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Abstract

Context: It is controversial whether the treatment of subclinical hypothyroidism
(SCH) with L-thyroxine improves cardiovascular (CV) risk factors and quality
of life (QoL).

Objective: To determine whether CV risk factors, endothelial function and
patient-reported outcomes improve in people with SCH with L-thyroxine
{reatment.

Design: Randomised double blind, cross-over study.

Setting: Patients from primary care practices identified from laboratory
database.

Patients: One hundred patients (81 females) with mild SCH, and no existing
thyroid or vascular disease, mean (SD) age 53.8 (12) years, thyrotropin (TSH) of
6.6 (1.3) mIU/L. One patient withdrew due to perceived side-etfects.
Intervention: Oral 100 mcg of L-thyroxine or matching placebo daily for

twelve weeks each.

Main outcome measures: Powered to detect significant improvements in two
primary parameters: total cholesterol (TC) levels and endothelial function
(brachial artery flow mediated dilatation-FMD), the earliest marker of
atherosclerosis.

Results: L-thyroxine treatment reduced (mean difference, 95% CI) TSH (5.64
mlIU/L, 4.11 to 7.17), increased FT4 and FT3 levels (6.98 pmol/L, 5.97 to 7.98
and 0.6 pmol/L, 0.37 to 0.82, respectively), FMD improved (1.65%, 1.2 to 2.1)
and TC levels reduced (-0.35 mmol/L, -0.52 to —0.16). Increase in FT4 levels
was the only significant determinant of the improvement in TC and FMD. Sex-
life and overall QoL were less negatively impacted by SCH during L-thyroxine
treatment. Symptom bother scores did not benefit by L-thyroxine but there was a
significant improvement 1n the frequency of tiredness - from 89% to 78%,
p<0.05. Health status and treatment satisfaction did not show any significant
change.

Conclusion: SCH treated by L-thyroxine leads to a significant improvement in
CV nisk factors and some patient-reported outcomes. The benefit of CV risk

reduction i1s related to the increased level of achieved FT4 concentration.
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ADbbreviations

SCH — Subclinical hypothyroidism.

CV — Cardiovascular.

QoL — Quality of life.

RCT — Randomised controlled tnal.

TSH — Thyrotropin, Thyroid stimulating hormone.
[HD — Ischemic heart disease.

T4 — Thyroxine.

Ant1-TPO — Anti thyroid peroxidase antibody.
LDLc — Low density lipoprotein cholesterol.
HDLc — High density lipoprotein cholesterol.
FMD — Brachial artery flow mediated dilatation.
BMI — Body mass index.

CRP — C reactive protein.

IMT — Intima media thickness.

PAI 1 — Plasminogen activator inhibitor 1.

tPA — Tissue plasminogen activator.

OR - Odds ratio.
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CARDIOVASCULAR DISEASE AND ITS
RISK FACTORS IN SCH

11



INTRODUCTION (A)



Pooled Prevalence of Overt

Background.

Thyroid dysfunction is the second commonest endocrine abnormality after
diabetes mellitus. Typical clinical features, a raised serum thyrotropin (I'SH)

and reduced serum thyroid hormone levels characterize hypothyroidism.
Prevalence and incidence of hypothyroidism:

The Whickham survey, conducted in the north of England, revealed a prevalence
of hypothyroidism of at least 7.5% in females and 2.8% 1n males in the UK
(Tunbridge, et al 1977b). A pooled prevalence from different studies 1s shown in
figure 1 across various age groups for each gender. A 20-year follow-up study of
the population of Whickham reported a mean incidence of 4.1/1000 per year for
hypothyroidism in women, the incidence in men being 0.6/1000 per year

respectively (Vanderpump, et al 1995).

Figure 1.
Pooled prevalence of overt hypothyroidism per 1000 patients (Closed circles

represent population-based studies; open ovals represent office-based studies)
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Overt hypothyroidism could lead to typical symptoms and signs as well as

cardiovascular effects, all of which can impact on morbidity and mortality.

