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General Introdiction

INTRODUCTION

Before the discovery of insulin by Banting and Best, insulin-dependent (type 1
or juvenile) diabetes mellitus was an atrocious disease, characterised by a
unrquenchable thirst and leading to an inevitable death within a short period of
time. After this period, as insulin treatment became available in 1923, life
expectancy of patients with insulin-dependent diabetes mellitus (IDDM)
increased dramatically, but this longer sinvival was found to be accompanied by

the development of microvascular complications.

These complications, characterised by angiopathy of the microvascular system,
clinically aftect, primarily, the eyes, the kidneys and the peripheral nervous
systemr’. Diabetic retinopathy, of which the macular and proliferative forms can
result in blindness, develops in more than go% of the IDDM patients”. Diabetic
nephropathy, an important cause of end-stage renal disease in the Netherlands,
develops in 20-40% *°. Diabetic neuropathy, which is associated with an
increased risk of foot ulcers and amputation, is found in approximately 60% of

the patients”.

Microvascular complications occur in patients with TDDM as well as in other
types of diabetes (e.g secondary dizbetes and non-insulin-dependent diabetes
mellitus), which all share chronic hyperglycaenta as the primary feature,
Therefore, it has long been suspected that chronically clevated glucose levels play
a causal role in the pathogenesis of these complications. Many studies have been
published suggesting that strict metabolic control has a preventive effect on the
development of diabetic nephropathy™ 7™, retinopathy™™ and neuropathy
Often, however, these studies were regarded as being too short-term or too
small to provide a definite proof of the ‘hyperglycacmia hypothesis’.
Furthermore, in some studies even a deterioration of diabetic retinopathy

11,12

during the first years of strict metabolic control was described™ .

However, in 1993 the hyperglycaemia hypothesis was confirmed by the results
of the Diabetes Control and Complications Trial (DCCT)'*™, a large
multicenter trial which showed that strict metabolic control, achieved by an
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Chapter 1

intensive insulin regime, effectively delays the onset and slows the progression
of microvascular complcations. Given this endorsement of the ‘hyperglycaemia
hypothesis’, to achieve (near) normoglycacmia has become the main objective
of care in IDDM. However, it is still questionable whether such strict metabolic

control can be realized in routine diabetes care”,

Despite intensive treatment and strict metabolic control, a number of patients

%% Furthermore, overt

will still develop microvascular complications
nephropathy and advanced retinopathy do not seem to be influenced by average
blood glucose concentrations at all*”. These findings suggest that the
development of diabetic complications is also dependent on other factors™™. In
addition, the pathophysiological mechanism by which poor metabolic control
predisposes to the microvascular complications is not completely understood.
Many mechanisms and factors have been or arve still under investigation:
hereditary factors™™, dietary factors™, blood pressure”™, haemodynamic
factors**, endothelial factors’ *, the polyol pathway* *, growth factors”, and
Advanced Glycosylation End products . Siill, these studies did not came up

with a definite answer up to now.

OXIDATIVE STRESS

Another recently proposed mechanism, which might be involved in the
development and progression of microvascular complications, is based on the
tissue damage resulting from the formation of free radicals. Free radicals are
highly reactive particles, since these molecules contain an unpaired electron in
their outer orbit. The formation of these radicals is a biological process, which
takes place, for example, when oxygen is reduced to water in the respiratory
chain in the mitochondria of living cells or during enzymatic synthesis of
prostaglandins and leukotrienes* *. Under normal physiological conditions the
cell is protected against an overproduction of radicals by several anti-oxidant
systems. Based on their action these anti-oxidant systems could be classified as
either preventive or chain breaking systems. In the latter, the anti-oxidative
property of the substances involved (e.g, wric acid, tocopherals, beta-carotene)
is based on their ability to form a more stable reaction product after the reaction
with a free radical, thereby interrupting the oxidative process. Preventive anti-
oxidants (e.g. ceruloplasmin, ferritin, transferrin} are preventing the formation
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General Introduction

of free radicals by binding substances that act as catalysts in the formation of free
radicals, These anti-oxidant systems are located intra- as well as extracellularly
and involve enzymatic as well as non-enzymatic reactions. In case of a disturbed
balance between the anti-oxidant defence systems and the formation of free
radicals {oxidative stress), free radicals have been suggested to play a role in the
development of insulin-dependent diabetes mellitus® as well in other diseases *.

In diabetes, the formation of free radicals can be induced by increased glucose
concentration through non-enzymatic glycation of protein substrates”, auto-
oxidative glycation”, activation of protein kinase C* and increased polyol
pathway activity”, In addition, diabetes is known to induce chances in the
content and activity of cellular anti-oxidant enzymes?®' ™,

Free radicals, which are not trapped by anti-oxidants during the periods of
oxidative stress, are suggested to disturb endothelial dependent vasorelaxatien,
stimulate growth factors, induce the expression of adhesion molecules, promote
the blood coagulation, and contribute to the formation of Advanced
Glycosylation Endproducts®”. All thesc mechanisins have been implicated in
the development of microvascular complications. Furthermore, by modifying
molecules, free radicals may form cytotoxic substances, which may directly
induce endothelial damage®, [n addition, intervention studies mostly performed
in diabetic rats have shown a protective effect of various anti-oxidants on the
development of microvascular complications” ™.

Given these findings, increased oxidative stress could be a mechanism involved
in the development of microvascular complications in patients with IDDM.
Since oxidative stress is not exclusively related with hyperglycaemia, but is also
influenced by other factors like dietary factors (variation of intake of anti-
oxidants) or hereditary factors (regulation of enzymatic anti-oxidants), it might
also account for the development of microvascular complications under strict
metabolic control.

Because in vivo measurement of free radicals is difficult given their reactivity,
short half-life, and very low concentrations”, various methods have been
developed to investigate indirectly whether such oxidative processes occur in
reality. Substances indicating oxidative damage to DINA (oxidized DINA bases),
proteins (protein carbonyls) and lipids can be measured. Another indirect
indicator of oxidative stress is given by measurement of anti-oxidant status®. To
sty the relation between oxidative stress and microvascular complications
lipid peroxidation and its consequences could be useful. Two of these methods
are the measurement of mmlondialdehyde, a degradation product of lipid

12
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peroxides and the susceptibility of low-density lipoprotein (LDL) to in vitro
oxidation. The latter has recently been proposed as an appropriate measure of
the response to the in vivo oxidative stress, which is thought to occur within
the matrix of the vessel wall close to the endothelium®™*.

In the first part of this thesis the results of a study will be described focusing on
the presence of oxidative stress in IDDM patients and its possible role in the
development in microvascular complications, Oxidative stress has been measured
by anti-oxidant status, the susceptibility of LDL to in vitro oxidation and serum
niajondialdehyde concentrations, In the second chapter the study population is
introduced by describing the relationship between metabolic control, serum
lipids and the presence of microvascular complications. Chapter 3 presents the
resules of a comparison of serum anti-oxidant status between IDDM patients
and healthy controls. The presence of oxidative stress assessed by the
suseeptibility of LDL to in vitro oxidation and malondialdehyde concentrations
is described in chapter 4, whereas chapter s presents the association of these two

parameters with metzbolic control and microvascular complications.

HEALTH STATUS

Since 1948, when the World Health Organization defined health as being not
only the absence of disease and infirnmity, but also the presence of physical,
mental and social well being®, quality of life issues have become steadily more
important in health care practice and research”,

Quality of life is notoriously difficult to capture in a comprehensive definition.
1t could best be regarded as an umbrella concept that encowmpasses health status
as well as satisfaction in a broader range of domains such as environment,
econoniic resources, relationships, work, and leisure time. The concept health
status differs from ‘quality of life’ in that the latter is broader and also includes
socio-cconommic aspects and perceptions of a person’s immediate environment™.
Because health status represents what a patient perceives as one of the outcomes
of medical care, it is regarded as an important adjuvant to traditional biological

and clinical outcome measures,
Insulin-dependent diabetes mellitus is a chronic disease which affects many

aspects of everyday life. To maintain satisfactory blood glucose level in order to
avoid hyperglycaemic complaints and hypoglycaemic events, food intake,

13
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exercise and insulin dose must be balanced from hour to hour. In addition,
there is a great risk of developing one or more microvascular complications,
This ever-present responsibility for daily balance and worries about future
health and well-being may pose an extra burden to a TDDM patients” daily lifc.
As described before, the importance of strict metabolic control for the
prevention as well as the progression of long-term diabetic complications has
been shown for patients with insulin dependent diabetes mellitus™. As reported
by the DCCT, the main side effects of strict metabolic control are considerable
weight gain and a threefold increased risk of serious hypoglycaemia' ®. To
many patients, these side effects may be an unacceptable price for strict
metabolic control, because of both physical and emotional consequences.
Furthermore, stricter metabolic control may require more intensive therapy,
such as multiple daily doses of insulin (by manual injection or by insulin pump)
and frequent measurements of blood glucose values. This regime may have its

own negative effects on a patient’s health status.

In the second part of this thesis the resuits of a study are described, which was
performed in connecction with the main investigation. In this study the
association between metabolic control, insulin replacement therapy and their
consequences on health status Is investigated. In chapter 6 the effects of
metabolic control and diabetic complaints on health status arc described. The
consequences of insulin therapy and self-control are assessed in chapter 7.
Finally, the consequences of the results of this thesis are discussed in chapter 8

and compiled in chapter g.

14



Chapter 1

REFERENCES

1 Londbak K. Diabetic angiopathy. A specific vascular disease. Lancet 1954, 1:377-379.

2 Krolewski AS, Warram JH, Rand LI, Kahn CR. Epidemiologic approach to the
etiology of type 1 diabetes mellitus and its complications. N Engl | Med
19873 17:1390-1308.

3 Andersen AR, Christiansen IS, Andersen JK, Kreiner S, Deckert T. Diabetic
nephropathy in type 1 {insulin-dependent) diabetes: an epidemiological study
Diabetologia 19083;25:496-501.

4 Krolewski AS, Warram JH, Christlicb AR, Busick EJ, Kahn CR. The changing
natural history of nephropathy in type 1 diabetes. Am J Med 1985;78:785-704.

5 Klein R, Klein BEK, Linton KLP, Moss SE. Microalbuminuria in a population-
based study of diabetes. Arch Intern Med 1992;152:153-138.

6 Dyck PJ, Kratz KM, Karnes JL, Litchy W], Klein R, Pach JM, Wilson 12M,
O'Brien PC, Melton L L]. The prevalence by staged severity of various types of
diabetic neuropathy, retinopathy, and nephropathy in a population-based cohort:
The Rochester Diabetic Neuropathy Study. Neurology r993;43:817-824.

7 Kroc Collaborative Study Group. Blood glucose control and the evolution of dia-
betic retinopathy and albuminuria. A preliminary multicenter tral. N Engl J Med

1984;311:365-372,

§  Steno Study Group. Effect of 6 months of strict metabolic control on eye and kid-
ney function in insulin-dependent diabetics with background retinopathy. Lancet
1982;16:121-124.

9 Dall-Jergensen K, Hanssen KF, Kierulf P, Bjoro T, Sandvik L, Aagenmes @,
Reduction of urihary albumin excretion after 4 years of continuous subcutaneous
insulin infusion in insulin-dependent diabetes mellitus. The Oslo Study. Acta
Endocrinol 1988;117:19-25.

10 Klein R. Hyperglycemia and microvascular and macrovascular disease in diabetes.
Diabetes Care 1995;18:258-268.

11 Amthor KF, Dalil-Jergensen K, Berg TJ, Skard Heier M, Sandvik L, Aagenwxs (9,
Hanssen KF. The eftect of § years of strict glycaemic control on peripheral nerve
function in IDDM patients: The Oslo Study. Diabetologia 199.4;37:570-584.

12 Dahl-Jergensen K, Brinchmann-Hansen O, Hanssen KF, Ganes T, Kierulf P,
Smeland E, Sandvik L, Aagenas @. Effect of near normoglycaemia for two years
on progression of early diabetic retinopathy, nephropathy, and neuropathy: The
Oslo study. Br Med [ 1986;203:1195-1199.

13 Ramsay RC, Goetz FC, Sutherland DER,, Mauer SM, Robison LE, Cantrill HL,
Knoblech WH, Najartan JS. Progression of diabetic retinopathy after pancreas
transplantation for insulin-dependent diabetes mellitus. N Engl | Med
1988;318:208-214.

15



General Introduction

14

15

16

The Mabetes Control and Complications Trial Research Group. The effect of
intensive diabetes therapy on the development and progression of neuropathy.
Ann Intern Med 100§;122:561-568.

The Diabetes Control and Complications Trial (DCCT) Research Group. Effect
of intensive therapy on the development and progression of diabetic nephropathy
in the Diabetes Control and Complications Tral. Kidney Int 1995;47:1703-1720.

The Diabetes Control and Complications Trial Research Group. The effect of
intensive treatiment of diabetes on the development and progression of long-term
complications in insulin-dependent diabetes mellitus. N Engl | Med 1993;329:077-
936,

17 Jacobs ML. Glycaemic control and growth hormone in diabetes mellitus. Thesis

18

19

20

21

22

23

24

25

26

27

Rotterdam, The Netherlands, Erasmus university Rotterdam, Rotterdam, The
Netherlands, 19g97. pp 11-12 and g7-154.

Klein R, Klein BEK, Moss SE. Relation of glycemic control to diabetic microvas-
cular complications in diabetes mellitus. Ann Intern Med 1096;12.4:00-96.

Viberti GC, Bilous RW, Mackintosh D, Bending JJ, Keen H. Long term correc-
tion of hyperglycaemia and progression of renal faflure in insulin dependent diabe-
tes. Br Med [ 1983;286:508-602.

Selby JV, FitzSimmons SC, Newnan JM, Katz PP, Sepe S, Showstack J. The
natural history and epideiiology of diabetic nephropathy. JAMA 1990;263:1954-
I960.

Mogensen CE. Prevention and treatment of renal disease in insulin-dependent
diabetes mellitus. Sem Nephrol 1990;10:260-273.

Siperstein MDD, Diabetic microangiopathy, genetics, environment, and treatmlent.
Am | Med 1988;85 (Suppl sA):119-130.

Marre M, Bernadet P, Gallois Y, Savagner F, Guyene T-T, Hallab M, Cambien F,
Passa P, Alhenc-Gelas F. Relationships between angiotensin [ converting enzyme
gene polymorphism, plasma levels and diabetic retinal and renal complications.
Diabetes 1094,43:184~388.

Seaquist ER, Goetz FC, Rich S, Barbosa J. Familial clustering of diabetic kidney
disease. Evidence for genetic suscepuibility to diabetic nephropathy. N Engl | Med
1980;320:1T01-1165.

Krowlewski AS, Canessa M, Warram JH, Laffel LMB, Christlieb AR, Knowler
WC, Rand LI Predisposition to hypertension and susceptibility to renal disease in
insulin-dependent diabetes mellitus. N Engl J Med ro88;318:140-145.

Viberti GC, Keen H, Wiseman M], Raised arterial pressure in parents of
proteinuric insulin dependent diabetics. Br Med J 1987;205:515-517.

Pedrini MT, Levey AS, Lau J, Chalmers TC, Wang PH. The effect of dietary pro-

tein restriction on the progression of diabetic and nondiabetic renal diseases: a
meta-analysis. Ann Intern Med 1996;124:627-632.

16



Chapter 1

23

29

30

32

33

34

35

36

37

38

39

40

Borch-Johusen K, Nergaard K, Hommel E, Mathiesen ER,, Jensen JS, Deckert T,
Parving H-H. Is diabetic nephropathy an inherited complication? Kidney Inf

1992;41:719-722,

Zeller K, Whittaker E, Sullivan L, Raskin P, Jacobson HR. Effect of restricting
dietary protein on the progression of renal failure in patients with insulin-depen-
dent diabetes mellitus. N Engl J Med 1991;324:78-84.

Walker J12, Dodds RA, Murrells T], Bending J], Mattock MB, Keen H, Viberti
GC. Restriction of dietary protein and progression of renal failure in diabetic
nephropathy. Lancet 1980;2:1411-1413.

Sampson MJ, Griffith VS, Drury PL. Blood pressure, diet and the progression of
nephropathy in patients with type 1 diabetes and hypertension. Diabetic Med

IQ04;11:150-154.

Parving H-H, Andersen AR, Smidt U, Hommel E, Mathiesen ER, Svendsen
PA, Effect of anti-hypertensive treatment on kidney function in diabetic nephro-

pathy. Br Med | 1987;29.4:1443-1447.

Hasslacher C, Ritz E, Terpstra ], Gallasch G, Kunowski G, Rall C. Natural history
of nephropathy in type 1 diabetes. Relationship to metabolic control and bloed
pressure. Hypertension 1985;7 (Suppl 11); H-7.4-1I-78.

Parving H-H, Smidt UM, Andersen AR, Svendsen PA. Early aggressive antihy-
pertensive treatment reduces rate of decline in kidney function in diabetic nephro-
pathy. Lancet 1983;28:1175-117¢.

Noth RH, Krolewski AS, Kaysen GA, Meyer TW, Schambelan M. Diabetic
nephropathy: hemodynamic basis and implications for discase management. Ann
Intern Med 19801 10,795-813.

Tooke JE. Microvascular haemodynamics in diabetes mellitus, Clin Sci
1086, 70:119-125.

Franken AAM, Derkx FHM, Blankestijn PJ, Janssen JAMJL, Mannesse CK, Hop
W, Boomsina F, Weber R, Peperkamp E, Pe Jong PTVM, Schalckamp MADH.
Plasma prorenin as an carly marker of microvascular discasc in patients with
diabetes mellitus. Diabéte Metab 1992;18:137-143.

Christe M, Fritschi J, Linunle B, Tran TH, Marbet GA, Berger W, Duckert F.
Fifteen coagulation and fibrinolysis parameters in diabetes mellitus and in patients
with vasculopathy. Thromb Haemostas 1984;52:138-143.

Spoaren PEM]. The significance of the polyol pathway in the pathogenesis and
treatment of diabetic nephropathy. In: Incipient diabetic nephropathy. Thesis
Amsterdam, Free university Amsterdam, Amsterdam The Netherlands, 1997. pp

48-73.

Yagihashi S, Pathology and pathogenetic mechanisms of diabetic neuropathy.
Diabetes Metab Rev 1995;11:T93-223.

17



General Intreduction

42

43

44

45

46

47

48

49

by

52

53

54

55

56

Brownlee M. Glycation and diabetic complications. Diabetes 199.4;43:830-841.

Brownlee M. Glycation products and the pathogenesis of diabetic complications.
Diabetes Care 1902;15:1835-1843.

Halliwell B. Free radicals, anti-oxidants and human disease curiosity, cause or con-
sequence. Lancet 190.4;344:721-724.

Halliwell B, Current status review: free radicals, reactive oxygen species and
human disease: a critical evatuation with special reference to atherosclerosis. Br J

Exp Path 198g;70:737-75%.
Oberley LW. Free radicals and diabetes. Free Radical Biol Med 1988;5:133-124.

Rohrmosen MM, Macer G. Reactive oxygen species and glomerular injury.
Kiduey Blood Press Res 1996;19:263-269.

Sakuray T, Tsuchiya S. Superoxide production from nonenzymadically glycated
protein. FEBS {letter) 1988;236:406-410.

Wolff SP, Dean RT. Glucose autoxidation and protein modification. The potential
role of ‘awtcoxidative glycosylation’ in diabetes. Biochem J 1087;2245:243-250.

Derubertis FIR, Craven PA. Activation of protein kinase C in glomerular cells in
diabetes. Mechanisms and potential links to the pathogenesis of diabetic glomeru-
lopathy. Diabetes 1904;43:1-8.

Ghahary A, Luo J, Gong Y, Chakrabarti §, Sima AAF, Murphy L]. Increased renal
aldose reductase activity, immunoreactivity, and mRNA in streptozocin-induced
diabetic rats. Diabetes 1989;38:1067-1071.

Ceriello A, dello Russo P, Amstad P, Cerutti P. High glucose induces antioxidant
enzymes in human endothelial cells in culture. Diabetes 1996;45:471-477.

D1 Simplicio P, De Giorgio LA, Cardaiolo E, Lecis R, Miceli M, Rossi R,
Anichini R, Mian M, Seghieri G, Franconi F. Glutathione, glutathione utilizing
enzyies and thioltransferase in platelets of insulin-dependent diabetic patients:
relation with platelet aggregation and with microangiopathic complications. Eur J
Clin Invest 1905$;25:665-660.

Kawamura N, Qokawara T, Suzuki K, Konishi K, Mino M, Taniguchi N.
Increased glycated Cu, Zn-superoxide disimutase levels in erythrocytes of patients
with insufin-dependent diabetes mellitus. J Clin Endrocrinol Metab 1992;74:1352-

1354.

Asayama K, Hayashibe H, Dobashi K, Niitsu T, Miyao A, Kato K. Antioxidant
enzyme status and lipid peroxidation in various tissues of diabetic and starved rats.
Diabetes Res 1980;12:85-91.

Godin DV, Wohaiced SA, Gamett ME, Goumeniouk AD. Antioxidant enzyme
alterations in experimental and clinical diabetes, Mol Cell Biochem 1988;84:223-231.

Giugliano 13, Ceriello A, Paolisso G. Oxidative stress and diabetic vascular compli-
cations. [Diabetes Care 1906;19:257-267.

18



Chapter 1

57

58

59

00

61

62

63

Doelman CJA. Are reactive oxygen species involved in the pathogenesis of diabe-
tic complications? In: Diabetic nephropathy, Bilo HJG, Viberti GC eds. De
Weezenlanden Series No.2, De Weezenlanden Zwolle, Zwaolle, The Netherlands,

1994, Pp 137-151.

Hennig B, Chow CK. Lipid peroxidation and endothelial cell injury: implications
in atherosclerosis. Free Radical Biol Med r988;.4:00-106,

Cotter MA, Love A, Watt M], Cameron NE, Dines KC. Effects of natural free
radical scavengers on peripheral nerve and neurovascular function in diabetic rats.
Diabetologia 1095;38:1285-12094.

Karasu (¢, Dewhurst M, Stevens Ef, Tomlinson DR.. Effects of anti-oxidant treat-
mient on sciatic nerve dysfunction in streptozotocin-diabetic rats; comparison with
essential fatty acids. Diabetologia 1995;38:120-134.

Cameron NE, Cotter MA, Maxfield EK. Anti-oxidant treatment prevents the
development of peripheral nerve dysfunction in streptozotocin-diabetic rats.
Diabetologia 1993;36:209-304.

Pryor WA, Godber SS. Noninvasive measures of oxidative stress status in humans,
Free Radical Biol Med 1991;10:177-184.

Beckman JS, Freeman BA. Antioxidants enzymes as mechanic probes of oxygen
dependent toxicity. In: Physiology of oxygen radicals. Taylor AE, Mataborn S,
Ward P eds. American Physiological Society, 1986. pp 39-33.

64 Jenkins AJ, Klein RL, Chassercau CN, Hermayer KL, Lopes-Virella ME. LIDDL

G5

66

67

68

69

from patients with well-controlled IDDM is not more susceptible to in vitro oxi-
dation. Diabetes 10064 5:762-767.

Steinberg 1D, Modified forms of LDDL and artherogenesis. J Intern Med
T903,233:227-232,

Constitution of the World Health Organization. In: Woild Health Organization.
Handbook of basic documents. sth ed. Geneva; Palais des Nations 1952. pp 3-20.

Testa MA, Simonson DC. Assessment of quality of life outcomes, N Engl | Med
1996;334:835-8.40.
Bowling A. Measuring discase: a review of disease specific quality of life measure-

ment scales. Open University Press. Buckingliam ~ Philadelphia. 1995, pp. 1-19,

The Diabetes Control and Complications Trial Research Group. Epidemiology of
severe hypoglycemia in the Diabetes Control and Complications Trial. Am J Aded

1991;90:4 50-459.

19



20



Metabolic control, lipid profile, and
microvascular complications in a Dutch

population of IDDM patients



Study population

SUMMARY

In IDDM, there is a definite relationship between the level of metabolic control
(HbA1c¢ levels) and the development and progression of diabetic microvascular
complications. Still, it is known from clinical practice that HbA1c is not always
the best predictor for the development of complications. Other variables related
to metabolic control may better reflect the risk for the development of diabetes
complications in these patients. We studied the association between different
measures of metabolic control, lipids and diabetes complications in a group of
281 patients with insulin-dependent diabetes mellitus {153 men and 128
woumten) with a mean age of 38.2 years (SD 12.4) and diabetes duration of 17.2
years (10.7).

