; p = 0.032],heig baseline weight [88.97
(17.54) vs 84.67 (16.84) kg; p < 0.001], and highaseline BMI [31.29 (5.37) vs
30.19 (5.32) kg/rh; p < 0.001] (table 3.36). Higher baseline valuss\feight and
BMI among patients treated with a second or third thiazolidinedione may reflect
the ‘end-effect’ of several months/years of antecéd(first or second line)
sulphonylurea therapy, with their characteristisuimotropic, weight promoting,

effect.

Likewise, comparing thiazolidinedione with insutieated patients, the former were
characterised by significantly lower baseline slystiolood pressure [139.65 (12.92)
vs 141.26 (16.10) mmHg; p = 0.011], higher baseleght [88.97 (17.54) vs 79.06
(16.51) kg; p < 0.001] and higher baseline BMI PB1(5.37) vs 28.43 (5.45) kgfm

p < 0.001] (table 3.36).



300

Index loop diuretic prescribed thiazolidinedioneatied patients were characterised
by a significantly higher mean baseline BMI [33.(6154) (LD+) vs 31.21 (5.31)
(LD-) kg/m* p = 0.002] compared with their index loop diutdiiee counterparts,
despite no differences in baseline body weightl¢t&37). BMI is now established
as a more precise marker of obesity than body weidtere were no differences in
baseline mean arterial pressure and DBP betweenvwtbeindex loop diuretic
categories. Mean baseline systolic blood pressméed to be higher in index loop
diuretic-treated patients — with the difference cteag borderline statistical

significance [142.35 (13.91) (LD+) vs 139.53 (1218)); p = 0.048].

Similar observations were reported for baseline maderial pressure, DBP and
weight among patients on metformin-suphonylurealmoation therapy and insulin

(without TZD) respectively (table 3.37). Differescen baseline BMI reached
statistical significance in either cohort. Baselisgstolic blood pressure was
significantly higher in loop diuretic prescibed uig-treated patients; differences in
systolic blood pressure did not reach statisticgnicance in patients on

metformin-sulphonylurea combination therapy. Thadex loop diuretic requiring

metformin-sulphonylurea-treated patients were ditaressed by a higher baseline
BMI [31.50 (6.07) vs 30.13 (5.28) kgfmp = 0.012]. Likewise, insulin-treated
patients characterised by a higher baseline sgdttiod pressure [145.07 (16.17) vs
140.73 (16.03) mmHg; p = 0.003] and higher baseBiv [29.46 (5.60) vs 28.29

(5.42) kg/nt; p = 0.014] were more prone to ‘oedema’ after indasulin

prescription.
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Analyzing separately for incident HF events ocawgrwithin one year of inclusion
into each of the three treatment cohorts yieldedstatistical difference in mean
baseline systolic blood pressure or baseline bodgsnindex between incident HF
subgroups, albeit significantly lower baseline DEBRdings for HF prone insulin-
treated patients [75.22 (8.70) HF + vs 79.01 (8HB)> mmHg; p = 0.001] (data not

reproduced in table format).
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Table 3.36 - Comparison of mean (SD) values for kgound and post-treatment clinical measurements @mg patients treated with
metformin-sulphonylurea combination, insulin or tlazolidinedione therapy for a minimum of three morghand no background loop

diuretic therapy.

Metformin- Insulin Thiazolidinedione pvalue for  pvalue for  pvalue for  p value for
sulphonylourea cohort (TZD) cohort the metformin-  metformin- insulin
cohort difference  sulphonylur sulphonylur cohort vs
N = 1361 N = 2097 across the eacohort vs eacohortvs TZD cohort
N = 2785 (744 males, (1264 males,  three cohorts insulin TZD cohort b
(1634 males, 617 females) 833 females) 2 cohort” b
1151 females)
(anfnek';g;a MAP 100.29 (9.48) 99.83 (9.55) 99.32 (9.77) 0.003 0.38F 0.00F 0.303
(Pn‘q’rsm;e)atme”t MAP " 9937 (9.36) 98.61 (9.89) 97.08 (8.22) <0.001 0.082 <0.00% <0.00%
(Bn";‘rsnek';g;* SBP 141.23 (15.70) 141.26 (16.10)  139.65 (12.92) 0.001 0.999 0.00F 0.01f
E’ncq’rs;:{ge)atmem SBP 140551 (15.38) 140.68 (16.21)  137.82(13.34)  <0.001 0.952 <0.00% <0.00%
(an’]‘rsnek';g;a DBP 79.81 (8.64) 79.11 (8.53) 79.17 (7.92) 0.016 0.062 0.032 0.97§

MAP, mean arterial pressure; SBP, mean systoliothlpressure? two-tailed p value [One-way analysis of varian@dNQOVA)]; ° two-tailed p value (pair-wise post-hoc

analysis). Tests of these three a priori hypothese conducted using the Games-Howell test
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Metformin- Insulin Thiazolidinedione p value for  pvalue for  pvalue for  p value for
sulphonylourea cohort (TZD) cohort the metformin-  metformin- insulin
cohort difference  sulphonylur sulphonylur cohort vs
N = 1361 N = 2097 across the eacohort vs eacohortvs TZD cohort
N = 2785 (744 males, (1264 males,  three cohorts  insulin TZD cohort b
(1634 males, 617 females) 833 females) 2 cohort” "
1151 females)
E’rﬁﬁf:l;e)atmem DBP 78.80 (8.67) 77.57 (8.89) 76.71 (8.02) <0001  <000f  <0.00f 0.026
(E:(ags)e"”e weight 84.67 (16.84) 79.06 (16.51) 88.97 (17.54)  <0.00f  <000F°®  <0.00f°  <0.00F°¢
Post treatment 84.42 (17.15) 81.40 (16.38) 90.04 (17.57) <0.001 <0.00f <0.00f <0.00f
weight (kg)
E(Zjﬂge BMI 30.19 (5.32) 28.43 (5.45) 31.29 (5.37) <0.001 <0.00f <0.00f <0.00f
Post treatment BMI 30.15 (5.42) 29.27 (5.43) 31.73 (5.42) <0.001 <0.00f <0.00f <0.00f

(kg/n")

BMI, body mass index; DBP, diastolic blood pressdravo-tailed p value [One-way analysis of varian@éNQOVA)]; ° two-tailed p value (pair-wise post-hoc analysis).
Tests of these three a priori hypotheses were atadwsing the Games-Howell teéand the Tukey-HSD te%tedifferences calculated on lggansformed data
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Table 3.37 - Comparison of mean (SD) values fomatal measurements between individuals requiringgétment with loop diuretics and
those remaining loop diuretic-free within one yeafter exposure to metformin-sulphonylurea combinaiti, insulin or thiazolidinedione
therapy for a minimum of three months.

Metformin-Sulphonylurea cohort

Insulin cohort

Thiazolidinedione cohort

Baseline MAP
(mmHg)

Post-treatment MAP
(mmHg)

Baseline SBP
(mmHg)

Post treatment SBP
(mmHg)

Baseline DBP
(mmHg)

Post treatment DBP
(mmHg)

Loop diuretic-
treated

N =131

100.98 (9.66)

100.30 (10.04)

144.33 (15.96)

144.30 (17.04)

79.31 (8.81)

78.30 (8.77)

Loop diuretic
-free

N = 2654

100.26 (9.48)

99.32 (9.33)

141.00 (15.68)

140.33 (15.28)

79.83 (8.63)

78.82 (8.67)

p*®  Loop diuretic-

treated

N =170

0.468 100.71 (9.88)

0.304 98.20 (12.07)

0.051 145.07 (16.17)

0.611 141.73 (18.90)

0.563

78.52 (8.80)

0.552 76.43 (10.95)

Loop diuretic-
free

N=1191

99.71 (9.50)

98.67 (9.54)

140.73 (16.03)

140.53 (15.79)

79.20 (8.49)

77.74 (8.55)

a, b

p

0.249

0.611

0.603

0.978

0.381

0.075

Loop diuretic-
treated

N =90

99.53 (8.38)

96.22 (8.07)

142.35 (13.91)

138.29 (14.22)

78.12 (7.86)

75.18 (7.66)

Loop diuretic-
free

N = 2007

99.33 (8.00)

97.12 (8.23)

139.53 (12.86)

137.80 (13.30)

79.22 (7.92)

76.78 (8.03)

a, b

p

0.819

0.334

0.048

0.745

0.205

0.079

DBP, mean diastolic blood pressure; MAP, mean @atgressure; SBP, mean systolic blood presstitejo-sidedb value for the difference between loop diuretieated
and loop diuretic- free patients (one-way ANOVAYo-sidedb value for the difference between loop diuretiated and loop diuretic- free patients (Mann-Withbietest)
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Metformin-Sulphonylurea cohort

Insulin cohort

Thiazolidinedione cohort

Loop diuretic-
treated

Loop diuretic- p
free

N =131 N = 2654

Baseline weight

Q) 85.37 (17.49)

84.64 (16.81) 0.669

Post treatment

88.63 (18.76) 84.22 (17.06) 0.013

weight (kg)
Baseline BMI
(kg/n) 31.50 (6.07)  30.13(5.28) 0.012
Post treatment BMI 32.39 (6.06) 30.05 (5.37) <0.001

(kg/n7)

Loop diuretic-
free

Loop diuretic-
treated

N =170 N=1191

81.15 (16.21) 78.77 (16.54)

83.46 (17.31) 81.11 (16.23)
29.46 (5.60)  28.29 (5.42)

30.56 (6.25)  29.09 (5.30)

a a

p Loop diuretic-  Loop diuretic- p
treated free
N =90 N = 2007
0.100 91.01(19.81) 88.88(17.44) 0.278
0.098 93.55(19.44) 89.88(17.47) 0.073
0.014 33.11 (6.54) 31.21 (5.31) 0.002
0.002 34.27 (6.61) 31.61 (5.33) <0.001

BMI, mean body mass index, two-sidecp value for the difference between loop diuret&ated and loop diuretic-free patients (one-way ARDV
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3.11.5 Haematology and biochemistry

Inspection of baseline haematocrit, biochemistryofilgr and thyrotropin
concentrations across the metformin-sulphonylumesulin and thiazolidinedione
cohorts yielded unexpected findings. Patients raggian index thiazolidinedione
prescription were characterised by lower baselatal tcholesterol [4.46 (0.93) vs
4.84 (1.18) mmol/L; p < 0.001], lower baseline loensity lipoprotein cholesterol
(LDL-C) [2.29 (0.90) vs 2.50 (1.04) mmol/L; p < 01}, higher baseline serum
sodium [136.68 (2.73) vs 138.39 (2.86) mmol/L; p0:001], higher baseline
estimated glomerular filtration rate [96.40 (35.9%)91.54 (36.13) mls/min/1.73’m

p < 0.001], and a higher baseline serum albumirD[2142.88) vs 43.51 (3.55) g/L; p
< 0.001] (table 3.38) compared with their metforraulphonylurea-treated
counterparts. Higher baseline values for estimajednerular filtration rate and
serum albumin for thiazolidinedione-treated paseate perhaps rather surprising,
but could stem from aa priori tendency to avoid metformin and/or sulphonylureas
in patients with impaired renal and/or liver funat shifting mean (SD) values for
these variables. Lower baseline serum total chelelstconcentrations at index
thiazolidinedione prescription could perhaps refeemetformin-associated benefical

effect on lipid status, as reported in a meta-asslyy Wulffele et al [607].

Comparing thiazolidinedione and insulin-treated igrds, the former were
characterised by a higher baseline haematocrigfp43.68) vs 40.22 (4.59) %; p <
0.001], a lower baseline HbAlc [8.89 (1.37) vs 9(6B2) %; p < 0.001], lower
baseline total cholesterol [4.46 (0.93) vs 4.921).mmol/L; p < 0.001], lower

baseline LDL-C [2.29 (0.90) vs 2.60 (1.01) mmolfL;< 0.001], higher baseline
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alanine aminotransferase (ALT) [33.51 (19.56) vs831(24.66); p < 0.001], higher
baseline serum sodium [138.68 (2.73) vs 137.328§34d < 0.001], higher baseline
estimated glomerular filtration rate (eGFR) [96.485.91) vs 79.39 (31.11)
mls/min/1.73 m; p < 0.001], higher baseline TSH [2.03 (1.33) \891(1.45) mIU/L;

p = 0.017], higher baseline serum albumin [44.088Rvs 41.53 (4.81) g/dL; p <
0.001] and a lower baseline serum creatinine [8820670) vs 94.83 (33.57); p <
0.001] (table 3.38). Lower baseline values for sehaematocrit for insulin-treated
patients could stem from a tendency to switch pt&i¢rom thiazolidinediones to
insulin therapy in the face of fluid overload. stperhaps not entirely surprising that
patients prescribed insulin therapy are prone torgrorenal function at baseline —
probably reflecting the gradual deterioration chteastic of patients with poorly
controlled T2DM (higher HbAlc, total cholesteroldahDL-C concentrations).
Given the reported association between ALT andevacfat accumulation, higher
baseline ALT for thiazolidinedione-treated patientsild stem from a tendency to
prescribe these ‘third line’ insulin sensitizerspatients with surrogate markers of
insulin resistance. As a corollary, a lower measebae ALT in insulin-treated
T2DM patients could reflect the ‘end result’ of aholidinedione prescription in

patients moving on to ‘fourth line’ insulin therapy

As outlined in table 3.39, patients requiring atieix loop diuretic within one year of
index thiazolidinedione therapy were characteribgdsignificantly lower baseline
values for serum albumin [42.54 (3.69) (LD+) vs084.(2.82) (LD-) g/dL; p <
0.001] and estimated glomerular filtration rateg.¢% (21.21) (LD+) vs 76.61
(19.03) (LD-) mls/min/1.73/ p < 0.001]despite no differences in baseline serum

creatinine [93.80 (28.18) (LD+) vs 87.93 (20.30P¢k umol/L; p = 0.152]. This is
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consistent with the observation of lower haemata@iues (a surrogate measure of
haemodilution, and hence fluid balance) for suctiepgs [40.93 (4.26) (LD+) vs
42.32 (3.64) (LD-) %; p = 0.001]. Index loop diucetreated TZD patients had
lower baseline ALT values than their loop diurdtiee counterparts [28.60 (16.07)
(LD+) vs 33.72 (19.67) IU/L (LD-); p = 0.003]. Gimethe reported association
between prevalent ALT and visceral fat accumulatibis observation surprisingly
seems to suggest that insulin sensitivity is aippasing factor to thiazolidinedione-
associated fliud retention. There were no diffeesnm baseline HbAlc, sodium,
total cholesterol (and its lipoprotein fractions)jglycerides and TSH (albeit a trend
towards higher TSH values for loop diuretic-treapadients [2.37 (1.52) (LD+] vs
2.01 (1.32) (LD-) mIU/L; p = 0.054] (table 3.390hdeed, subclinical hypothyroidism
has been associated with increased capillary pdmiitgato protein in a small
clinical study of nine female patients [608]. Weatlthis association holds true for

TSH values within the reference range remains tddbermined.

Analyzing for patients both control cohorts, loopurdtic-treated patients were
likewise characterised by a lower baseline haemiatoestimated glomerular
filtration rate and serum albumin and a signifibaritigher serum creatinine than
their loop diuretic-free counterparts (table 3.3%here were no differences in
baseline lipid profile and thyrotropin concentrasdor either cohort. Insulin-treated
patients requiring an index loop diuretic were elctgrised by better glycaemic
control (lower HbA1c). Individuals treated with amdex loop diuretic after index
metformin-sulphonylourea combination therapy werequely characterised by a
lower baseline serum sodium concentration, suggesi role for altered sodium

haemodynamics in such patients at a relativelyesaalge of T2DM. An alteration in
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the prevalent sodium milieu in ‘oedema prone’ pdsecould be masked by other
(stronger) contributory factors in thiazolidinedeorand insulin-treated patients
whose T2DM is more likely to be complicated by noa@scular and microvascular

disease
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Table 3.38 - Comparison of mean (SD) values for hestology and biochemistry results of patients treatwith metformin-sulphonylurea
combination, insulin and thiazolidinedione therapipr at least three months, and having no backgroutawbp diuretic therapy at inclusion

into their respective cohort.

Metformin- Insulin Thiazolidinedione  p value for p value for p value for p value for
sulphonylourea cohort (TZD) cohort the metformin- metformin- insulin
cohort difference  sulphonylurea sulphonylurea  cohort vs
N = 1361 N = 2097 across the cohort vs cohortvs TZD TZD cohort
N = 2785 three insulin cohort cohort b
cohort$ b b
(Ezj‘)se“”e haematocrit 4, 14 (3.95) 40.22 (4.59) 42.26 (3.68) <0.001 < 0.00¢ 0.398° <0.001°
0
Post-treatment 40.93 (4.40) 40.46 (4.67) 40.56 (4.32) 0.006 0.017f 0.040° 0.812¢
haematocrit (%)
(Ezj‘)se“”e HbAlc 8.91 (1.54) 9.67 (1.82) 8.89 (1.37) < 0.00f <0.00F° 0.928 ¢ <0.00F°
0
E;)St treatment HoALC 7 g5 (1 47 8.57 (1.55) 8.23 (1.47) <0.00¢ <0.00f° <0.00f°  <0.00F°
0
Baseline total 4.84 (1.18) 4.94 (1.21) 4.46 (0.93) <0.00f 0.057¢ <0.00f°  <0.00f°
cholesterol (mmol/L)
Post treatment total 4.70 (1.13) 4.87 (1.26) 4.61 (1.05) <0.00f 0.00F° 0.108° <0.00F°

cholesterol (mmol/L)

HbA1c, glycosylated haemoglobfhtwo-tailed p value [one-way analysis of varianéeNOVA)];° two-tailed p value (pair-wise post-hoc analysisgstE of these three a
priori hypotheses were conducted using the Gamesefitest® and the Tukey-HSD te$t differences calculated on lpgansformed data
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Metformin- Insulin Thiazolidinedione p value for  pvalue for pvalue for p value for
sulphonylourea cohort (TZD) cohort the metformin-  metformin- insulin
cohort difference  sulphonylur sulphonylur  cohort vs
N = 1361 N = 2097 across the ea cohort vs eacohortvs TZD cohort
N = 2785 three insulin TZD cohort b
cohorts cohort® b
a
Baseline HDL-C 1.20 (0.33) 1.21 (0.36) 1.21 (0.31) 0.074¢ 0.856%¢  0.055%°  0.470%°
(mmol/L)
Post treatment HDL-C 1.21 (0.34) 1.30 (0.40) 1.29 (0.32) <0.001°  <0.001%° <0.001°¢  0.485%°
(mmol/L)
Baseline LDL-C 2.50 (1.04) 2.60 (1.01) 2.29 (0.90) <0.001 01127 <0001  <0.001%
(mmol/L)
Post treatment LDL-C 2.37 (0.91) 2.44 (1.01) 2.15 (0.80) <0.001' 0.142°" <0001  <0.001%
(mmol/L)
Baseline triglycerides 2.71 (1.83) 2.73 (1.83) 2.60 (1.67) 0.358° 0.989°© 0.351%° 0.606°°
(mmol/L)
Post-treatment 2.37 (1.55) 235 (1.63) 2.41 (1.60) 0.223° 0.408%® 0.853¢ ¢ 0.206% ©

triglycerides (mmol/L)

HDL-C, high density lipoprotein cholesterol; LDL-@w density lipoprotein cholesterdl;two-tailed p value [one-way analysis of varianéNQOVA)];° two-tailed p value
(pair-wise post-hoc analysis). Tests of these tlargeiori hypotheses were conducted using the Garmeeell test® and the Tukey-HSD te$t ®differences calculated on
logetransformed data! differences calculated on square root transforrdath
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Metformin- Insulin Thiazolidinedione p value for  pvalue for  pvalue for  p value for
sulphonylourea cohort (TZD) cohort the metformin-  metformin- insulin
cohort difference  sulphonylur sulphonylur cohort vs
N = 1361 N = 2097 across the ea cohort vs eacohortvs TZD cohort
N = 2785 three cohorts insulin TZD cohort b
a cohort® b
(BIST)"”‘* ALT 33.15 (20.68) 31.84 (24.66) 33.51(19.56)  <0.00f 0.001%® 0.180°°  <0.00F°
(Fl’ait)treatme”t ALT 31.19 (21.94) 28.19 (22.08) 2859 (16.97)  <0.00f  <0.001“°  0.019°° 0.00F
(Bn?rsneohl;]f) sodium 138.39 (2.86) 137.32 (3.18) 138.68 (2.73) < 0.001 < 0.001° 0.001° < 0.00f
(Pn‘q’rsrfglr /?_";‘tme”t sodium 438 96 (2.96) 138.45 (3.16) 139.25 (2.68) <0.001 <0.001° 0.002° <0.00f
Baseline eGFR 91.54 (36.13) 79.39 (31.11) 96.40 (35.91)  <0.00f  <0001°°® <0.001%°  <O0.00f°
(mls/min/1.72 M) ' ' ' ' ' ' ' ' ' '
Post treatment €GFR g5 g (34 3g) 75.83 (30.82) 95.77 (36.42) <0.00f  <0.001%® <0.001%® <o0.00f°

(mls/min/1.72 m)

ALT, alanine aminotransferase; eGFR, estimatedngialar filtration rate;® two-tailed p value [one-way analysis of varianéQOVA)];° two-tailed p value (pair-wise
post-hoc analysis). Tests of these three a prigpdtheses were conducted using the Games-Howelf &sl the Tukey-HSD te§t ©differences calculated on Igg

transformed data
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Metformin- Insulin Thiazolidinedione pvalue for  pvalue for  pvalue for  p value for
sulphonylourea cohort (TZD) cohort the metformin-  metformin- insulin
cohort difference  sulphonylur sulphonylur cohort vs
N =1361 N = 2097 across the eacohort vs eacohortvs TZD cohort
N = 2785 three cohorts insulin TZD cohort b
a cohort® b
(Brﬁlsjl'l'_r;e TSH 2.00 (1.52) 1.99 (1.45) 2.03 (1.33) <0.00° 0.638°¢ 0.023°% 0.017°¢
Post treatment e de de de
TSH (mIUIL) 2.18 (1.72) 2.08 (1.73) 2.15 (1.47) 0.015 0.029 0.428 0.004
Baseline serum 43.51 (3.55) 41.53 (4.81) 44.00 (2.88) <0.00F <0.001°°  <0.001%°  <0.001%°
albumin (g/L)
Posttreatment serum 43 35 (3 5 41.20 (4.24) 43.93 (2.86) <0.00f  <0.00°°  <0.001°  <0.001%°
albumin (g/L)
Baseline serum 87.00 (20.88) 94.83 (33.57) 88.16 (20.70) < 0.001 < 0.001"" 0.139% <0.001%
creatinine mol/L)
Post treatment serum g 75 (57 74) 102.58 (41.94) 89.45(24.69) <0001  <000f'  0157%"  <0.001%'

creatinine {mol/L)

TSH, thyroid stimulating hormoné;two-tailed p value [one-way analysis of varianéNQOVA)];° two-tailed p value (pair-wise post-hoc analysis2siE of these three a
priori hypotheses were conducted using the GameseHdest® and the Tukey-HSD te%t ®differences calculated on square rasansformed data! differences calculated
on reciprocally transformed data
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Table 3.39 - Comparison of mean (SD) values forddanvestigations between individuals requiring &tenent with loop diuretics and those
remaining loop diuretic-free within one year aftezxposure to metformin-sulphonylurea combination,sualin or thiazolidinedione therapy

for a minimum of three months.