Cardiovascular disease:

Overt hypothyroidism is associated with an increased risk of cardiovascular
(CV) disease, although the evidence for a true association 1s confined to older
literature investigating relatively fewer numbers of patients (Klein and Ojamaa
2000, Steinberg 1968, Vanhaelst, et a/ 1967). An association between the two 1s
likely given that diastolic hypertension, higher serum cholesterol levels and low
cardiac output 1s common (Klein 1990). The diastolic hypertension and
increased vascular resistance contribute to increased cardiac afterload and
cardiac work (Bengel, ef al 2000). However, not all patients have hypertension
or abnormal lipid profile (Streeten, ef al 1988), suggesting that there are other
mechanisms at work 1n the development of atherosclerosis. These may be
collagen induced platelet aggregation, impaired vascular smooth muscle
relaxation, or impaired fibrinolytic activity or thrombosis (Erem, ef a/ 2003,
Ishikawa, et al 1989, Mamiya, et al 1989). Plasma homocysteine levels are also
elevated 1n this condition (Nedrebo, ef al 1998) and this 1s now known to be an
independent risk factor for cardiovascular disease (Boushey, ef al 1995, Clarke,
et al 1991). It has also been suggested that hypothyroid patients are at an
increased risk for atherosclerosis based on animal studies that showed that
development of atherosclerosis in cholesterol fed animals 1s enhanced by the
presence of hypothyroidism and reduced when thyroxine 1s administered
(Steinberg 1968). The other possible mechanism of development of
atherosclerosis 1n people with hypothyroidism may be due to endothehal
dysfunction (Lekakis, ef al 1997). Hypothyroidism 1s associated with blunted
endothelium-dependent vasorelaxation (Delp, ef al 1995, Moreno, et al 2003,
Vargas, et al 1995) and reduced aortic nitric oxide (NO) synthase activity 1n rats
(Quesada, er al 2002). Hypothyroidism, even 1n the subclinical stage, 1s
associated with changes in artenal stiffness which may have detrimental ettects
on left ventricular function and coronary perfusion in hypothyroid subjects
(Dagre, et al 2005). Hypothyroid patients have increased peripheral arterial
resistance (Graettinger, et al 1958) (Klein 1989). Elevated diastolic blood

pressure is commonly found in hypothyroid patients that 1s reversible with L-
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thyroxine replacement therapy (Fuller, ef al 1966). Twenty percent of patients
with hypothyroidism have diastolic hypertension and systemic arterial
hypertension increases by up to 30% (Klein and Ojamaa 2001).

Thyroxine therapy reverses all the CV and endothelial changes associated with
hypothyroidism (Klein 1990, Wieshammer, ef al 1989) (Crowley, et al 1977)
(Papatoannou, et al 2004) (Fuller, et al 1966). In a large study of patients with
hypothyroidism who were evaluated for clinical evidence of 1schemic heart
disease after the initiation of thyroid hormone therapy, new or worsening angina
or acute myocardial infarction was rare, and more patients had improvement 1n
anginal symptoms (Keating, ef al/ 1961). These findings reinforce the important
and potentially beneficial effects of thyroid hormone 1in improving the effictency
of myocardial oxygen consumption (Bengel, et a/ 2000) and simultaneously

lowering systemic vascular resistance (Ojamaa, ef al 1996)
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Subclinical hypothyroidism (SCH)

Definition: The terms subclinical hypothyroidism and mild thyroid failure refer
to patients who have an elevated TSH level and a free T4 level within the
laboratory reference range (Ross 2001). In these patients, the serum thyroxine
level 1s reduced from the physiologically normal level for that patient but does
not fall below the lower limit of the laboratory's reference range for the
thyroxine assay. Symptoms of hypothyroidism are not necessary for this
condition to be diagnosed since, 1t has been argued, most patients on close
questioning disclose mild, non-specific symptoms (Ayala, et a/ 2000).

Since serum TSH levels tend to have a skewed distribution with a *““tail” towards
higher concentrations 1n a healthy population (that 1s, not normally distributed),
1t 1s likely that some people with subclinical disease are included 1n the upper
lim1t of the reterence range (Surks, et al 2004). The NHANES III survey in the
United States measured TSH levels 1in a subset (n=13344) aged 12 years or more
and without any confounding factors (pregnancy, medications known to affect
thyroid hormone metabolism or positive anti-TPO antibodies). In this
population, the reference range of TSH concentration (5th —95" percentile) was
0.4 to 4.0 mIU/L, with a geometric mean value of 1.4 mIU/L (Hollowell, et al
2002).