Metabolic control, as assessed by HbA1¢ and glycosylated apolipoprotein B, was
only weakly correlated with serumn lipid concentrations. EDL-phenotype was
not associated with metabolic coutrol. Fifty-seven patients (20.2%) were
categorized as having nephropathy, 146 patients (s2.0%) as having diabetic
neuropathy and 93 patients (33.1%) as having diabetic retinopathy. Metabolic
control, most serum lipids and LDL-phenotype were not significantly related to
the presence of any microvascular complication, diabetic nephropathy,
retinopathy or neuropathy. In patients with macro-albuminuria or using ACE-
inhibitors tiglycerides were increased compared to micro- and normo-
albuminuric patients (1.67 mmol/l (0.36) vs. 1.14 mmol/l {0.09) and 1.12
mmol/l (0.05), p £ 0.05 after adjustiment for age and gender). Lipoprotein {a]
was significantly lower in patients with any microvascular complication
(regression coefficient -51.6 mg/ml (95% confidence interval [-99.8; -3.4])).
These associations were essentially the same after further adjustment for
duration of diabetes, HbA1c and fasting conditions. In conclusion, metabolic
control was not associated with the presence of micro-vasculair complications,
whereas triglycerides were increased in patients with diabetic nephropathy.
These results may support to the hypothesis that sertm lipid disturbances might
be an additional risk factor in mbcrovascular complications in general, and

diabetic nephropathy in particular.

Submitted as: .H. Assink, R.P. Stolk, D.E. Grobbee, AF. Casparie, }.G.T. Nijs, E.van Ballegooie,
H.J.G. Bilo. Metabolic control, lipid profile, and microvascular complications in a Datch population

of DM patients.
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Chapter 2

INTRODUCTION

Insulin-dependent diabetes mellitus (ITYDM) afflicts an increasing number of
subjects worldwide, In The Netherlands, it is estimated that approximately
45.000 subjects suffer from this disease, often acquired at an carly age' and
associated with an increased morbidity and mortality, mainly due to the
presence of diabetic complications’. Although non-insulin-dependent diabetes
is far more common, the risk of especially microvascular complications
{retinopathy, nephropathy, neuropathy) in TDDM is such that its treatment
merits much attention,

In IDIDM, there is a definite velationship between the level of metabolic control
(HbA1¢ levels) and the development and progression of diabetic microvascular
complications’. The mechanisms by which the diabetic state per se or lack of
glycemic control predispose to the development of diabetic complications is
incompletely understood. From clinical practice it is known that even a normal
{or a near to normal) HbA1c does not totally preclude the development of
diabetic complications. This apparent discrepancy might be exphined by
HbA1c being not the best indicator of glycemic control for all paticnts, Other
glycosylated proteins like apolipoprotein B or advanced glycosylation end
products (AGE)) may be more appropriate measures. Also, other variables
related to metabolic control, notably lipids may better reflect the risk for the
development of diabetes complications in these patients. We studied the
association between different measures of metaholic control, lipids and diabetic

complications in a large population of IDDM patients.

PATIENTS AND METHODS

Patients

The present study was conducted at the outpatient clinic of the ‘De
Weezenlanden’ hospital in Zwolle, a middle-sized town in the eastern part of
the Netherlands, From January 1993 to January 1996, 293 consccutive 1DDM
patients were invited to participate in the study. IDDM was defined as starting
insulin replaccment therapy wichin six months after the first sign of diabetes
mellitus and before the age of 30 years, or the absence of C-peptide secretion.
Twelve patients refused to participate in the study, so the presented results are
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based on the remaining 28t patients, The study protocol was approved by the
hospital scientific and ethical conunittees and all patients gave their informed

consent.

Study protocol

Patients were examined according to a standardized protocol by one trained
physician. Smoking habits, alcohol use, as well as used medication, including
and frequency of injections were recorded. Body mass index was calculated as
weight (kg) divided by the square of height (m’). Body fat distribution was
assessed by the rato of waist and hip circumferences. Blood pressure
measurements were performed after five and seven minutes of rest in the supine
position using a precalibrated standard mercury sphygmomanometer. Diastolic
blood pressure was recorded at the disappearance of the Korotkoff sounds
{phase V), The mean of the two measurements was used in the analysis.
Hypertension was defined as systolic blood pressure of 140 mmHg or over
and/or diastolic blood pressure of go mmHg or over'. Patients who were

treated with antihypertensive medication were also considered hypertensive,

Blood sampling was performed after 30 minutes rest in supine position, In 122
subjects (79 males, 43 females) blood sampling was performed under fasting
conditions, before the morning dose of insulin was administered. As most
participating patients lived at some distance from the hospital, the blood samples
of the other 159 patients were collected after their usual morning insulin dose

and normal breakfast.

The clinical chemistry assays for total serum cholesterol, HDL-cholesterol and
triglycerides were performed on a Hitachi 717 chemistry analyzer based on
commercially available techniques (Bochringer Mannheim, Mannheim,
Germany). Total serum cholesterol was determined by means of the CHOD-
PAP method. HDL-cholesterol was measured after precipitation with sodium
phosphotungstate-Mg**. Triglycerides were determined by means of the GPO-
PAP method. LDL-cholesterol was calculated according the formula of
Friedewald®. Apolipoprotein A-I, and apolipoprotein B and lipoprotein [a] were
determined by commercially available immunochemistry techniques on the
Beckman Array Analyzer (Beckman, Fullerton, California}.
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Metabolic control was assessed by measuring glycosylated haemoglobin Arc
{HbA1c) and glycosylated apolipoprotein B. HbATc was measured by affinity
chromatography (Pierce colummns, Glyco test H) (upper limit of normal 6.0%)".
Glycosylated apolipoprotein B, as percentage of total apolipoprotein B was
determined, according to Panteghini’.

The procedure for assessing LDL-phenotype was based on the method
described by Mc Namara et al.’, with the following modifications. Plasma from
cach subject was rapidly thawed, diluted ten times with a physiological salt
solution and mixed with a solution containing £0% sucrose and 0.1%
bromophenol blue. One nricroliter of this sample was loaded onto the
applicator of the Pharmacia Phastsystemr containing 4-15% nondenaturing
polyacrylamide gradient gels and the appropriate buffer strips (Pharmacia) and
subjected to electrophoresis for 18 hows at 225 V and 15 °C. After
electrophoresis the gels were silver stained using the Biorad Silver Stain kit. The
electrophoretic patterns were examined independently by two examiners to
assign LDL-subclass phenotypes, There was never a disagreement between the
two examiners assigning LIDL-subclasses. LDL-subclass patterns were defined as
phenotype A (major subclass >25.4 nm), phenotype B {(najor subclass «<25.¢
nm) or phenotype A/B (intermediate phenotype) according to Austin et al.,

In twenty-four hour urine samples, collected by the patients the day before their
outpatient visit, albuniin was measured, using an immunonephelometric
technique on the Array immune analyzer (Beckman, Fullerton, California).
Utinary albumin excretion rate (UAER) was calculated and divided into three
categories: pormo-albuminuria: UAER. <30 mg/24h; micro-albuminuzia:
30 mg< UAER <j3co mg/z4h; macro-albuminuria: UAER >300 mg/24h.
Seven paticuts with normo-albuminuria and fourteen paticnts with micro-
albuminuria used ACE-inhibitors. The hospital files showed that in all these 21
patients the indication for this treatment was albuminuria repeatedly over 100
mg/24h. Therefore, these patients were categorised as macro-albuminuric.
Serum as well as urine creatinine concentrations were measured kinetically on
the Hitachi 717, as described by Jaffé"'. Creatinine clearance rate was calculated

according to the Cockroft formula”.
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In order to assess the degree of diabetic retinopathy the examination included
direct and indirect ophthalmoscopy through dilated pupils by an experienced
ophthalmologist. Retinopathy was graded according to national standards in
three categories: no retinopathy, background retinopathy and pre-proliferative
or proliferative retinopathy®.

Neuropathy was assessed by vibration threshold measurement using a Somedic
vibrameter type IV and by sensibility-testing using monofilaments according to
Semmes-Weinstein (monofilaments by Gillis W Long Hansons disease centre
Carrevile USA). The vibration threshold was determined according to a
standardized procedure at six test sites: the dorsomedial aspect of the Hist
metatarsal bone, the flat surface just above the medial malleolus and the dorsum
of the metacarpal bone of the index finger for both left and right site of the
body. Vibration measurement was defined as abnormal when one of the
measurements was two standard deviations above the reference value for age
and localization,

Sensibility-testing was performed at five regions on both legs and classified as
abnormal when in one of the regions pressure of monofilument 5.07 was not
felt™. Peripheral neuropathy was defined as at least one abnormal vibration
measurement or sensibility test-result, Severity of peripheral neuropathy was

graded as the number of abnormal tests,

Pata analysis

The chi-square test was used to compare frequencies. Analysis of variance was
performed to test for differences between groups. Partial correlation coefficients
wete calculated to describe the relations between serun lipids and age, BMI,
WHR and parameters of metabolic control. Multiple linear regression analyses
were used to analyse the other associations between continuous measures. Two-
sided P-values £ 0.05 were considered to be statistically significant. All analyses
were performed using SPSS 6.1.3 for Windosws.

26



Chapter 2

RESULTS

Clinical characteristics

The clinical characteristics of the study population are surmunarised in Table 1,
Systolic blood pressure increased significantly with age and duration of diabetes
(regression coefficients 0.64 munHg per year (SEM 0.08) and o.31 mmHg per
year (0.10), respectively after adjustment for gender, and age and gender). Both
systolic and diastolic blood pressure were associated with body mass index
{regression coefticient 1.30 mmHg per kg/m® (0.31) and 0.51 mmHg per kg/m’
{0.15)) as well as with waist hip ratio (regression coefficient 29.4 munHg per
cm/cm {14.4) and 17.6 mmHg per em/cm (7.1), respectively all four p<S 0.05
after adjustment for age and gender).

Current smokers had significantly higher WHR (0.96 (0.01) vs 0.94 {0.01)), but
lower BMI (24.1 kg/m* (0.31) vs. 25.0 kg/m* (0.24)). Systolic and diastolic
blood pressure were lower in smokers (135.0 numHg (1.60) vs. 141.0 mmHg
(z.42) and 81.0 mmHg (0.76) vs. $3.8 mmHg (0.63)). These diffcrences were
essentially the same after further adjustment for BMI or WHR., The number of
cigarettes smoked daily was inversely associated with BMI (regression
coeflicient -0.64 kg/m* per cigarctte (0.31) pS ©.05 after adjustment for age and
gender). Smokers had a shorter duration of diabetes (14.9 years (c.9) vs. 18.3
years (0.8)). Alcohol use was not related with BMI, WHR or blood pressure.

Renal function, as assessed by creatinine clearance was better in men compared
to women {Table 1) and significantly inversely associated with age and duration
of diabetes (vegression coefficients -1.30 ml/min per year (0.10); and -0.24
ml/min per year {0.14)). Albumin/ creatinine ratio was significantly associated
with age, systolic blood pressure as well as creatinine clearance (regression
coefficients 0.36 per year {0.12}; 0.50 per mmHg (0.08) and -0.16 per m!/min
{0.07) respectively. Renal function was not related to diastolic blood pressure,

waist/ hip ratio, the consumption of alcohol, or smoking.

Metabolic control and lipids

Metabolic control, as assessed by HbA1c and glycosylated apolipoprotein B did
not significanly differ between men and women, although there appeared to
be a tendency in females for worse metabolic control. No difference could be

found regarding the various schemes of insulin administration {(2-3 or 4 times
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Table 1, Clinical characteristics of the study population

Men Women Total
Number of patients 153 128 281
Age (yeam) 39.5 (12.5) 36.6 (12.1) 382 (12.4)
Duration of diabetes (years) 17.0 (11.5) 174 (9.7) 17.2 (10.7)
Body mass index (kg/m2) 245 (3.1) 25.0 (3.3) 247 (3.2)
Waist hip ratio 0.98 (0.06) 0.90 (0.08)x+ 0.94 (0.08)
Systolic blood pressure (mmbg) 139.1(18.4) 139.0(18.6) 139.1 (18.4)
Diastelic blood pressure (mmHgy  83.2 (8.2) 82.6 (8.9 8§29 (8.3
Hypertension 64 (41.8%) 46 {35.9%) 110 (39.1%)
Current smokers 54 (35.3%) 37 (28.9%) 91 (32.4%)
Number of cigarettes/ day 114 (8.1) 15.2 (9.9)* 129 (9.0)
Alcohol uscrs 111 (72.5%) 61 (47.7%)x 172 {61.2%)
MNumber of units/ week [0.0 (7.8} 6.8  (6.6y*+ 89 (7.5
Frequency of insulin injections
-2 or 3 times a day 25 (16.3%) 9 (7.0%)e 34 (12.1%)
- 4 times a day 102 (66.7%) 73 (57.0%) 175 (62.3%)
- CSII/ CIPI 26 (17.0%) 40 (36.0%)x= 72 (25.6%)
Creatinine clearance (ml/min) 115.1{25.8) 97.8 (25.6)xx* 107.0 (27.1)
Albumin /creatinine ratéio 6.08 (21.88) 5.92 (27.75) 6.01 (24.08)
HbA 1c(%} 8.07 (1.99) 8.49 (1.76) 8.27 {1.90)
Glycated apolipoprotein B (%) 3.12 (0.91) 3.00 (0.92) 3.07 (0.91)
Total cholesterol (mumol/d) 4.92 (1.07) 5.05 (0.93} 4,98 (1.01)
HDE -cholesterol {numnol/]) 1.26 (0.30) 1.53 {0.39)s*x 1.39 (0.37)
LDE-cholesterol {mmol/1) 3.10 (0.89) 3.02 (0.83) 3.06 (0.86)
Triglycerides (mmol/l) 128 (1.19) 1.07 (0.66) 1.18 {0.99)
Apolipopratein A (mng/l) 1.30 (0.21) 1.48 {0.25)+x 1.38 (0.25)
Apolipoprotein B {mg/]) 0.90 (0.25) 0.88 (0.23) 0.89 (0.24)
Lipoprotein [a] (ng/l) 139.7(197.9) 108.9(153.9) 125.6 (179.4)
EDL-phenotype
- type A 121 (79.1%) 93 (72.7%) 214 (76.2%)
- type A/B (intermediate) 25 (16.3%) 31 (24.2%) 56 (£9.9%)
- type B 7 (4.6%) 4 {3.1%) I (3.9%)

CSIT= continuous subcutanecus insulin infusion.

CIPII= continuous intra-peritoneal insulin infusion.

Values are number of patients or means with percentage or standard deviations between paren-
theses. Difference berween men and women : # = p< .05, #= pg 0.001, +#= p< 0.001
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daily, and CS11I). Blood pressure, BMI, WHR, duration of diabetes and renal
function were also not related with of metabolic control. In contrast to HbAa1c,
glycosylated apolipoprotein B was significantly associated with age (regression
coefficient 0.009 % per year (0.004)). Current smokers had significantly lower
levels of glycosylated apolipoprotein B (2.88 % (0.08) vs. 3.16% (0.07)).
Glycosylated apolipoprotein B was associated with HbAic (regression
coefficient 0.15 % per percent {0.03), p < 0.0§ after adjustment for age and

gender)

Fasting did not influence most lipid levels, except for HDL-cholesterol and
apolipoprotein A, which were significantly lower under fasting conditions (1.30
mmol/l (0.03) vs. 1.45 mmol/l (0.03) and 1.33 mmol/] {0.02) vs. 1.43 mmol/l
{0.02), respectively). Patents using alcohol had higher levels of HDL-
cholestercl and lower levels of trigltycerides (1.42 mmntol/l (0.03} vs. 1.33 (0.03)
and 1,09 mmol/l (0.05) vs, 1.33 mmol/] (0.13) both p< 0.05 after adjustment for
age, gender and fasting condition). Total serum cholesterol and apaolipoprotein
B were significantly associated with the number of aleohol consumptions
(regression coefficient 0.03 mmol/1 per consumption per week (0.01) and 0.005
nmumol/] per consumption per week (0.c02). Serum lipid concentrations did not
differ between current smokers and non smoking patients. Urinary albumin
excretion, as assessed by albumin/ creatinine ratio, was associated with total
serum cholesterol, apolipoprotein B and triglyceride concentrations (regression
coefficients 0.005 mmol/1 (0.002); c.001 mg/ml {0) and o.co7 mmol/l (0.002),
respectively p < 0.05 after adjustment for age, gender and fasting conditions).
Most lipid parameters were associated with age, BMI, WHR and the parameters
of metabolic control (Table 2). No significant association was found betsween
lipid concentrations and creatinine clearance or duration of diabetes. These
results were essentially the same when the analyses were restricted to patients of
whom fasting blood was obtained.

Sixty-seven patients (23.8%) were classified as having an abnormal LDL-
phenotype {type B or intermiediate type {(A/B)). LDL-phenotype was not
associated with age, gender, fasting condition, BMI, WHR, duration of
diabetes, smoking, alcohol consumption, renal function, metabolic contrel, or
the use of lipid lowering drugs. Total serum cholesterol and apolipoprotein B
concentrations were higher in patients with an abnormal LDL-phenotype
(5.1 mmol/] {o.1} vs. 4.6 mmol/l (0.1) and 0.93 mg/ml (0.02) vs. 0.77 mg/.ml

(0.03)).
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Table 2. Relationship between lipid concentrations, clinical characteristics and metabolic control

Age  BMI WHR.  HbAlc GapoB Cholt HDL LDL Tg ApoA ApoB
Total cholesterol {(Cholt) 032« 021 (.19 0.17%  0.28%
HDL-cholesterol (HDL) 021  -018 -0.12¢  -0.05 0.07 0.13*
LDIL~cholesterol (LDDL) 0.27% 017 0.18 0.16«  0.33* 0.91* -0.11
Triglycerides (Tg) 0.04 031 020« 0.15~  -0.10 037« -031x  0.25*
Apolipoprotein A (ApoA) 0.15« .0.04  -0.08 0.06 0.07 033«  0.75* 0.09 -0.02
Apolipoprotein B {ApoB) 0.18=  019%  0.23* 019« 024 082 021« 087 028 003
Lipoprotein [a] -0.03 -0.06  -0.07 0.03 0.04 0.09 001 0.14» -0.08 -0.04 0.12~

BMI= body mass index,; WHR= waist hip ratio; GapoB= glycosylated apolipoprotein B,

Values are partial correlation coefficients adjusted for age, gender and fasting condition. * = p < 0.05
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Diabetic complications

The prevalence of the diabetic complications is shown in Table 3. Table 4
summarizes the association between the presence of any microvascular
complication, the parameters of mctabolic control and lipid concentrations.
Mean level of HbAtc or glycated apolipoprotein B did not differ between
patients with or without any microvascular complication, nephropathy,
retinopathy, neuropathy only, In patients with abuormal vibration threshold
HbA1c was significantly increased compared to those with no abnormal test
(8.64% (0.18) vs. 8.00% (0.14)). Metabolic control did not differ between
patients with or without abnornnal sensibility testing .

Most serum lipid concentrations were not related with the presence of any
microvascular complication, retinopathy, nephropathy or neuropathy only. In
patients with macro-albuminuria or using ACE-~inhibitors triglycerides were
increased compared to micro- and normo-albuminuric patients (1.67 mmol/l
{0.36) vs. 1.14 mmol/! (0.09) and 1.12 mmol/l (0.05), p< 0.05 after adjustment

Table 3. Prevalence of diabetic complications

Men Women Total

any microvascular complications
- no complications 46 (30.1%) 47 (36.7%) 93 {33.1%)
- 1 complication 55 (35.9%) 52 (40.6%) 107 (38.1%)
- 2 complications 33 (21.6%) 22 (17.29%) 55 (19.6%)
- 3 complications 19 {12.4%) 7 {5.5%) 26 (9.2%)
retinopathy
- no retinopathy 103 (67.3%) 85 (66.4%) 188 (66.9%)
- back ground 32 (20.9%) 34 (26.6%) 66 (23.5%)
- pre-/ proliferative 18 (11.8%) 9 (7.0%) 27 {9.6%)
nephropathy
- norme-albuminuria 116 (75.8%) 108 (84.4%) 224 (79.7%)
- micro-albuminuiia 16 (10.5%) 9 {7.0%) 25 (8.9%)
- macro-albuminuria 21 (13.7%; 11 (8.6%) 32 (11.4%)

+ACE- inhibitor
peripheral neuropathy
- 0 abnormal test 62 {40.5%) 73 (57.0%) 135 (48.1%)
- 1 abnormal test 48 (31.4%) 35 (27.4%) 83 (29.5%)
- 2 abnormal tests 43 (28.1%) 20 (15.6%) 63 {22.4%)

Values are number of patients with percentage between parentheses.
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for age, gender and fasting conditions). Lpja] was significantly lower in patients
with any microvascular complication (Table 4). These associations were
essentially the same after further adjustment for duration of diabetes, HbArc,
LDL-phenotype and fasting conditions. LDL-phenotype was not associated
with the presence of retinopathy, neuropathy, nephropathy or any

microvascular complication.

Table 4. Association between degree of metabolic control, lipid concentrations

and absence or presence of complications

Madel 1 Model 2
Any microvascular complications
- HbAlc 033 [-0140790 0 e
- Glycosylated apolipoprotein B 003 [-6.28;021) - -----
- Total serumn cholesterol -0.01 [-0.36; 0.13] -0.05  [-0.3t; 0.21]
- HDL-cholesterol -0.03  [-0.12; 0.06] -0.02  [-0.11; 0.08]
- LDL-cholesterol -0.12  [-0.34; 0.10] -0.10  [-0.33; 0.13]
- Triglycerides 0.08 [-0.09; 0.26] 0.14  [-0.04: 0.32]
- Apolipoprotein A -0,02  [-0.08: 0.04] 0.01  [-0.05; 0.07]
- Apolipoprotein B -0.02  [-0.09; 0.04] -0.02  [-0.08; 0.05]
- Lipoprotein [a) =516 [-99.8; -3.4] -61.5 [-111.7;-11.2}

Values are regression coefficients with 95% confidence intervals between parentheses.

Model | parameters of metabolic control and lipid concentrations adjusted for age and gender .
Model 2 parameters of metabolic control and lipid concentrations adjusted for age gender,
duration of disease and metabolic control.

DISCUSSION

The results of this study in 281 IDDM patients show that the presence of any
microvascular complication was not associated to metabolic control, LDL-
phenotype nor to most of the serum lipids. Triglyceride concentrations were

increased in patients with nephropathy.
The laboratory assays used in our study are according to international standards

and applied to an unselected group of diabetic patients and control subjects.
Although most blood samples were obtained in the non-fasting state, adjusting
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for the fasting condition or limiting the analysis to subjects with a fasting blood
sample revealed the same associations.
The prevalence of microvascular complications in this Dutch IDDM population

$1% as are most of the risk

is in general comparable to ather population studics
factors for these complications. Our patients were on average older and had a
longer duration of diabetes compared to the patients, that participated in the
studies previously mentioned. Therefore differences in methodological
procedures are the most abvious explanation for the slightly lower prevalances
of nephropathy and retinopathy in these studie compared to our results.

Most of our results regarding serum lipid concentrations are in agreement with
results of other studies as summarised by Brunzell and Lopes ™. Although the
lipid profile of the patients participating in our study was measured on a yeardy
basis, sixteen (5.6%) patients had increased scrum lipids concentrations (no lipid
lowering medication and total cholesterol concentration above 6.5 mmol/l, or
triglycerides above 2.2 mmol/l) under fasting conditions, In twenty three (7%)
patients the serum lipids were increased under nonfasting conditions and had to
be measured again. In addition, ten patients (3.5%) were classified as having
LDE~-phenotype B, although their lipid concentrations were with the normal
ranges. Given its role in the devclopment of macrovascular complications
regular assessment of lipid profile s important in the care of IDDM patients.