Metformin-Sulphonylurea cohort Insulin cohort

Thiazolidinedione cohort

a, b

Loop diuretic Loop p Loop diuretic Loop p*

-treated diuretic-free -treated diuretic-free

N =131 N = 2654 N =170 N = 1191
(Boz)se“”e haematocrit 4121 (4.31) 42.14(3.93) 0037 38.87(5.21) 40.43 (4.45) 0.00T
Post-treatment
haomateont (1) 39.14 (5.03) 41.02 (4.34) <0.00f 38.62(5.26) 40.74 (4.51) <0.00F
(Boz)se“”e HbAlc 8.82 (1.45) 891 (154) 0563 9.23(1.91) 9.71(1.80) 0.00F
(F;/OO)St treatment HbAIC 705 (1.44)  7.82(1.48) 0.333° 8.49(169) 858 (153) 0.330°
Baseline total cholesterol 4 g5 (1 19)  4.84(1.18) 0936  4.98(1.36) 4.94 (1.19) 0.676°
(mmol/L)
Post treatment total 475(1.23) 4.69(1.12) 0528  4.79(1.30) 4.89 (1.26) 0.314°

cholesterol (mmol/L)

Loop diuretic Loop p~

-treated diuretic-free

N =90 N = 2007
40.93 (4.26) 42.32(3.64) 0.00F
38.78 (4.73) 40.65 (4.28) <0.00F
8.78 (1.47)  8.90(1.37) 0.432
8.06 (1.61)  8.24 (1.46) 0.180*°
4.38(0.99)  4.46 (0.93) 0.419
4.39 (1.03)  4.62(1.05) 0.028°¢

HbAlc, glycosylated haemoglobifhtwo-tailed p value for the difference between loiyretic-treated and loop diuretic- free patierftme-way ANOVA)°two-tailed p
value for the difference between loop diuretic-tegband loop diuretic-free patients (Mann Whitnetest); “ differences calculated on lggansformed data
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Metformin-Sulphonylurea cohort

Insulin cohort

Thiazolidinedione cohort

Loop diuretic- Loop p*®  Loop diuretic- Loop p*®  Loop diuretic- Loop p*°

treated diuretic-free treated diuretic-free treated diuretic-free

N =131 N = 2654 N =170 N = 1191 N =90 N = 2007
(an’]‘rsneo“l;‘s HDL-C 120(0.32) 1.20(0.33) 0.933%° 1.26(0.35) 1.20(0.36) 0.067° 1.27(032) 1.21(0.31) 0.126°
E’nﬂ’fgglr ﬁ_";‘tme”t HDL-C 1 23(043) 121(034) 0558 124(038) 130(0.40) 0.046° 1.31(0.30) 1.29(0.32) 0.50F°
(Bn"’]‘;eo“l;‘ls LDL-C 237(1.30) 251(1.03) 0.110° 2.63(L.03) 259(L01) 0784 2.16(0.90) 2.29(0.90) 0.264
E’rﬁﬁfglr /E’L‘;‘tme”t LDL-C 534087 237(092) 0778  2.44(1.04) 244(1.01) 0974 2.07(081) 2.15(0.80) 0.44F
(Bn"’]‘;eo“l;‘g tiglycerides 5 99(2.39) 270 (1.81) 0.833° 2.76(1.86)  2.73(1.83) 0.838° 2.57(2.04)  2.60 (1.65) 0.475°
Post-treatment 239 (1.63) 2.37(155) 0.904° 2.41(1.54) 2.34(L65) 0.276° 224(1.29) 2.42(1.61) 0.605°

triglycerides (mmol/L)

HDL-C, high density lipoprotein cholesterol; LDL-@w density lipoprotein cholesterdltwo-sided p value for the difference between loiopetic-treated and loop diuretic-free patients
(one-way ANOVA) two-sided p value for the difference between ldapetic-treated and loop diuretic-free patients (MaWhitney U test): differences calculated on lgzansformed
data; " differences calculated on square root transforrdath
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Metformin-Sulphonylurea cohort

Insulin cohort

Thiazolidinedione cohort

Baseline ALT
(1U/L)

Post treatment ALT
(IU/L)

Baseline sodium
(mmol/L)

Post treatment sodium
(mmol/L)

Baseline eGFR
(mls/min/1.73 M)

Post treatment eGFR
(mls/min/1.73 M)

Loop diuretic-
treated

N =131

31.43 (18.18)

28.19 (19.33)

137.79 (3.38)

138.44 (3.66)

69.60 (18.53)

67.57 (20.74)

Loop diuretic-
free

N = 2654

33.23 (20.78)

31.34 (22.06)

138.42 (2.83)

138.98 (2.92)

77.01 (19.71)

75.09 (19.74)

0.316
a,c

0.045
a,c

0.028

Loop diuretic-
treated

N =170

31.98 (21.69)

26.94 (18.89)

137.59 (3.54)

138.35 (3.18)

63.07 (20.48)

58.33 (20.22)

Loop p™
diuretic-free

N =1191

31.82 (25.11) 0J/14

28.38 (22.52) 0409

137.28 (3.13) 0.12%9

138.46 (3.15) 0.67F

71.34 (19.94) <0001

68.45 (19.90) ~0;001

Loop diuretic-
treated

N =90

28.60 (16.07)

27.79 (23.70)

138.80 (3.09)

139.61 (2.88)

67.65 (21.21)

66.80 (22.58)

Loop
diuretic-free

N = 2007

33.72 (19.67)

28.63 (16.59)

138.68 (2.71)

139.23 (2.67)

76.61 (19.03)

76.21 (20.08)

0.003

a,c

0.157
a,c
0.613

0.183

<0.001

a,c

0.002a,
Cc

ALT, alanine aminotransferase; eGFR,, estimatedngllar filtration rate;?two-sided p value for the difference between loiopetic-treated and loop diuretic-free patients ésn
way ANOVA)°two-sided p value for the difference between ldapetic-treated and loop diuretic-free patients (MaWhitney U testf:differences calculated on lpyansformed data
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Metformin-Sulphonylurea cohort Insulin cohort Thiazolidinedione cohort
Loop diuretic- Loop p*®  Loop diuretic- Loop p*®  Loop diuretic- Loop p*°

treated diuretic-free treated diuretic-free treated diuretic-free

N = 131 N = 2654 N =170 N = 1191 N =90 N = 2007
?;ISS'/'E? TSH 1.92(137) 2.00(153) 9381  18a(115) 201150 92%° 237152 201(132) 905
Z:’]fbt/rf)atmem TSH 221(135) 218(174) 98%° 2051790 2081720 ©95%% 244202 213143 022
(Bg"’}sl_‘j"”e serumalbumin 1 97 412) 4359 (350) “%201 3944 (5.35) 4185465 0001 4254(369) 44.06(2.82) <0001
Post treatment serum 4161 (371) 4344 (3.49) <0991 3979459) 4142 (a14) GOl 4284(314) 4398(284) 2001

albumin (g/L)

(E;arf]‘i)':?s Serum creatinine o4 65 (32.84) 86.67 (20.07) 0090 104.89 (42.82) 93.29 31.67) “%9°1 9380 (28.18) 87.93 (20.30) 9192

Posttreatment serum 43 54 (55 72) 90.10 (25.32) %001 11805 (55.86)  100.20 38.85 %001 99.15 (33.44) 88.98 (24.10) 2091
creatinine (umol/L)

TSH, serum Thyroid Stimulating Hormorigwo-sided p value for the difference between loiopetic-treated and loop diuretic- free patientng-way ANOVA) two-
S|ded p value for the difference between loop diciteeated and loop diuretic-free patients (Manmitey U test)®differences calculated on square root transformatiap
differences calculated on reciprocally transformed dat
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3.11.6 Echocardiography

Echocardiographic data were available for only alssubset of patients within each
of the three treatment cohorts, as outlined in embB.40 and 3.41 below.
Nonetheless, this study analysed baseline and tpgadtnent echocardiographic
parameters in this subgroup of patients having eataiographic data before and
after prescription of index thiazolidinedione, neethin-sulphonylurea combination
and insulin therapy. Baseline interventricular septwvall thickness, left ventricular
posterior wall thickness and left ventricular mdss thiazolidinedione-treated
patients did not significantly differ from corresmbng values for metformin-

sulphonylurea or insulin prescribed subjects (t30).

In general, loop diuretic-treated patients wereratigrised by higher mean (SD)
values for each of the baseline echocardiograpdmarpeters. Thus, ‘oedema prone’
thiazolidinedione-treated patients were charaadridby a significantly higher
baseline left ventricular mass compared with thiidex loop diuretic-free
counterparts [288.52 (81.78) (LD+) vs 234.54 (7Y.AMD-) g; p = 0.029] (table
3.41). Likewise, statistical differences were oledr between index loop diuretic
categories for metformin-sulphonylurea-treated grati [301.35 (50.52) (LD+) vs
235.33 (74.44) (LD-); p = 0.010] but not among eats administered insulin.
Baseline interventricular septum thickness wasiogmtly higher among patients
prescribed an index loop diuretic after index metho-sulphonylurea combination
therapy [1.51 (0.16) (LD+) vs 1.27 (0.28) (LD); p G005]. Such differences,
although noticeable in the insulin and thiazolidileme cohorts, did not reach

statistical significance, possibly as a result afal sample size (table 3.41).
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Table 3.40 - Comparison of mean (SD) values for ecardiographic parameters for a subset of patieritdreated with metformin-
sulphonylurea combination, insulin and thiazolidirdone therapy for at least three months, and having background loop diuretic therapy
at inclusion into their respective cohort.

Metformin- Insulin Thiazolidinedione p value for  pvalue for  pvalue for p value for
sulphonylourea cohort (TZD) cohort the metformin-  metformin- insulin
cohort difference  sulphonylur- sulphonylur-  cohort vs
across the eacohort vs ea cohort vs TZD
three cohorts insulin TZD cohort cohort
b, ¢ cohort? d d
Baseline IVS n =162 n = 104° n=129% b, f df df df
thickness (cm) 1.29 (0.28) 1.25 (0.28) 1.31 (0.26) 0.247 0.419 0.310 0.100
Post-treatment IVS n=173 n=201?% n=111° b, f df d.f df
thickness (cm) 1.31 (0.27) 1.32 (0.28) 1.36 (0.27) 0.309 0.730 0.142 0215
Baseline LVPW n = 150 n = 90°? n=110°% b, g .9 .9 d, g
thickness (cm) 1.12 (0.22) 1.18 (0.53) 1.19 (0.38) 0.159 0.732 0.137 0.064
Post-treatment LVPW n =143 n=178% n = 90° b, g .9 .9 d, g
thickness (cm) 1.17 (0.40) 1.16 (0.24) 1.28 (0.50) 0.028 0.605 0.010 0.028
Baseline LV n = 146° n=_87° n = 108 c e e e
mass (q) 238.50 (74.70) 248.55 (161.07) 238.04 (78.07) 0.980 0.806 0.927 0.985
—_ a —_ —_ a
Post-treatment LV n=139 n=173 n =88 0.2255 f 0.675% 0.098% 0.160% f

mass (g)

250.32 (109.36)

246.88 (74.49)

275.63 (141.07)

IVS, interventricular septum; LV, left ventricley PW, left ventricular posterior wall? subset of the whole cohort containing echocardipbia data; two-tailed p value
(one-way ANOVA)’two-tailed p value [Kruskal-Wallis testr;pair-wise post-hoc parametric tests were conductgidg the Tukey-HSD testMann-Whitney U test (post-
hoc analysis) - two-tailed p values were Bonferrmmirected;' differences calculated on lqgiransformed data® differences calculated on reciprocally transfornuzda
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Table 3.41 - Comparison of mean (SD) values for &élase and post-treatment bechocardiographic parasrstbetween individuals requiring
treatment with loop diuretics and those remainingpdp diuretic-free within one year after exposure tmetformin-sulphonylurea
combination, insulin or thiazolidinedione therapyf a minimum of three months, and no background jpdiuretic therapy

Metformin-sulphonylurea cohort Insulin cohort Thiazolidinedione cohort
Loop diuretic - Loop diuretic  p>¢  Loop diuretic-  Loop diuretic  p>°  Loop diuretic-  Loop diuretic  p™ ¢

treated -free treated -free treated -free
Baseline IVS n="7 n =155 0.005 n=22 n=82 0.356 n=§g n=12F 0.394
thickness (cm) 1.51 (0.16) 1.27(0.28)  P¢ 1.31 (0.35) 1.23 (0.25) b 1.38 (0.28) 1.30 (0.26) ¢
Post-treatment IVS n=17 n =156 0.712 n=42 n =159 0.403 n=9 n=102 0.737
thickness (cm) 1.33 (0.28) 1.30 (0.27) ¢ 1.29 (0.26) 1.33(0.28) ¢ 1.39 (0.20) 1.35 (0.28) ¢
Baseline LVPW n="7 n=143 0.321 n=18 n=72 0.269 n=" n=103 0.201
thickness (cm) 1.20 (0.25) 1.11 (0.22) cd 1.25 (0.44) 1.16 (0.55) e 1.30 (0.28) 1.18 (0.39) e
Post-treatment LVPW n=16 n=127 0.115 n =38 n = 140 0.362 n=10 n = 8¢ 0.367
thickness (cm) 1.37 (0.73) 1.15 (0.33) b 1.12 (0.23) 1.16 (0.24) ¢ 1.60 (1.17) 1.24 (0.33) b
Baseline LV n="7 n =139 0.010 n=18 n =69 0.212 n="7 n=10F 0.029
mass (g) 301.35 (50.52) 235.33 (74.44) ° 263.54 (90.90) 244.64 (175.13) ©°  288.52(81.78) 234.54 (77.00) °
Post-treatment LV n=15 n=124 0.003 n =38 n=135 0.493 n=9 n=79 0.213
mass (g) 333.57 (188.56) 240.25 (91.78) ° 250.83 (59.58) 245.77 (78.33) °  390.22 (343.23) 62.58 (91.79) °

IVS, interventricular septum; LVPW, left ventriaufmsterior wall;®subset of the whole cohort containing echocardipbia data; two-tailed p value for the statistical
difference between loop diuretic- treated and |dapetic- free patients (Mann Whitney U teSthwo-tailed p value for the statistical differenoetwen loop diuretic-
treated and loop diuretic-free patients (one-wayOoAM); ® differences calculated on lpgransformed data® differences calculated on reciprocally transfornuzda
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3.12 Logistic regression model: predicting risk fators for index loop diuretic
prescription required within one year after index metformin-sulphonylurea

combination or thiazolidinedione therapy

3.12.1 Univariate logistic regression

Given the similar proportions of patients requirirap index loop diuretic
prescription  after incident  metformin-sulphonylureacombination  or
thiazolidinedione therapy, | opted to investigatbetier index thiazolidinedione
therapy is associated with an increased risk oid fltetention compared with
metformin-sulphonylureas combination therapy ontivaitiate analysis. Patients on
insulin therapy were not included as a comparabbiodt in this logistic regression
analysis, given that they are likely to representmare diseased cohort, with
potentially different confounding factors influengiindex loop diuretic prescription,
as suggested by the results of this study's deseripnalysis. None of the patients
were being treated with a baseline renin inhibabrinclusion into the treatment
cohort, and thus could not be included in univari@r multivariate analysis.
Categorical covariates were dummy coded, usingex@osure to the categorical
variable of interest as the reference group (amyesely, exposure as the indicator
group). Univariate analysis found that index loaprekic prescription within one
year of inclusion into either the metformin-sulplglhmea/metformin cohort was

significantly associated with the following charxtstics (tables 3.42 and 3.43):
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Demographics
e ageinyears [OR 1.047 (95% CI 1.033, 1.061); pooD)|
» diabetes duration in yeagguare root transformed datfOR 1.290 (95% CI 1.131,
1.472): p < 0.001]

» female gender [OR 1.392 (95% CI 1.062, 1.824);p046]

Past medical history

* baseline macrovascular disease [OR 2.459 (95%821113.285); p < 0.001]

Drug history

* % maximal thiazolidinedione dose [OR 1.009 (95%099, 1.020); p =
0.074]

* baseline peripheral vasodilator therapy [OR 1.7198% CI 1.039, 3.090); p
= 0.036]

* baseline calcium channel blocker therapy [OR 1.&8®% Cl 1.146, 1.979);
p = 0.003]

* baseline diltiazem therapy [OR 2.030 (95% CI 1.33688); p = 0.001]

» baseline beta blocker therapy [OR 1.279 (95% CI'®.9.679); p = 0.076]

» baseline central antihypertensive therapy [OR 2(85%6 CI 0.933, 6.042); p

= 0.070]

* baseline nitrates [OR 2.238, (95% CI 1.681, 2.93%);0.001]

Clinical measurements

* baseline systolic blood pressure in mmHg [OR 1.(B% CI 1.004, 1.024);

p = 0.007]
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 baseline BMI in kg/m[OR 1.053 (95% CI 1.026, 1.080); p < 0.001]

Laboratory-based clinical investigations

* baseline haematocrit expressed as % value [OR 0.935% CI 0.895,
0.966); p < 0.001]

« baseline estimated glomerular filration rate in /mis/1.73n7 (og. transformed
dat)[OR 0.422 (95% CI 0.285, 0.627); p < 0.001]

* baseline serum creatinine > 1@Mol/L [OR 1.993 (95% CI 1.056, 3.761); p
= 0.033]

* baseline serum albumin in gflog. transformed datafOR 0.146 (95% CI 0.078,
0.274); p < 0.001]

* baseline alanine aminotransferase in . transformed dataf OR 0647 (95% ClI

0.474, 0.883); p = 0.006]

Echocardiographic parameters
* baseline left ventricular mass > 228 g [OR 6.5Z249CI 1.429, 29.766); p =
0.015]
* baseline interventricular septal width in cm [OR4& (95% CI 1.178,

35.694); p = 0.032]

A detailed description of Odd’s ratios for eachiwdiual covariate, with their 95%

Cl, are given in tables 3.42 and 3.43 respectively.
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Table 3.42 - Univariate logistic regression analysbaseline continuous independent variables preitig index loop diuretic prescription
within one year of inclusion into the metformin-sphonylurea or thiazolidinedione cohort.

Baseline continuous N B SE Wald df p OR Lower Upper NR? H-L
variable (index loop [Exp (B)] 95% ClI 95% ClI statistic
p‘i;“srce:i'gzd for Exp for Exp
[patients with (B) (B)
variable
data])
Age (years) 221 (4882) 0.046 0.007 43.436 1 <0.001 1.047 1.033 1.061 0.030 0.841
Diabetes duration (yeafs) 221(4882) 0.255 0.067 14.435 1 <0.001 1.290 1.131 1.472 0.010 0.457
MAP (mmHg) 180 (4283) 0.006 0.609 0.465 1 0.495 1.006 0.989 023L. 0.000 0.466
SBP (mmHg) 180 (4283) 0.014 0.005 7.400 1 0.007 14.0 1.004 1.024 0.006 0.419
DBP (mmHg) 180 (4283) -0.012 0.009 1.649 1 0.199 .988 0.971 1.006 0.001 0.351
Weight (kg) 193 (4453) 0.004 0.004 1.090 1 0.296 001%. 0.996 1.013 0.001 0.737
BMI (kg/m?) 183 (4453) 0.052 0.013 15.585 1 <0.001 1.053 24.0 1.080 0.012 0.001
Haematocrit (%) 158 (3579) -0.073 0.020 13.678 1 0.001 0.930 0.895 0.966 0.012 0.184
Baseline HbAlc (%) 199 (4538) - 0.047 0.051 0.881 1 0.348 0.954 0.864 1.053 0.001 0.402
Total cholesterol (mmol/l’) 181 (4388) - 0.208 0.332 0.393 1 0.531 0.812 0.424 1.557 0.000 0.546
HDL-C (mmol/L)° 153 (3953) 0.334 0.324 1.061 1 0.303 1.396 0.740 .63& 0.001 0.001
LDL-C (mmol/L)? 111 (2973) - 0.558 0.308 3.289 1 0.070 0.572 0.313 1.046 0.004 0.497
Trigs (mmol/Ly 139 (3419) -0.014 0.153 0.009 1 0.926 0.986 0.731 1.330 0.000 0.494
ALT (IU/L)"® 170 (4010) -0.435 0.159 7.524 1 0.006 0.647 0.474 0.883 0.006 0.852
Sodium (mmol/L) 193 (4469) -0.037 0.026 2.027 1 15@. 0.964 0.916 1.014 0.002 0.565
eGFR (mls/min/1.73R)" 160 (3995) -0.862 0.201 18.358 1 <0.001 0.422 289). 0.627 0.016 0.067

TSH (mIU/LY 173 (3778) 0.119 0.171 0.485 1 0.486 1.126 0.806 .5741 0.000 0.056
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Baseline continuous N B SE Wald df p OR Lower Upper NR? H-L
variable (index loop [Exp (B)] 95% ClI 95% ClI statistic
p‘i;“srf:i'gzd for Exp for Exp

[patients with (B) (B)

variable data])
Serum albumin (g/L) 183 (4203) -1.921 0.319 36.197 1 <0.001 0.146 079®. 0.274 0.029 0.915
TZD dose (% 90 (2097) 0.009 0.005 3.198 1 0.074 1.009 0.999 201.0 0.005 0.023
maximal)
IVS (cm) 15 (291) 1.869 0.870 4.616 1 0.032 6.485 .178 35.694 0.044 0.901
LVPW (cm)’ 14 (260) 1.751 1.070 2.677 1 0.102 5.760 0.707 ouUb. 0.027 0.344

2 square root transformed log, transformed: reciprocally transformed; ALT, alanine aminotraastse; BMI, body mass index; DBP, diastolic blosdsgure; eGFR,
estimated glomerular filtration rate; HbAlc, glysteted haemoglobin; HDL-C, high density lipoproteimolesterol; IVS, interventricular septum widt)LL-C, low density
lipoprotein cholesterol; LVM, left ventricular madsVPW, left ventricular posterior wall thickness|AP, mean arterial pressure; SBP, systolic bloodssure; trigs,
triglycerides; TSH, thyroid stimulating hormone;DZhiazolidinedione.
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Table 3.43 - Univariate logistic regression analkysbaseline categorical independent variables potithg index loop diuretic prescription
within one year of inclusion into the metformin-sphonylurea or thiazolidinedione cohort

Baseline categorical N N B SE  Wald df p OR Lower Upper 95% NR?
variable (categorical variable (categorical 95% Cl
of intere;t [patients vgriabl_e loop [Exp Cl for Exp (B)
with variable data]) diuretic +ve

[categorical (B)] for Exp

variable loop (B)

diuretic —ve])
Male gender 2898 (4882) 114 (2784) -0.331 0.13875%. 1 0.016 0.718 0.548 0.941 0.004
Female gender 1984 (4882) 107 (1877) 0.331 0.13&585. 1  0.016  1.392 1.062 1.824 0.004
TZD + insulin 70 (2097) 5 (65) 0.564 0.477 1.397 10237 1.757 0.690 4.477 0.002
TZD (vs MFSU) 2097 (4882) 90 (2007) -0.096  0.140.469 1 0493 0.908 0.690 1.196 0.000
Creat > 13Q@mol/L 183 (4203) 11 (172) 0.690 0.324 4529 1 0.0331.993 1.056 3.761 0.003
Peripheral vasodilator 197 (4882) 15 (182) 0.583 278. 4.405 1 0.036 1.792 1.039 3.090 0.003
Thiazide diuretic 1534 (4882) 77 (1457) 0.162 0.14%5.254 1 0.263 1.176 0.886 1.561 0.001
Potassium sp. diuretic 71 (4882) 5 (66) 0.477 0.460035 1 0.309 1.612 0.643 4.041 0.001
NSAID 3302 (4882) 155 (3147) 0.122 0.150 0.660 1 418. 1.130 0.842 1.517 0.000
Dihydropyridine CCB 1650 (4882) 95 (1555) 0.409  3@1 8.630 1 0.003 1.506 1.146 1.979 0.006
Verapamil 56 (4882) 4 (52) 0.491 0.524 0.879 1 8341634 0.586 4.558 0.001
Diltiazem 326 (4882) 27 (299) 0.708 0.214 10.960 10.001 2.030 1.335 3.088 0.006
Beta blockers 1887 (4882) 98 (1789) 0.246 0.139 48.1 1 0.076 1.279 0.975 1.679 0.002
Vasodilat 25 (4882) 2 (23) 0.611 0.740 0.680 1 0.41 1.842 0.431 7.861 0.000
Caanitht 50 (4882) 5 (45) 0.865 0.477 3.293 1 0.07@.374 0.933 6.042 0.002

Anbd 9 (4882) 1(8) 0.972 1.063 0.837 1 0.360 2.644 0.329 21.231 0.000
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Baseline categorical N N B SE Wald df p OR Lower Upper NR?
variable [categorical [categorical 95% ClI 95% ClI
variable of variable loop
interest diuretic +ve [EXp (B)] for Exp for Exp
(patients with ~ (categorical (B) (B)
variable data)] variable loop
diuretic -ve)]
Aabd 366 (4882) 21 (345) 0.273 0.236 1.334 1 0.248 1.314 0.827 2.087 0.001
ACEI 2191 (4882) 103 (2088) 0.073 0.138 0.279 1 90.5 1.076 0.821 1.410 0.000
ARB 539 (4882) 28 (511) 0.164 0.208 0.624 1 0.429 178 0.784 1.770 0.000
Nitrates 976 (4882) 77 (899) 0.805 0.146 30.441 1 0.0&1 2.238 1.681 2.979 0.018
Otherantiang 97 (4882) 2 (95) -0.823 0.718 1.316 1 0.251 0.439 0.107 1.792 0.001
g’:gg;c;‘;as‘:“'ar 866 (4882)  74(792)  0.900 0.148 37.078 1 <0.001 452. 1.841 3285  0.022
LVM > 228g 14 (254) 12 (2) 1.875 0.775 5.860 1 6.01 6.522 1.429 29.766 0.093

Aabd, alpha adrenoceptor drugs; ACEI, angiotengimwerting enzyme inhibitors; Anbd, adrenergic nerdlocking drugs; ARB, angiotensin |l receptoraaunists;
Caantiht, centrally acting antihypertensive druddhydropyridine CCB, dihydropyridine calcium chahtéockers; Creat, serum creatinine; LVM, left véeular mass;
MFSU, metformin-sulphonylurea combination therapySAID, non-steroidal anti-inflammatory drug; othatmng, other antianginal drugs; Potassium sp. diig,

potassium sparing diuretic therapy; trigs, triglyiwes; TZD, thiazolidinedione; TZD + insulin, thielidinedione-insulin combination therapy; Vasodijlaasodilator
antihypertensive drugs;
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3.12.2 Multivariate logistic regression

90 and 131 patients required prescription of amxnidop diuretic within one year
after exposure to thiazolidinedione therapy and fon@in-sulphonylurea
combination therapy respectively. 2007 thiazolidinee-treated patients and 2654
patients on metformin-sulphonylurea combinationrdpg did not develop require an
index loop diuretic after inclusion into their respive cohort. Hence, the overall
proportion of patients requiring an index loop @iz prescription amounts to

0.04526 (or 4.53%).