There has been a debate whether upper limit of the reference range for serum
TSH should be reduced. Over the last two decades, the upper reference limit for
TSH has steadily declined from about 10 mIU/L to approximately 4.0 - 4.5
mlU/L. This decrease reflects a number of factors including the improved
sensitivity and specificity of current monoclonal antibody based immunometric
assays, the recognition that normal TSH values are log-distributed and
importantly, improvements in the sensitivity and specificity of the thyroid
antibody tests that are used to pre-screen subjects. The follow-up study of the
Whickham cohort has found that individuals with a serum TSH >2.0 mIU/L at
their primary evaluation had an increased odds ratio of developing
hypothyroidism over the next 20 years, especially 1f thyroid antibodies were
elevated (Vanderpump, et al 1995). An increased odds-ratio for hypothyroidism
was even seen in antibody-negative subjects. It 1s likely that such subjects had

low levels of thyroid antibodies that could not be detected by the insensitive
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microsomal antibody agglutination tests used in the initial study (Tunbridge, er
al 1977b). Even the current sensitive anti-thyroperoxidase antibody (ant1 TPO)

immunoassays may not identify all individuals with occult thyroid insufficiency.

In the future, it is possible that the upper limit of the serum TSH euthyroid
reference range may be reduced to 2.5 mIU/L because >95% of rigorously
screened normal euthyroid volunteers have serum TSH values between 0.4 and
2.5 mIU/L (Baloch, et al 2003). There 1s data indicating that African-Americans
with very low incidence of Hashimoto thyroiditis have a mean TSH level of 1.18
mlIU/L, which strongly suggests that this value 1s the true normal mean for a
normal population (Wartotsky and Dickey 2005). On the other hand, it has been
argued that there 1s no evidence for associated adverse outcomes 1n people with

TSH values between 2.5 - 4.0 mIU/L and that some of these TSH levels may be

due to technical reasons with the TSH assay (abnormal 1somers and heterophile
antibodies) (Surks, ef al 2004).

Current diagnostic methods are capable of measuring TSH at the lower end and
now cite lower normal limits between 0.2 and 0.4 mIU/L (Spencer, ef al 1996).
As the sensitivity of the methods has improved, there has been an increased
interest 1n defining the true lower lmit of normal to better determine the
presence of mild (subclinical) hyperthyroidism. Current studies suggest that
TSH values 1n the 0.1 to 0.4 mIU/L range may represent thyroid hormone excess
and 1n elderly patients might be associated with an increased risk of atnal

fibrillation, and cardiovascular mortality (Sawin, et al 1991) (Sawin, ef al 1994)
(Parle, et al 2001).

Prevalence and incidence:

Subclinical hypothyroidism is quite common. Biochemical assessment of
thyroid function in a large cohort of 25,863 subjects attending a State-wide
health fair in Colorado revealed a prevalence of elevated TSH of 9.5%, with
most subjects being diagnosed due to the blood test (Canans, ef al 2000). In
agreement with previous studies, the prevalence of subclinical hypothyroidism
was found to be greater in women and increased with age, reaching nearly 21%
in women aged 74 years and 16% in men of similar age. A survey of 1210
patients, aged 60 or more from one general practice, indicated rates ot

subclinical hypothyroidism of 11.6% in females and 2.9% in males (Parle, et al
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1991). In an analysis of the Third National Health and Nutrition Exammation
Survey (NHANES I1I), a population-based survey of 17,353 people at least 12
years of age representing the U.S. population, the prevalence of subclinical
hypothyroidism was 5.8% among white, non-Hispanic women; 1.2% among
black, non-Hispanic women; and 5.3% among Mexican-American women. The
prevalence of subclinical hypothyroidism was 3.4% among white men, 1.8%
among black men, and 2.4% among Mexican-American men (Hollowell, et al
2002). In the Whickham survey, a large, population-based cohort study,
prevalence was 4% to 5% among women age 18 to 44 years, 8% to 10% among
women age 45 to 74 years, and 17.4% among women older than age 75 years.
The prevalence was 19 to 3% among men age 18 to 65 years and 6.2% among
men older than age 65 years. Goitre 1s twice as prevalent among patients with
this condition as in the general population. Up to 75% of patients with SCH
have only mildly elevated serum TSH values (5-10 mIU/L), and 50-80% of
patients have positive thyroid autoantibody tests, depending on the age, sex, and
serum TSH levels (Tunbndge, et al 1977b). However, the prevalence of SCH
has been found to be lower 1n more older women; being 6.2% 1n those over 80
(Parle, et a/ 1991). It 1s not clear whether this reduced prevalence 1s due to a
self-selection bias, 1n that more people with SCH may have died betfore they
reach 80 years.