The absence of an association between metabolic control and diabetes
complications in our transversal study, is in agreement with baseline data of the
DCCT?, which reported glycosylated haemoglobin levels of 8.8% for the
primairy intervention group (no complications) and 9.0% for the secondairy
intervention group. A possible explanation for the absence of this association
could be that a single measurement of HbAIc is an imprecise estimate of an
individual usual glycaemic control, given the reported variability of glycated
haemoglobin concentrations ™. An other explanation could be the small range
of HbA1c in this study. Strict metabolic control (HbA1c within normal range)
was achieved in 33 patients (12%). Good metabolic control, defined as an
HbA1c lower than 7.2% (20% above the upper limit of normal) was reached in
8.4 {20%) of the patients. These results are comparable with a recently described
group of IDDM patients in The Netherlands®,

A third reason, and in our opinion the most obvious explanation for the absence
of this association, could be that patients who are aware of their diabetic
complications are more likely to improve their control as a consequence of this
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knowledge. The finding that in patients with an abnormal vibration threshold
HbA ¢ levels were increased support of this theory.

The main interest for lipid profile disturbances in paticats with 1DDM is based
an the associated risk of atherosclerasis. As shown by the results from our study
some serum lipids are associated, independently from metabolic control, with
microvascular complications. These results are in agrcement with the findings

149,20,22

reported by previous studies™ . It should be emphasized however, that the
presented data cannot provide evidence regarding a causal relationship between
the serum lipids and diabetic complications since it was a cross-sectional study.
Therefore, prospective studies, investigating the role of lipids and lipids

lowering in the developinent of microvascular complications would be of value.
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Anti-oxidant status

SUMMARY

Oxidative stress is postulated to be increased in patients with diabetes mellitus.
Serum anti-oxidants play a role in protecting wascular endotheliim against
oxidative injury, and provide a possible defence against diabetic angiopathy, We
studied scrum anti-oxidant concerdrations in 281 patents with nsulin-
dependent diabetes mellitus and 98 control subjects, as well as the association
between anti-oxidants and microvascular complications, Retinol, transferrin
and wric acid concentrations were significantly decreased in diabetes patients
compared to controls (1.83 gmol/] (0.04) vs 2.31 wmol/1 (0.06}); 2.24 g/l {0.02)
vs. 2,50 g/1 (0.04): 0.25 mmol/] (0) vs. 0.31 mmol/1 (v.01), p< 0.05 respectively).
No differences were found for alpha- and gamma-tocopherol, beta-carotene,
ferritin and ceruloplasmin. In diabetes patients uric acid, gamma-tocopherol and
transferrin were significantly associated with glycosylated apolipoprotein B, a
parameter of short term metabolic control (repression coefficients -0.01
mmol/l per percent (0.004), 0.25 mmol/l per percent (0.12) and -0.06 g/1 per
percent (0.02)). HbA1c was only significautly related with alpha-tocopherol and
gamma-tocopherol {regression coefticients 0.8 pmol/l per percent (0.29) and
0.15 umol/l per percent (0.04), respectively). Most anti-oxidants were
significantly associated with lipid concentrations. Patients with nephropathy had
increased levels of retinol, ferritin and uric acid compared to other diabetic
patients (1.75 pmol/l (0.04) vs 2.16 pmol/l (0.14); 83.4 Ng/1 (4.4) vs. 128.0 pg/l
(19.1); 0.24 mmol/l (0.04) vs. 0.28 mmol/l {0.01)). No significant associations
were found for the other anti-oxidants, Retinopathy and neuropathy swere not
associated with any of the anti-oxidants measured. In conclusion, some
relationships between serum anti-oxidants, metabolic control and serum lipids
were found. However, the contrasting findings of decreased anti-oxidants levels
in diabetes patients compared to control subjects and increased levels in diabetes
patients with microvascular complications, suggest that the investigated anti-
oxidants are not involved in the etiology of microvascular complications.

Submitted as: J.H, Assink, R.P, Stolk, D.E. Grobbee, A.F. Casparie, H.G.T. Nijjs, H].G,. Bilo,

Serum anti-oxidants in insulin-dependent diabetes mellitus and diabetic complications
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INTRODUCTION

It has been postulaced that diabetes mellitus is characterised by Increased
oxidative stress. Results from studies in animals and humans have suggested
that oxidative cell injury caused by free radicals contributes to the development
of both macroangiopathy"™ and microangiopathy***. Changes in the intracellular
level and activity of anti-oxidant enzymes, like superoxide dismutase or
glutathione peroxidase, are known to occur in diabetes mellitus.*. Extracellular
fluids contain several anti-oxidants that delay or inhibit the oxidative process by
their presence at a lower concentration than the oxidizable substrate”. For this
reason serum anti-oxidants can play a role in protecting vascular endothelium
against oxidative injury, and provide a possible defence against diabetic

angiopathy,

Previous studies™™ on serum anti-oxidants in diabetic patients were limited to
a single category of individual anti-oxidants, Other researchers reported only
on subgroups of diabetes patients, such as children®, or made no distinction
between DM and NIDDM patients. We conducted a study to compare
scrum concentrations of various anti-oxidants between patients with insulin-
dependent diabetes mellitus and subjects without diabetes mellitus. In addition,
the relationship between these serum anti-oxidants and the presence of
microvascular complications was assessed, within the group of diabetic patients.

PATIENTS AND METHODS

Study population

The present study was conducted at the outpatient clinic of the ‘De
Weezenlanden’ hospital in Zwolle, a middle-sized town in the eastern patt of
the Netherlands, From January 1995 to January 1996, 203 consecutive IDDM
patients were invited to participate in the study. IDIDM was defined as the start
of insulin therapy within six months after the first sign of diabetes mellitus and
before the age of 30 years, or the absence of C-peptide secretion. In the same
period 106 consecutive healthy men and women (control group), who were
admitted for minor surgery (e.g. cosmetic surgery, sterilisation or arthroscopy),
were invited to participate in the study. Health in the latter group was defined
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as no current diseases except the indication for surgery (ASA classification
category 1) and not using medication, except oral contraceptives. Twelve
diabetes patients and 8 control subjects refused to participate in the study, so the
presented results are based on the remaining 281 diabetic patients and 98 control
subjects. The study protocol was approved by the hospital medical ethical
committee and all patients gave their informed consent.

Measurements

Patients were examined according to a standardised protocol by one trained
physician. Smoking habits, alcohol use, as well as used medication, including
insulin dose and frequency of injections, were recorded. Body mass index was
caleulated as weight (kg) divided by square of height {m*). Body fat distribution
was assessed by the ratio of waist and hip circumferences. Blood pressure
measurements were performed after five and seven minutes of rest in the supine
position using a precalibrated standard mercury sphygmomanometer. Diastolic
blood pressure was recorded at the disappearance of the Korotkofl sounds
(phase V). The mean of the two measurements was used in the analysis.
Hypertension was defined as systolic blood pressure of 140 mmMg or over
and/or diastolic blood pressure of 9o mmHg or over™. Patients who were

treated with antihypertensive medication were also considered hypertensive.

Blood sampling was performed after 30 minutes rest in supine position. In 122
diabetes patients (79 males, 41 females) blood sanipling was performed under
fasting conditions, before the morning dose of insulin was administered. As
most participating patients lived at some distanice from the hospital, the blood
samples of the other 15y diabetes patients were collected after their usual
morning insulin dose and normal breakfast. Blood sampling in the control

subjects was never under fasting conditions,

Glycosyhted hzemoglobin Aic (HbAic) was measurcd by affinity
chromatography (Pierce columms, Glyco test ) {upper imit of normal 6.0%)",
The routine chinical chemistry assays for total serum cholesterol, HDL-
cholesterol and triglycerides were performed on a Hitachi 717 chemistry
analyzer based on comunercially available techniques (Boehringer Mannheine,
Mannheim, Germany). Total scrum cholesterol was determined by means of the
CHOD-PAP method. HDL-cholesterol was measured after precipitation with
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sodium phosphotungstate-Mg™. Triglycerides were determined using the
GPO-PAP method. LDL-cholesterol was calculated according the formul of
Friedewald”. Glycosylated apolipoprotein B, as percentage of total
apolipoprotein B was determined according to Panteghini”,

Plasma vitamin A (retinol), beta-carotene and vitamin E {alpha-tocophero} and
pamma-tocopherol) were determined simultaneously by means of HPLC in one
analytical run, essentially according to Zaman et al®, with the following
modifications: instead of a programmable UV-VIS detector, a 996 Phote Diode
Array Detector (Waters Associates, Milford, USA) was used, and in the
extraction procedure methanol and hexane instead of ethanol and hexane. To
prevent oxidation of the tocopherels during the extraction procedure, butylated
hydroxytoluene (BHT), pyrogallol, vitamin C and EDTA were added.
Transferrin, ceruloplasmin and uric acid were determined according to routine
procedure immunonephelometrically on an Array immune analyzer (Beckman,
Fullerton, California). Ferritin was routinely analysed with the ferritin Enzymun
test on the ES 6o7 analyzer (Boehringer Mannheim, Mannheim, Germany)

In twenty-four hour urine samples, collected by the diabetes patients the day
before their outpatient wvisit, albumin was measured, using an
immunonephelometric technique on the Array immune analyzer (Beckiman,
Fullerton, California). Urinary albumin excretion rate (UAER} was calculated
and divided into three categories: normo-albuminuria: UAER <30 mg/24h;
micro-albuminuria: 30 mg/agsh < UAER <joo mg/24h and macro-
albuminuria: UAER. 300 mg/24h. Seven patients with normo-albuminuria
and fourteen patients with micro-albuminuria used ACE-inhibitors. The
hospital files showed that in all these 21 patients the indication for this treatment
was albuminuria repeatedly over 1oo mg/24h. Therefore, these patients were
categorised as macro-albuminuric. Serum as well as urine creatinine
concentrations were measured kinetically on the Hitachi 717, as described by
Jaffe®. Creatinine clearance rate was calculated according to the Cockroft

formula®.

In order to assess the degree of diabetic retinopathy the examination included
direct and indirect ophthalmoscopy through dilated pupils by an experienced
ophthalmologist. Retinopathy was graded according to national standards in
three categories: no retinopathy, background retinopathy and pre-proliferative

or proliferative retinopathy™
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Neuropathy was assessed by vibration threshold measurement using a Somedic
vibrameter type 1V and by sensibility-testing using monofilaments according to
Semmes-Weinstein {monofilaments by Gillis W Long, Hansons Disease Centre,
Carreville, USA). The vibradon threshold was determined according to a
standardised procedure at six test sites: the dorsomedial aspect of the first
metatarsal bone, the flat surface just above the medial malleolus and the dorsum
of the metacarpal bone of the index finger for both the left and right side of the
body. Vibration mcasurement was defined as abnormal when one of the
measurements was two standard deviations above the reference value for age
and localization. Sensibility-testing was performed at five regions on both legs
and classified as abnormal when in one of the regions pressure of monofilament
5.07 was not felt”. Peripheral neuropathy was defined as at least onc abnormal
vibration measurement or sensibility test result. Severity of peripheral
neuropathy was graded as the number of abnormal tests.

Data analysis

The chi-square test was used to compare frequencies. Analysis of variance
(ANOVA) was performed to test for differences between groups. In addition,
multiple regression analyses were performed to adjust for possible confounders.
Partial correlation coeflicients were calculated to describe the relations between
anti-oxidants and age, body mass and serum lipids adjusted for potential
confounding factors, notably age and gender. For serum triglyceride and LDL-
cholesterol concentrations additional calculations were performed limiting the
analyses to subjects of whom fasting blood was obtained. After adjustment for
age and gender two-sided P-values < 0.05 were considered to be statistically
significant. All analysis were perforned using SPSS 6.1.3 for Windows.
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RESULTS

IDDM patients versas control subjects

The clinical characteristics of diabetes patients and controls are summarised in
Table 1. Both systolic and diastolic blood pressure were higher in diabetic
patients. Although there was a tendency in the controt subjects for a svorse lipid
spectrom compared to diabetes subjects, only the difference for serum HDL-

Table 1. Chinical characteristics of the study population

DM patients Control group
Number of patients 281 98
Gender {Men) 153 (54.4%) 49 (50.0%)
Age (years) 382 (0.7 382 (1.0
Body mass index (kg/ n1’) 247 (0.2) 25.5 (0.4
Duration of diabetes (years) [7.2  (0.0) n.a.
Systolic blood pressure (unnkHg) 139.1 (1.1) 125.6 (1.0)y***
Diastolic blood pressure (mmbg) 829 (0.5 78.1  (0.7)%**
Current smokers 9 {32.4%6) 40 {40.8%)
Number of cigarettes/ day 12.9 (1.0 13.7 (1.5)
Never alcohol users 109 (38.8%) 33 (33.7%)
HbAlc (%) 827 (0.11) 4.62  (0.06)***
Total cholesterol {mmmol/1) 4.98 (0.06) 5.18 (0.10)
HDL-cholesterol {immol/1) 1.39  (0.02) 129 (0.03)*
LDL-cholesterol {(numol/l) 3.06 (0.05) 3.22 (6.09)
Triglycerides (inmol/1) [.18 (0.06) 1.37 (0.07)

Values are number of patients or means with standard errors between
parentheses. N.a.= not applicable. Differcnce between diabetes patients and
control subjects adjusted for age and gender: *= p< 0.05, »**= p< 0.001
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cholesterol was found to be statistically significant. This difference could not be
attributed to the fact, that the blood sampling of control patients was not
performed under fasting conditions or to a difference for one of the other
clinical characteristics. The anti-oxidant concentrations in the diabetic patients
and the control subjects are shown in Fable 2. Uric acid, retinol and transferrin
were significantly lower in diabetes patients. After further adjustiment for fasting
condition, and creatinine clearance, body mass index, waist hip ratio and serum
lpids or restricting the analyses to patients without hypertension, these

differences remained essentially the same,

Table 2. Aantioxidant-concentrations in IDDM patients and healthy controls

iDDM patients Control group
Uric Acid (mmol/]) 0.25 (O 0.31 {0.0L)x**
Alpha-tocopherol (unol/) 31.34 (0.56) 32.22 (0.87)
Gamma-tocopherol (umoi/]) 2.99 (0.11) 2.85 (0.14)
Beta-carotene {munol/l) 324.8 (16.0) 271.6 (18.1)
Retinol (junol/l) 1.83 (0.04) 2.31 (0.06)***
Ceruloplasmin (g/1) 0.38 (0.01) 0.37 (0.01)
Ferritin (ug/1) 92.7 (45.3) 106.9 (11.0)
Transferrin {g/1) 2.24 (0.02) 2.50 (0.04)x*

Values are nieans with standard errors between parentheses.
Difference between IDDM patients and control group adjusted for age and
gender: **+= p=< 0.001
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Anti-oxidants in IDDM patients.

Beta-carotene, ceruloplasmin and tansferrin concentrations were significantly
higher in women than in men with diabetes (379.4 nmol/l (SE 3o0.1) vs. 278.8
nmol/1 {14.0); 0.46 mmol/l {0.01) vs. 0.31 mmol/l {0.01); and 2.40 g/1 { 0.46)
vs, 2.11 g/l (0.02}, respectively), Uric acid (0.22 munol/! (0.01) vs. 0.27 mmol/l
(0.01)) and ferritin levels (52.4 pg/l (4.4) vs. 126.5 pg/l (8.2)) were lower. Most
anti-oxidants were strongly associated with age and body mass index (Table 3).
No relationship was present between any of the anti-oxidant levels and blood
pressure, daily insulin doses and the number of cigarettes smoked.
Hypertension, smoking and fasting condition were not associated with anti-
oxidant [evels. Diabetes patients drinking alcohol, had increased levels of uric
acid and ceruloplasmin (0.26 mmol/l (0.05) vs. 0.23 mmol/] {0.06); 0.36 g/l
{o.01) vs. 0.42 g/l {0.02), respectively p< 0.05 adjusted for age and gender).
Only retinol was associated with the number of alcohol consumptions
(regression coefficient 0.01 pimol/] per alcohol consamption per week (0.05);
p< 0.03 after adjustment for age and gender). Duration of diabetes showed a
significant inverse relation with transferrin (regression coefficient) -o.006 g/l per
year (0.002)).

Metabolic control, as estimated by HbA1c, was not related to the levels of most
anti-oxidants. However, alpha-tocopherel and gamma-tocopherol showed a
positive association: coeflicients of linear regression 0.85 pmol/l per percent
(0.20) and o0.15 pmol/] per percent (0.04}, respectively p< 0.03 after adjustment
for age and gender). Glycosylated apolipoprotein B was significantly associated
with gamma-tocopherol, uric acid and transferrin {regression coefficients 0.23
pmol/1 per percent (0.12); -0.01 mmol/l per percent {0.004)and -0.06 g/l per
percent {0.02), respectively. Most anti-oxidants were significantly associated
with lipid concentrations (Table 3). These relations remained essentially the
same after further adjustment for body mass ndex, waist hip ratio or fasting
condition or limiting the analyses to subjects of whom fasting blood was
obstained, None of the anti-oxidants was related to lipoprotein [a]

concentrations.

Diabetic complications.

Ninety-three patients (33.1%) had diabetic retinopathy (27 (20.3%) with pre-
proliferative or proliferative retinopathy), §7 patients were categorised as having
nephropathy {32 (56.1%) using an ACE-inhibitor or having macro-albuninuria)
and 146 patients as having diabetic neuropathy (63 (43.2%) of these patients had
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Table 3. Relationship between age, body mass index, lipid and antioxidant-concentrations in patients with insulin-dependent

diabetes mellitus

Age Body- Cholesterol HDL- LDL- Triglycerides
mass index cholesterol cholesterol

Uric Acid 0.08 0,23 0.15* -0.23% 0.15+ 0.31~
Alpha-tocopherol 0.28* 0.14~ 0.48* 0.002* 0.43* 0.55%*
Gamma-tocopherol -0.06 0.27* 0.23* -0.12* 0.23* 0.31*
Beta~carotene 0.23% -0.10 ¢.11 0.19% 0.06 -0.04

Retinol 0.06 0.10 0.32% -0.05 0.22~= 0.31*
Ceruloplasmin -0.16% 0.18* 0.17= 0.07 0.05 0.24%
Ferritin 0.19% 0.23% 0.09 -0.11* 0.08 0.42*
Transferrin ~0.28~ 0.09 0.18* 0.08 0.11 0.05

Vilues are partial correlation coefficients after adjustment for age, gender and fasting condition (age only for gender): *= p=< 0.05
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Table 4. Antioxidant concentrations in IDDM patients by the number of microvascular complications

No complications

Diabetic complications

1 complication

2 complications

3 complications

Any complications

Urie Acid (mmol/])
Alpha-~tocopherol {umol/])
Gamma-tocopherol {umol/])
Beta-carotene (nmol/1}
Retinol (umol/l)
Ceruloplasmin (g/1)

Ferritin (ug/T)

Transferrin {g/1)

0.25 (0.01)#
31.06 (0.81)
2.86 (0.18)
306.8 (19.4)
1.78 (0.05)#
0.38 (0.02)
81.9 (7.7)#

2.31 (0.04)

0.23 (0.01)
31.19 (0.81)
3.09 (0.17)

306.8 (40.8)
1.77 (0.05)*
0.39 (0.01)

88.9 (6.23)*

2.22 (0.04)

0.26 (0.01)2
32.33 (1.74)
3.23 (0.29)

332.3 (45.8)
1.75 (0.09)z
0.38 (0.02)

110.8 (17.7)

2.21 (0.06)

0.30 (0.01)#+%
31.92 (1.83)
2.52 (0.27)
371.3 (62.5)
2.45 (0.27)#+%
0.37 (0.02)
134.1 (22.4)8*

2.11 (0.06)

0.25 (0.01)
31.63 (0.73)
3.06 (0.14)
354.0 (28.0)
1.86 (0.06)
0.38 (0.01)
98.6 (7.0)

2.20 (0.03)

Values are means with standard errors of the mean berween parentheses,
[#] difference between patients without diabetic complications and patients with three complications adjusted for age and gender: p< 0.03
[*] difference between patients with one and three diabetic complication adjusted for age and gender: p< 0.03
[4] difference between patients with two and three diabetic complication adjusted for age and gender: p< 0.03
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two abnormal tests), More than twenty-five percent of the patients had two or
more microvascular complications. Patients with all three microvascular
complications had significant higher concentration of ferritin, retinol and uric
acid compared to those with two or less complications (Table 4). Retinopathy
and neuropathy were not associated with any differences in anti-oxidant
concentrations. Patients with only diabetic nephropathy had increased
concentrations of retinol, ferritin and uzc acid (1.75 pmol/l (p.04) vs 2.16
pmol/1 (0.14); 83.4 ng/l (4.4} vs. 128.0 pg/l (19.1); 0.24 mmol/1 (0.04) vs., 0.28
mmol/l {0.01), p< .05 adjusted for age and gender ). For these three anti-
oxidants a trend was found: showing higher concentrations with increasing
UAER.. These difterences did not change markedly after further adjustiment for
metabolic control and duration of disease. The results were the same when
instead of a classification corrected for ACE-inhibition, patients were classified
only by UAER. Retinol was also associated with creatinine clearance
{regression coefficient -0.02 pmol/] per ml/min {0.002) p< 0.05 after adjustment
for age and gender). The albumin/ creatinine ratio was significantly related with
retinol, ferritin and uric acid {regression coefficients 0.01 pmol/] {0.002); 0.69
png/1 (0.19) 0.001 mmol/1 (0.001), respectively. After further adjustment for body
mass index, waist hip ratioc or creatinine clearance these rclations were

essentially the same.

DISCUSSION

The results of this study show that uric acid, retinol and transferrin
concentrations are decreased in patients with insulin-dependent diabetes
mellitus. Short term metabolic control, as measured by glycosylated
apolipoprotein B¥, was associated with wric acid, gamma-tocopherol and
transferrin levels. HbAtc was only significantly refated with alpha-tocopherol
and gammma-tocopherol. Microvascular complications, notably nephropathy,
were associated with an increase in uric acid, retinol and ferritin levels. Most

anti-oxidants were associated with lipid concentrations.
Blood samples were only obtzined under fasting conditions in a subgroup of the

diabetes population and in none of the control subjects. However, adjustment
for fasting condition, or limiting the analyses to subjects with # fasting blood

48



Chapter 3

sample revealed the same associations, In the present study laboratory assays
used were according to international standards and performed on blood samples
of an unselected group of diabetes patients and healthy subjects, without
knowledge of their clinical characteristics. Therefore, in our opinion selection

bias has not influenced the results of this study.

The lower uric acid levels found in diabetes patients compared to controls, as
its relation with gender, age, metabolic control and lipids are in agreement with
other studies?. Serum uric acid levels have been shown to be largely
determined by genetic factors, purine production and renal function”. Results of,
previous studies on metalion chelating and oxidizing anti-oxidants {ceruloplasmin
ferritin and transferrin) have shown increased™ ™, unchanged”™* and decreased”
levels in IDDDM patients. The conflicting results of these studies might be
explained by the small sample sizes (n<30), and the differences in analytical
procedures. The relationships found for alpha- and gamma-tocopherol, retinol
and beta-carotene are in agreement with other studies™**. Results that contrast
with those found in our study, are mostly from studies, using older analytical
procedures (e.g. measuring only total tocopherol levelsy* .

With respect to microvascular complications and the serum anti-oxidants
examined in owr study, we only found two reports of similar work. One study
reported uric acid as a risk factor for proliferative retinopathy”, in the other
study increased alpha-tocopherol levels were associated with increased urinary
albumin excretion rate but not with diabetic retinopathy™ In the latter study
retinol levels were also found to be increased in patents with macro-

albuminuria, as in our study.

In insulin-dependent diabetes mellitus there is 2 clear relationship between
metabolic control and the development and progression of microvascular
complications?. Although the pathophysiology of these complications is
probably multifactorial, results of in vitro®, animal™, and hwman studies * suggest
that oxidative stress through an increased formation of free radicals might be
involved in the development of complications. Increased generation of reactive
oxygen metabolites such as superoxide anion and hydrogen peroxide has been
shown to occur in diabetes mellitus in association with hyperglycacmia’.
Increased glucose concentration can induce formation of free radicals through
noun-enzymatic glycation of protein substrates”, auto-oxidative glycation®,
activation of protein kinase C* and increased polyol pathway®”. These reactive
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oxygen specics, if not trapped by anti-oxidants, are suggested to disturb
endothelial dependent vasorclaxation, stimulate growth factors, induce the
expression of adhesion molecules, activate the blood coagulation, and
contribute to the formation of advanced glycosylated end-products. All these
mechanisiis have been implicated in the development of microvascular
complications”. Furthermore by modifying molecules, free radicals may form
cytotoxic substances, which can directly induce endothelial damage. In addition
diabetes is known to induce chances in the content and activity of cellular anti-

oxidant enzymes*™,

As they are active at different places, depending on the chemical properties of
the anti-oxidants, changes in concentrations of anti-oxidants should be seen as
local alterations of anti-oxidant defences. Absolute levels of individual anti-
oxidants might not be the only factor that determine anti-oxidant defences.
Activity of these anti-oxidants could be cnhanced or depressed. Furthermore,
most anti-oxidants are regulated by more control mechanisms, in which the
formation of radical active species is in general not the most important, For
example, as stated earlier uric acid levels are mainly determined by purine
production, genetic and renal factors™. In studies by Tsai*and Asayama™ chain
breaking as well as preventive anti-oxidant functions in general were shown to
be decreased in subjects with poorly controlled IDDM, despite normal or even
increased levels of individual anti-oxidants. This supports the view of Jones™
that no conclusions can be drawn from levels of individual serum anti-oxidants

as indicator of oxidative stress.