Based on statistical work reported by Pedwetzal. [609], given the proportion of
patients requiring an index loop diuretic afterarndhiazolidinedione prescription,

the maximum number of covariates that can be iredud any model amounts to 22.

Based on univariate analysis, and taking into astdlnbe number of patients for
whom data for each covariate were available, catesiof interest were modelled

into two stepwise index loop diuretic logistic regsion models (1 and 2).

() Index loop diuretic logistic regession model 1

The following predictors (covariates) were includadindex loop diuretic logistic

regression model 1

* Age (years)

» diabetes duration (yeargjuare root transformed data)
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+ baseline BMI (kg/rf)

* baseline haematocrit (%)

* baseline serum creatinine > 13®ol/L

* baseline albumin (g/L{og. transformed data)

» baseline ALT (IU/L)iog. transformed data)

e baseline systolic blood pressure (mmHg)

» female gender

* baseline macrovascular disease (composite of coroa#ery disease,
peripheral artery disease and cerebrovascularsisea

* index thiazolidinedione prescription (vs baselinetfiormin-sulphonylurea

combination therapy)

% maximal thiazolidinedione dose was not includetb ithe logistic regression
model, so as not to restrict the model to thiazoéidione-treated patients. Index
thiazolidinedione prescription (vs metformin-sulplflurea combination therapy)
was included as a covariate despite not reachatgstal significance on univariate
regression, given this study’s aim of investigatimgether PPARr agonist therapy

predicts index loop diuretic prescription in a nudtiate model.

3116 patients were included into the logistic regien model. Employing a 0.05
criterion of statistical significance, the Waldterion demonstrated that baseline
BMI, baseline age, baseline macrovascular disdaaseline serum albumin and
diabetes duration made a significant contributiorptediction, as shown in table

3.44.
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A test of the full model versus a model with inegt only was statistically
significant (chi square 82.198, p < 0.001 with d5) The p value for the Hosmer
and Leneshow test statistic (H-L statistic) wasatgethan 0.05 (chi square 6.761, df
= 8, p = 0.563), implying that the model’s estinsafe the data at an acceptable
level. Nagelkerke’s R= 0.091, effectively indicating a relationship ol % between
predictors (covariates) and the prediction (ie xndeop diuretic prescription).

Prediction success overall was 96.0%.

Wald's statistic for the final model indicate thadseline BMI, age and baseline
macrovascular disease are the strongest prediotditaid overload (in decreasing
order of importance). From table 3.44, the fitteodal is:

Logit (p) = - 7.413 + (0.085*BMI) + (0.053*age) 8.723*macrovascular disease) +
(-1.339*serum albuminog. transformed datg) + (0.214*diabetes duratiomsquare root
transformed data)

where p is the probability of progessing to inderfd diuretic prescription within

one year.

Thus, when holding all other variables constanpaient known to suffer from
macrovascular disease at metformin-sulphonylureabawation or thiazolidinedione
prescription is 2.06 times more likely to requiregription of an index loop diuretic
within one year after inclusion into either cohdffith each unit square root/)
passing year since diagnosis of T2DM, a patiensk& of requiring index loop
diuretic prescription after inclusion into eithehort increases by 23.9%, assuming
all other covariates are unchanged during the whten period. Holding all other

variables constant, each one year increase in agweacription of metformin-
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sulphonylurea combination or thiazolidinedione #pgr is associated with a 5.5%
increased risk of fluid overload. Each 1 kgfimcrease in baseline BMI is likewise
associated with an 8.8% increased risk of indep ldiiretic prescription, assuming
all other covariates are held constant. Invertidg’'® ratios and holding all other
variables constant, T2DM patients treated with oretin-sulphonylurea

combination therapy/thiazolidinediones are at 3t2es increased risk of fluid

overload per g/L reduction in baseline dagrum albumin. Index thiazolidinedione
therapy did not contribute as a covariate in bhthftnal model, as was observed in
univariate regression, suggesting that any thidewdione-associated index loop
diuretic prescription (acting as a surrogate madfdluid retention) is accounted for

by other predisposing factors.

ROC curve analysis was used to discriminate betvpesitive and negative cases.
Concardance index (c-statistic/AUC) for this modehounted to 0.713 (95% CI
0.673, 0.753) (p < 0.001), suggesting that thd fimadel has an ability to distinguish

between the two outcome groups
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Table 3.44 - Index loop diuretic logistic regresaionodel 1: final model covariates
predicting index loop diuretic prescription withione year of inclusion into the
metformin-sulphonylurea combination or thiazolidirtkone cohort*

Final model B SE Wald df p OR 95% 95%
covariates Cl Cl
[exp  lower upper

(B)]

Baseline body mass o gg5 018 23204 1 <0.001 1.088 1.052 1.127

index (kg/nf)

Age (years) 0.053 0.011 22.043 1 < 0.001 1.055 21.031.078
Baseline

macrovascular 0.723 0.195 13.727 1 <0.001 2.061 1.406 3.021
disease

Baseline serum

! 1339 0420 10176 1 0.001 0262 0.115 0.597
albumin (g/L}

(Dy'ea;’rest;’Sd”ra“O” 0.214 0.096 4.982 1 0.026  1.239 1.026 1.495
Constant 7.413 1514 23973 1 <0.001  0.001

*Baseline covariates included in the model were adjabetes duration®, body mass index,
haematocrit, serum creatinine > 130 pmol/L, seruitmumin 2, alanine aminotranferasg systolic
blood pressure, female gender, macrovascular dese#fsazolidinedione therapy (vs metformin-
sulphonylurea combination therapy)pg. transformed data’square root transformed data;

(if) Index loop diuretic logistic regression modeP

In order to model for baseline drug therapy, a hyinagistic regression model was
run with age, diabetes duratiQyuare root transformed data)baseline clinical variables
(BMI, systolic blood pressure, haematocrit, serueatinine > 130 umol/L, serum
albumin (log. transformed datg) alanine aminotransferage. transformed datg) female gender,
baseline drug therapy (dihydropyridine calcium alenblockers, diltiazem, beta
blockers, nitrates) and baseline index thiazolidioee prescription (vs metformin-
sulphonylurea combination therapy). Essentiallgsth covariates are identical to
those included in logistic regression step 1, daaseline macrovascular disease,

with the addition of the baseline drugs referrecdabove. 3116 patients were fitted
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into the model, with age, diabetes duration, baseBMI, baseline serum albumin
and baseline nitrate therapy predicting index ldagetic prescription within one
year of index thiazolidinedione / metformin-sulplbimrea combination therapy
(table 3.45). Thus baseline nitrate therapy caraes84.3% increased risk of
progressing to index loop diuretic therapy withineoyear, provided all other

covariates are held constant.

Table 3.45 - Index loop diuretic logistic regresaimodel 2: final model covariates
predicting index loop diuretic prescription withirone year of inclusion into the
metformin-sulphonylurea combination or thiazolidirtkone cohort*

Final model B SE Wald df p OR 95%  95%

covariates [exp Cl Cl
(B)] lower upper

Age 0.054 0011 23219 1 <0001 1.055 1.032 1.078
(years)

Baseline body 0.080 0.018 20.678 1 <0.001 1.083 1.046 1.121
mass index (kg/R)

Baseline serum ;506 5400 12857 1 <0.001 0222 0097 0505
albumin (g/L}

Ei";‘rzet(';”e 0.611 0193 10.079 1 0.002  1.843 1.263 2.687
8:;’:2;5 duration 5514 0096  4.951 1 0026 1238 1.026 1.494
Constant -6.900 1501 21.133 1 <0.001  0.001

*Baseline covariates included in the model were adiepetes duration, body mass index,
haematocrit, serum creatinine, serum albumin, alenaminotranferase, systolic blood pressure,
female gender, calcium channel blockers, diltiazéeta-blockers, nitrates and thiazolidinedione
therapy (vs metformin-sulphonylurea combinationrapg). @ log. transformed data® square root
transformed data.

Model chi square = 78.862, p < 0.001 with df = 5RK= 0.087; H-L statistic chi square = 6.183, p
= 0.627 with df = 8; prediction success overall 6.0 %; ROC (AUC) = 0.711 (95% CI 0.670,
0.752), p < 0.001
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3.13 Cox regression model: predicting risk factors for ndex loop diuretic
prescription required within one year after index metformin-sulphonylurea

combination or thiazolidinedione therapy

3.13.1 Univariate Cox regression

Following on from the results of logistic regressianalysis, this study sought to
model onset time to index loop diuretic prescriptithe ‘failure event’) following
index prescription to metformin-sulphonylurea conation therapy or

thiazolidinediones, using Cox proportional hazaetgession analysis.

On univariate analysis (tables 3.46 and 3.47) dtleviing clinical and pathological

factors were associated with time to index loopetia prescription:

Demographics
e ageinyears [HR 1.046 (95% CI 1.032, 1.059); pGoO0]
» diabetes duration in year§uare root transformed datHR 1.294 (95% CI 1.138,
1.472); p < 0.001]

- female gender (p = 0.011)

Past medical history

* baseline macrovascular disease (p < 0.001)

Drug history

* baseline peripheral vasodilator therapy (p = 0.031)
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Table 3.46 - Univariate Cox regression: baselinentiauous independent variable predicting index looluretic prescription within one year

of inclusion into the metformin-sulphonylurea or thzolidinedione cohort

N

Baseline continuous variable  [index loop B SE Wald p Hazard Lower Upper -2 Log

p‘:;”gce:i'gz § ratio 95% Cl for 95% Cl for Likelehood

(patients with Exp (B) Exp (B)
variable [Exp (B)]
data)]

Age 221 (4882) 0.045 0.007 44.290 1 <0.001 1.046 032. 1.059 3660.894
Diabetes duration (years) 221 (4882) 0.258 0.066 15.392 1 <0.001 1.294 1.138 1.472 3690.840
MAP (mmHg) 180 (4283) 0.005 0.008 0.387 1 0.534 0%.0 0.989 1.022 2970.030
SBP (mmHg) 180 (4283) 0.013 0.005 7.194 1 0.007 13.0 1.004 1.023 2963.439
DBP (mmHg) 180 (4283) -0.012 0.009 1.829 1 0.176 .988 0.970 1.006 2968.585
Weight (kg) 183 (4453) 0.004 0.004 1.017 1 0.313 004. 0.996 1.013 3034.441
BMI (kg/mz) 183 (4453) 0.050 0.013 15.601 1 <0.001 1.052 6..02 1.078 3020.699
Haematocrit (%) 158 (3579) -0.074 0.019 15.447 1 0.0e1 0.929 0.895 0.964 2532.968
HbAlc (%) 199 (4538) -0.040 0.050 0.632 1 0.427 960. 0.872 1.060 3306.628
Total cholesterol (mmol/L} 181 (4388) -0.264 0.327 0.654 1 0.419 0.768 0.404 1.457 2993.218
HDL-C (mmol/L)" 153 (3953) 0.319 0.321 0.991 1 0.320 1.376 0.734 5812 2498.555
LDL-C (mmol/L) 111 (2973)  -0.571 0.301 3.589 1 0.058 0.565 0.313 1.020 1745.692
Trigs (mmol/L)b 139 (3419) -0.033 0.150 0.048 1 0.827 0.968 0.721 1.299 2229.738
ALT (IU/L) b 170 (4010) -0.448 0.156 8.208 1 0.004 0.639 0.471 0.868 2772.766
Sodium (mmol/L) 193 (4469) -0.038 0.026 2.149 1 143. 0.963 0.916 1.013 3198.839
eGFR (mls/min/1.73ﬁ) b 160 (3995) - 0.859 0.198 18.790 1 <0.001 0.423 80.2 0.624 2599.658
TSH (mIU/L) ® 173 (3778) 0.121 0.168 0.512 1 0.474 1.128 0.811 569 2810.337
Serum albumin (g/Ls 183 (4203) -1.910 0.312 37.396 1 <0.001 0.148 8M.0 0.273 2974.080
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Baseline continuous N B SE Wald df p Hazard Lower Upper -2 Log
variable (index loop ratio 95% ClI 95% ClI Likelehood

p‘:;”gce:i'gz § for Exp for Exp

[patients with (Exp [B)]) (B) (B)
variable
data])

TZD dose (% 90 (2007) 0.007 0.005 1.915 1 0.166 1.007 0.997 171.0 1354.430
maximal)
IVS (cm) 15 (291) 1.948 0.838 5.397 1 0.020 7.014 .35 36.280 162.385
LVPW (cm)® 14 (260) 1.538 0.874 3.092 1 0.079 4.653 0.838 82t%. 150.408

ALT, alanine aminotransferase; BMI, body mass in@&8P, diastolic blood pressure; eGFR, estimatenhggrular filtration rate; HbAlc, glycosylated haeghubin; HDL-
C, high density lipoprotein cholesterol; IVS, intentricular septum width; LDL-C, low density lipopein cholesterol; LVM, left ventricular mass; LVPW&ft ventricular

posterior wall thickness; MAP, mean arterial pressuSBP, systolic blood pressure; trigs, triglyaas; TSH, thyroid stimulating hormone; TZD thiadiledione;? square
root transformed datd log. transformed data
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Table 3.47 - Univariate Cox regression analysis (fan-Meier survival): baseline categorical indepeswt variables predicting index loop
diuretic prescription within one year of inclusiomto the metformin-sulphonylurea or thiazolidinedie cohort.

Categorical variable of interest

Comparator categorical variable Log rank test

Baseline categorical N N
variable [categorical  [categorical
variable of comparator
interest variable
(patients with  loop diuretic

+ve
(patients
with
comparator
variable
data)]

variable data)]

2898 (4882) 114 (2784)
1984 (4882) 107 (1877)

Male gender
Female gender

TZD (vs MFSU) 70 (2097) 90 (2007)
TZD + insulin 2097 (4882) 5 (65)
Creat > 130pmol/L 183 (4203) 11(172)

197 (4882) 15 (182)
1534 (4882) 77 (1457)
71 (4882) 5 (66)

Peripheral vasodilators
Thiazide diuretics
Potassium sp. diuretics

NSAIDs 3302 (4882) 155 (3147)
Dihydropyridine CCBs 1650 (4882) 95 (1555)
Verapamil 56 (4882) 4 (52)
Diltiazem 326 (4882) 27 (299)
Beta blockers 1887 (4882) 98 (1789)
Vasodilat 25 (4882) 2(23)
Caanitht 50 (4882) 5 (45)

Mean
Survival
time

357.032
354.485
356.670
347.677

344.951

350.529
354.998
354.448
355.927
352.620
352.502
348.725
353.968
342.760
346.209

SE
Survival
time

0.815
1.118
0.977
7.624

5.855

3.955
1.248
6.044
0.808
1.344
6.231
3.414
1.191
15.236
9.536

Lower Upper Mean SE Lower Upper Chi df p

95% 95% Survival Survival 95% 95% Square
Cl Cl time time Cl Cl
for for for for

survival survival survival survival

time time time time
355.434 358.631 354.485 1181. 352.293 356.677 6.394 1 0.011
352.293 356.677 357.032 81%0. 355.434 358.631 6.394 1 0.011
354.756 358.584 355.506 020.9 353.739 357.274 0.420 1 0.517
332.734 362.620 356.970 0.975355.058 358.882 2.489 1 0.115
333.476 356.426 356.990 80.67 355.661 358.320 5.421 1 0.020
342,777 358.281 356.232 10.67 354.917 357.548 4.661 1 0.031
352.553 357.444 356.463 810.7 354.932 357.994 1.486 1 0.223
342.602 366.293 356.028 0.668354.719 357.336 1.094 1 0.296
354.344 357.510 356.157 1671. 353.871 358.444 0.752 1 0.386
349.986 355.255 357.736 290.7 356.307 359.164 9.189 1 0.002
340.289 364.716 356.049 0.667354.740 357.357 0.769 1 0.380
342.034 355.416 356.524 80.66 355.216 357.832 11.764 1 0.001
351.634 356.303 357.299 780.7 355.775 358.824 3.392 1 0.066
312.897 372.623 356.072 0.663354.774 357.371 0.583 1 0.445
327.519 364.899 356.106 0.663354.808 357.406 3.495 1 0.062
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Categorical variable of interest

Comparator categorical variable Log rank test
Baseline categorical N N Mean SE Lower Upper Mean SE Lower Upper Chi Square  df p
variable (categorical (categorical Survival  Survival 95% 95% Survival Survival 95% 95%
variable of comparator time time Cl Cl time time Cl Cl
interest variable loop for for for for
[patients with diuretic +ve su_rV|vaI su_rV|vaI su_rV|vaI su!’vwal
categorical [patients with time time time time
variable data]) comparator
variable
data])
Anbd 9 (4882) 1(8) 327.778 35.093  258.995 396.561 356.057 0.662354.760 357.354 1.031 1 0.310
Aabd 366 (4882) 21 (345) 353.674 2.594 348.590 358.759 356.180 70.68 354.834 357.526 1.747 1 0.186
ACEI 2191 (4882) 103 (2088) 356.013 0.964 354.124 357.901 355.992 9140. 354.200 357.784 0.401 1 0.527
ARB 539 (4882) 28 (54) 354.076 2.208 349.749 358.403 356.242 0.694354.882 357.603 0.854 1 0.355
Nitrates 976 (4882) 77 (899) 349.032 1.933 345.2862.819 357.742 0.672 356.425 359.059 33.074 1 040.0
Otherantiang 97 (4882) 2 (95) 360.144 3.694 352.93467.385 355.920 0.673 354.601 357.240 1.365 1 30.24

Macrovascular disease 866 (4882) 74 (792) 347.7491352 343.565 351.932 357.784 0.660 356.491 359.0780.515 1 <0.001

LVM > 228¢g 14 (254) 12 (2) 341.470 6.917 327.913 5837 362.222 2.145 358.017 366.427 7.513 1 0.006

aabd, alpha adrenoceptor drugs; ACEI, angiotensimwerting enzyme inhibitors; anbd, adrenergic n@grdlocking drugs; ARB, angiotensin Il receptoragunists;
caantiht, centrally acting antihypertensive drugsD, coronary artery disease; Ccbh, calcium charnlpleckers; creat, serum creatinine; Ks, potassiyarig diuretic

therapy; macrovasc, macrovascular disease; NSAl@n-steroidal anti-inflammatory drug; otherantiangther antianginal drugs; trigs, triglycerides; TZB insulin,
thiazolidinedione-insulin combination therapy; vdgat, vasodilator antihypertensive drugs;
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* baseline dihydropyridine calcium channel blockerépy (p = 0.002)
» baseline diltiazem therapy (p = 0.001)

* baseline beta blocker therapy (p = 0.066)

* baseline central antihypertensive therapy (p =2).06

* baseline nitrates (p < 0.001)

Clinical measurements
* baseline systolic blood pressure in mmHg [HR 1.(853% CI 1.004, 1.023);
p = 0.007]

+ baseline BMI in kg/M[HR 1.052 (95% CI 1.026, 1.078); p < 0.001]

Laboratory-based clinical investigations

* baseline haematocrit expressed as % value [HR90(93% CI 0.895,
0.964)]; p < 0.001]

 baseline estimated glomerular filration rate in /mis/1.73n7 (og. transformed
data) [HR 0.423 (95% CI 0.287, 0.624); p < 0.001]

* baseline serum creatinine >130 pmol/L (p = 0.020)

* baseline serum albumin in gflg. transformed data)fHR 0.148 (95% CI 0.080,
0.273); p < 0.001]

* baseline LDL-cholesterol in mmol/{square root transformed datdHR 0.565 (95%
Cl 0.313, 1.020); p = 0.058]

* baseline alanine aminotransferase in |@de transformed dataf HR 0.639 (95%

C10.471, 0.868); p = 0.004]
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Echocardiographic parameters
* baseline left ventricular mass > 228g (p = 0.006)
* baseline interventricular septal width in cm [HROI4 (95% CI 1.356,
36.280); p = 0.020]
* baseline left ventricular posterior wall thicknesscm (iog. transformed dataHR

4.653 (95% CI 0.838, 25.826); p = 0.079]

Thus, neither baseline thiazolidinedione therapy ¥omaximal thiazolidinedione

dose were associated with time to progressioruid tiverload.

3.13.2 Multivariate Cox regression

(i) Loop diuretic Cox regression model 1

Based on the outcomes of univariate analysis, @gression was used to assess the
strength of association between time to index Idopetic prescription and clinical
and pathological risk factors. As outlined in muatiate logistic regression analysis,
the maximum number of covariates that could beudetl in Cox regression

analysis, based on the available data, amount2®.to

Variables (covariates) included in multivariate Qgression analysis were those
deemed significant (p < 0.1) on univariate scregifiables 3.46 and 3.47), namely:

* Age (years)

* Female gender

* Diabetes duration (yeargguare root transformed data)
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« Baseline BMI (kg/m)

» Baseline systolic blood pressure (mmHg)

» Baseline haematocrit (%)

» Baseline serum creatinine > 1@ol/L

» Baseline serum albumin (g/tgg. transformed data)

* Baseline alanine aminotransferase (IUidg)transformed data)
» Baseline macrovascular disease

* Index thiazolidinedione prescription (vs metfornsimiphonylurea)

Given that female gender, baseline serum creatimid@0 pmol/L, macrovascular
disease and index thiazolidinedione prescriptiofiedethe Proportional Hazards
Assumption, time-dependent variables were congdufdr each variable by adding
an interaction term that involved loggme (days) to index loop diuretic prescription
into the Cox model, and testing for its significan@ime-dependent variables were
also constructed in the same fashion for age, thalduration, BMI, systolic blood
pressure, haematocrit, serum albumif transformed data@nd alanine aminotransferase
(loge transformed data) &S evidence that hazard ratios for these coearidd not change

over time.

There were no significant interactions between @fnye included covariates in this
model. Out of a total of 3116 patients, for whontadaere available for this model,
126 patients required an index loop diuretic witlnine year of prescription of
metformin-sulphonylurea combination or thiazolidirene therapy. 2990 patients
were censored within the aforementioned periodbsieovation. The covariates as a

set reliably improved the predictability of the Coagression model (chi square
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2517.726, p < 0.001 with df = 15). The standardref8E) of each variable included
in the model was small, suggesting no significantlticollinearity. The Wald
criterion demonstrated that (in decreasing orderiroportance) age, baseline
haematocrit, baseline BMI, baseline alanine amamsferase, baseline systolic
blood pressure and baseline macrovascular disaadetheir respective interactions
with time made a significant contribution to predig time to index loop diuretic
prescription in this setting, as outlined in taBld8. Covariate*time interactions
suggested a decreasing hazard ratio over time dseline macrovascular disease,
alanine aminotransferase and serum albumin. Hazdias for age, BMI, systolic
blood pressure, and haematocrit remained relatitalyeit not completely) stable
over the period of observation, in keeping with-fomus-log plots which had
suggested that each of the latter covariates ieatishe Proportiona Hazards

Assumption (table 3.49, figure 3.13).