These data indicate that the prevalence of SCH 1s much greater than overt
untreated and unrecognised hypothyroidism and that the prevalence seems to

increase when other autoimmune conditions are present (Gray, ef al 1980)

(Kahaly, et al 1995).

Causes and differential diagnoses:

Patients with treated hyperthyroidism, a history of neck irradiation, postpartum
thyroiditis, and certain autoimmune diseases, especially type 1 diabetes mellitus.
are at increased risk for SCH. It may also develop in patients who are being
treated with the iodine containing antiarrythmic agent amiodarone, lithium, or
immune response modulators, such as interferon alpha. but most patients have
no obvious risk factors. The differential diagnoses of elevated serum TSH and

normal levels of serum free thyroxine include intermittent non-comphance with
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L-thyroxine therapy, recovery from non-thyroidal illness, chronic renal failure,
primary adrenal failure, artifactual high TSH due to circulating heterophilic
antibodies against TSH, and mutations causing 1nactivation of the TSH receptor.
SCH is usually detected when patients with a history of thyroid disease are
followed up or as a result of biochemical screening for non-specific symptoms
(Surks, et al 1990).

Due to the minor alterations 1n thyroid hormone levels and the wide levels at
which homeostatic mechanisms may occur, 1t 1s predictable that metabolic and
organ function indexes will deviate only slightly from the normal. Nevertheless,
such modifications may be clinically relevant, because they atfect organ
function over the course of many years. SCH 1s also likely to progress to overt
hypothyroidism 1n a large number of patients, especially 1f 1t 1s caused by an

autoirmmune process (Parle, et al 1991).

Screening:

Since the majority of patients with this condition are asymptomatic or have very
few or mild symptoms, some authors recommend routine screening (Danese, et
al 1996). Using a decision and cost effectiveness model, 1t was calculated that
screening women older than 35 years old every five years would cost about
$9200 per quality adjusted year of life. Half of this benefit would accrue due to
prevention of progress to overt hypothyroidism with its attendant morbidity,
30% from improved symptoms and a smaller benefit from a decrease 1n heart
disease due to a reduction in serum cholesterol levels. The costs of screening
were mostly due to the TSH assay whereas the potential savings were due to
decrease in costs of evaluating and treating non specific symptoms, as well as
possible savings on lipid lowering therapy. In interpreting these conclusions, 1t
is important to note that Danese and colleagues assumed that early treatment
improved health outcomes and then proceeded to examine the likely
consequences and costs of a screening program. Other researchers (Wiersinga
1995) (1990) (Glenn 1996) (Franklyn 1995) have questioned these assumptions,
citing flaws in the literature on which they are based. The Royal College ot

Physicians states that screening the healthy adult population is not justified since
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the benetits of subsequent therapy are not proven by large prospective clinical

tnials (Vanderpump, et a/ 1996a).

Implications of SCH

The potential complications of subclinical hypothyroidism are progression to
overt hypothyroidism, presence of symptoms and hyperlipidemia and CV
disease. The potential of SCH to lead to overt hypothyroidism is discussed next
whereas the implications of SCH on CV disease and its risk factors as well as
symptoms and quality of life are discussed in subsequent chapters.