Our study shows a decrease of some anti-oxidative substances in IDDM
patients. Despite this, the data lend no support to the view, that low levels of
anti-oxidative substances are associated with the presence of diabetic
microvascular complications. In diabetic nephropathy, levels were even
increased and similar to those in non-diabetic subjects, If the anti-oxidants
measured in our study would play an important pathogenetic role, one would
expect the opposite. It is difficult to accept, that low levels of anti-oxidants
initially lead to microvascular damage, and subsequently by some unknown
micchanism, anti-oxidants would rise to counteract further damage. In spite of
the limitations inherent to a cross-sectional study our results suggest that the
anti-oxidants investigated are not relevant in the occurence of microvascular

complications.
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The hypothesis that oxidative stress, induced by hyperglycaemia, causes
endothelial damage and is the final common pathway in the development of
both macroangiopathy and microangiopathy, is not supported by our ¢ross-
sectional study. Prospective studies, to the role of both anti-oxidants and pro-
oxidants (notably free radicals) in endothelial damage, may confirm these

findings.
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Lipid peroxidation: comparison with controls

SUMMARY

Oxidative stress is postulated to be increased in patients with diabetes mellitus.
Becausce in vivo measurement of free radicals is difficult to establish, various
methods have been developed to investigate indirectly whether such oxidative
processes occur in vivo, Two of these methods are the measurement of plasma
malondialdehyde concentration, as a reflection of lipid peroxidation and the
susceptibility of LDL to in vitro oxidation.

We studied these two parameters in 281 patients with insulin-dependent
diabetes miellitus and g8 subjects without diabetes mellitus.

Age, gender, plasma levels of total serum cholesterol, LIDL-cholesterol,
triglyceride and LDE-phenotype did not significantly differ between the two
groups. HDL-cholesterol concentrations were significantly higher in diabetic
patients compared to controls (1.39 mmol/l (0.02) vs. 1.2¢ mmol/l (0.03) mean
(SEM}. With regard to composition of LDIL-cholesterol, the amount of LDL
triglycerides was significantly increased in diabetic patients, while the amount
of cholesterol esters was decreased (7.8 % (0.1) vs. 6.9 % (0.2) and 28.5 % (0.2)
vs. 29.5 (0.4) both p< 0.05). In line with this, the size of LDL-subclass 1
particles was found to be significantly increased in IDDM patients compared to
the control subjects (26.50 nm (0.03) vs. 26.42 nm (0.05)). There was no
difference in the in vitro susceptibility of LDL to oxidation, maximum rate of
oxidation and MDA concentrations between [DDM patients and control
subjects.

Our results do not support the presence of increased oxidative stress in patients
with insulin-dependent diabetes mellitus, as assessed by the susceptibility of
LDL to in vitro oxidation or plasma malondialdehyde concentrations.

Submitted as: J.H. Assink, R.P. Stolk, D.E. Grobbee, A.E. Casparie, FL.G.T. Nijs, }. M.G. Poncen,
L.D> Dikkeschei, H.J.G. Bilo. Lipid peroxidation in insulin-dependent diabetes mellitus: comparison

with healthy controls.
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INTRODUCTION

Oxidative stress is postulated to be increased in patients with diabetes mellitus .
Results from several studies, both in animals and in humans, have suggested that
oxtdative cell injury (in particular to endothelial cells) by free radicals
contributes to  the development of both macroangiopathy™ and
microangiopathy™**. Because in vive measureiment of free radicals is difficult
given their reactivity, short half-life, and very low concentrations’, various
methods have been developed to investigate indirectly whether such oxidative
processes occlir in vivo,

The susceptibility of LIDL to in vitro oxidation has recently been proposed as a
measure of the response of EDL to the in vivo oxidative stress, which is thought
to occur within the matrix of the vessel wall close to the endothelium™. Whereas
the results of the susceptibility of LDL (o oxidation are inconclusive™™,
concentrations of malondialdehyde, a marker of general lipid peroxidation and
oxidative stress, have been found to be increased principally in patients with
non-insulin-dependent diabetes mellitus™'*™,

We compared the susceptibility of LDL for oxidation and malondialdehyde
concentrations between patients with insulin-dependent diabetes melhtus
(IDDM) and subjects without diabetes mellitus.

PATIENTS AND METHODS

Study population

The present study was conducted at the outpatient clinic of the 'De
Weezenlanden' hospital in Zwolle, a middle-sized town in the eastern part of
The Netherlands. From January 1995 to January 1996, 203 consecutive [DDM
patients were invited to participate in the study, IDDM was defined as the start
of insulin therapy within ¢ month after the first sign of diabetes mellitus and
before the age of 30 years, or the absence of C-peptide secretion, In the same
period 106 consecutive healthy men and women (controls), who were admitted
for minor surgery (e.g. cosmetic surgery, sterilization or artheroscopy), were
mvited to participate in the seudy. Health in the latter group was defined as no
current diseases, except the indication for surgery (ASA classification category 1),
and not using medication, except oral contraceptives. Twelve diabetic patients
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and 8 controls subjects refused to participate in the study, so the presented
results are based on the remaining 281 diabetic patients and 98 controls subjects.
The study protocol was approved by the hospital medical ethical committee and

all patients gave informed consent,

Measurements

Patients were examined according to a standardized protocol. Smoking habits,
alcohol use, as well as used medication, were recorded. Body mass index was
calculated as weight (kg) divided by square of height (m%). Blood pressure
measurements were performed after five and seven minutes of rest in the supine
position using a precalibrated standard mercury sphygmomanometer. The mean
of the rwo measurements was used in the anatysis. Hypertension was defined as
systolic blood pressure of 140 mmHg or over and/or diastolic blood pressure of
go mmHg or over”. Patients using antihypertensive medication were also

considered to be hypertensive,

Blood sampling was performed after 30 minutes rest in the supine position. In
122 diabetes patients (79 muales, 43 females) blood sampling was performed
under fasting conditions, before the morning dose of insulin was administered.
As most participating patients lived at some distance from the hospital, the
blood samples of the other 159 diabetes patients were collected after their usual
morning insulin dose and normal breakfast. Blood sampling in control subjects
was never under fasting conditions. The blood samples to be used for LDL-
oxidation and determination of malondialdehyde, were collected in EDTA
Vacutainer tubes, placed on ice immediately and cooled to 4 °C. Plasina,
prepared for the determination of malondialdehyde, was protected against
oxidation by addition of 2 mg/ml reduced glutathione and 1.2 mg/ml butylated
hydroxytoluene (final concentrations) as well as by flushing the empty space of
the tubes with nitrogen. Except for the routine clinical chemistry, all blood
samples stored at -80 C. The entire blood processing procedure was completed

within one hour.

The procedure for preparation and oxidation of LDL was adapted from the
method as described by Esterbauer et al.* with modifications as described
previously™”. Briefly, from each subject 2 ml of frozen plasma was rapidiy
thawed and used for isolation of LDL by uliracentrifugation at 4 °C in the
presence of 10 pM EDTA. To minimize the time between isolation and
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oxidation and to prevent the loss of lipophilic anti-oxidants™, LDL was not
dialysed™*. By omitting dialysis a more stable LDL preparation is obtained,
which can be stored in the dark at 4 °C under nitrogen for several days without
affecting resistance time {lagtime) and maximum rate of oxidation (propagation
rate}’”. This improves the precision of the method, since each LDL preparation
could be oxidized consecutively in triplicate.

The kinetics of LDL-oxidation were followed by continuously monitoring the
change of absorbance at 234 nm. Absorbance curves of LDL-preparations
obtained from six diabetes patients and two control subjects were determined
in parallel. Each LIDL-preparation was oxidized in three consecutive oxidation
runs on the same day; the values shown for resistance time, maximum rate of
oxidation and maximal diene production are means of these three values,

The intra-assay coefficients of variation for resistance time and maximum rate
of oxidation were 2.6% and 3.1%, respectively, upon oxidation of the same
LDL- samples in three consecutive runs on one day. The inter-assay coefficients
were 4.9% and 7.4%  respectively, and were obtained by determining the
oxidation of EDL-samples from the same subjects prepared on different days. In
every oxidation run one reference LDL-sample, prepared from a reference
plasma stored at -80 °C, was used as a control. Oxidation runs with a deviation
higher than 10% from the wvalues of former reference measurements were
omitted.

By using this standardized method, resistance time and maximum rate of
oxidation do not differ between LDL prepared from plasma frozen in liguid
nitrogen and that from freshly collected plasma from the same subject. In
addition, no differences in these parameters were found upon storage of plasma
at -80 °C up to 18 month™**,

The procedure for measuring LDL-particle size was adapted from the method
described by Mc Namara et al.”, with the following modifications. Plasma from
cach subject was rapidly thawed, diluted ten times with a physiological salt
solution and mixed with a solution containing 40% sucrose and ©.1%
bromophenol blue. One microliter of this sample was loaded onto the
applicator of the Pharmacia Phastsystem containing 4-15% non-denaturing
polyacrylamide gradient gels and the appropriate buffer strips (Pharmacia) and
was subjected to electrophoresis for 18 hours at 225 V and 15 °C. After
electrophoresis the gels were silver stained using the Biorad Silver Stain kit.
High molecular weight standards (thyroglobulin (size 17.0 mmn) and ferritin (size
12.2 nm) {Pharmacia)) were used together with a reference serum containing
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alpha 2- macroglobulin (20,0 nm) and LDL-patticles with a size of 26.0 nm.
After staming, the gels were scauned with an LKB Ultmascan 2202 laser
densitometer (Pharmacia). In general, two major LDL-subclasses were observed
and in some cases a third subclass could be identified. The migration distances
of the two major LDL-subclasses were compared with those of the standards
(ferritin, thyroglobulin, alpha 2- macroglobulin) and with the upper band of the
reference LDL. The migration distances of the two major LDL-bands were used
to calculate the LDL-particle sizes. The inter-assay variation for the upper and
lower bands of the reference LDL was 0.1 nm and 0.2 nm, respectively. The
electrophoretic patterns were examined independently by two examiners to
assign  LDL-subclass phenotypes. LD L-subclass patterns were defined as
phenotype A {major subclass >25.5 nnt), phenotype B {major subclass <25.5
nm) or phenotype A/B (intermediate phenotype) according to Austin et al.™ >,
Plasma mualondialdehyde concentrations were determined in plasma lipid
extracts, using 1,3-diethyl-z-thiobarbituric acid, exactly as described by Hoving

et al.®,

Roatine clinical chemistry

The clinical chemistry assays for total serum cholesterol, HDL-cholesterol and
triglycerides were performed on a Hitachi 717 chemistry analyzer based on
commercially available techniques (Boehringer Mannheim, Mannheim,
Germany). Total serum cholesterol was determined by means of the CHOD-
PAP method. HDL-cholesterol was measured after precipitation with sodium
phosphotungstate-Mg*. Triglycerides were determined using the GPO-PAP
method. LDL-cholesterol concentrations were calculated according the formula
of Fricdewald*”. Phospholipid concentrations in LDL were determined using a
commercially available colour reagent (Wako Chemicals, Neuss, Germany).
One hundred microliter of LDL-sample (0.25 mg protein/ml) and 750 pl colour
reagent were mixed for 1o minutes at 37 °C and the concentration was
measured at a wavelength of soo nm. The protein content of LDL-preparations
was measured according to Lowry et, al®,

HbA1c was measured by affinity chromatography (Pierce columms, Glyco test
1) {upper limit of normal 6.0%)”. Serum creatinine concentration were
measured kinetically on the Hitachi 717, as described by Jafté*. Creatinine
clearance was calculated according to the Cockeroft formula®.

Data analysis
The chi-square test was used to compare frequencies. Analysis of variance
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{(ANOVA} was performed to test for differences between groups. In addition
multiple linear regression analyses were performed to adjust for possible
confounders. Two-sided P-values < 0.05 were considered to be statistically
significant. All analyses were performed using SPSS 6.1.3 for Windows.

RESULTS

The clinical characteristics of diabetic patients and control subjects are
sunmumarized in Table 1. Although there was a tendency in control subjects for
a less beneficial ipid profile compared to diabetic subjects, only the difference
of serum HDL-cholesterol was found to be statistically significant. This
difference could not be attributed to the fact, that the blood sampling of control
paticnts was not performed under fasting conditions or to a difference for one
of the other clinical characteristics, LDE-phenotype did not differ between
diabetic patients and control subjects.

With regard to composition of LDL-cholesterol, the triglyceride fraction of
LDL was significantly increased in diabetic patients compared to control
patients, while the cholesterol ester fraction was found to be decreased.
Malondialdehyde concentrations and the susceptibility of LDL for oxidation,
did not differ significantly between diabetic patients and control subjects. These
results were essentially the same when diabetic patients, of whom fasting blood
was obtained, were compared with control subjects or when patients with
hypertension were removed from the analysis, In addition, blood sampling
conditions {fasting versus non-fasting), the use of lipid lowering drugs and anti-
oxidant suppletion or the presence of hypertension in IDIDM patient were not
associated with any difference in malondialdehyde concentrations or the
susceptibility of LDL to oxidation.

DISCUSSION

The results of this study showed no difference in the vitro susceptibility of LDL
between IDDM patients and control subjects, There was also no difference in
maximum rate of oxidation, oxidation maximum and MDA concentrations.
Although all blood samples of the control subjects were obtained in the non-
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Table 1. Clinical characteristics of the study population

IDDM patients Control group

Number of patients
Age (years)
Men (%46)

Body mass index(kp/m?
Duration of diabetes (years)

Systolic blood pressure (nunHg)
Diastolic blood pressure (mmHg)

Current smokers
Number of cigarettes/ day

Never aleohol users
Creatinine clearance {ml/min)
HbAle (%)

Total cholesterol (mmol/1)
HDL-cholesterol (inmol/T)
LDL-cholesterol (inmol/1)
Triglycerides (mmol/1)

LDL-phenotype
- type A

- type B

- type A/B

LDL-particle size
- LDL subclass 1 {nmy)
- LDL subclass 2 ()

281
382 (0.7)
153 (54.4%)

247 (0.2)
17.2 {0.6)

139.1 (1.1)
82.9 (0.5)

91 (32.4%)
129 (1.0)

109 (38.8%)
107.0 (1.6)
8.27 (0.11)

498 (0.06)

139 (0.02)
3.06 (0.05)
1,18 (0.06)

214 (76.2%)
56 (19.9%)
1L (3.9%)

26.59 (0.03)
24.35 0.03)

98
382 (1.0)
49 (50.0%)

25.5 {0.4)

n.x.

125.6 (1.0)s
781 (0.7)rxx

40 (40.8%)
3.7 (L5)

33 (33.7%)
111.3 (2.6)
462 {0.06)y++
518 (0.10)
129 (0.03)+

3.22 (0.09)
1.37 {0.07)

8l (82.7%)
15 (15.3%)
2 (2.0%)

26.42 (0.05)%+
24.33 (0.02)

Values are number of patients or means with percentage or standard errors between

parentheses. n.a.= not applicable,

Difference between IDDM patients and control subjects, after adjustment for age and
gender: * = p< 0,03, **= p< 0.01, ***= p< 0.001
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fasting state and in diabetic patients under fasting conditions as well as in the
non-fasting state, limiting the analysis to subjects with a non-fasting blood
sample revealed the same associations. In addition, blood sampling condition in
IDDM patients was not associated with any difference in malondialdehyde
concentrations or susceptibility of LDL to oxidation.

In our study the assays used, are according to international standards and applied
to an unselected group of diabetic patients and control subjects, Although all
control patients, were classified as ASA classification category 1, indicating no
current diseases except the indication for minor surgery and not using any
medication, we were surprised to find a less favourable lipid profile in control
patients. This difference was not associated with fasting conditions or the use of
lipid lowering medication in five of the IDDM patients. A possible explication
for this result might be the difference in diet between IDDM patients and the

normal population.

Table 2. Parameters of lipid peroxidation and LDL composition

IDIM patients Control group

Malondialdehyde ({tmol/1) .52 (0.02) 1.52  (0.02)

LDL oxidation resistance

- resistance tine {min) 97.8 (0.0) 96.1 (0.8)

- maximumn rate of oxidation {mnol/mg/min) 10,6 (0.1) 16.5 (0.0)

- max diene production (nmol/mg) 451.1 (2.3) 446.5 (3.9)
LIDL composition {percentage)

- cholesterol ester 285 (0.2) 29.5 (0.4)*

- free cholesterol 9.7 0.1 9.7 (0.2)

- phospholipid 25.0 (0.2) 25.0 (0.3)

- protein 29.1 {0.2} 29.6 (0.3)

- triglyceride 7.8 (0.1 6.9  (0.2)rx

Values are number of patients or means with percentage or standard crrors between

parentheses.
Difference between IDDM patients and control subjects, after adjustment for age and

gender: = p< 0,05, = p< 0.001
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The results of our study are in contrast with previously reported results
regarding the susceptibility of LDL to oxidation"”'*"* as well as for

4,18,

nmlondialdehyde concentrations ™", but in agreement with the results of the
more recent studies for both parameters™™#. The ditferences between these
studies might result from the small sample size of most of these studies (n< 60),
or from the fact that in most studies examining LDL-oxidation, NIDDM
patients or a mixture of IDDM and NIDDM patients were compared with
healthy controls™ ™7 The decrease in oxidation resistance in these studies may
therefore be based on the well-known diminished resistance to oxidation of
small LDL-particles, which are commonly found in NIDDM patients®, In our
study no difterence in LDL-phenotype was found between IDDM patients and
control subjects, while the size of LIDL-subelass 1 was smaller in controls.

An other explanation might be methodological differences of the oxidation
procedure™"**, Babiy" and his coworkers used gainma ray radiation in stead of
copper to oxidize LDL, while in a study perfornted by Gugliucei both LDL
and VLDL were oxidized in vitro. Given the absence of a correlation between
the susceptibility of LDL and HbA1c level™", a difference in metabolic control

seems to be of minor importance.

The susceptibility of LDL to in vitro oxidation is influenced by its anti-oxidant
content’™ ¥ and its lipid and fatty acid composition”™**+, Although we did
not measure anti-oxidant concentrations in LDL, we found a small but
significant difference in LDL-lipidcomposition, between the control subjects
and IDDM patients, which was also reflected in LDL-size. These differences,
however, did not result in a significant difference in resistance time or

maximum rate of exidation.

Given our findings, one could reject the hypothesis that oxidative stress is
increased in patients with insulin-dependent diabetes mellitus, but as reviewed
by Giugliano®, there arc many other findings strongly supporting this
hypothests. In diabetes, the formation of free radicals may be enhanced by
increased glucose concentration through non-enzymatic glycation of protein
substrates®, auto-oxidation of glucose”, activation of protein kinase C* and
increased activity of the polyol pathway®. In addition, diabetes is known to
induce changes in the content and activity of cellular anti-oxidant enzymes®™.
Therefore it is more likely that the assays used in this studie do not reflect
oxidative stress in IDDM patients, properly. In intervention studies with high
doses of vitamine E (25 mg/day) or with fish oil (5 g/day ) in non-diabetic
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subjects the susceptibility of LIDL to oxidation, assesed by the same methods as
in our study was significantly decreased™, However, for observational studies

like ours, this method may not be sensitive enough.

In conclusion, the hypothesis that oxidative stress is increased in patients with
IDDM and might be the common pathway in the development of
microvascular complications, s not supported by the results of our cross-
sectional study, using malondialdehyde and the susceptibility of LDL to in vitro
oxidation as parameters of oxidative stress.
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SUMMARY

In insulin-dependent diabetes mellitus there is a clear relationship between
metabolic control (HbAi1c levels) and the development and progression of
microvascular complications.  Although the pathophysiology of these
complications is probably multifactorial, oxidative stress through increased tissue
damage by formation of free radicals, might be involved in the development of
diabetes complications. We studied the role of oxidative stress in the
development of these complications by assessing the susceptibility of LDL for
oxidation and serum malondialdehyde concentrations, in a group of 281
patients with insulin-dependent diabetes mellitus.

Fifty-seven patients (20.2%) were catcgorized as having nephropathy, 146
patients (52,0%) as having diabetic neuropathy and 93 patients (33.1%) as having
diabetic retinopathy. More than twenty-five percent of the diabetes patients had
two or more microvascular complications. No significant difference in
malondialdehyde or oxidation resistance was found between patients with or
without microvascular complications, nor by the number of microvascular
complications. In addition, nephropathy, retinopathy and neuropathy were not
associated with any difference in malondialdehyde level or the susceptibility of
LDL oxidation.

Metabolic control, as assessed by HbArc was not related to malondialdehyde
concentrations or to the oxidation resistance of LDL. In contrast glycosylated
apolipoprotein B was significantly associated with lagtime (regression coefficient
1.85 min per percent (0.59)), but not with malondialdehyde concentrations.
The resules of this cross-sectional study do not support a role of oxidative stress
in the presence of microvascular complications in patients with insulin-
dependent diabetes mellitus, at least not when assessed by the susceptibility of
LDL to in vitro oxidation or malondialdehyde concentration. In addition, we
could not confirm a direct association between these parameters of lipid
peroxidation and FbA1c.

Submitted as: LH. Assink, R.P. Stolk, DLE. Grobbee, AF. Casparie, H.G.T. Nijs, H.M.G Princen,
CJ.A, Doelman, H].G. Bile. Lipid peroxidation and micravascular complications in insulin-

dependent diabetes mellitus .
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INTRODUCTION

In insulin-dependent diabetes mellitus (IDDM), there is a definite relationship
between the level of metabolic control (HbA1c levels) and the development
and progression of diabetic microvascular complications’. The mechanisms by
which this lack of glycaemic control predisposes to the development of diabetic
complications are incompletely understood, Despite intensive treatment and
strict metabolic control, a number of patients still develops microvascular
complications'™,

A recently proposed mechanisn, which might be responsible for microvascular
complications, is based on tissue damage induced by free radicals. This damage
could occur in casc of a disturbed balance between the formation of free radicals
and the anti-oxidants defence systems acting against it (oxidative stress). Since
oxidative stress is not exclusively related with hyperglycaemia®, but is also
influenced by other factors like dietary factors (the intake of anti-oxidants) or
hereditary factors (regulation of enzymatic anti-oxidants) it may account for the
development of microvascular complications under strict metabolic control,
The susceptibility of LDL to in vitro oxidation has recently been proposed as a
parameter of the response of LDL to in vivo oxidative stress, which is thought
to occur within the matrix of the vessel wall, close to the endotheliuny,
Whereas the results of the association between diabetes mellitus and in vitro
susceptibility of LDL to oxidation are inconclisive™, concentrations of
mialondialdehyde, a marker of general lipid peroxidation, have been found to be
increased in diabetic patients’, We studied the relationships between the
susceptibility of LIDL for oxidation, malondialdehyde concentrations, and
metabolic control as well as the prevalence of microvascular complications in
IDDM patients.

PATIENTS AND METHODS

Study population

The present study was conducted at the outpatient clinic of the De
Weezenlanden' hospirtal in Zwolle, 2 middle-sized town in the ecastern part of
The Netherlands, From Januvary 1995 to January 1996, 293 consecutive IDDM
patients were invited to participate in the study. TDIDM was defined as the start
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of insulin therapy before the age of 30 years within 6 months after diagnosing
diabetes mellitus, or the absence of C-peptide secretion. Twelve patients refused
to participate in the study, so the presented results are based on the remaining
281 patients. The study protocol was approved by the hospital medical ethical
committee and all patients gave their informed consent.