Thus, the hazard ratio for requiring an index layretic at time t (HR associated
with baseline macrovascular disease can be sunmeddrsthe equation:

(HR) =exp (8.810 - 1.527*)

which at t = 180 days (ie six months, daif which = 5.19, amounts to exp (8.810 -
1.527*5.19) = 2.423

whereas at t = 270 days (ie 9 monthslofwhich = 5.60), equals exp (8.810-
1.527*5.60) = 1.295

while at t = 365 days (ie one year, dagf which = 5.90) amounts to exp (8.810 -

1.527%5.90) = 0.819.
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It can thus be concluded that baseline macrovasdidaase is indeed a strong risk
factor for index loop diuretic prescription withiihe first nine months of therapy, but
that this effect wears off over time.

Table 3.48 — Loop diuretic Cox regression model regicting index loop diuretic

prescription within one year of inclusion into themetformin-sulphonylurea
combination or thiazolidinedione cohort.

Final baseline B SE Wald  df p Hazard 95% ClI 95% ClI
model covariates ratio lower upper
Age

1.064 0.137 60405 1 <0.001 2.899 2.217 3.792
(years)
Body massindex 3145 0.197 33449 1 <0.001 3.133 2.128 4.614
(kg/n)
Systolic BP 0.313 0.075 17.467 1 <0.001 1.367 1.181 1.583
(mmHg)
(ﬁ')z)ematoc”t 2.029 0.265 58484 1 <0.001 7.610 4.524 12.802
%‘78?““““ 8955 4.692 3.642 1 0056  7746.095 0.785  76423616.57
'(AIlLJ-/rL)a 13816 2509 30.334 1 <0.001 1000699.348 7328.611 136642431.4
Macrovascular g g19 2276 14979 1 <0.001  6698.006 77.342  580066.109
disease
Age . -0.190 0.025 57.021 1 <0.001 0.827 0.787 0.869
(years)*logtime
Bodymassindex 199 0037 28725 1 <0.001 0.820 0.762 0.881
(kg/mP)*logtime
Systolic BP -0.058 0.014 16.686 1 <0.001 0.943 0.918 0.970
(mmHg)*logtime
Haematocrit -0.371 0.049 57.450 1 <0.001 0.690 0.627 0.759
(%)*logtime
serumalbumin ) 950 0875 2964 1 0.026 0.142 0.026 0.791
(9/L) *logetime
ALT UUL) 2595 0471 30330 1 <0001  0.075 0.030 0.188
ogtime
Macrovaseular = 1 557 0435 12320 1 <0.001  0.217 0.093 0.510

disease*logime

*Baseline covariates included in the model were #gmale gender, diabetes duratiBrbody mass
index, systolic blood pressure, haematocrit, secueatinine > 130 pmol/L, serum albunfiralanine
aminotranferase®, macrovascular disease, index thiazolidinedions (metformin-sulphonylurea
therapy)

Events = 126, censored = 2990; - 2 LL = 683.747;ddbchi square = 2679.979, p < 0.001 with df =
14
2 Square root transformed datiloge transformed data
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Table 3.49 - Three monthly variation in estimatedazard ratios (HR) for index loop
diuretic prescription after index metformin-sulphgiurea or thiazolidinedione
prescription. HR were estimated at six months, @imonths and one year for all
significant covariates in loop Cox regression model

Time-dependent covariates HR at 6 months HR at 9 months HR at 12 months
(180 days) (270 days) (365 days)
Age (years) 1.08 1.00 0.95
Body mass index (kg/fn 1.12 1.03 0.97
Systolic blood pressure 101 0.99 0.97
(mmHg)
Haematocrit (%) 1.11 0.95 0.85
Serum albumin (g/Lj 0.31 0.14 0.08
Alanine aminotransferase
(U/L) @ 1.42 0.49 0.22
Macrovascular disease 2.42 1.30 0.82

2 loge transformed data
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Figure 3.13 - Variation in hazard ratio values fomdex loop diuretic prescription within one year ahdex metformin-sulphonylurea
combination or thiazolidinedione prescription: loofox regression model 1. Data are plotted at 1800 2nd 365 days. Patients treated with
metformin-sulphonylurea combination or thiazolidirtkone therapy for less than 90 days were excluded.
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(ii) Loop diuretic Cox regression model 2

In this model, baseline dihydropyridine calcium whel blockers, diltiazem, beta
blockers and nitrates were included as covariatdgeu of baseline macrovascular
disease. All other covariates included in step feweaintained. Baseline age, BMI,
systolic blood pressure, haematocrit, serum alby@lenine aminotransferase and
nitrates emerged as significant predictors of ttméndex loop diuretic prescription

on multivariate analysis, as shown in table 3.90Wwe

Hazard ratios for serum albumin and alanine amamsfierase exhbited a time-dependent
reduction over the period of observation, as oedinn loop Cox regression model 1.
Varation in risk associated with age, BMI, systdhlood pressure and haematocrit was
relatively mild. Hazard ratios for background ni¢raherapy remained constant throughout
the first year after index metfformin-sulphonylumbination or thiazolidinedione

prescription (table 3.51, figure 3.14).

The relatively small number of patients with data baseline left ventricular mass
and interventricular septum width did not permigeneration of a Cox regression

model incorporating these echocardiographic vaegmbk covariates.
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Table 3.50 — Loop diuretic Cox regression model Pedicting index loop diuretic
prescription within one year of inclusion into thenetformin-sulphonylurea combination
or thiazolidinedione cohort

Final baseline B SE Wald  df p Hazard ratio 95% ClI 95% ClI
model covariates lower upper
Age

0978 0.131 55412 1 <0.001 2.660 2.056 3.442
(years)
(Ef((;%?’;‘ass ndex (999 0200 24.930 1 <0.001 2.715 1.834 4.017
Systolic BP 0.301 0.076 15.831 1 <0.001 1.352 1.165 1.568
(mmHg)
(F(',Z)ematoc”t 1.754 0.269 42589 1 <0.001 5.776 3.411 9.782
(S(;Ir_‘)]? albumin 15693 5008 6365 1 0012 306583759  16.755 5609800937
(A|IL_J|_)3 13.035 2465 27.964 1 <0.001 458286577 3655219 57459369.51
Nitrates 0.505 0.217 5426 1 0.020 1.656 1.083 2.533
Age . 0175 0.024 52179 1 <0.001 0.839 0.801 0.880
(years)*logtime
Body massindex 12, 038 21473 1 <0.001 0.840 0.780 0.904
(kg/mP)*logtime
Systolic BP .0.056 0014 15388 1 <0.001 0.945 0.919 0.972
(mmHg)*logtime
Haematocrit 0322 0.050 41.967 1 <0.001 0.725 0.658 0.799
(%)*logctime
Serumalbumin - 5 600 933 8093 1 0.004 0.070 0.011 0.438
(g/L) *logctime
ALT (UIL) 2473 0463 28520 1 <0.001 0.084 0.034 0.209
*logtime

*Baseline covariates included in the model were &gmale gender, diabetes duratinbody mass
index, systolic blood pressure, haematocrit, secueatinine > 130 umol/L, serum albumialanine
aminotranferase, dihydropyridine calcium channebdiers, diltiazem, beta blockers, nitrates and
index thiazolidinedione (vs metformin-sulphonylutéarapy), together with their respective loge
time-dependent covariates

?loge transformed data’square root transformed data; Events = 126, cendar@990; - 2 LL =
703.617; Model chi square = 2537.137, p < 0.001hvdf = 1
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Table 3.51 - Three monthly variation in estimatedazard ratios (HR) for index loop
diuretic prescription after index metformin-sulphgiurea or thiazolidinedione
prescription. HR were estimated at six months, @imonths and one year for all
significant covariates in loop Cox regression model

Time-dependent covariates HR at 6 months HR at 9 months  HR at 12 months
(180 days) (270 days) (365 days)
Age (years) 1.07 1.00 0.95
Body mass index (kg/fn 1.10 1.03 0.97
Systolic blood pressure (mmHg) 1.01 0.99 0.97
Haematocrit (%) 1.09 0.95 0.86
Serum albumin (g/LJ 0.32 0.11 0.05
Alanine aminotransferase (IUA) 1.22 0.44 0.21
Nitrates 1.66 1.66 1.66

2 log, transformed data
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Figure 3.14 - Variation in hazard ratio values fomdex loop diuretic prescription within one year ahdex metformin-sulphonylurea
combination or thiazolidinedione prescription: loofox regression model 2. Data are plotted at 1800 2nd 365 days. Patients treated with
metformin-sulphonylurea combination or thiazolidirtkone therapy for less than 90 days were excluded
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3.14 Logistic regression model: predicting riskactors for incident heart failure
events occurring within one year after index metfomin-sulphonylurea

combination or thiazolidinedione therapy

3.14.1 Univariate logistic regression

Univariate analysis found that incident HF occugrinithin one year of inclusion
into either the metformin-sulphonylurea/thiazoligliione cohort was significantly

associated with the following characteristics ¢asl3.52 and 3.53):

Demographics
e ageinyears [OR 1.064 (95% CI 1.040, 1.088); poo1)|
» diabetes duration in year§uare root transformed datdOR 1.503 (95% CI 1.209,
1.867); p < 0.001]

« female gender [OR 0.644 (95% CI 0.401, 1.036);00070]

Past medical history

* baseline macrovascular disease [OR 4.711 (95%90I727.405); p < 0.001]

Drug history
* baseline potassium channel blocker/aldosteronganist therapy [OR 3.744
(95% CI 1.902, 7.373); p < 0.001]
* baseline verapamil therapy [OR 4.470 (95% CI 1.164326); p = 0.002]
* baseline diltiazem therapy [OR 2.233 (95% CI 1.22082); p = 0.009]

* baseline beta blocker therapy [OR 2.066 (95% (02,.3.268); p = 0.002]
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e baseline alpha adrenoceptor drugs [OR 1.794 (95%.€983, 3.341); p =
0.066]
* baseline nitrates [OR 3.773 (95% CI 2.402, 5.988);0.041]

* baseline other antianginals [OR 2.419 (95% CI 0,86466); p = 0.060]

Laboratory-based clinical investigations

* baseline haematocrit expressed as % value [OR @932 CI 0.845, 0.962);
p = 0.002]

* baseline HDL-C concentration in mmol(hg. transformed dataf OR 3.495 (95%
Cl1.204, 10.146); p = 0.021]

+ baseline estimated glomerular filration rate in /mis/1.73n7 (og. transformed
data) [OR 0.305 (95% CI 0.171, 0.543); p < 0.001]

* baseline serum creatinine > 130 umol/L [OR 3.5&834I 1.810, 7.104); p
< 0.001]

* baseline serum albumin in gflg. transformed data)f OR 0.135 (95% CI 0.051,
0.359); p < 0.001]

* baseline alanine aminotransferase in Ilddg. transformed data)) OR 0.428 (95%

C1 0.254, 0.721); p = 0.001]

3.14.2 Multivariate logistic regression

28 and 49 patients developed incident HF within gmar after exposure to
thiazolidinedione therapy and metformin-sulphongur combination therapy
respectively. 2521 thiazolidinedione-treated pasierand 3427 patients on

metformin-sulphonylurea combination therapy remaimeident HF free within one
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Table 3.52 - Univariate logistic regression analysbaseline continuous independent variables preitig incident heart failure events within
one year of inclusion into the metformin-sulphonylea or thiazolidinedione cohort.

Baseline continuous variable N B SE Wald df p OR Lower Upper NR? H-L statistic
[iz_derétl_ggp 95% ClI 95% ClI
prleuscrilbed (Exp [B]) for for
(patients with Exp (B) Exp (B)
variable
data)]

Age (years) 77 (6025) 0.062 0.012 27.911 1 <0.001 1.064 1.040 1.088 0.038 0.850
Diabetes duration (yeafs) 77 (6025) 0407 0.111 13.509 1 <0.001 1.503 1.209 1.867 0.017 0.414
MAP (mmHg) 66 (5302) - 0.005 0.014 0.105 1 0.745 996. 0.969 1.023 0.000 0.432
SBP (mmHQ) 66 (5302) 0.009 0.008 1.353 1 0.245 1.009 0.994 1.026 0.002 .9610
DBP (mmHg) 66 (5302) -0.023 0.015 2.380 1 0.123 0.978 0.950 1.006 0.004 0.026
Weight (kg) 66 (5520) 0.004 0.007 0.331 1 0.565 04.0 0.990 1.018 0.000 0.838
BMI (kg/m?) 66 (5520) 0.008 0.022 0.113 1 0.736 1.008 0.964 .053 0.000 0.259
Haematocrit (%) 46 (4525) -0.104 0.033 9.893 1 .00 0.902 0.845 0.962 0.019 0.670
HbAlc (%) 68 (5638) 0.112 0.077 2.075 1 0.150 1.118 0.961 1.302 0.003 0.758
Total cholesterol (mmol/L) 66 (5466) 0.817 0.537 2.315 1 0.128 2.265 0.790 49%6. 0.003 0.367
HDL-C (mmol/L)° 50 (4931) 1.251 0.544 5.296 1 0.021 3.495 1.204 148 0.010 0.177
LDL-C (mmol/L)? 41 (3717) 0.370 0.491 0.569 1 0.451 1.448 0.553 78%B. 0.001 0.121
Triglycerides (mmol/LY) 51 (4267) -0.392 0.260 2.271 1 0.132 0.676 0.406 1.125 0.004 0.201
ALT (IU/L)"® 63 (5026) -0.848 0.266 10.184 1 0.001 0.428 0.254 0.721 0.017 0.061
Sodium (mmol/L) 69 (5571) - 0.019 0.042 0.199 1 586 0.981 0.904 1.066 0.000 0.448
eGFR (mls/min/1.73R/) 61 (5012) -1.188 0.294 16.278 1 <0.001 0.305 7D.1 0.543 0.025 0.022
TSH (mIU/L) 57 (4806) 0.002 0.088 0.001 1 0.980 02.0 0.844 1.190 0.000 0.061
Serum albumin (g/L% 68 (5278) - 2.005 0.500 16.077 1 <0.001 0.135 5D.0 0.359 0.024 0.577
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Baseline continuous N B SE Wald df p OR Lower Upper NR? H-L
variable (igdext!oop 95% ClI 95% ClI statistic
iuretics
prescribed [Exp (B)] for Exp for Exp
[patients (B) (B)
with variable
data])

TZD dose (%

. 28 (2549) -0.004 0.556 0.000 1 0.995 0.996 0.335 .964 0.000 0.033
maximaly
IVS (cm) 6 (447) 0.573 1.405 0.166 1 0.683 1.773 118. 27.847 0.003 0.629
LVPW (cm)b 5 (397) 0.444 2.044 0.047 1 0.828 1.558 0.028 B5.6 0.001 0.787

ALT, alanine aminotransferase; BMI, body mass ind#P, diastolic blood pressure; eGFR, estimatechggrular filtration rate; HbAlc, glycosylated haeghabin; Hct,
haematocrit; HDL-C, high density lipoprotein chdl®l; VS, interventricular septum width; LDL-Cow density lipoprotein cholesterol; LVM, left vaatdar mass;

LVPW, left ventricular posterior wall thickness; MAmean arterial pressure; SBP, systolic blood pues; TSH, thyroid stimulating hormone; TZD thiadledione;?
square root transformed dat&jog. transformed data
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Table 3.53 - Univariate logistic regression analysbaseline categorical independent variables potitig index heart failure events within
one year of inclusion into the metformin-sulphonylea or thiazolidinedione cohort.

Baseline categorical N N B SE Wald df p OR Lower Upper NR?
variable [categorical variable of [categorical 95% 95% ClI
e pateris v oop Ep O o

(categorical (B) for Exp (B)

variable loop (B)

diuretic —ve)]
Male gender 3372 (6025) 51 (3321) 0.439 0.242 3.2851 0.070 1.552 0.965 2.495 0.004
Female gender 2653 (6025) 26 (2627) -0.439 0.242 .2853 1 0.070 0.644 0.401 1.036 0.004
TZD + insulin 92 (2549) 2 (90) 0.731 0.742 0.972 1 0.324 2.078 0.486 8.889 0.003
TZD (vs MFSU) 2549 (6025) 28 (2521) - 0.253 0.238 .12B8 1 0.289 0.777 0.487 1.239 0.001
Creat >130pmol/L 68 (5278) 10 (58) 1.277 0.349 4a8. 1 <0.001 3.586 1.810 7.104 0.015
Peripheral vasodilators 287 (6025) 2 (285) -0.635 0.719 0.780 1 0.377 0.530 0.129 2.169 0.001
Thiazide diuretics 2045 (6025) 24 (2021) -0.128 0.248 0.267 1 0.605 0.880 0.542 429 0.000
Potassium sp. diuretics 238 (6025) 10 (228) 1.320 0.346 14.588 1 <0.001 3.744 1.902 373%. 0.014
NSAIDs 4224 (6025) 52 (4172) -0.122 0.245 0.247 1 0.620 0.885 0.548 431 0.000
Dihydropyridine CCBs 2257 (6025) 34 (2223) 0.281 0.231 1.483 1 0.223 1.325 0.842 82.0 0.002
Verapamil 96 (6025) 5(91) 1.497 0.474 9.962 1 0.002 4.470 1.764 11.326 0.009
Diltiazem 428 (6025) 13 (496) 0.803 0.308 6.809 1 0.009 2.233 1.221 24.08 0.007
Beta blockers 2532 (6025) 46 (2486) 0.726 0.234 9.633 1 0.002 2.066 1.307 683.2 0.013
Vasodilat 36 (6025) 1 (35) 0.799 1.021 0.612 1 0.434 2.223 0.301 16.435 0.001
Caanitht 94 (6025) 1 (93) -0.188 1.012 0.035 1 0.852 0.828 0.114 ®%.02 0.000
Anbd 13 (6025) 0(13) -16.858 11147.52 0.000 1 0.999 0.000 0.000 - 0.000
Aabd 567 (6025) 12 (555) 0.584 0.317 3.391 1 0.066 1.794 0.963 13.34 0.004
ACEI 2924 (6025) 44 (2880) 0.351 0.232 2.293 1 0.130 1.420 0.902 372.2 0.003
ARB 745 (6025) 10 (735) 0.057 0.341 0.028 1 0.868 1.059 0.542 &®.06 0.000
Nitrate 1420 (6025) 41 (1379) 1.328 0.230 33.204 1 <0.001 3.773 2.402 9258 0.041




355

Lower Upper
Baseline categorical N N B SE Wald df p OR 95% ClI 95% ClI NR?
variable (Cat_e%fl)ricc’vfll (Cﬁ}tebéiorlical for Exp for Exp
variaple o variable loop
interest diuretic +ve [EXp (B)] (B) (B)
[patients with [categorical
variable data]) variable loop
diuretic -ve)
Otherantiang 171 (6025) 5 (166) 0.883 0.469 3.545 1 0.060 2.419 0.964 6.066 0.004
Macrovascular disease 1199 (6025) 41 (1158) 1.550 .2310 45.119 1 <0.001 4.711 2.997 7.405 0.055
LVM >228¢g 5 (392) 2(3) - 0.462 0.919 0.253 1 &61 0.630 0.104 3.811 0.005

aabd, alpha adrenoceptor drugs; ACEI, angiotensimwerting enzyme inhibitors; anbd, adrenergic ne@grdlocking drugs; ARB, angiotensin Il receptoragunists;
caantiht, centrally acting antihypertensive drugseat, serum creatinine; Dihydropyridine ccb, dingplyridine calcium channel blockers; Ks, potassisjparing diuretic
therapy; LVM, left ventricular mass; MFSU, metfonrsiulphonylurea combination therapy; NSAID, norreitial anti-inflammatory drug; otherantiang, othentianginal
drugs; peripheral vasodilators, peripheral vasodia therapy; reninh, renin inhibitors; TZD, thiaidinedione; TZD + insulin, thiazolidinedione-insalicombination
therapy; vasodilat, vasodilator antihypertensiveigis
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year after inclusion into their respective cohdt#ence, the overall proportion of

patients developing incident HF amounts to 0.018945 1.29%).

As advised by Peduzat al. [609], given the proportion of patients deping
incident HF within one year after index thiazoligéione prescription, the maximum

number of covariates that can be included in angtiehamounted to eight.

() Incident heart failure logistic regression modé1

Based on univariate analysis (tables 3.52 and 3#&3) taking into account the
number of patients for whom data for each covanedee available, the following
predictors (covariates) were included:

* Age (years)

» diabetes duration (yeargjuare root transformed data)

e baseline ALT (IU/L)(og. transformed data)

* baseline albumin (g/L{og. transformed data)

* baseline serum creatinine > 13®ol/L

- female gender

* baseline macrovascular disease (composite of coroaaery disease,

peripheral artery disease and cerebrovascularssea

« index thiazolidinedione prescription (vs MFSU)

4690 patients were included into the logistic regien model. Employing a
significance level of 0.05, the Wald criterion demtrated that age, baseline serum

albumin, baseline serum creatinine and baselinerawascular disease made a



357

significant contribution to prediction (see tabl&4. A test of the full model versus
a model with intercept only was statistically sigrant (chi square 70.293, p < 0.001
with df = 4). Hosmer and Leneshow test statistttdated that the model's estimates
fit the data at an acceptable level (chi squaré$5.6f = 8, p = 0.685). Nagelkerke’s
R? = 0.113, effectively indicating a relationship ofl.3% between predictors
(covariates) and the prediction (i.e. incident Hifhua one year of inclusion into the

cohort). Prediction success overall was 98.8%.

As shown in the final model (table 3.54), indexattulidinedione prescriptioper se

does not emerge as a significant predictor, sugmgeshat the risk factors for
developing of incident HF are similar to those patients prescribed metformin-
sulphonylurea combination therapy. Once again, Waktatistics for baseline
macrovascular disease suggest it is the strongegicpor. It is associated with more
than four times higher risk of progression to iecid HF within one year of index
metformin-sulphonylurea or thiazolidinedione prgsoon, assuming all other
covariates are unchanged during the observatiandpdrikewise, a baseline serum
creatinine exceeding 130 pmol/L at index metforsutphonylurea or

thiazolidinedione prescription is the second mdsbng predictor in this model,
being associated with more than two fold highek a$ progression to HF. Each
passing year of life is associated with a 4.9 %eased risk of developing incident
HF in this scenario. Inverting odds ratios, anddim all other covariates constant,
each 1 g/dL reduction in baseline Jogerum albumin at index metformin-
sulphonylurea combination or thiazolidinedione prgdion results in an 3.42 fold

increased risk of developing incident HF within gmar.
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Table 3.54 - Incident heart failure binary logisticegression model 1 - final model
covariates predicting incident heart failure withimne year of exposure to index
metformin-sulphonylurea combination or thiazolidirtkone therapy*

Final model covariates B SE  Wald df p Odds 95% 95%

ratio Cl Cl
lower upper

[exp (B)]

Baseline . 1.415 0268 27859 1 <0001 4118 2435 6.966

macrovascular disease

Age 0.047 0.014 11.304 1 < 0.001 1.049 1.020 1.078

(years)

Baseline serum

creatinine > 0.821 0.365 5.074 1 0.024 2.273 1.113 4.644

130umol/L

Baseline serum 1232 0552 4.982 1 0026 0292 0099 0.861
albumin (g/L}

Constant -5.832 1.648 12.521 1 < 0.001 0.003

* Baseline covariates included in the model were,atdjabetes duratidh female gender, alanine
aminotransferase serum albumif) serum creatinine > 130pmol/L, macrovascular d&eand
index thiazolidinedione therapy (vs metformin-soipfilurea combination therapy)? loge
transformed data® square root transformed data

Model chi square 70.293, p < 0.001 with df = 4; \R0.116; H-L statistic chi square = 5.661, p =
0.685 with df =8; - 2 LL = 587.545; prediction sw&ss overall = 98.8%; ROC (AUC) = 0.800 (95%
Cl 0.754, 0.846), p < 0.001

ROC curve analysis was used to discriminate betvpesitive and negative cases.
Concardance index (c-statistic/AUC) for this modehounted to 0.800 (95% CI
0.754, 0.846) (p < 0.001), suggesting that thd fimadel has an ability to distinguish

between the two outcome groups.