Progression to overt hypothyroidism:

Over time, asymptomatic patients with subclinical hypothyroidism may progress
to overt hypothyroidism at a rate of 2-5% per year. Progression is diagnosed
when a patient with subclinical hypothyroidism develops a low free thyroxine
level. The presence of thyroid autoantibodies in serum 1s a strong risk factor for
progression. Older age and a higher TSH level also increase the chance that a
patient with subclinical hypothyroidism will progress. The Whickham survey
provides the best data on the chance that a person with subclinical
hypothyroidism found by screening will develop overt hypothyroidism. The
Whickham investigators defined a TSH level of 6 mIU/L or more as elevated.
Two thirds of women with an elevated TSH level had antithyroid antibodies 1n
serum. During 20 years of follow-up, 55% of women with a TSH level of 6
mlIU/L or more and a positive antibody test result developed overt
hypothyroidism. About 25% of these women had an imitial TSH level of 10
mIU/L or more; for these women, the risk for overt hypothyroidism over 20
years was close to 90%, or about 0.11 per year. Younger women and women
with a mildly elevated TSH level (6 to 9 mIU/L) had a lower nisk for progression
(Vanderpump, et al 1995). A logistic regression equation developed by the
Whickham investigators can be used to estimate risk in these groups. For a 50-
year-old woman with a positive test result for thyroid antibodies, the 20-year risk
for developing overt hypothyroidism was 0.57 (57%) 1f the TSH level was 6
mIU/L and 0.72 (72%) if the TSH level was 9 mIU/L. For a 35-year-old woman
with a positive antibody test result, the 20-year risk for developing overt
hypothyroidism was 0.47 (47%) if the TSH level was 6 mIU L. and 0.67 (67%) 1f

the TSH level was 9 mIU L. The risk for progression was not evenly distributed
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throughout the follow-up period. By 5 years, 8% of patients with an elevated
I'SH level developed overt hypothyroidism and 92% remained well. Almost all
patients who progressed within 5 years hada TSH level of 10 mIU/L and high
titres of circulating antibodies. Of 57 women who had an initial TSH level
between 6 and 10 mIU/L, none progressed within 2 years and 3 (5.2%)
progressed within 5 years. In patients with a mildly elevated TSH level, the risk

for progression after 5 years was not distinguishable from that of euthyroid

patients.

In individuals with SCH, not on L-thyroxine replacement therapy, serum TSH
levels return to within the normal reference range after 1 year of follow-up in
approximately 5% (Parle, et al 1991), whilst the rest remained in SCH state.
Another prospective study of 82 women with SCH, with a mean follow-up
period of 9.2 years, showed that 28% progressed to overt disease, 68% remained
subclinically hypothyroid, whilst the remaining 4% returned to normal (Huber
et al 2002). When patients in this study were stratified according to their initial
TSH levels, 1t was found that none of the patients with mild SCH (TSH <6
mlU/L) progressed to overt hypothyroidism, whereas the corresponding figures
for moderate (TSH >6 and <12 mIU/L) and severe (>12 mIU/L) SCH were 43
and 77% respectively. The results of this study cannot be applied to the primary
SCH patients since 61% of these patients had SCH as a result of treatment
(radioiodine or thyroid surgery) for hyperthyroidism in the past.

Prevention of progression to overt hypothyroidism:

As stated before, the 20-year follow-up of the Whickham survey cohort has
provided the best estimates of risk of developing overt hypothyroidism 1n
women with positive thyroid autoantibodies or SCH- 4.3% / year or 38 times
that of people without antibodies or normal TSH (Vanderpump, et al/ 1995). The
number of patients needed to treat (NNT) to prevent one case of overt
hypothyroidism ranges from 4.3 to 14.3, depending on age and TSH level at
baseline (Helfand and Redfern 1998). This 1s 1n a similar range as that of other

commonly practiced strategies, for example, statin treatment for

hypercholesterolemia (Kumana, et al 1999).



Cardiovascular disease and its risk factors.

The CV system (myocytes and vascular smooth muscle) has receptors for
thyroid hormones and is a sensitive marker of peripheral thyroid hormone action
(Klein and Ojamaa 2001). Type II 5> monodeiodinase (which converts thyroxine

to triiodothyronine) is found on non-muscle heart cells and vascular smooth

muscle cells of the aorta and coronary arteries (Mizuma, et a/ 2001). This
suggests that the CV system may respond to fluctuations in serum thyroid
hormone levels (Biondi and Klein 2004). Effects of hypothyroidism on
exchange of plasma proteins between the intravascular and interstitial fluid
spaces, and on lipid metabolism and atherogenesis add further dimensions to the
CV mmplication of SCH.

The long-term etfects of deficiency of thyroid hormones on the CV system can
be assessed by CV events (by means of cross-sectional and longitudinal case-
control and cohort studies) as well as by 1ts influence on established CV nisk
factors.