Measurements

Patients were examined according to a standardized protocol by one trained
physician. Smoking habits, and used medication, including frequency of
injections were recorded. Blood pressure measurements were performed after
five and seven minutes of rest in the supine position using a precalibrated
standard merctry sphygmomanometer. The mean of the two measurements
was used in the analysis. Hypertension was defined as systolic blood pressure of
140 mmHg or over and/or diastolic blood pressure of 9o nunHg or over’.
Patients who were treated with antihypertensive medication were also

considered hypertensive.

Blood sampling was performed after 30 minutes rest in the supine position. In
122 diabetes patients (79 males, 43 females) blood sampling was performed
under fasting conditions, before the morning dosc of insulin was administered,
As most participating patients lived at some distance from the hospital, the
blood samples of the other 159 diabetes patients were collected afer their usnal
morning insulin dose and normal breakfast. The blood samples to be used for
LDL-~oxidation and detenmination of nmlondialdehyde, were collected in
EDTA Vacutainer tubes, placed on ice immediately and cooled to 4°C. Plasma,
prepared for the determination of malondialdehyde, was protected against
oxidation by addition of 2 mg/ml reduced glutathione and 1.2 mg/ml butylated
hydroxytoluene (final concentrations) as well as by flushing the empty space of
the tubes with nitrogen. Except for the routine clinical chemistry, all blood
samples were stored at -8o °C. The entire blood processing procedure was

completed within one hour,

The procedure for preparation and lipid peroxidation of LDL was adapted from
the method as described by Esterbauer et al.” with modifications as described
previously™", Briefly, from each subject 2 ml of frozen plasma was rapidly
thawed and used for isolation of LDL by ultracentrifugation at 4 °C in the
presence of o pM EDTA. To minimize the time between isolation and
oxidation and to prevent the loss of lipophilic anti-oxidants”, LDL was not
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dialysed™"™**. By omitting dialysis a more stable LDL-preparation is obtained,
which can be stored in the dark at 4 ®C under nitrogen for several days without
affecting resistance time (fagtime) and maximum rate of oxidation (propagation
rate). This improves the precision of the method, since each LDL—plepamnon
could be oxidized consecutively in triplicate.

The kinetics of LDL-oxidation was followed by continuously monitoring the
change of absorbance at 234 nm'". Absorbance curves of LDL-preparations
obtained from six diabetes patients were determined in parallel. Each LDL-
preparation was oxidized in three consecutive oxidation runs on the same day;
the values shown for resistance time, maximun rate of oxidation and maximal
diene production are means of these three values.

The intra-assay coefficients of variation for resistance time and maximum rate
of oxidation were 2.6% and 3.1%, respectively, upon oxidation of the same
LDL-samples in three consecutive runs on one day. 'The inter-assay coefficients
were 4.0% and 7.4%  respectively, and were obtained by determining the
oxidation of LDL-samples from the same subjects prepared on different days, In
every oxidation run one reference LDL-sample, prepared from a reference
plasma stored at -8o °C, was used as a control. Oxidation runs with a deviation
higher than 10% from the values of former reference measurements were
omitted.

By using this highly standardized method, resistance time and maximum rate of
oxidation do not differ between LDL prepared from plasma frozen in liquid
nitrogen and that from freshly collected plasma from the same subject. In
addition, no differences in these parameters were found upon storage of plasma

1L, 12,15

at -80 °C up to 18 month

The procedure for measuring LDL~particle sizc was adapted from the method
described by Mc Namara et al.*, with the following maodifications, Plasma from
each subject was rapidly thawed, diluted ten times with a physiological salt
solution and mixed with a solution containing 40% sucrose and 0.1%
bromophenol blue, One microliter of this sample was loaded onto the
applicator of the Pharmacia Phastsystem containing 4-15% nondenaturing
polyacrylamide gradient gels and the appropriate bufter strips (Phannacia) and
was subjected to clectrophoresis for 18 hows at 225 V and 15 °C. After
electrophoresis the gels were silver stained using the Biorad Silver Stain kit
High molecular weight standards {(thyroglobulin {size 17.0 nm) and fexritin (size
12.2 nm) (Pharmacia)} were used together with a reference serum containing
alpha 2- macroglobulin (20.0 nm) and LDL-particles with a size of 26.0 nm.
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After staining, the gels were scanned with an LKB Ultrascan 2202 laser
densitomteter (Pharmacia). In general two major LDL-subclasses were observed
and in sotne cases a third subclass could be identificd. The nugration distances
of the two major LDL-subclasscs were compared with those of the standards
(ferritin, thyroglobulin, alpha 2- macroglobulin) and with the upper band of the
reference LDL. The migration distances of the two major LDL-bands were used
to calculate the LDL-particle sizes, The inter-assay variation for the upper and
lower bands of the reference LDL was 0.1 nm and 0.2 nm, respectively. The
electrophoretic patterns were examined independently by twvo examiners to
assign LDL-subclass phenotypes. There was never a disagreenient between the
two examiners assigning LDE-subclasses. LDL-subclass patterns were defined as
phenotype A (major subclass >25.5 nm), phenotype B {(najor subclass <25.5
nm) or phenotype A/B (intermediate phenotype) according (o Austin et al.’™ ",
Plasma malondialdehyde concentrations were determined in plasma lipid
extracts, using 1,3-diethyl-2-thiobarbituric acid, exactly as described by Hoving

et al',

Routine clinical chemistry

The clinical chemistry assays for total serum cholesterol, HDL-cholesterol and
triglycerides were performed on a Hitachi 717 chemistry analyzer based on
commercially available techniques (Bochringer Mannheim, Mannheim,
Germany). Total serum cholesterol was determined by means of the CHOD-
PAP method. HDL-cholesterol was measured after precipitation with sodinm
phosphotungstate-Mg**. Triglycerides were determined using the GPO-PAP
method. All obtained from Boehringer Mannheim, LIDL-cholesterol
concentrations were calculated according the fornmla of Friedewald®.
Phospholipid concentrations in LDL were determined using a commercially
available colour reagent (Wako Chemicals, Neuss, Germany). One hundred
microliter of LDL-sample (0.2 mg protein/ml) and 750 ul colour reagent were
mixed for 1o minutes at 37 °C and the concentration was measured at 0o nm
wavelength., The protein content of LDL-preparations was measured according
to Lowry”, Apolipoprotein A-I, apolipoprotein B and lipoproteinfa] were
determined by commercially available immunochemistry techniques on the
Beckman Array Analyzer (Becknian, Fullerton, California).

Metabolic control was assessed by measuring glycosylated hacmoglobin Aic
(HbAzc) and glycosylated apolipoprotein B. HbAIc was measured by aflinity
chromatography (Pierce columns, Glyco test II) {(upper limit of normal 6.0%) ™.,
Glycosylated apolipoprotein B {as percentage of total apolipoprotein B) was
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determined, according to Pantheghini®,

Plasma vitamin A (retinol), beta-carotene and vitamin E (alpha-tocopherol and
gantna-tocopherol) were determined according to Zaman et al.”, with the
following modifications: instead of a programmable UV-VIS detector, a 996
Photo Diode Array Detector {Waters Associates, Milford, USA) was used, and
in the extraction procedure methano! and hexane were used instead of ethanol
and hexane. To prevent oxidation of the tocopherols during the extraction
procedure, butylated hydroxytoluene (BHT), pyrogallol, vitamin C and EDTA
were added. Transferrin, uric acid and ceruloplasmin were determined
according to routine procedure immunonephelometrically on an  Array
immune analyzer (Beckman, Fullerton, California). Ferritin was routinely
analysed with the ferritin Enzymun test on the ES 607 analyzer (Bochringer

Mannheim, Mannheim, Germanyy).

In twenty-four hour urine samples, collected by the patients the day before their
outpatient visit, albumin was measured, using an immunoncphelometric
technique on the Array immune analyzer (Beckman, Fullerton, Catifornia).
Urinary albumin excretion rate (UAER) was calculated and divided into three
categories: normo-albuminuria: UAER <3jo mg/24h; micro-albuminuria: 30
mg< UAER. <300 mg/24h; macro-albuminuria: UAER. >300 mg/24h. Seven
paticats with normo-albuminuria and fourteen patients with micro-albuminuria
used ACE-~inhibitors, The hospital files showed that in all patients the indication
for this treatment was repeatedly proven albuminuria of over 100 mg/24h.
Therefore, these patients were categorized as macro-albuminuric, Serum as well
as urine creatinine concentrations were measured kinetically on the Hitachi
77, as described by Jaffé . Creatinine clearance rate was calculated according

25

to the Cockroft formula®.

In order to assess the degree of diabetic retinopathy the examination included
direct and indirect ophthalimoscopy through dilated pupils by an experienced
ophthalinologist. Retinopathy was graded according to national standards in
three categories: no retinopathy, background retinopathy and pre-/ proliferative
retinopathy®.

Neuropathy was assessed by vibration threshold measurement using a2 Somedic
vibrameter type IV and by sensibility-testing using monofilaments according to
Semmes-Weinstein (monofilaments by Giilis W Long, Hansons Disease Centre,
Carreville, USA). The vibration threshold was determined according to a
standardized procedure at six test sites: the dorsomedial aspect of the first

79



Lipid peroxidation and microvascular complications

Table 1. Clinical characteristics of the study population

Total group

Number of patients 281

Age (years) 382 (12.4)
Duration of diabetes {years) 172 (10.7)
Systolic blood pressure (mmHg) 139.1 (18.4)
Diastolic blood pressure (mmHg) : 829 (8.3}
Hypertension 110 (39.1%)
Current smokers 91 (32.4%)
Number of cigarettes/ day 129 (9.0)
Frequency of insulin injections

- 2 or 3 times a day 34 (12.1%)
- 4 times a day 175 (62.3%)
- CSl1/ CIPI 72 (25.6%)
Creatinine clearance (inl/min) 107.0 (27.1)
HbAlc(%) 8.27 (1.90}
Glycosylated apolipoprotein B (%) 3.07 (0.91)
Total cholesterel (mmol/l) 4.98 (1.01)
HDL-cholesterol {mmol/]) 1.39 (0.37)
LDL-cholesterol (tmmol/1) 3.06 (0.86)
Triglycerides (immol/1) 1.18 (0.99)
Apolipoprotein A (mg/1) 1.38 (0.25)
Apolipoprotein B (mg/1) 0.89 (0.24)
Lipoprotein [a] (mg/1) 125.6 (179.4)
Uric Acid (mmol/1) 0.25 (0.06)
Alpha-tocopherol (junol/l) 31.34 (9.37)
Gamma-tocopherol] (unol/1) 2.99 (1.80)
Beta- carotene {nmol/l) 324.8 266.9)
Retinol (pmol/) £.83 (0.69)
Ceruloplasmin (g/1) 0.38 (0.14)
Ferritin (ug/1) 92,7 (89.5)
Transferrin {g/1) 224 (0.40)

CSIT= continuous subcutancous insulin infusion. CIPII= continuous intra-peritoneal
insulin infision. Values are number of patients or means with percentage or standard
deviations between parentheses.
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metatarsal bone, the flat surface just above the medial malleolus and the dorsum
of the metacarpal bone of the index finger for both the left and right side of the
body. Vibration measurement was defined as abnormal when one of the
measurements was two standard deviations above the reference ;_vaiue for age
and localization. Sensibility-testing was performed at five regioﬁs on both legs
and classified as abnormat when in one of the region pressure of monofilament
5.67 was not felt”, Peripheral nenropathy was defined as at least one abnormal
vibration measurement or sensibility test-result, Severity of peripheral

neuropathy was graded as the number of abnormal tests.
Data analysis

Table 2. Parameters of lipid peroxidation, LDL-phenotypes and LDL-particle
size, specified by gender

Men Women Total group
Malondialdehyde (pmol/1) 1.54 (0.32) 1.50  (0.27) 1.52 {0.30)
LDL particle size
-LDL 1 (nm) 26.6 (0.5) 26.6  (0.5) 26.6 (0.5}
-1LDL 2 {nm) 244 (0.5) 243 (0.4) 24.4 (0.5)
LDL-phenotype
- type A 121 (79.1%) 93 (72.7%) 214 (76.2%)
- type A/B (intermediate) 25 (16.3%) 31 (24.2%) 56 (19.9%)
- type B 7 (4.6%) 4 (3.1%) 11 {3.9%)
LDL-composition (percentage)
-~ cholesterol ester 29.2 (3.6) 277 (3dp+x 285 (3.6)
- free cholesterol 9.6 (2.1) 9.8  (2.3) 9.7  (2.2)
- phospholipids 246 (3.0) 25.4  (2.3)* 25.0 (2.8)
- protein 29.3 (2.5) 289 @7 29.1 (2.6
- triglycerides 74 (1.9 82 (@Ix= 78 (2.0)
LIDL-oxidation resistance
- lag time (min) 97.1 (8.6) 98.7 (9.3) 97.8 (9.0
- propagation rate (nmol/mg/min} 10,6 (1.3) 105 (L.3) 10,6 (1.3

- max diene production (nmol/mg) 449.9 (38.0) 452.4 {35.0) 451.1 (38.4)

Values arc ninnber of patients or means with percentage or standard deviations
between parentheses, Difference between men and women:
* = p= 0.0§, ***= p< 0,001
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Table 3. Parameters of lipid peroxidation; the association with serum lipids

and LDL-composition.

Serum lipids

- Total chelesterol
- HDL-cholesterol
- LPDL-cholesterol
- Triglycerides

- Apolipoprotein A
- Apoclipoprotein B
- Lipoprotein [a]

LDI-composition
- cholesterol

- free cholesterel
- phospholipids

- protein

- triglycerides

LDL-oxidation

MDA Lag time  Propagation rate Maximal diene
0.31* -0.10 0.04 0.02
0.16% 0.07 0.11 0.21+
0.14% -0.06 0.05 0.05
0.40% -0.16% -0.12* -0.25*
.28+ 0.01 0.01 0.06
0.15+ -0.09 0 -0.07
0.02 -0.08 -0.03 -0.02
-0.01 0.02 0.15* 0.21+
-0.05 0.11 0.05 0.06
-0.01 -0.06 0.08 0.15*
-0.02 ~0.18% -0.17x -0.37*
0.12 0.16* -(.20+ -0.16*

MDA= Malondialdehyde concentration. Values are partial correlation cocfficients after
adjustinent for age, fasting conditions and gender. *= p< 0.05

Table 4. Parameters of lipid peroxidation: the association with anti-oxidants

Anti-oxidants

Uric Acid
Alpha-tocopherol
Ganmuna-tocopherol
Beta-carotene
Retinol
Ceruloplasmin
Ferritin

Transferrin

LI>L-oxidation

MIDA Lag time Propagation rate  Maximal diene
o -0.13* -0.18* -0.22*
(.13 0.11* 0.21* 0.32%

-0.01 0.06 0 0.08
0.1a* -0.02 0.05 0.10
0.12+ -0.11% ~0.14* -0.16%

-0.004 -0.05 -0.08 -0.23*
0.04 -0.15% -0.02 -0.03
0.11 -0.07 -0.01 -0.11

MDA= Malondialdehyde concentration.
adjustment for age, gender and triglyceride concentrations, *= p< (.05

82

Values are partial correlation cocthicients after



£g

Table 3. Association between parameters of lipid peroxidation and diabetes complications

Neuropathy Nephropathy R.etinopathy Any microvascular complication

absent present absent present absent present absent present
Malondialdehyde (mmol/]) 1.51 (0.03) 1.54 (0.03) 1.52 (0.02) 1.54 (0.05) 1.53 (0.02) 1.51 (0.03) 1.51 (0.03)  1.53 (0.02)
LDL-oxidation
lag time (min) 97.8 (0.7) 97.5(0.8) 98.0 (0.6) 97.1 (1.3) 98.6 (0.6) 956.3 (1.0 977 (0.9 97.7 (0.7)
propagation rate (mmol/mg/min) 10.8 (0.1) 10.4 (0.1} 10,6 (0.1 10.4 (0.2) 10.6 (0.1)  10.5 (0.1) 10.8 (0.1) 105 (0.1)
maxirmal dicne (nmol/ml/mg)  454.5 (3.6) 448.7 (3.0} 453.6 (2.5) $41.6 5.7)* 4518 (2.9) 449.6 (4.1) 454.4 (4.3) 4501 (2.8)
LDL-composition {percentage)
- cholesterol 28.3 (0.3) 28.7{0.3) 284 (0.2) 289 (0.5 284 (0.3)  28.61(0.3) 282 (0.3) 287 (0.3
- free cholestero] 98(0.2) 95(02 9.7 (0.1) 9.6 (0.3) 2.8 (02 96002 10.0 0.2y 9.5 (0.2)
- phospholipids 253002 246 (0.2) 251 (0.2) 244 (0.5) 25.0(0.2y  24.9(0.3) 254 02) 24702+
- protein 289 ( 2) 29302 29.00.2) 293 (0.4) 29.1 (0.2) 291 (0.3) 289 (0.2) 2920
- triglycerides 7702  7.8(0.2) 7.8 {0.1) 3 (0.3) 7.7 (0.2 7.8 (0.2 7502 7902

Values are means with standard errors between parentheses. Difference between patients with and without diabetic complication, after adjustment for age and
gender: »= p <0.05
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The chi-square test was used to compare frequencies. Analysis of variance
(ANOVA} was performed to test for differences between groups, In addition
multiple regression analyses were performed to adjust for confounders. Partial
correlation coefficients were calculated to describe the relations between
parameters of lipid per oxidation and serum lipids or anti-oxidants, For serum
triglyceride and LDL-cholesterol concentrations additional calculations were
performed limiting the analyses to subjects of whom fasting blood samples were
obtained. Two-sided P-values £ 0.0§ were considered to be statistically

significant. All analysis were performed using SPSS 6.1.3 for Windows.

RESULTS

The clinical characteristics of the study population are shown in Table 1. Table
2 summarizes the parameters of lipid peroxidation, serum lipid concentrations,
LDL-phenotypes and LDL-composition. Malondialdehyde concentrations were
significantly associated with the susceptibility of LDL for oxidation (regression
coefficients for lag time -0.004 tmol/] per min (SEM o.002} and for propagation
rate -0.02 pmol/l per nmol/mg/min (0.01)). Lag time was associated with
propagation rate (regression coeflicient -1.59 min per nmol/mg/min (0.42}), as
was propagation rate with the maximal dicne production (regression coefficient
0,03 hmoel/mg/min per nmol/mg (0); p< 0,05, both after adjustment for age,
and gender).

No relationship was found between MDA levels or the susceptibilicy of LDL
for oxidation and gender, fasting conditions, blood pressure or hypertension.
Malondialdehyde concentrations were significantly associated with age
(regression cocfficient 0.003 punol/l per year (0.001)). Smoking, duration of
diabetes or frequency of insulin administration were also not associated with the
parameters of lipid peroxidation.

Metabolic control, as assessed by HbA1c was not related to malondialdehyde
concentrations nor to the oxidation resistanice of LDL. Glycosylated
apolipoprotein B was significantly associated with both lag time (regression
coefficient 1,85 min per percent {0.59)) and maximal diene production (5.46
nmol/mg per percent {(2.58), but not with malondialdehyde concentrations.

Malondialdehyde concentrations were significantly associated with most serum
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lipids, but not with LDL-composition (Table 3}. Oxidation resistance was
associated with scrum triglyceride levels, the triglyceride fraction of the LDL-
cholesterol as well as the protein fraction of the LDDL-composition, Both
malondialdehyde concentrations and oxidation resistance were not associated
with particle size nor with LDL-phenotype. Table 4 summarizes the associations
between scrum anti-oxidants and the parameters of lipid peroxidation.
Malondialdehyde was significantly correlated with alpha-tocopherol, beta-
carotene as well as with retinol. Oxidation resistance was significantly correlated
with alpha-tocopherol, retinol, ferritin and uric acid concentrations. These
results were essentially the same after adjustment for body mass index, total
cholesterol, HDL- or LDL- cholesterol or metabolic control.

Ninety-three patients were categorized as having diabetic retinopathy (of them
27 (29.3%) with pre- or proliferative retinopathy), 57 patients as having
nephropathy (32 (56.1%) patients using an ACE inhibitor or having macro-
albuminuria), and 146 patients as having diabetic neuropathy. Sixty three
{13.2%) of these patients had 2 abunormal tests. No significant difference in
malondialdehyde or oxidation resistance was found between patients with or
without microvascular complications nor with the number of microvascular
complications (Table 5). In addition, nephropathy, retinopathy and neuropathy
were not associated with malondialdehyde level or the susceptibility of LDL for
oxidation. No trend was found showing shorter lag time with increasing
severity of nephropathy and neuropathy. These results were essentially the same
after adjustment for serwin anti-oxidants. Renal function as assessed by
creatinine clearance was also not associated with any of the parameters of lipid

peroxidation.

DISCUSSION

The results of this study show that nephropathy, neuropathy, retinopathy, as well
as microvascular complications in general, were not associated with the
susceptibility of LDL for oxidation or malondialdehyde concentrations. There
was also no association with duration of diabetes or HbAic. In contrast,
glycosylated apolipoprotein B, was related to oxidation resistance. Most serum
lipids were weakly correlated with malondialehyde concentrations. LI~
oxidation resistance was weakly correlated with serum triglyceride concentrations
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as well as with the triglyceride and protein fraction of LDL-cholesterol.

The laboratory assays used in our study are according to international standards
and applied to an unselected group of diabetic patients and control subjects,
Although most blood samples were obtained in the non-fasting state, adjusting
for the fasting condition or limiting the analysis to subjects with a fasting blood

sample revealed the same associations.

Most of the results described in this article are in agreement with the results of
other studies performed in diabetic patients, both for mafondialdehyde™ as
well as for susceptibility of LDL oxidation™™, also not shawing an association
between lipid peroxidation parameters and diabetic complications, The
difterent results as reported for malondialdehyde by other studies* ¥ regarding
its relationship with HbA1c or the presence of albuminuria may be related to
the stmall sample size in most of these studies {n<70}, together with the fact that
1 some stuclies a combination of IDDM and NIDDM were compared with
healthy controls. Also methodological differences of the oxidation procedure

might play a role.

As reviewed by Guillano? there are many pathways by which hyperglycaemia
could lead to an increased formation of fice radicals, Proposed mechanisms
include an increased influx of substrates through the polyol pathway, protcin
glycation products” and glucose itself by auto-oxidation™*. The absence of an
association in our study between the used parameters of lipid peroxidation and
HbAtc, is in accordance with the findings of smaller studies™. In contrast,
glycosylated apolipoprotein B, was found to be positively related with exidation
resistance, rather indicating that glycosylation protects LDL from in vitro
oxidation, This finding was also reported in NIDDM patients” and might be
explained by the fact that, free glucose molecules have besides the previously
stated pro-oxidant properties, anti-oxidant properties by acting as a free radical
scavenger®. It thereforc likely that glucose or further glucose-metabolites
covalently bound to the lipoprotein particles might also act as a free radical

sCavenger,

Although the pathophysiology of microvascular commplications is probably
multifactorial; results of in vitro®, animal**, and human studies® suggest that
oxidative stress may be involved in their etiology, However, LDL-oxidation
and malondialdehyde concentrations were not associated with the presence of

microvascular complications.
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Considering the limitations of a cross-sectional study, therapy directed against
the progression of these microvascular complications may be an explanation for
the absence of these relations. For example certain ACE-inhibitors have been
shown to exhibit anti-oxidant properdes. In addition patients with
microvascular complications may be more likely to change their life style to a
more ‘healthier’ way of living, e.g. using vitamin supplements. Although we
can not exclude this effects, we found no difference in lipid peroxidation
parameters comparing the patients with micro- or macro-albuminuria, using
ACE-inhibitors and those without medication. The reported use of anti-
oxidants supplements was found to be equally distributed across the different
subgroups (data not shown). In addition, no difference was found for

neuropathy, a complication most patients are unaware of its presence,

Given our results one could reject the hypothesis, that oxidative stress, induced
by hyperglycaeniia, could be the final common pathway in the development of
microangiopathy. However, as reviewed by Guillano®, other findings strongly
support the role of this mechanism in the development of microvascular as well
as macrovascular complications. Therefore it is more likely that the assays used
in this study are not reliable estimates of oxidative stress in IDDM patients. This
view is supported by the fact that in smokers oxidative stress was also not found
to be increased, while there is strong evidence that smoking is associated with
an increased oxidative modification of biological molecules in vivo.