(i) Incident heart failure logistic regression mocel 2

Given the constraints of including additional costes into the model (discussed
above), an additional binary logistic regressiondalowas run to explore the
potential impact of baseline haematocrit on the ehddeplacing female gender and

retaining all other baseline covariates, age, seslbumin, serum creatinine > 130
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pmol/L and macrovascular disease remained signifipeedictors of incident HF

within one year in the final model (table 3.55).

Table 3.55 - Incident heart failure binary logisticegression model 2 - final model
covariates predicting incident heart failure withimne year of exposure to index
metformin-sulphonylurea combination or thiazolidirtkone therapy*

Final model covariates B SE  Wald df p Odds 95% 95%

ratio Cl Cl
lower upper

[exp (B)]

Baseline . 1729 0332 21173 1 <0001 5636 2942 10.797

macrovascular disease

Age 0.047 0017 7.835 1 0.005 1.048 1014 1.082

(years)

Baseline serum

creatinine > 1.032 0.395 6.817 1 0.009 2.805 1.293 6.085

130umol/L

Baseline serum -1.337 0647 4273 1 0039 0263 0074 00933
albumin (g/L)

Constant -6.021 1.943 9.606 1 0.002 0.002

*Baseline covariates included in the model were,adjabetes duration b, haematocrit, alanine
aminotransferase a, serum albumin a, serum craaini 130 pmol/L, macrovascular disease and
index thiazolidinedione therapy (vs metformin-soipflurea combination therapy)? loge
transformed data® square root transformed data

Model chi square = 67.106, p < 0.001 with df = 4RN= 0.144; H-L statistic chi square = 6.621, p =
0.578 with df =8; - 2LL = 423.324; prediction sueseoverall = 99.0%; AUC = 0.798 (95% CI
0.752, 0.844), p <0.001

3.15 Cox regression model: predicting risk factordor incident heart failure

events occurring within one year after index metfomin-sulphonylurea

combination or thiazolidinedione therapy

3.15.1 Univariate Cox regression

On univariate analysis, the following clinical armhthological factors were

associated with time to incident HF, as outlinddyfun tables 3.56 and 3.57:



360

Demographics
* ageinyears [HR 1.066 (95% CI 1.041, 1.090); pGO0]
» diabetes duration in yeat§uare root transformed datHR 1.513 (95% CI 1.219,
1.876); p < 0.001]

- female gender (p = 0.082)

Past medical history

* baseline macrovascular disease (p < 0.001)

Drug history
* baseline potassium channel blocker/aldosteroneganist therapy (p <
0.001)
* baseline verapamil therapy (p = 0.001)
» baseline diltiazem therapy (p = 0.007)
* baseline beta blocker therapy (p = 0.001)
» baseline alpha adrenoceptor blocking drugs (p 48).0
* baseline nitrates (p < 0.001)

* baseline other antianginal drugs (p = 0.051)

Laboratory-based clinical investigations
* baseline haematocrit expressed as % value [HR 0.998% CI 0.845,
0.959); p = 0.001]
* baseline HDL-C concentration in mmol(hg. transformed dataf HR 3.515 (95%

C11.203, 10.268); p = 0.022]
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baseline estimated glomerular filration rate in /mis/1.73n% (og. transformed

data) [HR 0.984 (95% CI 0.975, 0.992); p < 0.001]

baseline serum creatinine > 130 umol/L (p < 0.001)

baseline serum albumin in gflg. transformed data)HR 0.129 (95% CI 0.048,
0.345); p < 0.001]

baseline alanine aminotransferase in 1ddg. transformed data|HR 0.413 (95%

C10.245, 0.696); p = 0.001]

3.15.2 Multivariate Cox regression

Based on the outcomes of univariate analysis, €gression was used to assess the

strength of association between time to incident@adé clinical and pathological risk

factors. As outlined in multivariate logistic regseon analysis, the maximum

number of covariates that could be included in @mxession analysis, based on the

available data, amounted to eight.

() Incident heart failure Cox regression model

Variables (covariates) included in multivariatexQegression analysis were those

deemed significant (p < 0.1) on univariate scregrfas summarised in tables 3.56

and 3.57), namely:

Age (years)
Diabetes duration (yeargjuare root transformed data)
Baseline haematocrit (%)

serum creatinine > 130 pmol
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Table 3.56 - Univariate Cox regression: baselinentiauous independent variable predicting incideneért failure events occurring within
one year of inclusion into the metformin-sulphonylea or thiazolidinedione cohort.

Baseline continuous variable N B SE Wald df p Hazard Lower Upper -2 Log

( t[,HF+ " ratio 95% Cl for  95% ClI Likelehood

parients wi Exp (B) for Exp

data)] [Exp (B)] (B)

Age 77 (6025) 0.063 0.012 29.177 1 <0.001 1.066 41.0 1.090 1291.793
Diabetes duration (years) 77 (6025) 0.414 0.110 14.173 1 <0.001 1.513 1.219 1.876 r3a8.
MAP (mmHg) 66 (5302) - 0.006 0.014 0.166 1 0.684 99a. 0.968 1.022 1116.980
SBP (mmHg) 66 (5302) 0.009 0.008 1.235 1 0.266 1.009 0.993 1.025 1175.93
DBP (mmHg) 66 (5302) -0.024 0.015 2.677 1 0.102 0.976 0.948 1.005 urn4.
Weight (kg) 66 (5520) 0.004 0.007 0.272 1 0.602 04.0 0.990 1.017 1122.252
BMI (kg/m?) 66 (5520) 0.007 0.022 0.094 1 0.759 1.007 0.964 .05 1122.428
Haematocrit (%) 46 (4525) -0.105 0.032 10.747 1 000. 0.900 0.845 0.959 754.198
HbAlc (%) 68 (5638) 0.120 0.077 2.397 1 0.122 1.127 0.969 1.312 1157.427
Total cholesterol (mmol/L} 66 (5466) 0.748 0.537 1.940 1 0.164 2.114 0.737 060. 1188.260
HDL-C (mmol/L)"® 50 (4931) 1.257 0.547 5.283 1 0.022 3.515 1.203 .268) 832.495
LDL-C (mmol/L) ® 41 (3717) 0.333 0.487 0.467 1 0.494 1.395 0.537 6273. 661.400
Triglycerides (mmol/Ly 51 (4267) -0.415 0.259 2.556 1 0.110 0.661 0.397 1.098 835.814
ALT (lUL) ° 63 (5026) -0.884 0.266 11.046 1 0.001 0.413 0.245 0.696 1046.630
Sodium (mmol/L) 69 (5571) - 0.020 0.042 0.230 1 30.6 0.980 0.902 1.065 1173.750
Egfr (mls/min/1.73rf) ° 61 (5012) -0.016 0.004 13.388 1 <0.001 0.984 .97 0.992 1009.952
TSH (mIU/L) 57 (4806) 0.009 0.088 0.010 1 0.921 08.0 0.848 1.200 953.295
Serum albumin (g/L} 68 (5278) -2.051 0.504 16.597 1 <0.001 0.129 .04 0.345 1133.048
TZD dose (% maximal) 28 (2549) -0.179 0.554 0.104 1 0.747 0.836 0.282 2.478 431.999
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Baseline continuous N B SE Wald df p Hazard Lower Upper -2 Log
variable (index loop ratio 95% CI 95% ClI Likelehood

p‘l“srcerti'gz § for Exp for Exp

[patients with [Exp (B)] (B) (B)
variable
data])

Baseline IVS (cm) 6 (447) 0.682 1.439 0.225 1 0.636 1.978 0.118 33.217 71.841
Baseline LVPW (cm¥ 5 (397) 0.512 1.976 0.067 1 0.796 1.668 0.035 am.2 58.636

ALT, alanine aminotransferase; BMI, body mass ind#P, diastolic blood pressure; eGFR, estimateshggrular filtration rate; HbAlc, glycosylated haeghabin; Hct,
haematocrit; HDL-C, high density lipoprotein chdle®l; IVS, interventricular septum width; LDL-Cow density lipoprotein cholesterol; LVM, left vaéatdlar mass;
LVPW, left ventricular posterior wall thickness; MAmean arterial pressure; SBP, systolic blood pues; TSH, thyroid stimulating hormone; TZD thiadledione;?
square root transformed dat&jog. transformed data
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Table 3.57 - Univariate Cox regression analysis (Han-Meier survival): baseline categorical indepestt variables predicting incident
heart failure events occurring within one year afclusion into the metformin-sulphonylurea or thiasdinedione cohort

Categorical variable of interest

Comparator categorical variable

Log rank test

Baseline categorical variable of
interest

Male gender
Female gender
TZD (vs MFSU)
TZD + insulin

Creat > 130 umol/L

Peripheral vasodilators
Thiazide diuretics
Potassium sp. diuretics
NSAIDs
Dihydropyridine CCBs
Verapamil

Diltiazem

Beta blockers
Vasodilat

Caanitht

Anbd

Aabd

ACEI

N

(categorical variable
of interest [patients
with variable data])

3372 (6025)
2653 (6025)
92 (2549)

2549 (6025)

68 (5278)

287 (6025)
2045 (6025)
238 (6025)
4224 (6025)
2257 (6025)
96 (6025)
428 (6025)
2532 (6025)
36 (6025)
94 (6025)
13 (6025)
567 (6025)
2924 (6025)

24 (2021)
10 (228)
52 (4172)
34 (2223)
5 (91)
13 (496)
46 (2486)
1 (35)
1(93)
0 (13) -
12 (555)
44 (2880)

N Mean

HF +ve
(patients
with
comparator
variable
data)

Survival
time

51 (3321)362.488
26 (2627363.273
2(90) 359.462

28 (2521) 363.279

10 (58) 356.268

2 (285)363.900
362.948
357.899
362.909
362.530
362.115
359.953
361.719
356.278
362.725

361.850
362.581

SE
Survival
time

0.407
0.389
3.876
0.385

2.904

0.811
0.473
2.673
0.338
0.493
1.532
1.505
0.546
8.600
2.261

1.053
0.429

Lower
95%
Cl
for
survival
time

361.691
362.511
351.864
362.525

350.576

362.310
362.021
352.660
362.246
361.562
359.112
357.002
360.648
339.421
358.294
359.786
361.740

Upper
95%
Cl
for
survival
time

363.285
364.036
367.060
364.034

361.960

365.489
363.876
363.139
363.572
363.497
365.118
362.903
362.790
373.134
367.156
363.913
363.422

Mean SE
Survival  Survival
time time
363.273 0.389
362.488 0.407
363.413 0.374
362.504 0.405
363.108 0.289
362.777 0.297
362.771 0.357
363.031 0.276
362.653 0.529
363.011 0.347
362.843 0.289
363.095 0.279
363.638 0.290
362.870 0.282
362.831 0.288
362.928 0.295
363.065 0.378

Lower
95%

(o]

Upper
95%
Cl

for for

survival
time

survival
time

362.58b4.036
361.68b63.285
362.6854.147
361.7(8%53.299

362.548b3.675

362.19%3.358
362.0853.470
362.48b63.572
361.61363.688
362.33b3.691
362.27353.409
362.54%3.641
362.06%4.208
362.3163.423
362.2663.395
362.3453.507
362.3363.806

Chi
Square

3.026
3.026
1.781
1.089

17.428

0.782
0.197
17.448
0.178
1.610
11.885
7.400
10.210
0.660
0.025
0.177
3.918
2.546

df

[ S SN S

[EnY

PrrRrPRrRRPPpPRRPRPRRRERPRPR

0.082
0.082
0.182
0.297

<0.001

0.377
0.666
<0.001
0.673
0.204
0.001
0.007
0.001
0.417
0.873
0.674
0.048
0.111
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Categorical variable of interest Comparator categorical variable

Log rank test

Baseline categorical variable of N N Mean SE Lower Upper Mean SE Lower Upper
interest (categorical variable of HF +ve Survival  Survival 95% 95% Survival  Survival 95% 95%
interest [patients with  [patients with time time Cl Cl time time Cl Cl
variable data]) comparator for for for for
variable data]) survival survival survival survival
time time time time
ARB 745 (6025) 10 (735) 362.339 0.902 360.570 364.107 362.898 0.300 362.38363.486
Nitrates 1420 (6025) 41 (1379) 359.537 0.942 357.691 361.383 363.844 330.2363.388 364.300 39.136
Otherantiang 171 (6025) 5 (166) 359.774 2.782 354.320 365.227 362.921 0.28B2.368 363.473
Macrovascular disease 1199 (6025) 41 (1158) 358.644105 356.479 360.809 363.870 0.224 363.430 364.365.665
LVM > 228g 5(392) 2(3) 363.198 1.413 360.429 366. 361.786 2.052 357.765 365.807

df p
1 0.796
1 <0.001
1 0.051
1 <0.001

0230 1 0.631

aabd, alpha adrenoceptor drugs; ACEI, angiotensimwerting enzyme inhibitors; anbd, adrenergic na@grdlocking drugs; ARB, angiotensin Il receptoragunists;
caantiht, centrally acting antihypertensive drugshydropyridine CCB, dihydropyridine calcium chahidockers; potassium sp. diuretics, potassiumrisigadiuretic
therapy; LVM, left ventricular mass; NSAID, nonrstdal anti-inflammatory drug; otherantiang, othemtianginal drugs; TZD + insulin, thiazolidinediofiesulin

combination therapy; vasodilat, vasodilator antibyjensive drugs
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» Baseline serum albumin (g/lyg. transformed data)
» Baseline alanine aminotransferase (IUkg)transformed data)
» Baseline macrovascular disease

* Index thiazolidinedione prescription (vs metfornsimpphonylurea)

Given baseline serum creatinine > 130 pmol/L, maasoular disease and index
thiazolidinedione prescription defied the Proporéib Hazards Assumption, time-
dependent variables were constructed for eachbtariey adding an interaction term
that involved logtime (days) to index loop diuretic prescriptionarthe Cox model,
and testing for its significance. Time-dependerialdes were also constructed in
the same fashion for age, diabetes durati@fare root transformed data) baseline
haematocrit, serum albumimg. transformed data)and alanine aminotransferagey.
transformed datayasS evidence that hazard ratios for these covaridenot change over

time.

There were no significant interactions between @fnye included covariates in this
model. Out of a total of 4260 patients, for whontadaere available for this model,
44 patients developed incident HF within one yeapmscription of metformin-

sulphonylurea combination or thiazolidinedione #psr. 4216 patients were
censored within the aforementioned period of oketéya. The covariates as a set
reliably improved the predictability of the Cox regsion model (chi square
2111.312, p < 0.001 with df = 13). The standardref®E) of each variable included
in the model was small, suggesting no significantlticollinearity. The Wald

criterion demonstrated that (in decreasing orderiroportance) age, baseline

haematocrit, serum albumin, baseline macrovasait®ase, and baseline alanine
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aminotransferase and their respective interactiith time made a significant
contribution to predicting time to index loop diticeprescription in this setting, as
outlined in table 3.58. Baseline serum creatinin@s va marginally significant
covariate (p = 0.05). Covariate*time interactiong@ested a decreasing hazard ratio
over time for baseline macrovascular disease, raamminotransferase, serum
creatinine and serum albumin. Hazard ratios for agd haematocrit, remained
stable over the period of observation, in keepiiit Vog-minus-log plots which had
suggested that each of the latter covaariatesfiedtishe Proportiona Hazards

Assumption (table 3.59, figure 3.15)

There were insufficient data to permit modellingsélae drug therapy, left
ventricular mass or interventricular septum widshcavariates in a Cox regression

model predicting incident HF events.
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Table 3.58 - Incident heart failure Cox regressianodel 1 predicting incident heart failure eventsthin one year of inclusion into the

metformin-sulphonylurea combination or thiazolidirteone cohort.

Final baseline B SE Wald df p Hazard ratio 95% ClI lower 95% CI upper
model covariates

Age (years) 1.777 0.271 42.850 1 <0.001 5.911 3.472 10.062
Haematocrit (%) 2.310 0.560 17.015 1 <0.001 10.070 3.361 30.174
Serum creatinine > 130 umol/L 11.015 5.610 3.855 1 0.050 60750.163 1.020 3619757003
Serum albumin (g/L) 35.320 8.811 16.068 1 <0.001 2.184E+15 69049468.21 6.907E+22
ALT (UML) °® 17.043 5.614 9.217 1 0.002 25217422.95 420.051 1.514E+12
Macrovascular disease 15.773 5.071 9.674 1 0.002 7079269.741 341.613 1.467E+11
Age(years)*logtime -0.317 0.049 41.449 1 <0.001 0.728 0.661 0.802
Haematocrit (%)*logime -0.422 0.102 17.091 1 <0.001 0.656 0.537 0.801
Serum creatinine > 130 pmol/L*Iggne -1.939 1.064 3.323 1 0.068 0.144 0.018 1.157
Serum albumin (g/L)*logime -6.689 1.656 16.306 1 <0.001 0.001 <0.001 0.032
ALT(IU/L) *logetime -3.058 1.033 8.762 1 0.003 0.047 0.006 0.356
Macrovascular disease*lggne -2.532 0.929 7.422 1 0.006 0.080 0.013 0.492
TZD (vs MFSU)*logtime 0.172 0.071 5.876 1 0.015 1.187 1.033 1.364

*Baseline covariates included in the model were atighetes duratior?, haematocrit, serum creatinine > 130 umol/L, seralibumin?, alanine aminotransferasg
macrovascular disease, index thiazolidinedionenfesformin-sulphonylurea therapy)

2 |oge transformed dat&:square root transformed data

Events = 44 censored = 4216; - 2 LL = 230.664; Motk square = 2111.312, p < 0.001 with df = 13
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Table 3.59 - Incident heart failure Cox regressiamodel 1 predicting incident
heart failure within one year of inclusion into themetformin-sulphonylurea or
thiazolidinedione cohort. Variation of estimated hard ratios (HR) is given at
three monthly intervals (six months, nine months @wone year) for all covariates.

Time-dependent covariates HR at 6 months HR at 9 months HR at 12 months
(180 days) (270 days) (365 days)
Age (years) 1.141 1.002 0.911
Haematocrit (%) 1.127 0.948 0.835
Serum creatinine > 130 pmol/L 2.590 1.170 0.654
Serum albumin (g/l% 1.830 0.118 0.016
Alanine aminotransferase (IUA.) 3.228 0.921 0.368
Macrovascular disease 13.900 4.922 2.303

2 log, transformed data
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Figure 3.15 - Variation in hazard ratio values foncident heart failure developing within one yearf andex metformin-sulphonylurea
combination or thiazolidinedione prescription. Datare plotted at 180, 270 and 365 days. Patientsited with metformin-sulphonylurea
combination or thiazolidinedione therapy for leslsan 90 days were excluded.
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=li=Serum albumin (g/L)’
Hazard ratio 7 =®=Alanine aminotransferase (1U/L)"
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3.16 Do CYP2C8*3 and *4 genotypes infer a reducededematogenic risk

following thiazolidinedione exposure?

Out of a total of 2664 thiazolidinedione-treatedtigras, CYP2C8 data were
available for 1309 patients. Of these, 318 (24.3%fyied the CYP2C8*3 allele
(whether homozygotes, heterozygotes or compouretdmtgotes with CYP2C8*4),
while 120 (9.2%) carried the CYP2C8*4 allele. Exgzed differently, 888 (76.8%)
were wild type carriers (CYP2C8 *1/*1), 372 (28.4%#gre heterozygotes for the *3
or *4 allele (CYP2C8 *1/*3 or *1/*4), whereas 49.8%) were homozygotes or

compound heterozygotes (CYP2CS8 *3/*3, *3/*4 or *4)*

There were no significant differences in the fraguies of index loop diuretic
prescription or incident HF rates (occurring withione year of index
thiazolidinedione prescription) between patientgydag at least one copy of the
CYP2C8*3 or CYP2C8*4 allele and wild type carrigSYP2C88 *1/*1) (Fisher
exact test p = 0.483, 0.185 respectively). Likews® outlined in tables 3.60 and
3.61 below, the frequency of occurrence of indeaplaliuretic prescription and
incident HF was similar across heterozygous (CYP2U& or CYP2C8 *1/*4),
compound heterozygous (CYP2C8 *3/*4) and homozyg(@¥P2C8 *3/*3 or

CYP2C8 *4/*4) subgroups (compared to wild type i=ag).

Univariate logistic regression did not identify CY®8*3 or *4 variants as being
significant risk factors for the outcomes of insrevhether in the heterozygous or

homozygous state (tables 3.62 and 3.63 below).
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Table 3.60 - Number (%) of patients treated with smdex loop diuretic within one
year after inclusion into the thiazolidinedone coto

CYP2C8 genotype variant

*1/*1 *1/*3 or *1/*4 *3/*3 or *3/*4 or
*4[*4
Index loop - ve 658 (95.8) 290 (96.7) 33(94.3)
Index loop +ve 29 (4.2) 10 (3.3) 2 (5.7)
Loop data missing 201 72 14
Total 888 372 49

Chi Square = 0.700, p = 0.705 with df = 2

Table 3.61 - Number (%) of patients developing hetailure within one year after
inclusion into the thiazolidinedone cohort.

CYP2C8 genotype variant

*1/*1 *1/*3 or *1/*4 *3/*3 or *3/*4 or
*4[*4
HF - ve 847 (98.8) 350 (98.6) 46 (100)
HF +ve 10 (1.2) 5(1.4) 0 (0)
HF data missing 31 17 3
Total 888 372 49

Chi Square = 0.701, p = 0.705 with df = 2
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Table 3.62 - Univariate binary logistic regressiopredicting index loop diuretic prescription withinone year of index

thiazolidinedione therapy.

Baseline categorical variable N B SE Wald df p Odds Lower Upper
(i(rj]_dextl_oop ratio 95% ClI 95% CI
luretics
prescribed for Exp  for Exp
[patients with (Exp (B) (B)
variable data]) [B)])

CYP2C8 *3 variant 9/248 -0.136 0.385 0.124 1 0.7240.873 0.411 1.855

CYP2C8 *4 variant 3/301 -0.341 0.609 0.313 1 0.5760.711 0.216 2.347

CYP2C8 *3 or CYP2C8 *4 variant 12/335 -0.171 0.350 0.238 1 0.625 0.843 0.425 1.674

CYP2C8 *3/*3 (vs no *3) 1/16 0.436 1.048 0.173 1 6T 1.546 0.198 12.067

CYP2C8 *4/*4 (vs no *4) 1/5 1.759 1.130 2.423 1 M1 5.809 0.634 53.233

Table 3.63 - Univariate binary logistic regressigmedicting incident heart failure within one yearfandex thiazolidinedione therapy.

Baseline categorical variable N B SE Wald df p Odds Lower Upper
f(i!?Citile[nt ?ea:t ratio 95% ClI 95% CI
allure [patients

with variable for Exp  for Exp
datal) (Exp (B) (B)
(B))

CYP2C8 *3 variant 4/302 0.142 0.588 0.059 1 0.808 .153 0.364 3.648

CYP2C8 *4 variant 1/115 -0.346 1.040 0.111 1 0.7390.707 0.092 5.429

CYP2C8 *3 or CYP2C8 *4 variant 5/401 0.067 0.551 01 1 0.903 1.069 0.363 3.150

CYP2C8 *3/*3 (vs no *3) 0/23 -16.750 8380.814 @00 1 0.998 0.000 0.000 -

CYP2C8 *4/*4 (vs no *4) 0/23 -18.813 15191.515 @o 1 0.999 0.000 0.000 -
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3.17 Discussion

This study has identified risk factors for indewodiuretic prescription and incident
HF in a cohort of T2DM patients treated with the sh@ommonly prescribed
anithyperglycaemic combination therapy (metformindasulphonylureas) and
thiazolidinediones. Importantly, available data gesj that risk factors for index
loop diuretic prescription (a surrogate markerlofdf retention) and incident HF are
shared between patients in both treatment categoaed that neither index
metformin-sulphonylurea combination therapy noazolidendione prescription are

risk factors for these adverse events on multiv@aalysis.