In conclusion, the hypothesis that oxidative stress is the common pathway by
which hyperglycacmia causes microvascalar complications is not supported by
the results of this cross-sectional study, using malondialdehyde-levels and the
susceptibility of LDL to in vitro oxidation as parameters of oxidative stress. We
could not disclose a direct relationship between metabolic control and oxidative
stress, assessed by malondialdehyde concentration and susceptibility of LDL to
in vitro oxidation. In addition, thesc two parameters appear not to differ

between patients with and without microvascular complications.
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Health statas and metabolic control

SUMMARY

Given the importance of good glycaemic control in the prevention of diabetic
complications, and the enormous interest in heaith status (HS), as one of the
outcomes in studying effectiveness of medical care, the goal of this study was to
examine the relationship between metabolic control and HS in patients with
insulin-dependent diabetes mellitus (IDDM). The association between
metabolic control {glycosylated haemoglobin, glycosylated apolipoprotein B
and mean glucose values), diabetic (hypoglycaende and hyperglycaenuc)
comptaints and HS (Short Form 36 and Eurogol) were therefore studied in a
group of 275 IDDM patients.

In general, metabolic control, was not or only weakly refated with HS. In
contrast, diabetic complaints (both hypo- and hyperglycaemic), showed a strong
association with most of the dimensions of the SF-36 and Eurogol, with a
highly negative impact on health status.

The results of this study indicate that attention should be paid to the different
types of outcome of care in evaluation of the effects of care, in any case to
clinical parameters and health status. Given the strong negative impact of
diabetic complaints on health status, achieving strict metabolic control for the
prevention of diabetic complications should not be the only goal in diabetes
therapy, A daily life without hyperglycacimic complaints or hypoglycaemic
events should be an equally important objective.

Submitted as: J.H. Assink, FI.G.T. Nijs, A.F. Casparie, D.E. Grobbee, R.P, Stolk, H.].G. Bilo.

Heglth status in patients with insalin-dependent diabetes mcllicus; relatonship with metabolic control
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INTRODUCTION

Health status (HS) has become an important concept in studying the cffect of
care'. Because health status represents what a patient perceives as one of the
most important outcomes of medical care, HS is increasingly regarded as a
relevant adjuvant to traditional biological and clinical parameters of outcome
such as metabolic control,

The importance of strict metabolic control for the prevention as wel as the
progression of long-term diabetic complications has been shown for patients
with insulin-dependent {type 1) diabetes mellitus’. Because of this increased
emphasis on better metabolic control, the burden on personal welfare is
growing, Insulin therapy is comimonly intensified by an increased frequency of
injections or by administrating insulin by pump therapy with the obligation to
increase the frequency of self-monitoring of blood glucose levels and an
increased risk for hypoglycaemic events. The possible effects on health status to
achieve this objective are mostly neglected or considered as less important.
Previous studies describing the relatonship between metabolic control and
health status have reported conflicting results™. In most of these studies this
relationship was investigated in populations restricted to NTDDM patients™ or
consisting of both NIDDM and IDDM patients™. Although it seeins rcasonable
to believe that the direct eftect of metabolic control on health status will not be
different for NIDDM and IDDM patients, differences in trecatment regime as
well as other parameters related to metabolic control, could be modifiers of
these associations. Also in most of these studies not all aspects of metabolic
control were assessed. In particular the presence of diabetic complaints, as
parameter of metabolic control was left out of consideration.

We conducted a study to investigate the relationship between metabolic
control, diabetic complaints and health status-variables in well defined group of
patients with insulin-dependent diabetes mellitus .
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PATIENTS AND METHODS

Patients

The present stady was conducted at the outpatient clinic of the De
Weezenlanden' hospital in Zwolle, a middle-sized town in the eastern part of
the Netherlands. From January 1995 to January 1996, 293 consecutive patients
with [IDIYM were invited to participate in the study. IDDM was defined as the
start of insulin replacement therapy before the age of 30 years, or the absence
of C-peptide secretion. Twelve patients refused to participate in the study. All
patients applied self-control by blood glucose monitoring and administered
their insulin by insulin-pen or pump {continuous subcutancous insulin infusion
{CSID). The study protocol was approved by the hospital scientific and cthical
commuiittees and all patients gave their informed consent.

Study protocol

Patients were examined according to a standardized protocol by one trained
physician. The schemes of insulin administration (2-3 or 4 times daily injections,
and CSH) as well as co-morbidity were recorded. Co-morbidity consisted of
the following diseases: chronic bronchitis, other lung diseases, serious back
problems, rheumatism or articular complaints, cancer, diseases of the nervous
systent, and diseases of the thyroid gland. Metabolic control was assessed by
haemoglobin Airc (HbA1c) and glycosylated apolipoprotein B. HbAIc was
measured by affinity chromatography (Picrce columns, Glyco test L) (upper
limit of normal 6,0%)°. Glycosylated apolipoprotein B, as percentage of total
apolipoprotein B was determined according to Pamteghini®. In all patients
metabolic control was measured at the same day the heaith status questionnaifes

were filled out by the patients themselves.

Mean blood glucose values from day-curves, as measured by the patients at home
were used as an additional parameter of metabolic control. For each of the three
months preceding the outpatient visit the first reported day-curve of six or more
measurements was recorded, This was done to prevent confounding by
indication, because paticnts are normally instructed to perform a complete day-
curve (more than six measurements per day) at least every two weeks or more
often when necessary. From these day-curves mean glucose values were
calculated for a period of one and three month preceding the outpatient visit.

In addition patients recorded all hypoglycaemic events and hyperglycacinic

complaings (thirse, polyuria, polyphagia, fatigue, pruritus), during the preceding
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three months. Hypoglycaemia was defined as an insulin reaction, which
required immediate food intake by the patient himself or the assistance from a
rehative or physician, who injected glucose intravenously or glucagon
intramuscularly, or for which hospital admission. was necessary. In the latter
three instances the hypoglycaemic event was graded as severe. '

The presence of microvascular complications was defined as having
nephropathy (albuminuria of more than 30 mg/ 24 hours or the use of an ACE-
inhibitor), retinopathy (background or pre-/ proliferative assessed by
fundoscopy in mydriasis classified according to national standards) or
neuropathy (sensibility and vibration threshold testing; one or more abnornal

test result) as described previously in more detail®*,

Health: status

Health status was measured by the SF-36 and the Eurogol, two generic
instruments for quality of life assessment. The SF-36, the short-form version of
the health survey used in the Medical Outcome Study'™ has been validated for
the Dutch situation™" as has the Eurogol, an instrument developed by the
international Eurogol group”. The SF-36 encompasses eight dimensions of
health: physical functioning, social functioning, functional role impairment
(role functional), emotional role impairment (role emotional), mental health
and general health perception, and one item measuring health change: health
transition, For each of these dimensions, itemn scores were coded, surnmed and
transformed to a scale from o (worst health) to roo (best health)™, In addition
to the scores for the eight dimensions of the SF-36 a physical and a mental
component summary scale were calculated as described by Ware and Jenkinson
using US-based population norms”™*. The Euroqol contains two dimensions;
the thermometer and the weighted Euroqol score.

A supplement of the questionnaire contained questions regarding socio-
economic characteristics (education and type of health insurance) of the
patients. Education was graded by the highest finished schooling according to
the Dutch cducational systeni. High education was defined as ‘Hoger Algenieen
Voortgezet Onderwijs’ or better. Patients were also classified by the kind of
medical insurance {compulsory or private ) as another parameter for socio-
economic status. The income level when compulsory insurance has to be
changed to private insurance is determined in the Netherlands at approximately

48.000 guilders (about 25.000 US dollars) before taxes.
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Data analysis

The chi-square test was used to compare frequencies, Statistical differences
between groups were calculated by ANOVA using Duncan’s multiple range test
(which corrects for multiple testing) as post hoc test. Maltiple linear regression
analyses were used to analyse the associations between continuous variables and
to adjust for possible confounders.

The dimensions ‘role physical’ and ‘role emotional’ of the SF-36 were treated
as a continuous variables, although they consist of only five respectively four
outcome levels, This is usually done in studies with a large number of
participants, for reasons of easiness of presentation and interpretation of
differenices. Because no change in health status was studied, health transition,
the only single item scale of the SF-36 was not included in the analysis, Two
sided P-values £ 0.05 were considered to be statistically significant. Analyses

were performed using SPSS 6.1.3 for Windows.

RESULTS

Tsvo hundred and seventy-five of the 281 patients completed the health status
questionnaires {(a response rate of more than 97 %). Table 1 summarizes the
deniographic and clinical characteristics of these patients. Metabolic control, as
assessed by HbA1c and glycosylated apolipoprotein B did not significantly differ
between men and women (8.07 % (8D 1.99) vs 8.49 % (1.77); 3.09 % (0.88) vs,
2.96% (0.92), respectively), although there appeared to be a tendency for worse
metabolic control in females. Only glycosylated apolipoprotein B was associated
with age {regression coefficient 6.01 per cent per year (SEM 0.01) p< 0.05 after
adjustment for gender). No difference could be found regarding the various
schemes of insulin administration {2-3, 4 times daily, or CSII). Duration of
diabetes was also not related with any of the parameters of metabolic control.
During the three months preceding the out-patient visit, 224 patients (81.5%)
had hypoglycaemic events, of them 62 (27.7%) more than nine times. One or
more severe hypoglycaemic events were reported by 48 patients (17.5%). One
hundred and fifty patients {s4.5%) suffered from one or more hyperglycaemic
compiaints, More women compared to men experienced hyperglycaemic
complaints and hypoglycaemic cvents (83 (65.9%) vs 67 (45.0%) and 109
(86.594) vs. 115 (77.2%), respectively, both p= o0,05). The occurrence of severe
hypoglycaemic events did not differ between the sexes. Metabolic control, age
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and duration of disease were not significantly associated with the presence of

hypoglycaemic events or hyperglycaemic complaints.

Health status and metabolic control

The mean physical and mental component score of the SF-36 were 52 (8D §)

Table 1. Demographic and clinical characteristics

Number of patients

Gender {male)

Age (years)

Duration of discase (years)

Smokers

Alcohol users

Level of metabolic control

- HbAle (%)

- glycosylated apelipoprotein B (%)

- mean glacose values 1 month (nuol/1)
- mean glucose values 3 month (mnol/1)
Socio-cconomic position

- level of education (high)

- health insurance (compulsory)

Co-morbidity

{one or more chronical medical conditions)

Microvascular complications (one or moze)

- nephropathy
- neuropathy
- retinopathy

275

149

38.3

17.2

89

167

8.27

3.05

7.27
7.36

90
186

177

i82
57
F41
89

(54.29%)
(12.5)
(10.8)
(32.4%)

(60.7%)

(1.90)

(32.0%)
(66.2%)

(63.0%)

(66.2%)
(20.3%)
(51.3%)
(32.4%)

Values are number of patients or means with percentage or standard

deviations between parentheses,
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and $1 (10), respectively. The scores for the Eurogol were 81 (135) for the
thermometer and go {14) points for the weighted Eurogol score (Table 2).
Metabolic control, as assessed by HbA1¢ was only weakly associated with the
SF-36 dimensions; physical funictioning, general health and the themmometer of
the Euroqol (Table 2 en 3). After further adjustment for co-morbidity, type of
insulin therapy, socio-economic position and duration of disease these
associations lost their statistical significance. Except for the mean (3 month)

Table 2. Health status in IDDM patients specified by quartiles of HbAi¢

Quartiles of HbA1c
lowest second third highest
(<6.9%) (6.9-8.2%) (8.2-9.3%)}  (>9.3%)

Total group

SF-36

Physical summary score 52 (8) 53 {6) 52 (8) 53 (8) 5t {9)
Mental summary score 51 (10} 52 {9} 52 (0} 50 (11} 49 (x2)
Physical Functioning 9o (15) o4 (o 38 (20)* g2 (11) 88 (16)#
Role Physical 83 (32) 83 (31) 88 (28) 82 (32) 77 (39)
Bodily Pain 87 (20) 88 (17) 87 (19) 88 (20) 84 (22}
General Health 70 {20) 70 {19} 73 (19) 70 {20) 65 (23)
Vitalicy 67 {20} 69 {19) 70 (19) 66 {20) 66 (23)
Social Functioning 87 (20) 90 (16) 87 (18) 86 (22) 84 (24)
Role Emotional 84 (32) 87 (29) 87 (29) 83 (33) 78 (36)
Mentat Health 77 (17) 78 (16) 78 (17) 76 (16) 74 (20}
Euroqol

Thermometer 81 (15) 81 (13) 82 (17) 81 {15) 79 (17)
Weighted Score 90 (14) 92{12) 9o (16) g0 (14} 87 {16)

Values are mean scores with standard deviations between parentheses.
[#1 difference becween lowest quartile and second quartile of HbAzc: p <0.05
f#] difference between lowest quartile and highest quartile of HbA1c: p <0.05
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glucose wvalues, which was related to weighted Euroqol score, the other
parameters of metabolic control were not associated with health status. On the
other hand, all dimensions of both SF-36 and Eurogol were inversely related to
the number of hyperglycaemic complaints (Table 4). Also the presence of
hypoglycaemic events in the past three months, in particular the occurrence of
more than nine events, was strongly associated with most of the dimensions of
the Eurogol and SF-36. Further adjustment for duration of diabetes, co-

Table 3. Health status and parameters of metabolic control

Glycosylated Mean glucose values

HbAic® apolipoprotein B2 1 month3 3 month+
SE-36
Physical summary score  -0.3 {0.2) -0.2 (0.5) -0.6 (0.5) -0.4 {0.3)
Mental summary score -0.4 (0.3) -0.5 (0.7} 0 {07 -0.5 (0.5)
Physical Functioning -0.9 (0.4 -0.6 (1.0} -1.2 (1.0) -1.3 (0.7
Role Physical -0.9 {1.0y -0.2 (2.2} -0.1 (2.3) -1.0 (L.6)
Bodily Pain -0.6 (0.6) -0.8 (i.3) -0.4 (1.4 -1.4 {0.9)
General Health 1.3 0.6 05 (L) -£.8 (1.3} -1.2 (1.0
Vitality 0.8(0.6)  -1.4 (L1.4) 14 (1.4) 1.1 (1.0
Social Functioning -0.9 (0.6} -1.1 (1.3} -0.8 (1.5) -1.6 (1.0)
Role Emotional ~-1.3 (1.0 -1.2 2.2) 0.9 (2.4) -1.1 (L.6)
Mental Health 0805  -0.6 (L.1) 0 (1.3) 0.9 (0.9)
Euragol
Thermometer -1.1 (0.5)= 0.6 (1.0} -0.4 (1.0) -0.8 (0.7)
Weighted Score 0704  -0.9 (0.9) 1.4 (1.0) 1.7 (0.7)*

Values are mean changes (estimated by linear regression coefficients) with standard errors
between parentheses after adjustment for age and gender.

1 change per percent of HbAlc.

2 change per percent of glycosylated apolipoprotein B.

3 change per mmol/] glucose per 1 month period.

4 change per mmeol/1 glucose per 3 month period.

*= p < 0.0%
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Table 4. Health stacus and diabetes symptoms

Hyperglycaemic Hypoglycaemic  Severe hypoglycacmic Hyperglycacmic 'Hypoglycaemic

complaints? A events’ BB events'C complaints® A events® B
SF-36
Physical summary score ~1.8 (0.3)whx -2.4 (1.0 ~1.7 {1.2) -1.7 (0.3)mex ~1.2 (1.G)
Mental summary score 3.3 (0.4)%x 42 (1.4 0.6 (1.6) 3.4 (0.4) 0 3.1 (L3
Physical Funenoning ~3.1 (0.6 -2.6 (2.0) 1.4 (2.2) =3.4 (0.G)www -0.7 (2.0
Role Physical ~8.9 (1.4)wr= ~15.2 (4.6)% -9.0 (5.3 ~8.9 (1. 4)www -10.3 (4.3)*
Bodily Pain -4.5 (0.8 -3.7 (2.8) -8.2 3.2)~ -4.3 {0.8)wwx 2.0 (2.7
General Health ~5.8 (0.8 -9.2 (2.8)% 1.5 (3.2) =5.7 {0.8)wwx -3.7 (2.7)*
Vieahty =7.7 (0.8)wx -9.7 (2.8 0.4 (3.3 ~7.8 (0.8)xwox ~7.1 (2.4
Social Functioning -6.5 (0.8)wr* -7.9 (2.8)x~ -1.6 (3.2) ~6.7 {0.8)owex ~5.1 (2.5)*
Role Emotional =9.3 {1.3)%w* ~9.4 (4.6)* ~1.9 (3.2) -9.8 (1.3)wex -5.0 (4.2)
Mental Health 4.6 {0, 7)o 7.2 (2.3 1.7 (2.7) 4.9 (0.7} -6.1 (2.2)%
Eurogol
Thermometer -5.4 (0.6 9.6 (2.1)wex 0 (2.3) 5.2 (0.6 6.9 (1.9)w+
Weighted Score 4.5 (0.6)x* 7.0 (2.0)wex 1.6 (2.3) 4.5 (0.6)w 4.9 (1.9)%x

[oauod D}[Oql’lglll pur SIje)s l{J]l‘.QH

I Values are mean changes (cstimated by linear regression coefficients) with standard errors between parentheses after adjustment for age and gender.
2 Values are mean changes (estimated by linear regression coefficients) with standard errors berween parentheses after adjustment for respectively
hypoglycaemic events and hyperglycaemic complaings.

A mean change per diabetic complaint.

B mean change for more than nine hypoglycacmic events during the last 3 month: present vs absent,

C mean change for severe hypoglycaemic events during the last 3 month in patients with hypoglycaemic events (n=224): present vs absent.

*= p 20.05, »= p<0.01, = p<0.001
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morbidity, socio-economic position (both education or type of insurance}, type
of insulin therapy, metabolic control or the presence of microvascular
complications did not essentially change these relationships. Both hyper-
glycaemic complaints and hypoglycaemic events were independently from each
other associated with most of the dimensions of the Eurogol and SF-36 (Tuable 4).

DISCUSSION

In this study, the relationship between metabolic control and health status in
patients with insulin-dependent diabetes mellitus was examined. As indicators
of metabolic control we used the biological parameters (HbA1c, glycosylated
apolipoprotein B and self-recorded blood glucose levels) as well as clinically
important parameters as hypoglycaemic events and hyperglycaemic complaints.
Health status was measured by SF-36 as well as by the Eurogol.

The relationship between the biological parameters of metabolic control and
health status was rather weak or absent. Both hypoglycaemic cvents and
hyperglycaemic complaints were accompanied by a decrease of some health

status dimensions.

Health status scores of the patients in owr study were substantially higher
compared to diabetes specific norms of the Medical Outcone Study™ as well as
to the patients of other the studies using the SF-36**"". One possible
explanation for the higher health status scores found in our study may be that
the patients in these studies were older and therefore more likely to have severe
complications and co-morbidity, two factors suggested to be strongly associated
with & diminution of health status™*"'. An other explanation could be found in
the socio-economic and cultural differences of the study populations, which are

also suggested to be strong determinants of health status™,

The results concerning the absent or very weak refation between metabolic
control and health status in diabetic patients are in agreement with other studies
that also used the Short Form 36'*”as well with as other generic health stacus
measuring inscruments®* . Studies that found stronger associations mostly used

7.5.10,26-28

arbitrary cutoft points, instcad of a continuous relationships
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In our study health status was measured by two generic instruments, the Short
Form 36 and the Euroqol, because at the time of the study no diabetes specific
instrument was validated for the Netherlands. Some health status questionnaires,
conditional upon way the dimensions are assessed and the type of dimensions,
are suggested to be more sensitive to detect a relationship between metabolic
control and health status’. This might explain why Bardsley and colleagues
found a significant but rather weak relationship {correlation coefficients lower
0.26 ) between dimensions of the Nottingham Health Profile, the Functional
Limitations Profile and metabolic control, while no associations were found
with a scale of the Positive Well-being questionnaire’, The same phenomenon
was described recently by Anderson, who also suggested that a disease-specific
questionnaire (in his study the Diabetes Care profile) would be a better
instrument to study the relation between health status and metabolic control.
Given the absence of an association between metabolic control and health status
in stadies using the (disease-specific) Diabetes Health Profile (DHP) and the
Diabetes Quality of Life (DQol)**, it will at least not be valid for cvery diabetes
specific questionnaire, In the other studies assessing this relationship which also
used diabetes specific questionnaires, the association was also found to be
weak*™", indicating that metabolic control, assessed by biological parameters, is
at least from a heath status point of view not very important.

The rather strong relationship betswween health status scores and the number of
hypoglycacmic events confitms the clinical experience that hypoglycaemia
influences daily life of the diabetic patient in a substantial way. The same is true
for hyperglycaemic complaints. The fact that both hypoglycaemic events and
hyperglycaemic complaints are associated with some health dimensions
independently of HbA1c, indicates that from a health status point of view it
remains important in poor as well as in good regulated patients to optimise
metabolic control without inducing hypoglycaemic events or hyperglycaemic

complaints.

‘These findings arc of importance for health services researchers as well as for
clinicians. In the evaluation of the effect of medical care, attention should be
paid to the dilferent types of outcome of medical care, in any case to clinical
parameters as well as health status,

Clinicians have to realise that for the patient, his health status is far more
important than most clinical parmneters are. Nevertheless, their treatment is
based muostly on assessrnent and influencing clinical parameters such as HbAr1c
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or self reported glucose values, However, in a more patient-centred care,
clinicians should also pay attention to the health status of their patients by
assessing and trying to improve it by therapeutic modalities tailored towards the
individual patient. Although it is considered that health status is partly beyond
the control of medical providers, clinicians should make attempts to direct their
treatment on this determinants as much as possible. The presence of
hyperglycaemic or hypoglycaemic complaint can be considered as a useful
indicator of decreased health status in clinical practice in diabetes mellitus.
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SUMMARY

The importance of strict metabolic control for the prevention as well as the
progression of long-term diabetic complications has been proven for patients
with insulin-dependent diabetes mellitus. Because of this increased desire for
better metabolic control, the burden on personal welfare could also increase.
Given the importance of good glycaemic control in the prevention of diabetic
complications, and the growing interest in health status (HS) as one of the
outconies in studying effectiveness of medical care, the goal of this study was to
examine the refationships between type of insulin replacement therapy, self-
control and HS in patients with insulin-dependent diabetes mellitus (IDDM]},
The association between type of insulin replacement therapy (frequency of
injections), self~control (number of day-curves/ measurements) and scores on
Short Form 36 and Euroqol were therefore studied in a group of 275 IDDM
patients. Metabolic control (HbAic) and diabetic (hypoglycaemic and
hyperglycaemic) complaints, were assessed as possible confounders.

The effect of treatinent, as assessed by frequency of self-control was found to be
strongly associated with the physical oriented dimensions of the SF-36 and botl
dimensions of the Buroqol. These associations were independent from
metabolic control, diabetic complaints, or type of insulin replacement therapy.
The lower dimension scores found for patients treated with continuouvs
subcutancous insulin infusion compared to patients with conventional
treatment {daily 2-3 times injections) or four or more insulin injections per day,
could be traced back to the fact that these patients performed self-control more
frequently than their counterparts.

From the results of this study it seems important to realise that the frequency of

self-control can have a negative impact on percieved health,

Submitted as: J.H. Assink, H.G.T. Nijs, A.E Caspade, D.E. Grobbee, R.P. Stolk, HJ.G. Bilo.

Health status in patients with insulin-dependent diabetes mellitus; the consequences of therapy.
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INTRODUCTION

Health status (FIS) has beconie an important concept in studying the effect of
carc'. Because health status represents what a patient perceives as one of the
most important outcomes of medical care, HS is increasingly regarded as a
relevant adjuvant to traditional biological and chnical parameters of outcome.
The importance of strict metabolic control for the prevention as well as the
progression of long-term diabetic complications has been proven for patients
with insulin-dependent diabetes mellitus’. Because of this increased wish for
better metabolic control, the burden on personal welfare is growing. Insulin
therapy is commonly intensified by an increased frequency of injections or by
administrating insulin by pump therapy with the obligation to increase the
frequency of sclf-monitoring of blood glucose levels. The possible effects on
health status to achieve this objective are mostly neglected or considered as less
important,

We conducted a study to investigate the relationships between type of insulin
replacement therapy and the frequency of self-control to health status-variables,

PATIENTS AND METHODS

Patients

The present study was conducted at the outpatdent clinic of the 'De
Weezenlanden' hospital in Zwolle, a middle-sized town in the castern part of
the Netherlands. From January 1995 to January 1996, 293 consccutive patients
with TDDM were invited to participate in the study, IDDM was defined as the
start of insulin replacement therapy before the age of 30 years, or the absence
of C-peptide secretion. Twelve patients refused to participate in the study. All
patients applied self-control by blood glucose monitoring and adininistered
their insulin by insulin-pen or pump (subcutancous insulin infusion (CSII). The
study protocol was approved by the hospital scientific and ethical committees

and all padents gave their informed consent.

Study protocol

Patients were examined according to a standardized protocol by one trained
physician. The type of insulin replacement therapy (frequency of injections) as
well as co-morbidity were recorded. Co-morbidity consisted of the following
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discases: chronic bronchitis, other lung diseases, serious back problems,
rhewmatism or articular complaints, cancer, diseases of the nervous system, and
discases of the thyroid gland. All blood glucose values from day-curves, as
mcasured by the patient, were collected for the three months preceding the
out-patient visit, Since patients of our outpatient department, treated with
insulin-pen therapy, are nonmnally instructed to perform a complete day-curve
(more than six measurements per day) at least every two weeks or more often
when necessary, and patients, administering their insulin by pump therapy
(CSII} are advised to perform additional measurements every day before
breakfast and before going to bed, a day-curve was therefore defined as two or
more blood glucose measurements on the same day, Frequency of self-control
was expressed as the number of day-curves or the number of glucose values

measured per weck.

Metabolic control was assessed by hacmoglobin Arc (HbAtc), measured by
affinity chromatography (Pierce columns, Glyco test 11} (upper limit of norimnal
6.0%)". Patients also recorded all hypoglycaemic events and hyperglycacmic
compiaints (thirst, polyuria, polyphagia, fatigue, pruritus), during the last threc
months. Hypoglycaemia was defined as an insulin reaction, which required
immediate food intake by the patient himself or the assistance from a relative or
physician, who injected glucose intravenously or glucagon intramuscularly, or
for which hospital admission was necessary. In all patients metabolic control was
meastired at the same day the questionnaires were filled out by the patients

themselves.

The presence of microvascular complications was defined as having
nephropathy (atbuninuria of more than 30 mg/ 24 hours or the use of an ACE-
inhibitor), retinopathy (background or pre-/ proliferative assessed by
fundoscopy in mydriasis classified according to national standards) or
neuropathy {sensibility and vibration threshold testing: one or more abnormal

test result) as described previously in more detail ™™™,

Health  status was measured by the SF-36 and the Furogol, two generic
instreanents for quality of life assessment. The SF-36, the short-form version of
the heaith survey used in the Medical Outcome Study** has been validated for
the Dutch situation® as has the Euroqol, an instrument developed by the
international Euroqol group’. The SF-36 encompasses eight dimensions of
health: physical functioning, social functioning, functional role impairment
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(role functional), emotionat role impairment (role emotional), mental health
and general health perception, and one item measuring health change: health
transition. For each of these dimensions, item scores were coded, summed and
transformed to a scale from o (worst health) to 100 (best healthy**. In addition
to the scores for the eight dimensions of the SF-36 a physical and a mental
componerd sumnary scale were calculated as described by Ware and Jenkinson
using US-based population norms™". The Euroqol contains two dimensions:
the thermometer and the weighted Eurogol score.

A supplement of the questionnaire contained questions regarding socio-
econonic characteristics {education and type of health insurance) of the
patients. Education was graded by the highest finished schooling according to
the Dutch educational system. High education was defined as ‘Hoger Algemeen
Voortgezet Onderwijs’ or better.

Patients were also classified by the kind of medical insurance {(compulsory or
private) as another parameter for socio-economic status. The income level
when compulsory insurance has to be changed to private insurance is
determined in the Netherlands at approximately 48.000 guilders {(about 25.0c0
US dollars) before taxes.

Data analysis

The chi-square test was used to compare frequencies. Statistical differences
between groups were calculated by ANOVA using Duncan’s multiple range test
{(with correction for multiple testing) as post hoc test. Multiple linear regression
analyses was used to analyse the associations between continuous variables and
to adjusted for possible confounders. The dimensions role physical and role
emotional of the SF-36 were treated as a continous wariables, although they
consist of only five respectively four outcome levels, This is usually done in
studies with a large number of participants, for reasons of easiness of
presentation and interpretation of differences. Because no change in health
status was studied, health transition, the only single item scale of the SF-36 was
not included in the analysis. Two sided P-values < 0.05 were considered to be

statistically significant. Analyses were performed using SPSS 6.1.3 for Windows.
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RESULTS

Health status questionnaires were completed by 275 out of 281 patients (a
response rate of more then 97%). The demographic and clinical characteristics
of these patients specifiecd by type of isulin replacement therapy are
sunmarized in Table 1. Regarding the vartous schemes of insulin administration
no significant difference could be found for metabolic control, socio-cconomic
status, or co-morbidity. As expected patients administering their insulin by CSII
had 2 significantly higher fiequency of self-control. Although there appeared to
be a tendency i patient treated by conventional therapy to have more
microvascular complications compared to their counterparts, this difference was
not statistically significant.

During the three months preceding the outpatient visit 150 (53.4%) patients
suffered from one or more hyperglycaemic complaints and 224 patients (79.7%)
had hypoglycaciic events, of them 63 (28.1%) more than nine times. More
patients administering their insulin by CSII had hyperglycaemic complaints
compared to those using an insulin-pen (55 (76.3%) vs 95 (46.8%); ps 0.05).
The three treatment modalities did not differ for the presence of hypoglycaemic
events. Patients experiencing hyperglycacmic complaintgs  performed
significantly more self-control measurements per week (3.4 day-curves per
week (SEM 0.2) vs 2.1 day-curves per week (0.2) and 14.1 measurements per
week (1.0) vs. 9.1 measurements per week (1.0)) compared to those not
experiencing hyperglycaemic complaints. The same goes for patients having
hypoglycaemic cvents ((3.0 day-curves per week (0.2) vs 2.1 day-curves per
week (0.4) and 12.6 measurements per week (0.8) vs. 8.6 measurcments per
week (1.5)). Metabolic control, as assessed by HbA 1¢, was associated with both
the mumber of day curves and control measurements (regression coefficients -
0.11 % per day curve per week (0.5); -0.03 % per measurement per week {0.1),
respectively p<o.os after adjustment for gender age and therapy).

Healch status

Average scores for the SF-36 eight major dimensions ranged from a low of 67
(SD 20) for vieality to a high of go (SI2 15) for physical functioning, The mean
physical (PCS) and mental component score (MCS) of the SF-36 were 52 (SD
8) and 51 (10), respectively, The scores for the Eurogol were 81 (15) for the
thermometer and 9o (14) points for the weighted Eurogol score.

Metabolic control, as assessed by HbA1Ic was only weakly associated with the
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SF-36 dimensions; physical functioning, general health and the dimension of
the Eurogol. In contrast, most of the dimensions of SF-36 and Euroqol were
inversely related with the presence hypoglycaemic events as well as with the
number of hyperglycacmic complaints (see Chapter 6).

Table 1. Demographic and clinical characteristics specified by type of treatment

Conventional Intensive treatment

2-3 times/day 4 tmes /day Continuous
Number of patients 33 (12.0%) 170 (61.8%) 72 (26.2%)
Gender {male) 24 (72.7%)# 99 (58.2%)*t 26 (36.1%)#t
Age (years) 46.6 (3.0)x# 36.4 (0.9) 389 (1.1)y#
Puration of disease (years) 20.3 (2.4)xi# 4.6 (0.7 19.3 (1.1}
Doses insulin per kg bady weight  0.71 (0.04) 0.75 (0.02)1 0.61 (0.02)
(units per day)
Metabolic control {HbA ¢ (%)) 8.6 (0.3 82 {G.1) 8.4 (0.2}
Self-control: number of
- day-curve (per weck) 1.8 (0.4 2.8 (0.2 5.2 (0.3)#:
- control measurements (per week) 7.9 (.73 8.6 (0.8)% 21.6 (1.4y#z
Socio-econontc position
- level of education (high) 7 (21.2%) 56 (32.9%) 27 (37.5%)
- health insurance (compulsory) 22 (66.7%) 113 (66.5%) 51 (70.8%)
Co-morbidity {one or more 20 (60.6%) 106 {(62.4%) 5t (70.8%)
chronical medical condition)
Microvascular comiplications 27 (81.8%) 105 (61.8%) 50 (69.4%)

{one or more)

Values are number of patients or means with percentage or standard errors between
parentheses.

[*] difference between conventional and 4 injections per day : p <0.05

[#] difference between conventional and continuous insulin infusion: p <0.05

[1] difference between 4 injections per day and continuous insulin infusion: p <0.05
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Health status and therapy

The difference in health status scores between patients with conventional (2 or
3 times injections per day) and intensive insulin replacement therapy (4 or more
injection per day or CSII) is sununarized in Table 2. No difference in health
status was found between patients with conventional and intensive therapy.
However patients administering insulin by CSII had significantly lower health
status scores compared those using an insulin-pen. These differences were
essentially the same after adjustment for age, gender, HbAzc-levels, the
presence of microvascular complications, co-morbidity, hypoglycaemic events

Table 2. Health status and insulin replacement therapy

Conventional! Intensive treatment” Insulin treatiment?

2-3 times/ day 4 times /day  CSH CSH versus [P
SFE-30
Physical summary score so (1)* 53 (0%t 50 (1)% -1.3 (1.2)
Mental starmary score 55 (1)# $1 {1}t 48 (n#t -2.3 {L.7)
Physical Functioning 87 (3 93 (1)*F 87 (2)% —2.4 (2.4)
Role Physical 82 (5) 88 (1)t 72 ($)f ~7.0 {5.0)
Bodily Pain 87 (3)* 89 (1)t 81 (2} -2.6 (3.3}
General Health 70 {4)* 72 (1)} 63 (3)t ~35.9 (3-4)
Vitalicy 70 (3)# 70 (DF 61 (3)#t -3.9 (3.4)
Social Functioning 8o (3}# 8o (1)}t St (3%t -2.4 (3.3)
Role Emotional 06 (2)# 36 (2)t 74 (4)#E -10.7 {5.5)
Mental Health 81 (3)# 78 (Df 72 (2)HE -3.4 (2.8)
Eurogol
Thermometer 81 {2) 82 (0% 77 (2)% ~0.5 (2.6)
Weighted Score 90 (3} 9z (I}t 84 (2)f -3.9 (2.4)

I Values are mean scores with standard errors between parentheses.
[#] difference between conventional and f injections per day: p £o.05
[#] difference between conventional and continuous insulin infusion: p <003
(4] difterence between 4 injections per day and continuous insulin infusion: p <o.05

2 Values are mean changes {estimated by linear regression coefficient) with standard
errars between parentheses after adjustment for age, gender and self-control. Mean
change for therapy: continuous insulin therapy (CSIE) versus insulin-pen {IP)
therapy.
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or hyperglycaemic complaints. Further adjustment for the number of blood
glucose measurements showed that this difference between regimies of therapy
could be attributed completely to the frequency of self-control. Duration of
diabetes and total insulin doses were not associated with any of the dimensions
of the Euroqol or SF-36.

The associations between the frequency of self-control, as assessed by the
number of day-curves or measurements per week are shown in Table 3. Except
for the mental componceant score and the dimensions role emotion and mental
health of the SF-36, health status was strongly related with frequency of self-
control. These associations were essentially the same after further adjustment for
duration of diabetes, co-morbidity, microvascular complications, socio-

Table 3. Health status and selfcontrol

Number of Number of

day-curves! measirements2
SE-36
Physical sammary score -0.7 (0.2)rx= -0.2 (O)rrx
Mental summary score -0.2 (0.2} -0.1 (0.1)
Physical Functioning ~0.9 (0.3)x -0.3 (0.8)*
Roole Physical -2.3 (0.8)** -0.7 (0.2)%*x
Bodily Pain ~1.8 (0.d)»* -0.5 (0.1)x**
General Health -1.2 (0.5)x -0.4 (0. Fyrex
Vitality -1.2 (0.5)* ~0.3 {0.1)*
Social Functioning -1.2 (0.5)x -0.4 {0 [)xes
Role Emotional -1.2 {0.8) -0.3 (0.2)
Mental Health -0.2 (0.4) -0.1 (0.1)
Euroqol
Thermometer -0.7 (0.4)* -0.3 (0.9)x
Weighted Score -0.7 (6.3 ~0.3 (0. 1)**

Values are mean changes (estimated by linear regression cocflicients) with standard
errors between parentheses after adjustment for age and gender.
I change per day-curve per week

2 change per blood glucose measirenment per week
* p £0.0§, **= p 0,01, = p S0.001
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economic position and/ or metabolic contrel {(HbAic, hyperglycaemic
complaints and hypoglycaemic events). In addition, the same results were found
when the analysis was limited to paticats, treated with insulin-pen therapy.

DISCUSSION

In this investigation, the relationship between type of insulin replacement
therapy and self-control to health status in patents with insulin-dependent
diabetes mellitus was studied. Metabolic control as assessed by HbA1c, as well
as hypoglycaemic events and hyperglycacimic complaints were assessed as
possible confounders. Health status was measured by SF-36 as well as by
Eurogol.

The effect of treatment as assessed by frequency of self~control was found to be
strongly associated with the physical oriented dimensions of the SF-36 and both
dimensions of the Eurogol. These associations were independent from
nietabolic control or diabetic complaints. The lower dimension scores found for
patients treated with continuous subcutaneous insulin infusion compared to
patients with conventional treatment (daily 2-3 times injections) or four or
more insulin injections per day, could be traced back to the fact that these
patients performed more frequently self-control than their counterparts,

Health status scores of the patients in our study were substantially higher
compared to diabetes specific norms of the Medical Outcome Study® as well as
to the patients of other the studies using the SF-36™". One possible explanation
for the higher health status scores found in our study may be that the patients
in these studies were older and thercfore ntore likely to have severe
complications and co-morbidity, both factors suggested to be strongly associated
with a diminution of health status""**, An other explanation could be found in
the socio-economic and cultural differences of the study populations, which are

also suggested to be strong determinants of health status”,

Our findings that health status is strongly related with the frequency of self-
conirol differ from other studies'™”, which reported no significant association.
It has to be mentioned that the absence of a strong correlation between self-
control and HS as described in the article by Wredling®, was only stated and no
results were presented. In a recently performed study, assessing the determinants
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of health status in 1800 diabetic patients, self-control was positively related with
the dimension mental health of the SF-20, indicating better health status with a
higher frequency of seli-control”, in this study self-control was recorded
indirectly using items drawn from the Summary of Diabetes Self-care activities
questionmaire”. In the study performed by Gilden and his colleagues health
status was found to be improved by introducing blood and urine glucose
measurement in an group of older diabetes patients”. Given the fact that
cducation was also part of the intervention this could be an explanation for the

increase in health status.

In this study health status was measured by two general instruments, the Short
Form 36 and the Ewroqol, because at the time of the study no diabetes-specific
instrument was vatidated for the Netherdands, However, when assessed by
diabetes-specific questionmnaires, being more sensitive towards clinical relevane
issues™ we would aspect to find even stronger association between self-control

and health status.

Although the results of this investigation should be iterpreted with caution,
since it a cross-sectional study, the fact that self-control was associated with
health status independently from type of insulin replacement therapy, metabolic
control and co-morbidity leaves the suggestion that, an higher frequency of self-
control per se could bring about a decrease in health status. In contrast to what
we expected, self-control was associated only with the physical component of
the SF-36, indicating that there was or is no mental burden from self-control.
Even though it is obvious that the measurement of blood glucose values is
painful and interfering with a patients daily living, we could not found an
cxplanation why this is not affecting the mental component of the SF-36.

These findings are of imiportance for health services researchers as well as for
clinicians. In the evaluation of the effect of medical care, attention should be
paid to the different types of outcome of medical care, in any case to health
status, Clinicians have to realise that for the patient, his health status is far more
important than clinical parameters are. However medical treatment is based
mostly on the assessment and control of clinical parameters such as HbAic,
among other ways by self~control. Clinicians have to be alert that a patients
health status can be adversely influenced by the frequency of self-control,
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Management of IDDM patients

METABOLIC CONTROL

Insulin-dependent diabetes mellitus is a chronic discase requiring life-long
treatment, including life-long drug use. The most important aim of the
management of these patients is to prevent symptomatic hyperglycaemia and
hypoglycaemia, which are related with morbidity and mortality. However, after
the introduction of insulin treatment in 1923, it became apparent that diabetes
mellitus is associated with a number of serious disorders, so called microvascular
complications, which includes retinopathy, nephropathy, and neuropathy. Also
the risk of cardiovascular disease is increased. Therefore, the prevention of
diabetic complications has become an important aim of the management of
IDDM patients.

Since diabetic complications also develop in patients with other types of
. diabetes, hyperglycaemia has long been suspected as the cause of these disorders.
Indeed, a number of studies has shown an association between glycaemic
control and the prevalence and incidence of complications™, Moreover, several
studies have been published suggesting that strice metabolic control has a
preventive effect on the development of microvascular complications®”. The
confirmation that strict metabolic control, achieved by an intensive insulin
treatment regimen, effectively delays the onset and slows the progression of
microvascular complications was given by the resulis of the Diabetes Control
and Complications Trial (DCCT)*™.

The apparent association between glycaemia and complications, as well as
between improved metabolic control and diminished occurrence of
complications, has shifted the focus of the management of IDDM patients from
the prevention of symptoms to reaching normo-glycaemia.

Still, even under near-normo-glycaemic circumstances, microvascular
complications do develop™'. The results in Chapter 2 show that in a population
of adequately metabolic contrelled patients there is no clear association between
the level of HbA1c and the presence of complications, One explanation of this
apparent discrepancy might be that HbA1c is not the optimal indicator of the
efiects of hyperglycacmia in these patients. Other glycosylated proteins such as
apolipoprotein B or Advanced Glycosylation End products may be more
appropriate measures, In our studies no association was found between
glycosylated apolipoprotein B and complications (Chapter 2). However, more
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studies on the (clinical) use of these new glycaemic measures are needed before

a decision can be made on the clinical usefulness.

Other variables related to metabolic control, especially lipid concentrations ar
modified lipid particles may better reflect the risk of complications. Although
there is a clear rclation between dyslipidemia and the development of
macrovascular (cardiovascular) complications”, the association with
microvascular complications is less clear (Chapters 2 and 5). Because of the
aging of the IDDM population, assessment and treatment of cardiovascular risk
factors becomes more important. Therefore, in clinical practice lipid profile
should be assessed on an annual basis. This is in agreement with the
reconnnendations by the National Cholesterol Consensus to screen high risk

groups yearly",

OXIDATIVE STRESS

As discussed above, metabolic control alone does not fully explain the
development of diabetic complications. A recently proposed mechanism, which
may play a role in the development of microvascular complications, is based on
tissue damage resulting from the formation and “action” of free radicals. Under
physiological circumstances, these radicals are necutralized by various anti-
oxidant systems. When the balance between these defence systems and the
formation of free radicals is disturbed, oxidative stress emerges™.

In diabetic patients, the formation of free radicals can be enhanced by increased
glucose concentration through non-enzymatic glycation of protein substrates,
auto-oxidative glycation, and activation of protein kinase C" Under
hyperglycaemic circumstances, increased activity of the polyol pathway may
increase oxidative stress by depletion of the NADPH cell stores
(pseudohypoxia)®, In addition, diabetes is known to induce changes in the
content and activity of cellular anti-oxidant enzymes'™. Therefore, it seems
that oxidative stress is increased both by the presence of diabetes, as well as by

the degree of metabolic control,
In vivo measurements of free radicals are virtually impossible given their

reactivity, short half-life, and very low concentrations. Various methods have
been developed to measure oxidative processes indirectly. One of these
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proposed indirect indicators of oxidative stress is the level of (serum) anti-
oxidants”,

It is important to realise that the damage of free radicals could be local and that
absolute levels of individual circulating anti-oxidants might not be the only
factor determining the degree of anti-oxidant defence activity. Anti-oxidants
are members of a rather large and actively cooperating family of chemical
substances. Synergistic interactions between anti-oxidants are well known and
may include anti-oxidant regeneration. As a result, when the levels of some
anti-~oxidants fall the protective effect of another anti-oxidant may become
inadequate despite its apparently normal concentration™. As a result, it is of little
use to measure single specific anti-oxidants in the management of [DDM
paticnes. This is also suggested by the results inn Chapter 3.

It would probably better to measure anti-oxidants as a whole. The use of the
so-called total radical-trapping anti-oxidant parameter {TRAP) has recently
been proposed to explore the anti-oxidant properties of a plasma sample™”.
This TRAP can be measured directly by an fluorescence-based method, but is
occasionally calculated by a mathematical fornula, including the serum levels of
four natural anti-oxidants (protein bound SH groups, uric acid and vitamin E
and vitamin ). Since dircct TR AP measurement is a elaborative analysis it
might not be used in routine clinical care. Recent studies, using the direct
measurement indicated that TRAP activity is decreased in diabetic patients
Further research, preferable prospective studies, has to be performed before the
TRAP activity might be included in individual patient work-up in clinical

20,21

practice.

Other possible indirect indicators of oxidative stress are malondialdehyde levels
and the susceptibility of LDL to in vitro oxidation™. As for the measurement of
anti-oxidants, the use of these two measures of lipid peroxidation is limited by
the local activities of the free radicals and the interaction with other factors
{notably iipid profile and anti-oxidants)*™, In our studies, no relationship could
be found between these two measures and the presence of diabetes (Chapter 4),
the degree of metabolic control, or the presence of microvascular complications
(Chapter 5). Given these results, it is clear that these measures of lipid

peroxidation are not usefud in clinical practice.

Although there scems currently no role for measures of oxidative stress in the
management of IDDM patients, it could still be possible that free radicals
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contribute to the development of diabetic complications. LD L-oxidation takes
place in the vascular wall®, and might therefore be related to endothelial
activity. Formation of oxidized LDL is not always through metal-ion-
dependent oxidation of lipids. For example, myeloperoxidase activity can lead
to metal-ion-independent oxidation of lipids and proteins in LDL particles™,
Moreover, phospholipase A2 activity has been suggested to be an alternative
pathway to the formation of oxidized LDL*. As a consequence, an in vitro test
of LDL-oxidation may not properly reflect oxidative stress in the vessels. It
might be better to measure oxidized LDL directly in plasma samples. These

assays are currently developed.

HEALTH STATUS

Apart from diabetic complications, perceived health is another important result
of the care of IDDM patients. It is important to realise that in general, health
status is far more important for patients than are clinical parameters, despite their
knowledge about the risk of diabetic complications. Adding this dimension to
the doctor-patient interaction should help to achieve more treatment goals and
more satisfaction for both the physician and -most important- for the patient
with insulin-dependent diabetes mellitus.

Given the importance of good glycacmic control in the prevention of diabetic
complications, treatment of IDDM patients is mostly based on biochemical
parameters such as HbAic and (self-reported) glucose levels. Side effects of
therapeutic measures to reach strict metabolic control are sometimes regarded
as unavoidable by treating physicians. The results presented in Chapters 6 and
7 indicate that the most important determinants of health status are
hypoglycaemic events and hyperglycaemic complaints, as well as the number of
self blood glucose measurements.

Given the importance of health status for the patients, metabolic control should
be optimised without inducing hypoglycaemic events or hyperglycaemic
complaints, Moreover, physicians should be aware of the impact of the therapy
described as well as of the frequency of self-control measurcments on the
perceived health of the patient, and incorporate this information in the
treatment plan. The presence of hyperglycaemic or hypoglycacmic complaints
may be considered as useful indicators of decreased health status in clinical
practice in diabetes mellitus. Certainly, assessment of subjective complaints
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should sweigh as much as objective biochemical measurements in the approach
to optinise care and health status in diabetic patients.

In conclusion, the presence of microvascular complications was not associated
with increased HbAIc concentrations or parameters of oxidative stress,
However, given the literature it remains important to improve glycaemic
control. However, clinicians have to be alert that a patients’ health status can be
negativly influenced by intensive therapy and increased frequency of self-

control.
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INTRODUCTION

The pathophysiological mechanisms by which hyperglycacmia leads to
microvascular complications in diabetes mellitus are as yet poorly understood.
Furthermore, even with intensive treatment and strict metabolic control, a
number of patients still develops microvascular complications. Many hypotheses
have been formulated and investigations perforined, with a variable degree of
success, Some of these hypotheses, in particular the hypothesis about oxidative
stress, have been formulated and studied within the scope of this thesis. In
addition, the impact of metabolic control and insulin replacement therapy on

health status was fuvestigated.