To my knowledge, this is the first study comparingident HF rates in these two
treatment subgroups, as most available data hawpared thiazolidinediones solely
with monotherapy / placebo comparators. RECORDgan-label prospective trial
randomising T2DM patients inadequately controlledneetformin or sulphonylurea
monotherapy to add-on rosiglitazone or metformilpisonylurea combination
therapy, is a notable exception. The approach éenpitresent study may be more
generalisable as it mirrors clinical practice, atarly given the reported
differential effects of metformin and sulphonylusean incident HF events, and

recurrent HF in T2DM patients with established HF.

Given the unanticipated difficulties recruiting jeats for my clinical study, analysis
of population-based data of clinically significaméripheral oedema necessitating
index loop diuretic therapy was a novel approachuricavelling the mechanisms

underpinning thiazolidinedione-associated fluid rbv@d. Based on available
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evidence, one may consider this surrogate mark#uidfoverload as a sentinel sign
of clinical HF or (unexplained) peripheral oedengd(]. In PROactive, 27.4% of
patients randomised to pioglitazone reported oedesa5.9% (placebo); < 0.001),
while 21.6% developed serious or nonserious oedemlaout HF [vs 13.0%

(placebo); p < 0.001]. Oedema preceded HF in 34&% 24.1% of patients
randomised to pioglitazone and placebo respectif@&di]. An insulin comparator
subgroup was included as a valuable source of igéiger data, given the reported
association of insulin therapy with fluid overlog852, 611-613], but was not
included in multivariate analysis, given that insuherapy is generally reserved for

patients at a more advanced stage of T2DM.

The relative frequency of prescription of thiazolediones to patients with
established HF (4.32%), albeit lower than for metio-sulphonylurea combination
(6.21%) and insulin therapy (17.60%) is rather sampg, given the unequivocal
advice voiced by multiple clinical practice guideds. Nonetheless, thiazolidinedione
prescription among such patients was lower tham tbported among Medicare
beneficiaries (7.1% for patients prescribed betwE@98-1999 and 16.1% for those
prescribed between 2000-2001) [614]. Similarlyetaaspective analysis of 24 746
elderly Korean patients with T2DM reported thab#alidinediones were prescribed

to 10.4% of patients with established HF and 8.8%atients without [615].

While following similar trends, thiazolidinedionegscription rates among patients
prone to oedema (and hence loop diuretic presonptivere even higher (21.28%).
Differences generally reached statistical signiéamgth either comparator cohorts

on post-hoctesting. There were no differences in backgrousel of loop diuretics
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between metformin-sulphonylurea and thiazolidineditreated female patients, and
for background HF rates between metformin-sulphar@d and thiazolidinedione-

treated male patients. Results of the latter pest-hocanalyses may have been
limited by sample size, and do not necessarilyectfyender related differences in
prescription practices. Despite the reported aasioai between insulin therapy and
fluid retention / HF [352], insulin prescription waecessarily more likely in patients
prone to cardiovascular disease and renal impai;npessibly as a consequence of
progressive beta-cell exhaustion precipitating @tpdite glycaemic control on

established oral glucose lowering agents.

This study reported that 1.1% of patients develapdent HF within one year of
their thiazolidinedione prescription. This rate veassiderably lower than for insulin
therapy (3.5%), and comparable to metformin-sulghoea combination therapy
(1.4%). This study’s reported incident HF ratestfoazolidinedione-treated patients
(rosiglitazone / pioglitazone) was virtually twitkeat reported in the DREAM trial

(rosigitazone, 0.54%), comparable to HF events DORT (rosligitazone, 1.51%)
and considerably lower than those reported in RED@®siglitazone, 2.7%) and
PROactive (pioglitazone, 10.7%). 4.3% of patiemtsthis study's cohort required
prescription of an index loop diuretic (a surrogatarker of oedema) within one
year of exposure to a thiazolidinedione. This issiderably lower than that reported
in DREAM (6.6%), ADOPT (14.1%) and ProACTIVE (21.6%1owever, as has
been ascertained in the introductory chapter, tifi@se prospective trials recruited
patients with a spectrum of glycaemia and cardiowias risk, ranging from

prediabetes (DREAM) to pharmacologically naive T2DOMMDOPT), high risk

T2DM inadequately controlled on metformin or sulpfilmrea monotherapy
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(RECORD) and T2DM treated with diet or oral glucdseering agents or insulin

(PROactive).

Comparisons of incident HF rates need to be mattecaution, given differences in
HF definitions across these four prospective tridMereover, none of these trials
were primarily designed to investigate oedema aRdrétes. All four prospective

trials captured incident HF events for a longeretiperiod ranging from 34.5 months
(PROactive) to 66 months (RECORD), and did not repotcomes after one year of
treatment. Oedema outcomes were likewise repotteédeaend of the observation
period in all four prospective trials (except READRGiven the published effects
of rosiglitazone and pioglitazone on other macrouéss outcomes, capturing
incident HF and index loop diuretic prescriptiortivim one year of prescription of a
thiazolidinedione (or comparator drug) was moreeljk to yield unbiased

information on the outcome of interest.

Unlike these four prospective clinical trials, tlsgidy's retrospective analyses did
not permit a comparison of incident HF events betweosiglitazone and
pioglitazone-treated patients. Patients recruitedthese prospective trials were
generally younger (mean range 54.7 [DREAM] to gPBROactive] years vs mean
[SD] = 63.23 [9.77] years for this study). Additadly, patients recruited in each
study were characterised by a relatively homogermaudiovascular risk (ranging
from low-risk pre-diabetes [DREAM] to high risk T2Dpatients [PROactive]). As
15.1% of patients were known to suffer from macsowdar disease at index
thiazolidinedione prescription, this study's cohemtompasses T2DM patients with

a range of cardiovascular risk, akin to that in Z2DWM population. This study's
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observations of higher (unadjusted) incident HEegdbr insulin-treated T2DM are
consistent with those reported by several obsemali studies on multivariate

adjustment [239, 277, 616].

Age, BMI, systolic blood pressure, haematocrianale aminotransferase and
macrovascular disease emerged as significant bageledictors of time to oedema
requiring loop diuretics on Cox regression analysdgje, haematocrit, serum
creatinine > 130 pmol/L (borderline significancederum albumin, alanine
aminotransferase and macrovascular disease emeagedignificant baseline
predictors of time to incident HF within one yedrimclusion into the metformin-
sulphonylurea combination or thiazolidinedione avhdviodelling incident HF
events generally validated this study's predictorsoop diuretic prescription, and is
consistent with the observation that diuretic usedggts HF in T2DM patients

randomised to pioglitazone or placebo in the PRi@attial [261].

Importantly, thiazolidinedione prescription did nemerge as a significant
contributor to fluid retention requiring loop ditics and HF on univariate or
multivariate analysis, suggesting that risk factorsdeveloping these adverse events
following index thiazolidinedione prescription asbared with patients prescribed
metformin-sulphonylurea combination therapy. Thessults contrast sharply with
those reported in @ost-hocanalysis of data from RECORD and PROactive for
rosiglitazone and pioglitazone respectively [2581]2 Both ascribed an increased
risk for the respective thiazolidinedione on mudtiratepost-hocanalyses. However,
RECORD investigators excluded patients awaitingaediovascular intervention,

those hospitalized for a major cardiovascular evétttin the previous three months
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and individuals with renal and/or liver impairmeuatcontrolled hypertension or an
HbAlc of <7% / >9% [153]. Likewise, PROactive exabd patients on insulin
monotherapy and those with severe peripheral vasalisease, end-stage renal
disease requiring haemodialysis, significantly ated alanine aminotransferase, and
subjects awaiting coronary or peripheral arteriavascularisation [256]. This
approach will have exluded patients at higher arpriisk of incident HF,
introducing selection bias into thgost-hoc models. Patients recruited into the
PROactive trial were randomised to a placebo rathan active comparator. In
agreement with this study's findings, neither matia nor sulphonylureas emerged
as significant predictors of incident congestive HFmultivariate Cox regression
analysis of T2DM US patients [239]. Topragi al. were also reassuring in this

regard, ascribing a decreased risk of thiazolidomesl associated incident HF [273].

This study's findings are consistent with differesicin baseline characteristics
between patients progressing to index loop diunetéscription / incident HF and
those who did not. The association between ageiraident HF has long been
established [617, 618], both in diabetic cohortso[2239, 277-279, 619], and in the
general population [620-625], and has been repglitah this study. Likewise,
baseline macrovascular disease predicted index Idapetic prescription and
incident HF events in this Tayside cohort. Thisagsistent with results from studies
analyzing new-onset HF events in patients whose M2Bas complicated by
coronary artery disease [219, 239, 277, 278], pergl artery disease or stroke [219,
278], and in individuals recruited from populatibased cohorts who suffered from

coronary artery disease at baseline [235, 621, &28,626-628].
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In general, this study's reported findings for agleumin, systolic blood pressure,
serum creatinine and macrovascular disease folioaet reported in the Health ABC
Heart Failure Score for elderly (diabetic and naaiddtic) patients [629]. Nicholst
al. published similar findings in a cohort of 82@4tients with T2DM, additionally
attributing an increased incident HF risk to diglsetluration, baseline BMI, mean
HbAlc, insulin use, gross proteinuria, end-stagalrdisease and mean DBP, and a
(surprisingly) lower risk for microalbuminuria [2B9The authors had ascribed the
latter finding to a confounding effect of ACE inhidrs. One does not exclude that
this may also have masked the effect of baselinesereatinine on the final model
for index loop diuretic prescription in this studp, patients prone to, but not yet
developing clinical HF, given the strong associatmn univariate analysis (p <
0.001). Given recommendations that metformin shduddused with caution in
individuals with moderate renal impairment (eGFR4%0mIs/min/1.73 1), and is
contraindicated in patients with severe renal impant (eGFR < 30 mls/min/1.73
m?) [630], it is possible that metformin was not pmised in patients with poor renal

function who are particularly prone to lactic agdoand HF.

There were no significant differences in baselinbAllc between metformin-
sulphonylurea combination and thiazolidinedioneatd) or between loop diuretic
and HF categories. Most patients in either cohad $uboptimal baseline glycaemic
control. Additionally, baseline HbAlc did not prediindex loop diuretic
prescription or incident HF on univariate analysiBhe association between
glycaemic control and incident HF in T2DM is somewvbomplex. While Nicholst
al. reported no association with baseline measunenesduction in HbAlc values

averaged over the 30 month follow-up period prediancident HF, suggesting a
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role for cumulative rather than recent glycaemicdea [277]. The data in the
present study concurs with this observation, paldity given that outcomes of
interest were analysed at a relatively short tirter daseline HbAlc measurement.
In contrast, analysis of data from the PROactiia tevealed that a baseline HbAlc
exceeding 7.4% predicted incident HF during a m@a’sD) follow-up period of

34.5 (¢ 2.3) months [261]. Several other studieggsst that poorer glycaemic
control is associated with higher incidence ratedHF, both in diabetic and in non-
diabetic patients [212, 218, 238, 631, 632]. A ntlgepublished systematic review
and meta-analysis of ten prospective epidemiolbgtadies comprising 178 929
participants and 14 176 incident congestive HF £aseribed an overall adjusted
risk ratio for CHF of 1.15 (95% CI 1.10, 1.21) feach percentage point higher
HbAlc. However, there was significant heterogendigtween the studies, not

explained by available study-level characteridii&3].

This study's reported lack of association betwemmale gender and oedema on
multivariate analysis are consistent with thoseorea for incident HF on
multivariate survival analysis by Nicholst al. [239]. In contrast, Maru and
colleagues had reported that type 2 diabetic madee at an increased risk of
incident HF within the first year of diagnosis assall age groups [278]. However,
this study’s observation period antedated the dhtetion of thiazolidinediones into
the European market, and was restricted to metfgrisulphonylureas, acarbose,
guam gum and insulin (monotherapy or in combinati@oncomitant use of insulin
and thiazolidinediones did not predict oedema maumiloop diuretic treatment or
incident HF on univariate analysis in this studiie3e results need to be interpreted

with caution, given that, as expected, only 70 gua had been prescribed
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thiazolidinediones in combination with insulin. Nztheless post-hocanalysis of
PROactive data showed that baseline insulin thedigynot predict serious HF
events on multivariate analysis, despite obsermattbat serious HF occurred more
frequently in patients treated with insulin at bee irrespective of pioglitazone or

placebo [261].

BMI emerged as a significant predictor of timerndex loop diuretic prescription on
multivariate analysis. Rather surprisingly, thisvawate was not significant on
univariate analysis for incident HF events. Theelabbservation may have been
limited by the small number of HF events in thigagat. Nonetheless, this study's
observations for index loop diuretic prescriptiae aonsistent with those reported
for incident HF in the Framingham study [634, 638KHANES | [235] and in a
community-based elderly cohort [636]. In contrashesity did not remain a
significant predictor of incident HF when corregfifor insulin resistance (measured
as euglycaemic clamp glucose diposal rate) [626]irdlammatory markers

(interleukin-6 or C-reactive protein) [620] in otrstudies.

As a major determinant of prevalent oncotic pressserum albumin would be
expected to influence the threshold for pulmonaedema in response to an
elevation in left atrial pressure. Filippates al. demonstrated that baseline
hypoalbuminaemia (defined as < 3.5 g/dL) predictsident HF in community
dwelling older adults without baseline evidencetlnt disease entity during ten
years of follow-up [637]. Analysis of data from thdealth, Aging and Body
Composition Study revealed that baseline serum nalbuconcentrations are

inversely related to incident HF events in a tinepehdent manner, even when
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controlling for inflammatory markers, incident caary heart disease [638]. In this
prospective study (median follow-up 9.4 years), &ogt al. demonstrated that
participants developing incident HF earlier werarelcterised by a lower serum
albumin concentration than individuals developing= Hbver the remaining
observation period [638]. Patients requiring areitbop diuretic within one year of
index metformin-sulphonylurea combination or thigdioedione therapy were
characterised by lower baseline serum albumin curatons in this study's cohort.
This study's time-to-event data consistently comfinis inverse relationship for both
incident HF and index loop diuretic prescriptionaatelatively early stage of oral
glucose lowering agent exposure (one year) acrbsm@dels. Morevoer, this
association holds true even for T2DM patients whazesseline serum albumin hovers
within the normal range [mean (SD) baseline serlimirmain = 43.51 (3.55) g/L

(metformin-sulphonylurea combination), 44.00 (2.88) (thiazolidinediones)].

ALT was identified as a predictor of time to indop diuretic prescription and
incident HF events. This relationship exhibitedgifisant time-varying effect which

mirrors that seen for macrovascular disease. Tereased risk associated with ALT
is largely seen in the first six to nine monthseafhdex metformin-sulphonylurea
combination or thiazolidinedione therapy, and sgbsetly wears off to become a
protective effect. The initial increased risk isisstent with ALT's association with
non-alcoholic liver disease [639], endothelial dysftion [640] and carotid

atherosclerosis [641]. Moreover, ALT has been showvmpredict coronary artery
disease events independently of other risk fac{®@42, 643], including its

association with the metabolic syndrome [644]. Teimarkable time-varying effect

could be explained by the insulin-sensitizing audioof metformin and
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thiazolidinediones. A lower baseline ALT would bensistent with greater insulin
sensitivity, and could suggest a greater response ntetformin and/or
thiazolidinediones, rendering such patients inénggy prone to thiazolidinedinone-

associated fluid overload.

Prevalent haematocrit levels have been associaittdcardiovascular events in a
few studies [645, 646]. A higher haematocrit coti@ion, even within the normal
range, has recently been associated with an irenleask of new-onset HF in an
observational study capturing data from 3523 p&ieged 50 to 65 years who had
been enrolled in the Framingham Heart Study [6@@flianese et al. partly ascribed
their observations to haemoconcentration-associatetbthelial dysfunction. This
study's time-to-event data for both index loop elir prescription and incident HF
seemingly concur with these observations withinfitse six to nine months of index

metformin-sulphonylurea combination or thiazolidirene therapy.

Logistic and Cox regression models identified bhasehitrates as predictors of index
loop diuretic prescription and time to index looprdtic prescription. These data
partially concur with those reported by McAlistgral. in their retrospective study of
5631 newly diagnosed T2DM patients [279], who adddlly ascribed an increased
risk to baseline beta-blockers and a reduced askGE inhibitors and ARBs. Beta-
blockers did not emerge as significant univariatedjctors of index loop diuretic
prescription (p = 0.076) and time to index looprdtic prescription (p = 0.066) in
this study's dataset. Additionally they were nagingicant on multivariate analysis.
Baseline ACE inhibitors, ARBs or thiazolidinediomesulin combination therapy

were not significant on univariate analysis. Simylapost-hocanalysis of data from
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the PROactive study reported no significant exdessdent HF events among
patients randomised to treatment with pioglitazone background of nitrates, ACE
inbibitors /ARBs or insulin [648]. Percentage mauim thiazolidinedione dose was
not included in multivariate modelling of index [odiuretic prescription (despite a p
value of 0.074 on univariate logistic regressi®g,as not to restrict the model to

thiazolidinedione-treated patients.

In general, the present results are consistent thitke reported by Castagrebal.
[649]. In a meta-analysis of HF events from the RBe, ACCORD, VADT and
RECORD trials, these authors reported that patialit€ated intensive glycaemic
control using high dose thiazolidinediones were anidely to develop incident HF
compared with those receiving low dose therapy [68ach a dose-dependent effect
was not seen when analysing for metformin and sulplireas; neither was it

investigated in this study's dataset.

The present study reported that baseline left i@nér mass (a surrogate measure of
left ventricular hypertrophy) [603] predicted indéoop diuretic prescription (p =
0.015) and time to index loop diuretic prescriptigm = 0.006) on univariate
modelling for metformin-sulphonylurea combinatiom thiazolidinedione-treated
patients (there were insufficient data for multisgg modelling). This is consistent
with this study's observation of higher baselirfe\tentricular mass values for index
loop diuretic requiring patients on univariate iotho cohorts. While left ventricular
hypertrophy has been identified as a risk factorifewident congestive HF at a
population level in several studies [620, 621, 65@re are no such associations in

T2DM patients. The present study's observationsemgdly agree with data
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suggesting that T2DM patients are characterisea bygher mean left ventricular
mass (even in the absence of hypertension, albunauand apparent ischaemic
heart disease) [651, 652], and are thus more liteelyave clinically inapparent left

ventricular dysfunction [653].

In conclusion, given the paucity of evidence fromogpective clinical trials, an
epidemiological observational study was undertakenprovide information to
clarify the relationship between fluid overload, ldRd thiazolidinedione exposure.
This study identified clinically relevant and amalble prediction models in a well
characterised, typical T2DM population inherently resk of HF, exposed to
treatment with first, second and third line oralggse lowering agents. Most of the
risk factors are potentially modifiable, providiag opportunity at risk assessment,
close follow-up of at risk patients and aggressoimical risk management.
Moreover, given that most patients have multiplsk rifactors in various
combinations, multivariate modelling is likely tce more robust in predicting

individual risk.

Despite its limitations, the retrospective cohgprmach offered a valuable insight
into prescribing practices in Tayside, and minirdiiee possibility of selection bias.
Given the widely reported association between thidimediones and HF/oedema,
the possibility cannot be excluded that high risktignts were barred from

thiazolidinedione exposure by prescribers (negasifecation bias), and that this
may have impacted on the results of the preserdy'stunultivariate models.

Moreover, patients may have discontinued theirzthlidinedione therapy soon after

their prescription on account of perceived or teaim. The present study sought to
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control for this in its cohort definitions by inding only patients whose initial
thiazolidinedione prescription was followed by aad$t another prescription within
three months. Patients were additionally exludennfra cohort if they had been
treated with the same antihyperglycaemic agentinvitiie previous year. Inclusion
of a metformin-sulphonylurea combination therapytoal cohort in multivariate
analysis allowed contextualisation of any hypotbedithiazolidinedione effect by
comparing it to ‘standard’ ‘first’ and ‘second linglucose lowering agents. Access
to accurate drug dispension records ensured taatdorts are representative of true
drug use in the population being examined whileimising misclassification of
exposure. Notwithstanding the limitations imposey tetrospective research
analysis, this study's approach permitted good acharisation of reasonably
extensive covariate data. Including index thiazokdione (vs metformin-
sulphonylurea combination) therapy as a covariategated any measured or
unmeasured baseline differences between eithemesa cohort, and avoided the

need for propensity scoring.

Nonetheless, the potential existence of other wgmised and unmeasured
counfounding variables cannot be excluded, pa#drtylgiven the paucity of
reported data predicting susceptibility to thiadwliedione and metformin-
sulphonylurea combination therapy induced fluignéibn / HF in the literature. The
present study sought to minimise (albeit not elat) this risk by including as many
significant covariates as possible in multivariatedelling. The relative infrequency
of incident HF events in the combined metformingd@nylurea and
thiazolidinedione cohorts inevitably imposed resions on the maximum number of

covariates that could be included into any one rhddes study did not capture data
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on race, cigarette smoking, physical activity, gtexardiography, hypoglycaemia
and cardiac valvular dysfunction, all of which haveen implicated to influence
propensity for HF in other studies [235, 627, 6685]. Nonetheless, this study's
approach permitted recruitment of a larger samghalysis of sequence of events
surrounding outcomes of interest, and the inclusiba larger number of potential

confounders than would have been possible in gppuotise trial.

In conclusion, on the basis of the present popabased data, thiazolidinediones
per sedo not appear to contribute significantly to thekrof HF or index loop

diuretic prescription (as a surrogate for oedenkiyk factors for such adverse
events occurring after index thiazolidinedione esyye are common to patients
exposed to index metformin-sulphonylurea combimatiberapy. Careful patient

selection may mitigate these adverse outcomes.
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Chapter 4 -Systematic review and meta-analysis

Is there a role for adjunct metformin in type 1 dicbetes?

Section |- Methods

4.1 Eligible studies

This objective was to capture all trials of metfarnin TLDM which were i)

randomised, ii) used a treatment duration of astleme week, iii) used either a
comparator drug, placebo or used a crossover desighiv) included consenting
patients. This study extracted any data on cardimyar disease, HbAlc, body

weight or BMI, insulin dose, lipids and adverseeets.

4.2 Search strategy

All publications pertaining to TLDM and metformiarfany outcomes were captured
as follows in PubMed (1950 to week danuary 2009, updated® ©ctober 2009)
and EMBASE (1974 onwards). The search was condwddollows using medical
search headings (MeSH):

1. "Diabetes Mellitus, Type 1"[MeSH)]

2. (DIABET*) AND (TYPE 1[TW] OR IDDM[TW] OR ("INSULIN

DEPENDENT" not "NON-INSULIN DEPENDENT"))

3. 10R2
4. "Metformin"[MeSH]

5. metformin [TW]
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6. 40R5

The abstracts of all identified publications weranmally searched for studies that
attempted to evaluate the effect of metformin og alnically relevant outcome
whether in a randomised trial or open label or oitesign. The citations of all
relevant publications were manually searched foy additional studies. Where
uncertainty existed, the full text of the articleasvobtained and reviewed. All
potentially relevant studies were assessed and est@ction performed. The
resulting tables of evidence were then reviewedkafieement was resolved by
discussion with Professor John Petrie and Profedsben Colhoun; independent

adjudication was not required.

In addition all ongoing and unpublished trials weearched as follows:

e Cochrane Library 2009 issue 1

» Science Citation Index meeting abstracts (inclugi@®pean Association for
the Study of Diabetes and American Diabetes Assoonianeetings) 1980-
October 2008

* Diabetes UK meeting abstracts 2002-2008 Endocrineie§/ Abstracts
2005-2008

» Science Citation Index meeting Abstracts 1980-2008

* National Research Register (NRR)

+ Controlled Trials.com
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On the United Kingdom NRR, five trials were registh all with glycaemic/

metabolic outcomes with end dates in 2005 or earlfdl were emailed to request

data:

N01761135609: Completed but unpublished (pilot sfudy
N0231133055: Completed and published [656].
N03941314609: Not completed.

N0301111201: Completed and published [657].
N0046091476: Not completed.

An online reference to trial N0394131469, initiadlgcessed in the first search (week
4™ January 2009), was no longer accessible on segratiross multiple research
registers on relevant websites (www.nrr.org.uk; weemtrolled-trials.com) in the

updated search {80ctober 2009).