METABOLIC CONTROL, LIPID PROFILE DISTURBANCES

To assess one possible mechanism, we investigated in a cross-sectional study the
association between metabolic control, as assessed by HbA1c, serum lipids, and
the presence of microvascular complications (Chapter 2). This association was
studied in a group of 281 consecutive patients with TDDM (153 men and 128
women) of the outpatient department of the ‘De Weezenlanden Hospital” in
Zwolle the Netherlands. IDDM was defined as starting insulin replacement
therapy within 6 month after the first sign of diabetes mellitus and before the
age of 30 years, or the absence of C-peptide secretion. Patients were generally
well controlled (mean HbAic 8.3% (SD 2.0)).

In these patients with IDDM there was no relationship between HbAzc and the
presence of diabetic nephropathy and retinopathy. In contrast to this, HbA1c
concentrations were found to be significantly increased in patients with an
abnormal vibration threshold. The results also showed that the presence of
diabetic nearopathy or retinopathy was not related to serum lipid
concentrations. Ounly for diabetic nephropathy an assoctation was found with
triglyceride-concentrations.

Although the results of this a cross-sectional study should be interpreted with
caution, the fact thar this association was found to be independent from
nietabolic control leaves the suggestion that increased triglyceride levels might
be an additional risk factor in the development of diabetic nephropathy.
However, whether the rise in triglyceride levels has only a mere relationship
swith the actual presence of diabetic nephropathy or with the development of

diabetic nephropathy has to be investigated by longitudinal studics.
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OXIDATIVE STRESS

In diabetic patients, the formation of free radicals, highly reactive particles,
which are also formed in under normo-glycaemic conditions, is suggested to be
enhanced. Under normal physiological conditions the cell is protected by several
anti-oxidants systems against tissue damage as the results of an overprodiiction of
free radicals.

Increased oxidative stress, defined as a disturbed balance between the formation
of free radicals and the anti-oxidant systems, could be a basic mechanism
involved in the development of microvascular complications in paticnts with
insulin-dependent diabetes mellitus. Since oxidative stress is not exclusively
related 1o hyperglycaemia, but is also influenced by other factors like dietary
factors (the intake of anti-oxidants} or hereditary factors (regulation of enezyimatic
anti-oxidants), it may also account for the development of microvascular
complications in subjects with diabetes mellitus, despite strict metabolic control.
In vivo meastwements of free radicals is virtually impossible given their
reactivity, short half-life, and very low concentrations. Therefore, various
miethods have been developed to investigate indirectly whether such oxidative
processcs occur. One of these proposed indirect indicators of oxidative stress is
the content of anti-oxidants, indicating the total anti-oxidant status.

ANTI-OXIDANTS IN INSULIN-DEPENDENT DIABETES
MELLITUS

In Chapter 3 we studied serum anti-oxidant concentrations, as parameter of
oxidative stress, in the same 281 patients with TDDM as described in chapter 2
and in 98 non-diabetic control subjects, as well as the association between anti-
oxidants and microvascular complications. These healthy controls {49 men and
49 women), were enrolled from a group of patients who were admitted for
minor surgery at the departtment of anaesthesiology, in the same period as the
IDDM patients were recruited, ‘Healthy’ was defined as ‘'no current discases’
except the indication for surgery (ASA classificatton category 1) and not using

medication, except oral contraceptives.
In this study some of the anti-oxidants (retinol, transferrin, and uric acid) werc

indecd found to be decreased in patients with insulin-dependent diabetes
mellitus compared to controls. In patients with diabetes, some of these anti-
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oxidants (uric acid, alfa- and gamma-tocopherol and transferrin) were also
associated with the degree of metabolic control. However, the presence of
especially nephropathy, was found to be associated with increased levels of anti-
oxidants (retinol, ferritin and uric acid}, while no significant associations were
found for the presence and severity of retinopathy and neuropathy alone.

These contrasting findings of decreased anti-oxidants levels in diabetes patients
compared to control subjects and increased levels in diabetes patients especially
with nephropathy may suggest the presence of a counteracting mechanism
leading to increased levels of anti-oxidants when diabetic nephropathy develops
or is present. To our knowledge there are no other reports on the existence of
stuch a mechanism. Stll, in recent studies there is evidence that enzymatic anti-
oxidant systems are indeed modulated to meet the biological need imposed by

oxidative stress.

MALONDIALDEHYDE AND LDL-OXIDATION

I Chapter 4 we studicd the presence of oxidative stress by two other indirect
parameters, matondialdehyde levels and the susceptibility of LDL to in vitro
oxidation. The latter has recently been proposed as an appropriate measure of the
response to in vivo oxidative stress, which is thought to occur within the matrix
of the vessel wall close to the endotheliun. Malondialdehyde is a degradation
product of lipid peroxides, and the most commonly used marker of oxidative
stress. When using these parameters, we could not confirm the existence of
oxidative stress in patients with insulin-dependent diabetes mellitus when
compared to control subjects. The results even indicated that patients with
insulin-dependent diabetes mellitus were experiencing less oxidative stress than

healthy controls.

As described in Chapter 5, oxidative stress, as measured by the susceptibility of
LDL to in vitro oxidation and malondialdehyde concentrations, was not
associated with the presence of microvascular complications. Also, no association
was found between oxidative stress and the degree of metabolic control, In
contrast, the extent of glycosylation of apolipoprotein B was found to be
inversely correlated with in vitro oxidation of LDL. This finding could indicate
that hyperglycaemia not only might cause oxidative stress, but plays a role in the

defence against oxidative stress.

136



Chapter 9

The (bio)chemical studies in this thesis were an attempt to identify a possible
common pathophysiclogical mechanism, by which microvascular complications
develop or progress in insulin-dependent diabetes mellitus. Despite the available
evidence and suggestions in literature, the data in this thesis do not support
either a different degree of oxidative stress in diabetic versus non-diabetic
subjects, nor a definite influence of the degree of metabolic control (at feast
when assessed by HbA1¢) on oxidative-anti-oxidative state. This can mean, that
we did not study the ‘appropriate’ population with diabetes mellitus: studies in
people with non-insulin dependent diabetes mellitus might yield different
results. It is also possible, that the parameters employed are incorrect, and other
methods to assess the troe extent of oxidative stress should be used, As for the
presented results, however, it only can be concluded, that the initial hypothesis
regarding, the influence of oxidative stress on the development and progression
of diabetic complications is not supported by the results obtained.

HEALTH STATUS

Insulin-dependent diabetes mellitus is a chronic disease which can aftect many
aspects of cveryday life. To maintain satisfactory blood glucose level in order to
avoid hyperglycaemic complimts and hypoglycaemic events, food intake,
excrcise and insulin doses must be balanced. In addition, many patients are
continmously aware of the risks of developing one or more microvascular
complications. This ever-present responsibility {or daily balance and worries
about future health and well-being may represent an extra burden in the daily
life of patients with insulin-dependent diabetes mellitus. Despite the excellent
results in the DCCT, the main side effects of strict metabolic control ffom the
patients side of view are considerable weight gain and a threefold increased risk
of serious hypoglycaemia, To many patients, these side effects may seem an
unacceptable price for strict metabolic control, because of both physical and
emotional consequences. Furthermore, stricter metabolic control may require
more intensive therapy, such as multiple daily doses of insulin (by manual
injection or by insulin pump) and frequent measurements of blood glucose
values. The latter regimen may as such already have negative cffects on a

patients health status,

In the second part of this thesis we presented the results of a study, which had
as objective to investigate the possible association between metabolic control,
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insulin replacement therapy and their consequences on health status. In general,
metabolic control, as assessed by HbA1c, glycosylated apolipoprotein B, and
mean self-reported glucose values, was not or only weakly related with health
status. In contrast, diabetic complaints (both hypo- and hyperglycaemic)
showed a strong association with most of the dimensions of the SF-36 and
Euroqol, with a highly negative impact on health status {Chapter 6).

Assessing the effect of treatment on health status (Chapter 7), frequency of
self-control was found to be strongly associated with the physical oriented
dimensions of the SF-36 and both dimensions of the Euroqol. These
associations were independent from metabolic control or diabetic complaints.
The lower dimension scores found for patients treated with continuous
subcutancous insulin infusion (CSI) compared to patients with conventional
treatment (daily 2-3 times injections) or four or more insulin injections per day,
could be explained by the fact that these patients performed self-control more
frequently. This finding confirms that treatment may indeed have its own

negative effects on a patients health status.

In chapter 8 we discussed the consequences of oxidative stress and healch status
on the management of patients with IDDM. At this time there is no reason for
measuring individual serum anti-oxidants or parameters of lipid peroxidation in
clinical practice.

However, with regards to health status, physicians should be aware of the
impact of intensive insulin therapy, as well as of the frequency in self-control
measurements on the perceived health of the patient, and incorporate this
information in the treatment plan. The presence of hyperglycaemic or
hypoglycaemic complaints might be considered as an useful indicator of
decreased health status in clinical practice in diabetes mellitus.

138



Samenvatting



Samenvatting

INLEIDING

De pathofysiologische mechanismen waardoor hoge bloedglucosewaarden
leiden tot het ontstaan en het voortschrijden van microvasculaire complicaties
(diabetische nierschade, oogschade en schade aan het zenuwstelsel) zijn tot op
dit moment nauwelijks bekend. Duidelijk is, dat centraal hierbij de verhoogde
bloedglucosewaarden staan. Daarnaast ontstaan er echter bij een aantal patiénten
microvasculaire complicatics ondanks intensieve behandeling en nauwgezette
metabole regulatie (zeer lage HbA1c waarden). Om dit te kunnen verklaren ziju
vele veronderstellingen onderzocht, cchter geen enkele gaf een cenduidig
antwoord. Een aantal van deze hypotheses, in het bijzonder met betrekking tot
het vetspectrum en oxidatieve stress, zijn bestudeerd in het kader van dit
procfschrift. Tevens werd er onderzoek verricht naar de gevolgen van het zo
goed mogelijk  regelen van  de  bloedglucosewaarden wvoor de
gezondheidsbeleving van patignten met insuline-athankelijke diabetes mellitus
(IADM).

METABOLE CONTROLE EN AFWIKINGEN VAN HET
LIPIDEN PROFIEL

Een vau de veronderstellingen, zoals boven aangeduid, zou kunnen zijn dat
afwijkingen van het vetspectrum verklaven waarom er toch complicaties
ontstaan by deze goed gercguleerde mensen met diabetes mellitus. Deze
veronderstelling is onderzocht door te kijken of er een verband bestond tussen
metabole controle, gemeten via het HbA1c, serum lipiden en het al dan nict
bestaan van microvasculaire complicaties. Dit verband werd onderzocht in een
groep van 281 patiénten met TADM (153 mannen en 128 vrouwen) die werden
behandeld op de diabetes polikliniek van het Ziekenhuis ‘De Weezenlanden’ in
Zwolle. Mensen werden beschouwd insuline-afhankelijke diabetes mellitus te
hebben wanneer voor het dertigste levens jaar en binnen zes maanden na de
eerste diabetes klachten de noodzaak bestond om met insuline therapie te
startent, of waneer er geen C-peptide secretie meer in het bloed kon worden
aangetoond {een bewijs dat de eigen alvieesklier geen insuline meer maakt),
Over het algemeen waren de TADM pati#nten redelijk gereguleerd (gemiddeld
FbA1c 8.3%).
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Er kon gecen verband worden aangetoond tussen het HbAtc en de
aanwezigheid van diabetische nefropathie (nierschade) en retinopathic
{oogschade). Wel waren de HbArc waarden verhoogd bij patiénten met
tekenen van neuropathie, met name bij het afivijkend zijn van gevoelssensatics
voor trillingen. De resultaten van dit onderzoek toonden ook aan dat de
aanwezigheid van diabetische neuropathie (schade aan het zenuwstelsel) of
retinopathie niet in verband kon worden gebracht niet de hoogte van serum
lipiden concentraties. Alleen voor nefropathie kon er een significant verband

worden aangetoond met de triglyceride concentratics.

Hoewel de resultaten uit een transversaal onderzoek (d.w.z. eenmalige meting
in de tijd) altijld met de nodige voorzichtigheid dicnen te worden
geinterpreteerd, bHjft de suggestie bestaan, dat verhoogde wiglyceriden
concentraties cen extra risico factor zouden kunnen zijn voor het ontstaan van
diabetische nefropathie, Of echter een tocname van triglyceriden concentraties
inderdaad het ontstaan van nierschade kan bevorderen, kan alleen worden

uitgezocht door mensen langere tijd te vervolgen,

OXIDATIEVE STRESS

Vrife radicalen zijn chemisch zeer reactieve deeltjes, die ook onder normale
omstandigheden {b.v bij lage Dblocdglucosewaarden) worden gevormd. Bij
patinten met diabetes zou de vorming van vrije radicalen, zijn toegenomen.
Onder normale omstandigheden wordt het lichaam beschermd tegen deze vrije
radicalen door verscheidene anti-oxidant systemen. Dit systeem van chemische
stoffen biedt bescherming tegen het optreden van weefselschade, welke zou
kunnen ontstaan door een overmatige vorming van deze vrije radicalen, door
ze te inactiveren of het ontstaan ervan te voorkémen.

Toegenomen oxidative stress, gedefinieerd als cen verstoring van de balans
tussen de vorming van vrije radicalen en de bescherming door deze anti-oxidant
systemen, zou cen verklaring kunnen zijn waardoor microvasculaire
complicaties ontstaan bij patitnten met insuline-afhankelijke diabetes mellitus,
Aangezien oxidatieve stress niet uitsluitend behoeft te worden veroorzaakt door
hyperglycacmie (hoge bloedglucose waarden), maar ook door andere factoren
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zoals dicetfactoren (inname van anti-oxidanten in de voeding) of erfelijke
factoren (b.v de regulatie van enzymatische anti-oxidanten) wordt bepaald, zou
deze stress ook het ontstaan van complicaties kunnen verklaren bij die diabetes
patignten, bij wic de bloedglucosewaarden zeer goed gereguleerd zijn.

Aangezien het meten van vrije radicalen in cen levend organisme onmogelijk
is, zijn er verscheidene methoden ontwikkeld om op cen indirecte manier aan
te tonen dat deze oxidaticve processen plaatsvinden. Eén van deze indirecte
indicatoren voor de mate van oxidatieve stress is het meten van serum anti-

oxidanten.

Anti-oxidanten bij patiénten met IADM

In Floofdstuk 3 onderzochten we de serum anti-oxidant concentraties als maat
voor oxidatieve stress, bij 281 mensen met JADM (dezelfde groep diabetes
patiénten als beschreven in hoofdstuk 2} en in 98 niet-diabetes (controle)
patitnten. Tevens onderzochten we het verband tussen anti-oxidanten
bloedspiegels en het hebben van microvasculaire complicatics, De controle
groep van mensen zonder diabetes (49 mannen en 49 vrouwen) swerd
willekcurig gekozen uit de groep patidnten, die de afdeling anesthesiologic
bezochten voor een pre-operatief consult in verband met cen kleine
chirurgische ingreep, Als gezond werden beschouwd die personen, die geen
andere ziekte of aandoening hadden dan die waarvoor zij de ingreep moesten
ondergaan (ASA classificatie categorie 1) en die (behalve orale anti-conceptiva)

geen andere medicatic gebruikten.

Uit dit ouderzoek bleek dat de concentraties van sommige anti-exidanten
(retinol, transferrine en urinezuur} zijn verlaagd bij mensen met TADM,
wanneer zij werden vergeleken et de gezonde controle personen. Binnen de
groep diabetes patiénten blcken de concentratics van somunige anti-oxidanten
{urinezuur, alfa- en gamma-tocopherol en transferrine) gerelateerd te zijn aan
de mate van metabole regulatie. Verder bleek alleen de aanwezigheid van
diabetische nefropathic geassocicerd te zijn met verhoogde concentraties van
somumige anti-oxidanten (retinol, ferritine en urinezuur), terwijl er geen
aantoonbaar verband bestond tussen concentraties van anti-oxidanten en de

ernst en/of het hebben van retinopathie en neuropathie,
Deze tegenstrijdige bevindingen met enerzijds afgenomen anti-oxidant

concentraties bij mensen met diabetes en anderzijds verhoogde concentraties bij

diabetische nefropathie, kunnen wijzen op een mechanisme, waarbij
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concentratics van anti-oxidanten toencmen, wanneer zich merschade
ontwikkelt of reeds bestaat. Voor zover wij weten is het bestaan van zo'n
regulatie mechanisme voor anti-oxidant systemen in het bloed nooit
aangetoond. In recente onderzocken bestaan er echter wel aanwijzingen, dat
enzymatische anti-oxidant systemen in de cellen zelf wel kunnen worden

aangepast om weerstand tegen oxidatieve stress te bieden.

Malondialdehyde en LDL oxideerbaarheid

In Heoofdstuk 4 wordt het bestaan van oxidatieve stress verder onderzocht met
behulp van twee andere indirecte parameters: malondialdehyde concentraties en
de gevocligheid van LDDL-cholesterol deeltjes voor oxidatic buiten het lichaam,
Van deze laatste parameter werd recent gesuggercerd dat het een geschikte maat
zou zijn voor de reactie van het lichaam op oxidatieve stress, welke optreedt
dicht bij de endotheelcellen (cellen die de wand van de bloedvaten bekleden).
Malondialdehyde, de meest frequent gebruikte mate voor oxidatieve stress, is
een afbraakprodukt van lipidenoxidatie (de chemische reactie van vetten met
zuurstof ),

Gebruik makend van deze parameters konden wij het bestaan van verhoogde
oxidatieve stress bij mensen met diabetes ten opzichte van de controle groep
niet bevestigen. De resultaten van deze onderzoeken gaven aan dat mensen met
diabetes zelfs minder oxidatieve stress zouden hebben dan mensen zonder

diabetes.

Zoals beschreven in Hoofdstuk § bestaat er ook geen verband tussen oxidatieve
stress, gemeten niddels LIDL-oxidatie en malondialdehyde concentraties en het
bestaan van microvasculaire complicaties. Verder bestaat er geen verband tussen

oxidaticve stress cin de mate van metabole controle.

Het biochemisch onderzoek m dit proefschrift vormde een poging een
mogelijk mechanisime te ontdekken, waardoor microvasculaire complicaties
ontstaan en voortschrijden bij mensen met insuline-athankelijke diabetes
mellitus. De bevindingen van dit proefschrifi ondersteunen noch het bestaan
van een verschil in oxidatieve stress tussen diabeten en niet diabeten, noch het
bestaan van een duidelijke invloed van de mate van metabole controle (althans
gemeten middels HbArc ) op de mate van oxidatieve stress. it kan komen
omdat we deze verbanden niet bij de juiste patitnten groep hebben bestudecrd;
mensen met niet-insulinc-afhankelijke diabetes mellitus zouden andere
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onderzoeksuitkomsten kunnen laten zien. Het is ook mogelijk, dat de gebruikte
paranicters hiervoor niet geschikt zijn en dat andere chemische methoden om
oxidatieve stress vast te stellen hicrvoor wel kunnen worden gebruike. Voor de
gepresenteerde resultaten kan men slechts concluderen dac de aanvankelijke
hypothese met betrekking tot de invloed van oxidatieve stress op het ontstaan
en het voortschrijden van diabetische complicaties niet wordt ondersteand door

de verkregen resultaten.

GEZONDHEIDSBELEVING

Insuline-athankelijke diabetes mellitus is een chronische aandoeming, die
gevolgen kan hebben voor een groot aantal facetten van het alledaagse leven. De
inname van voedsel, lichaamsbeweging, en het aantal te spuiten eenheden
insuline dienen telkens weer op elkaar te worden afgestemd om de
bloedglucosewaarden op cen acceptabel peil te houden en hyperglycaemische en
hypoglycaemische klachten te vermijden. Daarnaast zijn sormmige patiénten zich
er terdege van bewust dat er altijd cen kans bliji bestaan om een of meer
complicaties te krijgen, hoc goed men de bloedglucosewaarden ook heeft
gereguleerd.

Deze verantwoordelijkheid voor het onder alle omstandigheden goed regelen
van de bloedglucosewaarden en de mogelifke zorgen over de tockomstige
gezondheid en het welzijn, vormen een extra belasting voor het dagelijks leven
van mensen met IADM. Hoewel uit de resultaten van de DCCT is gebleken
dat middels het zecr goed reguleren van bloedglucosewaarden de kans op het
ontwikkelen van complicaties kan worden verkleind, bleken belangrijke
neveneffecten van deze regulatie onder andere cen aanzieniijke
gewichtstoename en een driemaal zo grote kans op het krijgen van een ernstige
hypoglycaemie te zijn. Gezien de mogelijke lichamelijke maar ook emotionele
gevolgen hiervan zouden deze neveneffccten voor vele patiénten cen
onacceptabele “prijs’ kunnen inhouden, die zij moeten betalen voor het
verminderen van de kans op het krijgen van complicaties. Tevens s het
noodzakelijk om hicrvoor de insuline therapie verder te intensieveren,
frequenter insuline injecties toe te dienen, over te gaan op insuline toediening
middels een insulinepomp en vaker glucose-dageurves te prikken (zelfcontrole).
Dit Jaatste zou op zichzelf al een negatief effect kunnen hebben op hoe de mens

met diabetes zijn gezondheid ervaart.
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In het tweede gedeclte van dit proefschrift hebben we dan ook de resultaten
beschreven van een onderzoek, met als doel de relatie te onderzoeken tussen
metabole controle cn de frequentie van insuline toediening enerzijds en zelf-
contrale, en de gezondheidsbeleving van mensen met diabetes anderzijds.
Hoewel het moeilijk hjkt om de ervaringen met betrekking tot het gevoel te
meten, bestaan or sinds enkele jaren vragenlijsten, die de gezondheid en het
gevoel van gezondheid en zickte kunnen meten. Twee van deze
meetinstrumenten (de SF-36 en Euroqol) zijn in dit proefschrift gebruikt als
maat veor iemands gezondheidsbeleving,

Ovwer het algemeen genomen was cr geen of slechts een zeer zwak verband
tussen inetabole controle (o.a. HbAic) en hoe een patignt zijn gezondheid
ervaart, gemeten met behulp van de SF-36 of Euroqol (vragenlijstenr). Echter,
het hebben wvan diabetische klachten (zowel hyperglycaemische als
hypoglycaemische) bepaalde in sterke mate hoe diabetes patiénten huon
gezondheid ervaarden, waarbij het hebben van meer klachten samen bleck te

gaan met een verminderd ‘gevoel van gezond zijn’ (Hoofdstuk 6).

Wanneer men het effect van de behandeling op de gezondheidsbeleving
onderzoekt, blijkt er een sterk negatief verband te bestaan tussen hoe vaak men
zelfcontrole vericht en de op lichamelijke aspecten georiéntecrde
gezondheidsbeleving. Dit verband bleck niet te berusten op de mate van
metabole controle of hoe vaak men diabetes klachten heeft. De bevinding dat
patitnten, die sworden behandeld middels een insulinepomp hun gezondheid als
minder goed ervaren ten opzichte van patiénten die behandeld worden met
insuline pennen, bleek te kunnen worden verklaard door het feit dat deze
patiénten vaker zelfcontrole verrichtten, Tezamen genomen bevestigen deze
bevindingen dat de behandeling van mensen met diabetes inderdaad negatieve
gevolgen kan hebben op hoe iemand zijn/haar gezondheid ervaart.

In hoofdstuk 8 wordt beschreven wat de consequenties van dit onderzoek naar
oxidatieve stress en gezondheidsbeleving voor de behandeling van mensen met
IADM zouden kunnen zijn. Het belangrijkste is, dat het al dan nict aanwezig
zijn van hypo-en hyperglycaemische klachten kan worden beschouwd als een
bruikbare zanwijzing voor het verlaagd zijn van de gezondheidsbeleving van de
diabetes patignt, Op dit moment bestaan er voor de klinische pratijk geen
redenen voor het meten van scrum anti-oxidanten of parameters van
vetzuuroxidatic, Echter, met betrckking tot de gezondheidsbeleving dienen

behandelaars zich bewust te zijn van de gevolgen van intensieve

145



Samenvatting

insulinebehandeling (met name van de frequentie van zelfcontrole) voor het
‘gevoel van gezond zijn’ bij individuele patignt, en deze informatie mee te
nemen in de adviezen naar de patiént.
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