On the controlled-trials.com meta-register, oneitaatthl glycaemic/ metabolic trial
was found:

NCT00145379: Not completed, still recruiting (n=50)

4.2.1 Subjects

Participantswere those of any age described by the authorbeoptblications as

having T1DM or insulin dependent diabetes or yaurtket diabetes.
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4.2.2 Analysis

A decision was made to summarise the data mosttgxhand tabular form since
there was obvious heterogeneity between studigsethods, design and outcome
measures. However, some data were also presesteg standard meta-analysis
techniques [658]; the two trials of very short dima [659, 660] were excluded from
these. Strictly speaking these formal meta-anafsieniques should only be used
when a group of studies is sufficiently homogeneouserms of participants,

interventions and outcomes to provide a meaningfivhmary [658]. Nevertheless,
it was considered useful to have a measure oftHiestscal significance of apparent

effects.

With thesecaveats a fixed effects model using the inverse varianwthod was
fitted to give a crude measure of the overall tremit effect, to assess its statistical
significance and to assess the heterogeneity atntent effect between studies.
Outcomes of effect on %HbALlc and on insulin dosesvedso examined. The metan
STATA user command was used, which quantifies bgtareity using the I-squared
measure [661]. Of the eight eligible studies, ael\s [657] was excluded as it may
have been incorrectly analysed as if it were aljghgroup study (in which case the
standard deviations will not be valid). Three otbrdies could not be included as
they either did not report the outcomes of inte{658, 660], or because the data
items necessary for inclusion in a combined angly&re not reported [662]. The
data were extracted as %HbAlc and as units perfaansulin dose (using mean
weight at baseline in each treatment group to adnrsulin units per kg per day to

units per day). For some studies, only attainedmlevels were available rather
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than changes from baseline by treatment groupetbe, treatment effect was
derived as the net difference in absolute unitewitome between metformin and
placebo groups. The obvious methodological heter@gye in study design, drug

dose, age of subjects, and length of follow up eerite combined estimates of

effect somewhat imprecise.
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Section Il - Results

4.3 Systematic review

The initial electronic search identified 187 std{égure 4.1). A manual review of
the citations yielded an additional ten studiestokal, 47 of these publications were
judged to be relevant to metformin therapy in T1DAhalysis of publications
revealed: 17 were observational studies with nodeen allocation and/or no
comparator group [656, 663-678]; 11 were revieeters or commentaries [679-
689]; two did not contain any quantitative estinsatd effects [690, 691]; one
concerned an outcome (erythrocyte binding of imyufiot judged relevant [692];
and four were abstracts of later published pap@®8-p96]. Of the remaining 12
publications, one concerned insulin-requiring T2Ea&ther than T1DM (noted after
translation) [697], and one covered a treatmenbgdeof less than seven days [698].
Only 10 studies were therefore identified [657, 6680, 662, 699-704]. Of these,
one which was conducted on participants living iochdddren’s home and did not

mention informed consent, was excluded from furdrelysis [703].

The final nine studies [657, 659, 660, 662, 699;7024] covered a total of 192.8
patient years, and the number of completed subjaotged from 10-92 (median 26)
(two studies did not report number completed [6662] (Table 4.1). Total
maximum daily metformin dose varied from 1000 mg 25650 mg; duration of
therapy ranged from 7 days to 12 months (medianofiths). Two studies were only
available in abstract form [660, 662], includingeoof the largest studies (n = 80)

which dated from 2000 [662].
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All nine studies evaluated at least one parameteglyewcaemic control or blood
glucose in association with metformin treatmenbl@ad.1) but only seven reported
mean change in HbAl or HbAJ657, 662, 699-702, 704], which was reduced by
0.6-0.9% in four studies [657, 662, 700, 701], wiit significant change in three
[699, 702, 704] (overall range +0.13% [699] to 9%.9701]) (table 4.2). The
remaining two (shorter term) studies reported otilgcaemic benefits including an
18% increase in glucose uptake (artificial panctegserinsulinaemic euglycaemic

clamp) [659], and improved post-prandial glucosedtiag [660].

Of the seven studies in which insulin dose wasfimet by design) [657, 662, 699-
702, 704], insulin dose requirement was reduced.fyl0.1 units/ day in six of
seven studies (the study which reported no changg aenducted in adolescents
[701]. The same seven studies were of sufficiemattn to report data on changes
in weight or BMI. Metformin reduced weight by 1.06kg in three [662, 699, 704]
of six studies [657, 662, 699, 701, 702, 704]. Atauned and statistically significant
reduction (mean 1.74 kg) was reported in the ldrgesly, which was also of the

longest duration [699] (table 4.2).
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Figure 4.1- Flow chart of the literature search

PUBMED and/or EMBASE
(n=187)

A 4

Hand-search of citations
(n=10)

A 4

(n=47)

Potentially relevant articles

Articles excluded (n = 37)

(n=17) [553, 664-679]

A 4

- observational; no random allocation and/or corafmargroups

- review, commentary, letter (n = 11) [680-690]

- insufficient numerical data (n = 2) [691, 692]

- no relevant outcome (n = 1) [693]

- abstract of later paper (n = 4) [694-697]

- no evidence of type 1 diabetes after translafion 1) [698]
- duration of treatment < 7 days (n = 1) [699]

A 4

Randomised metformin trials in adults with type
diabetes (n = 10)
[554, 556, 557, 559, 7+-705]

1

A 4

No informed consent
(n=1) [704]

A

Intervention trials meeting inclusion criteria
(n=9)
[554, 556, 557, 559, 7-703, 705




398

Table 4.1 - Study design and baseline charactecsf participants.

First author Year Form of Design Random Compar- Blinding of Number of Durationin  Mean age Mean HbAlc Daily dose
[reference] publication allocation ison investigator patients months (or  (years) weight (%) metformin
sequence group /patient randomised  as stated) (kg) at (mg)
(completed) baseline
Gin [659] 1985 Full Crossover ° Placebo  No /No 10 (10) (7 days) 41 62 10.G¢% 1700
Keen[660] 1987 Abstract Crossover ° Placebo  Yes /Yes 80 (3weeks)  ‘Adults’® 84 b 1500
Walravens 2000 Abstract Parallel b Placebo  Yes /Yes 80 () 6 16 68 9.6 1000
[662] group
Meyer[702] 2002 Full Parallel® b Placebo  Yes/Yes 62 (59) 6 41 76 7.6 1700
group
Hamilton 2003 Full Parallel Computer Placebo  Yes/Yes 30 (27) 3 16 63 (MF), 9.4 (MF), Up to 2000
[700] group generated 71 (PL) 8.9 (PL) (weight-
dependent)
Séarnblad 2003 Full Parallel b Placebo  Yes /Yes 30 (26§ 3 17 68 9.3 Forced titration
[701] group to 2000
Khan[657] 2006 Full Crossover Computer Placebo  Yes/Yes 15 (15) 4 48 92 8.6 Forced titration
generated to 2550
Lund[699] 2008 Full Parallef Computer Placebo  Yes/Yes 100 (92) 12 46 80 9.5 Forced titration
group generated to 2000
Jacobsen 2009 Full Parallel b Placebo  Yes/Yes 24 (23) 6 0 20 8.9 (MF)  Forced titration
[704] group 9.3 (PL) to 2000

2 HbA1;” Further data unavailable® intention to treat analysi$'24 completed the hyperinsulinaemic euglycaemic glprocedure; MF, metformin; PL, placebo



399

Table 4.2 - Study outcomes

First author Year Main Effect on Effect on insulin Effect on weight/ Other main effect(s) No of hypoglycaemic Lipids
[reference] outcome %HbAlc dose anthropometry events
Gin [659] 1985 Glucose a Fixed by design a 18% increase in insulin a No significant differences
uptake (HEC with sensitivity (p<0.01° with MF°
Biostator)
Keen [660] 1987 Fasting and Not measured No change No significant No significant difference in 7 (MF), 0 (PL); ‘trend @
postprandial (reduced mean (fixed CSII) chang8 change in fasting venous towards more hypos’;
glucose 7 point plasma p=NS
capillary glucose (-1.7MF] vs severity of events not
glucose -0.9° [PL] mmol/L; p=NS) specified
-1.6°[MF] vs
0.1°[PL]
mmol/L;
p<0.05)
Walravens 2000 HbAlc 0.7%ower Reduced by 10% Wt: MF 64 kg, @ @ HDL increased by 7
[662] with MF at3  with MF in males  PL 70 kd"; mmol/L%Y (22%) with MF
months at 6 months onfy  p<0.05 (p="significant’)?
(p<0.05); no at 3 months
difference at 6
month§® WC: MF 74 cnf,
PL 77 cnf;
p<0.05
at 3 months

No significant
effects at 6
months
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400

Author Year Main Effect on Effect on insulin Effect on weight/ Other main effect(s) No of hypoglycaemic Lipids
outcome %HDbA dose anthropometry events
Meyer [702] 2002 Insulin dose No significant 6.0 fewer U per No significant 4.5 fewer U of basal Minor: similar for MF and  MF: TC reduced by 0.41
(Csl difference day’ with MF changé insulin dose per day with  PL mmol/L® (p=0.04);
-0.13% (MF)  compared with PL MF compared with PL 47.7 (MF) vs 45.1 (PL) PL: no dat&
vs -0.119% (p=0.0043) (p<0.023) eventspatient' month*
(PL) (p=NS)
(‘remained Major:19 (MF) vs 8 (PL)
unchanged) ‘no significant difference’
Hamilton 2003 Insulin 0.6 9% lower 0.16 U kg'day! ‘Trendtowards  No significant difference in Minor: 1.8 (MF) vs 0.9 ‘No significant changé&’
[700] sensitivity  with MF lower with MF lower BMI in the change in insulin (PL) events patiefftweek*
(FSIGT); compared with compared with PL MF group’ sensitivity from baseline  (p=0.03)
HbAlc PL (p=0.03) (p=0.01) -0.05 (MF) vs between MF and PL Major: 2 (MF), 1 (PL)
0.2 (PL) kg/nt 2.6 x10* mintpUtml-t
(p=NS) (1.0-4.1F (MF) vs 2.5 x10
‘mintputmit (1.9-2.9§
(PL) (=NS)
Sarnblad 2003 HbAc 0.9% (-1.6, -  No significant No significant Statistically significant (but Minor® ‘No significant change over
[701] 0.1 lower change over time change in wt variable) increase in insulin Major: none reported time for either treatment
with MF for either 66 to 67 k§ sensitivity from baseline group®
(p<0.05% treatment grodp  (MF) with MF, not with placebo
65 to 66 k§ (HEC) (p<0.05)
(PLY

No significant
change in BMI,
WC or WHR
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Table 4.2 continued - Study outcomes

Author Year Main Effect on Effect on insulin Effect on weight/ Other main effect(s) No of hypoglycaemic Lipids
outcome %HDbA dose anthropometry events
Khan [657] 2006 HbAlc 0.7 % lower 8 U*fewer per day -2 kg (MF) vs Fasting plasma glucose 4.3 Minor: 12 (MF) vs 11 (PL) TC and LDL lowered by
with MF with MF -1 kg (PL) mmol/L® lower with MF episodes patierit4 weekd 0.3 mmol/L°and 0.2
compared with compared with PL (p=NS) compared with PL (p=NS) mmol/LS, respectively, by
PL (p<0.005) (p<0.05) (p<0.001) Major: ‘none were reported’ MF (p=NS for the
difference between MF and
PL)
Lund [699] 2008 HbAlc No significant 5.7 U (-8.6, -2.9) Wt reduced by Significant reduction in Minor: 48% of patients Significant reductions in
effect with MF  fewer per day with 1.74 kg (-3.32,- cobalamin (-83.3 pmol/L  (MF) vs 49% of patients TC and LDL in MF-treated
(0.13% MF 0.17¥ with MF [139.3, -27.3], p=0.004)  (PL) (not compared patients compared with PL
[-0.19, 0.44F; (p<0.001) compared with and alkaline phosphatase statistically)
p=NS) PL (p=0.03) (5.91 U I+ [-10.77, - Major: 15% of patients TC: -0.37 mmol/L (-0.67, -
1.05F; p=0.018) from (MF) vs 10% of patients 0.06¥ (p=0.021)
BMI reduced by  baseline with MF (PL) (;=NS) LDL: -0.33 mmol/L
0.56kg/nt (-1.06, compared with PL (-0.61, —0.08)
-0.05¥f with MF Borderline increase in (p =0.018)
compared with Significant increase in patients experiencing
PL (p=0.03) potassium (0.20 mmol/L  unconsciousness: 6% (MF)

[0.02, 0.38f; p=0.029) vs 1% (PL) (0.06)
HC reduced by  with MF compared with PL

2.90cm Major hypoglycaemic
(-5.03, -0.779 events leading to

with MF unconciousness during
compared with follow-up:

PL (p=0.008) 10 (MF) vs 2 (PL) (p<0.05)
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Table 4.2 continued - Study outcomes

Author Year Main Effect on Effect on insulin Effect on weight/ Other main effect(s) No of hypoglycaemic Lipids
outcome %HDbA dose anthropometry events
Jacobsen 2009 HbAlc No significant 8.8 U (-14.62, - Wt was 3.9 kg No significant difference in 9 No significant differences
[704] difference 3.04F fewer per (-7.01,-0.71y systolic or diastolic blood  Significantly higher in change in TC, LDL,
(-0.48 [MF] day with MF (p =  lower with MF pressure (daytime or night- frequency with MF between treatment groups
vs -0.17 0.004) compared with  time) compared with (0.7° [MF] vs 0.3 [PL]
(PL)%; p = PL baseline or between eventpatient: week! (p=  TC: -0.09° (MF) vs
NS) (p =0.02) treatment groups 0.005]) 0.03° (PL) mmol/L fp =

‘the increased frequency  0.80)
Comparing with baseline  was most distinct in the first LDL: -0.23° (MF) vs
values: 8 weeks* -0.1C (PL) mmol/L p =
DSBP: -1.£ (MF) vs NS)
-4.Z (PL) mmHg p = NS)
DDBP: -2.4 (MF) vs
-8.7° (PL) mmHg
(p=NS)
NSBP: -4.8 (MF) vs
-0.4 (PL) mmHg p = NS)
NDBP: -4.5 (MF) vs
2.4 (PL) mmHg (p = NS)

To convert values for insulin sensitivity to Sltarffrom x10* min* [pmol/L]™%) multiply by 0.167

&Further data unavailable

®No p value reported for between-treatmeninparison

°95% CIl unavailable

YNo variance estimates stated

€95% CI

fLipid data published separately [705]

9Onlybiochemical hypoglycaemia was registered

CSilI, continuous subcutaneous insulin infusion; D Baytime diastolic blood pressure; DSBP, daytaystolic blood pressure; FSIGT, frequently sampi¢ghvenous glucose tolerance
test; HC, hip circumference; HEC, hyperinsulinaengisglycaemic clamp; MF, metformin; NDBP, night-tidiastolic blood pressure; NSBP, night-time systblood pressure; PL, placebo;
TC, total cholesterol; WC, waist circumference; Weigh
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Total cholesterol was reported in seven studieszas reduced by 0.37 mmol/L in
comparison with placebo in the largest study [7@®6id by 0.3-0.41 mmol/L with
respect to baseline (but not placebo) in two othe%&, 702]. “No change” was

reported in the other four studies [659, 700, 7@Y] (table 4.2).

4.4 Meta-analyses

For formal meta-analysis, only five studies repdrte necessary means and
standard deviations for insulin dose and HbA699-702, 704]; there were
insufficient data for weight and lipids. Figure240 4.5 summarise the data in
standardised mean differences between treatmenpgr.e. the mean difference/
standard deviation of mean difference). Analysiog dll five studies, the overall
effect on %HbA. was a standardised mean difference between traagneups of —
0.10 (i.e. 0.10 standardised units lower in thefonetin group 95% CI. standardised
mean difference reduction of — 0.36 to 0.15, p 42]. This translates into an
absolute difference of 0.11 units lower %HbAn the metformin than placebo
groups (not statistically significant) (figure 4.2As there was some suggestion of
heterogeneity (= 0.175), we carried out a sensitivity analysis a thur smaller
and shorter studies [700-702, 704]. Thus, exclydime largest study [699] the
overall effect on %HbAlc was a standardised me#fierdnce between treatment
groups of -0.30 (i.e. 0.30 standardised units lowethe metformin group 95% CI.
standardised mean difference of -0.64 to 0.03%, Q081). This translates into an
absolute difference of 0.28 units lower %Hb#not statistically significant) in the
metformin than placebo groups, with little eviderafeheterogeneity (= 0.353)

(figure 4.3).
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All five studies [699-702, 704] showed a reduction daily insulin dose with
metformin, with the overall measure of the treatmeffiect being a standardised
mean difference between treatment groups of -O0i@&5 Q.65 standardised units
lower in the metformin group 95% CI: standardiseelam difference of — 0.92 to -
0.39 units, p < 0.001). This translates into arohlis difference of 6.6 insulin units
per day lower in the metformin than placebo groupke chi-squared test of
heterogeneity was not statistically significant(90.41) with most of the information
coming from the Lund et alstudy [699] (figure 4.4). A similar sensitivity alysis
of the four smaller and shorter studies [700-70],7excluding Lund et a[699]
confirmed a reduction in daily insulin dose withtfoemin, with the overall measure
of the treatment effect being a standardised maHarehce between treatment
groups of -0.55 (i.e. 0.55 standardised units lonehe metformin group 95% CI.
standardised mean difference of — 0.90 to -0.2fspypi= 0.002). This translates into
an absolute difference of 7.16 insulin units pey tawer in the metformin than
placebo groups. The chi-squared test of heterogewes not statistically significant
(p = 0.365) with most of the information coming from Meyet al. [702] (figure

4.5).

There were trends for increased major and/or mirypoglycaemia with metformin
therapy in six [657, 660, 699, 700, 702, 704] olitseven studies in which this
adverse effect was mentioned [657, 660, 699-702] {dble 4.2); this reached
statistical significance in two of the smaller sagd[700, 704]. There were no reports
of lactic acidosis associated with metformin thgrapRates of gastrointestinal

adverse effects were not systematically reportezb@xin two studies [699, 704],
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with rates being nearly identical in metformin apldcebo groups in the largest

study [699],

No studies of any design evaluating cardiovasdulaction, structure or events were

identified.

4.5 Discussion

This study found only nine randomised studies offonnin therapy in T1LDM, two
of which were small and experimental. There werdy di®2.8 patient years of
randomised follow-up in the literature which comgsmadversely with the evidence
for statin therapy in T1DM (over 6000 patient ye@aralthough even this is
inconclusive [706]. Reflecting the paucity of teeidence underpinning metformin
in TLDM, recent publication of a single study [698]Jm the Steno Diabetes Centre
almost doubled the available patient years of raemsged follow-up. Overall the
grade of evidence according to the Cochrane GRA@BEem for the main outcomes

of glycaemic control and insulin dose is at bestdarate’ [658].

Only five studies [699-702, 704] could be formatlgmbined in a meta-analysis:
there are obvious constraints to the interpretatminsuch sparse and heterogeneous
data. Nevertheless, there was evidence of a ggnif effect of metformin in
reducing daily insulin dose requirement. Overd&ilg evidence reviewed in this study
is consistent with a whole-body insulin-sensitisefect of metformin. A predicted
concomitant attenuation in weight gain with loweriof required insulin doses was

seen in the largest and longest trial [699], whiets twice the duration of any other



406

Figure 4.2 - Standardised mean difference of HbAlbwvel between metformin-treated and metformin frgge 1 diabetes patients for
five randomised controlled studies, including thergest study to date [699] (see text for equivalgtibAlc units)

Study SMD (95% ClI) % Weight

:
]

Meyer et al. [703] ; L -0.01 (-0.51, 0.48) 26.71
:
1

Hamilton et al. [701] 4 . -0.86 (-1.65, -0.07) 10.57

Sarnblad et al. [702] -0.37 (-1.14, 0.41) 11.00

Lund et al. [700] < 0.17 (-0.23, 0.56) 42.05

Jacobsen et al. [705] < -0.41 (-1.24, 0.42) 9.67
1

Overall (-squared =36.9%, p =0.175) 1 > -0.10 (-0.36, 0.15) 100.00
1
:
1
1
1
1
1
L

I I
-1.65 0 1.65

Standardised Mean Difference

Metformin better<=---------  -==-—--—- - Metformin worse
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Figure 4.3 - Standardised mean difference of HbAlkvel between metformin-treated and metformin frgge 1 diabetes patients for
four randomised controlled studies, excluding thergest study to date [699] (see text for equival@&tibAlc units)

Study SMD (95% CI) % Weight
:
1
1

Meyer etal. [703] ; ® -001 (-0.51, 0.48) 46.09
:
1
1

Hamilton et al. [701] ¢ ' -0.86 (-1.65, -0.07) 18.24
1
1
1
1

Sarnblad et al. [702] o -0.37 (-1.14, 0.41) 18.98
:
1
1

Jacobsen et al. [705] . -0.41 (-1.24, 0.42) 16.69
1
1

1
Overall (-squared = 8.1%, p = 0.353) @’ -0.30 (-0.64, 0.04) 100.00

-1.65 0 _ 1.65
Standardised Mean Difference

Metformin better <----------  —-—-meeo- > Metfonin worse
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Figure 4.4 - Standardised mean difference of insuldose between metformin-treated and metformin ftgpe 1 diabetes patients
for five randomised controlled studies, includingé largest study to date [699] (see text for eqlewa insulin dose units)

Study SMD (95% CI) % Weight

Meyer et al. [703]

-0.68 (-1.19, -0.17) 26.41

Hamilton et al. [701] -0.94 (-1.74,-0.14)  10.87

Sarnblad et al. [702] 4 -0.00 (-0.77, 0.76) 11.74

Lund et al. [700] -0.80 (-1.21, -0.39)  40.90

Jacobsen et al. [705]

Overall (-squared = 0.0%, p = 0.410) @ -0.65 (-0.92, -0.39) 100.00

-0.44 (-1.27, 0.38) 10.09

L J
N DR NN BN e e
L

-1.74 0 1.74
Standardised Mean Differer

Metformin better <----------  ===-emeeo- > Metfmnin worse
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Figure 4.5 - Standardised mean difference of insuldose between metformin-treated and metformin ftgpe 1 diabetes patients for
four randomised controlled studies, excluding thergest study to date [699] (see text for equivalesulin dose units)

Study SMD (95% Cl % Weight
:
1
1
Meyer et al. [703] >~ -0.68 (-1.19, -0.17) 44.68
Hamilton et al. [701] -0.94 (-1.74, -0.14) 18.39

Sarnblad et al. [702] 4 -0.00 (-0.77, 0.76) 19.86

Jacobsen et al. [705] < -0.44 (-1.27, 0.38) 17.07

Overall (-squared = 5.5%, p = 0.365) @ -0.55 (-0.90, -0.21) 100.00

-1.74 0 1.74
Standardised Mean Difference

Metformin better <----------  ==--—--—-- > Metfanin worse
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study. A reduction in weight was also reported osi@r months’ treatment in the
most recently-published study [704], in which u$@ specific algorithm for insulin
titration resulted in a mean dose reduction of 20%keeping with the evidence in
T2DM, as recently reviewed by Waulffele et al. [60There was also a relatively
consistent signal that metformin may reduce tatdl BDL cholesterol in adults with

T1DM [705].

In terms of adverse effects, this study noted wsetwlvards increased rates of
hypoglycaemia in association with adjunct metforitinarapy, although this reached
statistical significance in only two of the smallerals [700, 704]. Furthermore,
although the largest trial did not report increasates of metformin-associated
major or minor hypoglycaemia, there were signifttamore major hypoglycaemic
events leading to unconciousness among metforreated T1DM individuals [699].
Clearly, even with this weak evidence, physiciaostemplating a recommendation
of metformin therapy for their patients with TIDNhauld advise them carefully
regarding insulin dose adjustment and blood glucosmitoring. Surprisingly,
gastrointestinal adverse effects were infrequemiyntioned by investigators. In the
largest trial, two of 108 patients screened droppetifor this reason in a run-in
period; thereafter, these effects occurred in alrhal of the remaining patients, but
in almost exactly equal proportions in the actine alacebo groups [699]. No cases
of lactic acidosis were reported in any of thelsria Although evidence from a
Cochrane review has been reassuring on this aceour2DM [707], randomised
follow-up is clearly insufficient in TLDM, and coem continues to be expressed by

some physicians [682].
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The findings of the present review disagree to sextent from those of another
recent review [708]. Pang and Narendran reportegdaction in HbA: with
metformin therapy in TIDM on the basis of their azahalysis of the three smaller
trials on this topic [657, 700, 701] which they skdo combine with one of the three
larger trials [702], (but not the two largest [6@&®9]), along with an observational
(controlled but non-randomised) trial which did noeet this study's inclusion
criteria [663]. At the time of their review, therdgest trial [699] was only available in
abstract form [696]. Thus, although this review ttas limitation of being based on
only 192.8 patient years of follow up, it is a sfgrant advance on the 54 patient
years available in the only comparable publicatmmlate. The conclusions of both
reviews on outcomes other than HbAweight reduction, insulin dose requirement
and cholesterol) were, however, generally simidhile acknowledging that studies
as short as one to three weeks are unlikely tayiglormation on efficacy, this
review opted to include them simply as potentialrses of information on safety
and tolerability, particularly given the paucity efidence available. These studies

were excluded from the formal meta-analysis.

As potential chance differences (randomisationrgrad baseline between groups
allocated to treatment can influence the outcomesmohller studies, an ideal
approach for meta-analysis is to base calculatmmsdata adjusted for baseline
values. As such information was not availabledibistudies, this study derived the
treatment effects reported from absolute unitsud€@me; one acknowledges this as
a limitation, but believe it unlikely to have si§nantly impacted on the conclusions.
A further constraint is that magnitude of treatmeffect can be influenced by

differences in entry criteria between trials (efgr HbAlc): | believe that such
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methodological issues inherent to meta-analysig stmengthen the case for further

larger trials.

Following UKPDS [36] and its more recent 10-yeastp@ndomisation follow-up
[489], metformin is widely-considered to protect aagpt cardiovascular
complications in T2DM, which is the principal reasfor its current status as first
line therapy in this condition. It should be reedllthat only 753 patients were
included in this specific UKPDS randomisation, ahét an effect in the other
direction was observed when it was combined witsuphonylurea [36, 164].
Recently published results from the HOME-trial haskown that metformin
improves macrovascular outcomes in insulin-tredig®M patients [493]. This is
consistent with some data that metformin may hasensic (and possibly direct)
beneficial effects independent of glucose-lowermgthe cardiovascular system via
activation of AMPK [709-711] in a number of conditis [709, 712, 713]. If this is
accepted, the hypothesis that metformin might preeardiovascular complications
in TLDM should also be tested formally, as evenngpadults with this condition
have an extremely high relative risk of cardiovdacuisease [714-716]. The data
reviewed herein provides useful information to guitie design of such a future

trial.

At the time of publication of this systematic revi@nd meta-analysis, metformin
therapy was not advocated in any major nationaht@rnational guidelines for the
management of T1DM, nor in Tayside's own regionatlglines. However, routine
searches the authors recently conducted of anoegnTidDM prescription data in

Tayside, Scotland [437] (population 400,000850 classified as having T1DM and
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diagnosed aged < 35 vyears), estimated that 7.9% BMI > 27 kg/nf were
receiving this medication, rising to 13.0% for teosith BMI > 30 kg/mi* Even
allowingfor any residual misclassification, it is thereftikely that many thousands
of people with TIDM worldwide are receiving an uoyen therapy of unknown
long-term efficacy (albeit a familiar one with atiractive theoretical underpinning
and the potential to result in reductions in ratds cardiovascular disease).
Considering that T1DM is usually diagnosed in dnidd or adolescence and is a
lifelong condition, | believe that properly-desigheandomised controlled clinical
trials of sufficient size and duration to have thewer to show reductions in
cardiovascular disease should be conducted fotthvidtven that metformin use in
T2DM has also been associated with reduced carséef7rl7], it would additionally

be desirable to investigate this relationship irtffarenin-treated people with TIDM.

Since the publication of this systematic review ameta-analysis, Burcharet al.
published the results of a prospective pilot chhistudy of 33 obese young
intensively-treated T1DM patients randomised to itmlthl treatment with
metformin for six months (vs 19 patients treatedhwnsulin alone) [718]. The
authors concluded that adjunct metformin was aasediwith a reduction in HbAlc
(1.3%), fasting plasma glucose (3.10 mmol/L), gwsirdial plasma glucose (3.59
mmol/L), average daily plasma glycaemia (1.62 mb)plftriglycerides (0.24
mmol/L), glycated-LDL-cholesterol (0.02 mmol/L) a®&MI (0.6 kg/nf), albeit no
significant changes in total cholesterol, LDL-clstéxol, oxidized LDL cholesterol
and HDL cholesterol levels. Such differences weo¢ meported among patients

treated with insulin alone [718]. This study wasvkger limited by a small sample
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size, high drop-out rate (an additional 16 randechipatients did not complete the

study) and open-label design.

In line with the results of this systematic reviamd meta-analysis, a recently
published prospective pilot study of 42 uncompbkca1DM patients [mean (SD)
age = 46 (8) years for the metformin group; 41 {&yrs for placebo] reported that
use of adjunct metformin for six months improvedwl mediated dilation (a

surrogate marker of endothelial function/atherasdis) by 1.32% (95% CI 0.30,
2.43) and increased urinary 8-iso-prostaglandia @2biomarker of oxidative stress)
by 149 pg/mg creatinine (95% CI 50, 248), irresprectf its effects on body weight
and glycaemic control [719]. It is hoped that tHedRcing with MetfOrmin Vascular

Adverse Lesions in type 1 diabetes (REMOVAL) stualyhase 11l prospective trial
currently recruiting 500 T1DM patients, will yielduch-needed definitive data on
the impact of adjunct metformin on common carotitry intima media thickness
(another surrogate marker of atherosclerosis), thetlal function, glycaemic

control, insulin dose, weight, LDL-cholesterol, abfunction (change in albuminuria

and estimated glomerular filtration rate) and cleamgretinopathy stage [720].

In summary, this systematic review and meta-analgbthe randomised trials in the
literature indicates that metformin therapy in T10O81associated with a reduced
insulin dose requirement but no clear evidence rofimprovement in glycaemic
control. In addition, there may be small reduddian weight and total/LDL-

cholesterol, but there are no data on cardiovas@u&comes or their surrogates.

This thesis' data suggest this is an important farefaiture study.
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Chapter 5 -Conclusions and future work

This thesis set out to examine mechanisms underlyintolerance to
thiazolidinedione therapy but concluded that oedemd heart failure as a clear
consequence of thiazolidinedione therapy was lessinton than anticipated.
Thiazolidinedione therapy was apparently less &mamt as a risk factor for
oedema/HF than other common patient characteristiased across first and second
line oral glucose lowering agents (including matior - sulphonylurea combination
therapy). Thus, the reported association betweeswdhdinedione therapy and

oedema/HF may have been over-emphasised.

The population-based approach | employed permilkteddentification of significant
time-varying risk factors, notably macrovasculasedise, alanine aminotransferase
(ALT) and serum albumin. To my knowledge, such tdependent risk variation
pertinent to thiazolidinedone or metformin-sulphlomga combination therapy has
not been reported in the literature. Macrovascdlaease consistently emerged as
the strongest predictive factor for the adversentsvef interest, with its relative
contribution being highest in the first three t® sionths following thiazolidinedone

or metformin-sulphonylurea prescription.

The relative infrequency of incident loop diurefigescription (4.3%) and incident
HF events (1.1%) following index thiazolidinediotieerapy are consistent with the
difficulties encountered identifying suitable pati fitting strict inclusion criteria

for the exploratory, case-control study. Nonethgld¢lse latter renders the resulting

cohort of thiazolidinedione tolerant subjects martarly valuable in research terms,
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and permitted a novel comprehensive, albeit exploya physiological
characterisation of such patients. Limited explomat data from the two
thiazolidinedione intolerant patients failed to gast a role for VEGF during either
acute or chronic ‘'high normal' salt loading. Howeveenin (and possibly
aldosterone) appeared to reduce in these patiegts\d the boundaries of reference
intervals derived from their TZD-tolerant countatgain this context. Moreover,
concentrations of ANP (and possibly BNP) increased greater extent following

chronic sodium exposure in these patients.

No echocardiographic differences were detected dxstwthe thiazolidinedione
tolerant and intolerant subgroups, but haemat@erit DBP fell in the latter to a
greater extent in response to salt loading, whilé and pAl rose, suggesting that
patients prone to thiazolidinedone-associated flatdntion may be characterised by

a higher degree of ventricular-arterial stiffeningesponse to salt loading.

The systematic review and meta-analysis of puldinat investigating a role for
adjunct metformin in TLDM underscored the paucitgata in this field, despite the
fact that this commonly prescribed, cheap and ®¥ecfirst line oral glucose
lowering agent is frequently prescribed to T1DM iguails, particularly those at
higher BMI ranges. A formal meta-analysis reporteat use of adjunct metformin
translates into a reduction in daily insulin dosguirements (6.6 units/day), despite
no improvements in glycaemic control, possibly 4®W patients tend to self-titrate
their insulin dose towards their usual HbAlc. Adjumetformin was generally well
tolerated, with few reports of gastrointestinal efpsnd no evidence of lactic

acidosis, albeit an increased tendency for hyp@glgua. None of the available
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studies reported cardiovascular outcomes. Thidshesblished systematic review
and meta-analysis [721] supported the successhmt @pplication for the (currently
recruiting) REducing With MetfOrmin Vascular Adverkesions in Type 1 Diabetes
(REMOVAL) trial, an ongoing prospective, randomiseehical trial investigating

the potential benefits of adjunct metformin in T1@Mer three years [720].

The work described in this thesis highlights thantitipated difficulties that can be
encountered when attempting to recruit patientsndt strict inclusion criteria.
However, the detailed characterisation of those TZierant' and 'intolerant'
patients that could be enrolled provides some métion on the characteristics of
patients who may be lower risk for adverse effettsiay also help to guide research
aimed at designing modified agents with a bett@filer | would be particularly
interested to pursue further research in this fieddruiting patients from a larger
catchment area. It may be prudent to subdivideclinecal study into multiple small
studies with targeted inclusion and exclusion datepertinent to the specific
measurements being made, so as to maximise patesruitment without
compromising on study quality. It would also be evis repeat the population based
study on a larger cohort of patients (possibly aratvide), so as to validate the
(unexpected) results arising from this Tayside c¢phand possibly allow the
inclusion of a larger number of covariates in nuatiate logistic and Cox regression

models.

Recent results arising from the SAVOR-TIMI trial ieaalerted clinicians on a
possible causal relationship between dipeptidyltidape-IV (DPP-IV) inhibitors

and incident heart failure [722]. My thesis' popiga-based study validated index
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loop diuretic prescription as a surrogate markeflfl retention and heart failure.
Such an approach could prove useful in the settfri@PP-1V inhibitor therapy (and
other 'novel' glucose lowering agents), particylads none of the available

prospective clinical trials was specifically desgro investigate this adverse event.

In summary, as new pathways underpinning insuinaiing and insulin resistance
are unravelled, there is likely to be renewed ggermn new pharmacological insulin
sensitizing agents to improve glycaemic controbeiter understanding of licensed
agents regarded as insulin sensitizers (metformith thiazolidinediones) should
provide beneficial insights in this regard. Pulbdidhdata arising from this thesis
imply a potential advantageous role for adjunctfaratin in T1DM, and should

serve as a catalyst for large scale prospectivearel in this field. The association
between thiazolidinediones and fluid retention/ldfains incompletely understood,
and may have been over-emphasized. Population mmdat data suggest that
careful prescribing practices, such as avoidingeptg with known macrovascular
disease, high BMI or raised alanine aminotransé&(a4.T) may reduce the risk of
adverse events in patients at risk, without remgpwantherapy with considerable

efficacy from the glucose-lowering armamentarium.
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Appendix

Table 1.1 - Left ventricular ejection fraction (L\EF) measurements (%) and
derived % differences between sodium load expostoesisits 2 and 3.

Subject number LVEF (%) LVEF (%) LVEF (%) % difference % difference
by category (low Na) (acute high Na) (chronic high LVEF LVEF
Na) (acute high (chronic
Na - low high Na -
sodium) low sodium)

TZD tolerant

1 55.3 8 57.0 3.1
2 68.0 68.0 66.0 0.0 -2.9
3 45.0 52.0 45.0 15.6 0.0
4 55.0 56.0 63.0 1.8 14.5
5 72.0 67.0 72.0 -6.9 0.0
6 67.3 62.3 58.0 -7.4 -13.8
7 58.0 60.0 63.0 3.4 8.6
8 63.0 66.0 63.0 4.8 0.0
9 55.0 55.0 64.0 0.0 16.4
Mean 59.8 60.8 61.2 0.4 2.9
(95% Cl) (54.3, 65.3) (56.6, 65.0) (56.3, 66.1) (3.2, -2.4) (-3.2,9.0)
TZD intolerant
10 67.0 62.0 62.0 -7.5 -7.5
11 64.0 69.0 63.0 7.8 -1.6

@ Patient declined echocardiographic assessment da ttcasion.

Table 1.2 - E-wave/A-wave (E/A) ratio readings anderived % differences
between sodium load exposures for visits 2 and 3.

Subject number E/A ratio E/A ratio E/A ratio % difference % difference
by category (low Na) (acute high Na) (chronic high E/A ratio E/A ratio
Na) (acute high (chronic
Na - low high Na -

sodium) low sodium)

TZD tolerant

1 0.8 @ 0.9 125
2 1.2 1.1 1.3 -8.3 8.3
3 0.9 0.8 0.9 -11.1 0.0
4 1.0 1.1 0.8 10.0 -20.0
5 1.0 0.9 0.8 -10.0 -20.0
6 0.7 1.1 0.8 57.1 14.3
7 0.7 0.9 0.7 28.6 0.0
8 0.6 0.6 0.7 0.0 16.7
9 0.7 0.7 0.9 0.0 28.6
Mean 0.8 0.9 0.9 8.3 45
(95% CI) (0.67,0.93) (0.76, 1.04) (0.77,1.03) (-8.1, 24.7) (-6.2, 15.2)
TZD intolerant
10 1.0 1.0 0.9 0.0 -10.0
11 0.7 0.7 1.2 0.0 71.4

Patient declined echocardiographic assessment da ttcasion.
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Table 1.3 - E prime (E') readings and derived %ftirences between sodium load

exposures for visits 2 and 3.

Subject number E prime E prime E prime % difference % difference
by category (low Na) (acute high Na) (chronic high E prime E prime
Na) (acute high (chronic
Na - low Na) high Na -
low Na)
TZD tolerant
1 5.70 a 6.82 b 19.6
2 4.19 4.87 4.90 16.2 16.9
3 4.97 5.17 5.19 4.0 4.4
4 6.20 6.70 6.82 8.1 10.0
5 9.07 7.50 5.10 -17.3 -43.8
6 6.80 6.60 6.90 -2.9 15
7 5.56 5.07 5.07 -8.8 -8.8
8 3.51 4.39 4.58 25.1 30.5
9 4.09 3.61 4.87 -11.7 19.1
Mean 5.60 5.50 5.60 1.6 55
(95% CI) (4.50, 6.70) (4.60, 6.40) (4.90, 6.30) (-8.5,11.7)  (-8.7,19.7)
TZD intolerant
10 5.46 5.95 5.95 9.0 9.0
11 5.17 5.07 5.20 -1.9 0.6

2patient declined echocardiographic assessment da titcasion. ’calculation not possible due to

missing data

Table 1.4 - E wave/E prime (E/e") ratio readingsnd derived % differences

between sodium load exposures for visits 2 and 3.

Subject number E/e' E/e' E/e' % difference % difference
by category (low Na) (acute high Na)  (chronic high E/e' E/e'
Na) (acute high Na (chronic high
- low Na) Na - low Na)
TZD tolerant
1 8.4 a 8.3 b -1.2
2 19.7 17.8 18.5 -9.6 -6.1
3 12.9 9.4 9.3 -27.1 -27.9
4 11.1 11.7 9.1 5.4 -18.0
5 7.2 10.3 11.8 43.1 63.9
6 11.3 15.4 9.0 36.3 -20.4
7 11.3 14.7 11.3 30.1 0.0
8 20.1 16.3 11.1 -18.9 -44.8
9 13.5 14.8 13.1 9.6 -3.0
Mean 12.8 13.8 11.3 8.61 -6.39
(95% ClI) (9.86, 15.74) (11.72, 15.88) (9.27,13.33)  (-9.55,26.77)  (26.09,13.31)
TZD intolerant
10 16 15.8 16.4 -1.3 25
11 7.2 8.3 11 15.3 52.8

2patient declined echocardiographic assessment ds titcasion?” calculation not possible due to

missing data
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Table II.5 - Left ventricular mass (LVM) readingsg) and derived % differences
between sodium load exposures for visits 2 and 3.

Subject number LVM (g) LVM (g) LVM (g) % difference % difference
by category (low Na) (acute high Na) (chronic high LVM (g) LVM (g)
Na) (acute high (chronic
Na - low Na) high Na -
low Na)

TZD tolerant

1 220.0 a 221.0 b 0.5
2 241.2 240.0 242.0 -0.5 0.3
3 257.0 257.0 260.0 0.0 1.2
4 194.0 194.0 206.0 0.0 6.2
5 150.0 150.0 150.0 0.0 0.0
6 170.0 170.0 170.0 0.0 0.0
7 237.0 237.0 235.0 0.0 -0.8
8 263.0 263.0 269.0 0.0 2.3
9 251.0 251.0 251.9 0.0 0.4
Mean 220.4 220.3 222.8 -0.06 1.12
(95% ClI) (194.1, 246.7) (190.5, 250.1) (196.2, 249.4)  (-0.20,0.08) (-0.25, 2.49)
TZD intolerant
10 175.0 176.0 175.6 0.6 0.3
11 198.0 198.0 198.0 0.0 0.0

2patient declined echocardiographic assessment da titcasion;” calculation not possible due to
missing data.

Table 1.6 - Vascular endothelial growth factor (VBF) measurements (pg/mL)
and derived % differences between sodium load expes for visits 2 and 3.

Subject number by VEGF (pg/mL) VEGF (pg/mL) % difference VEGF
category (low sodium) (chronic high sodium) (chronic high sodium -
low sodium)

TZD tolerant

1 42.8 39.8 -7.0
2 27.7 42 51.6
3 21.7 19.1 -12.0
4 39 31.1 -20.3
5 217.7 94.8 -56.5
6 30.4 28.3 -6.9
7 47.4 34.7 -26.8
8 31.8 27 -15.1
9 @ 30.4 b
Mean 57.3 38.6 -11.6
(95% CI) (12.0, 102.6) (24.1, 53.1) (-32.53, 9.33)
TZD intolerant

10 21 25.6 21.9
11 33.2 25.2 -24.1

apatient's VEGF data unavailable®derivation of % difference not possible due to nifgsdata
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Table II.7 - Plasma copeptin measurements (pmolédnd derived % differences
between sodium load exposures for visits 2 and 3

Subject number by Copeptin (pmol/L) Copeptin (pmol/L) % difference
category (low sodium) (chronic high sodium) copeptin
(chronic high sodium -
low sodium)

TZD tolerant

1 4.80 4.20 -12.5
2 6.13 6.70 9.3
3 9.19 5.26 -42.8
4 9.20 4.31 -53.2
5 1.22 1.76 44.3
6 4.30 3.72 -13.5
7 3.00 2.47 -17.7
8 8.78 4.27 -51.4
9 ¢ 4.36 b
Mean 5.83 4.10 -17.2
(95% CI) (3.73, 7.93) (3.19, 5.01) (-40.87, 5.67)
TZD intolerant
10 1.81 1.26 -30.4
11 9.57 10.29 7.5

2 patient's plasma copeptin data were unavailabl&;estimation of % difference not possible due to
missing data

Table 11.8 - Systolic blood pressure (SBP) readingsimHg) and derived %
differences between sodium load exposures for sigiand 3.

Subject number by SBP (mmHg) SBP (mmHg) % difference SBP
category (low sodium) (chronic high sodium) (chronic high sodium -
low sodium)

TZD tolerant

1 119.0 132.3 11.2
2 149.0 150.0 0.7
3 143.3 134.3 -6.3
4 139.7 143.7 2.9
5 132.7 127.3 -4.0
6 148.7 148.3 -0.2
7 131.7 119.3 9.4
8 145.3 135.0 7.1
9 138.0 153.0 10.9
Mean 138.6 138.1 -0.2
(95% Cl) (132.3, 144.9) (130.7, 145.5) (-5.1, 4.7)

TZD intolerant
10 157.3 134.7 -14.4
11 141.0 158.3 12.3
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Table 11.9 - Mean arterial pressure (MAP) readingénmHg) and derived %
differences between sodium load exposures for sigiand 3.

Subject number by MAP (mmHg) MAP (mmHQg) % difference MAP
category (low sodium) (chronic high sodium) (chronic high sodium -
low sodium)

TZD tolerant

1 95.9 103.9 8.3
2 99.0 98.7 -0.3
3 98.9 100.8 1.9
4 107.2 109.2 1.9
5 94.7 89.6 5.4
6 108.2 107.4 -0.7
7 102.1 93.1 -8.8
8 109.8 103.7 -5.6
9 100.4 107.0 6.5
Mean 101.8 101.5 -0.2
(95% CI) (98.2, 105.4) (97.1, 105.8) (-3.9, 3.5)
TZD intolerant
10 114.7 102.4 -10.7
11 109.4 112.3 2.6

Appendix Table 11l.1 - Unadjusted odds ratio of ied loop diuretic prescription
after exposure to index insulin therapy (vs thiambhedione therapy)

Gender status Unadjusted odds ratio of 95% confidence intervals
index loop diuretic
prescription following
exposure to insulin Lower Upper
(vs thiazolidinedione therapy)

Males and females 3.18 2.44 4.15
Males 3.74 2.53 5.52
Females 2.64 1.84 3.80

Appendix table 111.2 - Unadjusted odds ratio of ied loop diuretic prescription
after exposure to index insulin therapy (vs metfamvsulphonylurea combination
therapy)

Gender status Unadjusted odds ratio of 95% confidence intervals
index loop diuretic
prescription following
exposure to insulin Lower Upper
(vs metformin-sulphonylurea
combination therapy)

Males and females 2.89 2.28 3.67
Males 2.58 1.86 3.58
Females 3.24 2.28 4.58
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Appendix table 111.3 - Unadjusted odds ratio of ied loop diuretic prescription
after exposure to index thiazolidinedione therapys(metformin-sulphonylurea

therapy)

Gender status

Unadjsuted odds ratio of
index loop diuretic

95% confidence intervals

prescription following

exposure to Lower Upper
thiazolidinediones (vs
metformin-sulphonylurea
combination therapy)
Males and females 0.91 0.69 1.20
Males 0.69 0.47 1.02
Females 1.23 0.83 1.81

Appendix table 111.4 - Unadjusted odds ratio of iment heart failure after
exposure to index insulin therapy (vs thiazolidinede therapy)

Gender status

Unadjusted odds ratio for
incident heart failure

95% confidence intervals

following exposure to

insulin Lower Upper
(vs thiazolidinedione
therapy)
Males and females 3.24 2.07 5.07
Males 2.93 1.64 5.26
Females 3.83 1.87 7.85

Appendix table 111.5 - Unadjusted odds ratio of iment heart failure after
exposure to index insulin therapy (vs metformin-phlonylurea combination

therapy)

Gender status

Unadjusted odds ratio of
incident heart failure
following exposure to insulin

95% confidence intervals

(vs metformin-sulphonylurea Lower Upper

combination therapy)
Males and females 2.52 1.72 3.67
Males 2.14 1.31 3.50
Females 3.32 1.81 6.11




459

Appendix table 111.6 - Unadjusted odds ratio of iment heart failure after
exposure to index thiazolidinedione therapy vs roethin-sulphonylurea therapy

Gender status Unadjusted odds ratio of 95% confidence intervals
incident heart failure

following exposure to

thiazolidinediones (vs Lower Upper
metformin-sulphonylurea

combination therapy)

Males and females 0.78 0.49 1.24
Males 0.73 0.41 1.30
Females 0.87 0.39 1.92