The concept of risk assessment was first introduced by the Framingham Heart
Study, and has been expanded upon 1n the decades since (Kannel, et al 1976).
Traditional risk factors routinely used in risk profiles or algorithms include age,
blood pressure, serum cholesterol (high-density hipoprotein and low-density
lipoprotein), diabetes, and cigarette smoking. About 300 such CV risk factors
have been reported 1n the literature. Those described below are a combination of
traditional and emerging risk factors that address the diverse pathogenic
mechanisms. These biomarkers may better predict clinical events either alone or
in combination with other CV risk factors. However, the independentrelation of

the new risk factors with atherosclerotic disease has not yet been conclusively

proven.

Blood pressure

Hypertension is a strong independent risk factor for heart disease and stroke and
a predictor of premature death and disability from CV complications

(Chobanian, ef a/ 2003). The association between blood pressure (BP) and major
CV events including stroke, myocardial infarction, organ damage, and mortality

are well documented in both normotensive and hypertensive individuals, and



this association is greatly influenced by age. Numerous observational
epidemiological studies and clinical trials, including the Framingham Heart
Study, have shown a strong positive and continuous association between
brachial artery systolic and pulse pressures and adverse CV events, especially 1n
people older than 50 years of age (Domanski, et a/ 2001). The long-term
beneficial effects of lowering arterial BP on CV events (e.g., myocardial
infarction, stroke, and mortality) have been well documented in large clinical

trials in both hypertensive and normotensive patients (Davis, et al 2002)

(Dahlof, et al 2002).

Lipids

Results of observational studies in different populations indicate a continuous
positive relationship between CV disease risk and blood cholesterol
concentrations that extends well below the range seen in many developed
populations, without any definite threshold below which a lower cholesterol
concentration 1s not associated with lower risk (Stamler, ef al 1993). Several
large studies of interventions designed to reduce cholesterol levels have shown a

reduction in CV mortality and morbidity (The 4S Study 1994) (Shepherd, et al/
1995).

Body weight and distribution

The importance of obesity as a risk factor for several diseases including type 2
diabetes, CV disease, hypertension, gallstone disease, and certain cancers, 1s
well documented (Eckel 2003). Abdominal obesity 1s the body fat parameter
that is closely associated with the metabolic syndrome (and hence CV disease).

Any effective weight reduction reduces the CV risk (Eckel, ef al 2005).

Inflammatory markers

Inflammation may be both important in the pathogenesis of athero-thrombosis
and a distal marker of an advancing disease process. Increases in the serum C-
reactive protein (CRP) prospectively predict coronary events (Ridker, et al 1997)
(Thompson, ef al 1995) (Liuzzo, ef al 1994). However, the results of a recent

report from the Reykjavik prospective study indicated that elevated CRP levels



were only a moderate predictor of risk compared with established risk factors

such as total cholesterol levels and cigarette smoking (Danesh, ef al/ 2004).

Endothelial function

The endothelium regulates vascular homeostasis by secreting a variety of
autocrine and paracrine substances that act locally in the vessel and lumen
(Gokse, et al 1998). It 1s of primary importance due to its strategic location
between the blood and underlying smooth muscle. Under normal circumstances,
the secreted endothelial factors maintain normal vascular tone, blood fluidity,
and limit vascular inflammation and smooth muscle proliferation (see figure I).
One of these factors 1s endothelium-derived nitric oxide (NO), which modulates
the tone of the underlying vascular smooth muscle and also inhibits pro-
atherogenic processes, including monocyte and platelet adhesion, oxidation of
low density lipoproteins, synthesis of inflammatory cytokines, smooth muscle
proliferation and migration, and platelet aggregation. However, 1n the presence
of coronary risk factors, the endothelium adopts a state that facilitates
inflammation, thrombosis, vasoconstriction, and atherosclerotic plaque
formation (Levine, ef al 1995). In humans, endothelium dysfunction manifests
prior to the development of frank atherosclerosis and 1s associated with
traditional risk factors like hypercholesterolemia, hypertension, and diabetes
mellitus and with newer risk factors like hyperhomocystinaemia, obesity, and
systemic inflammation (Gokse, ef al 1998). Endothehal dysfunction 1s an early
physiological event in atherogenesis (Healy 1990). In vitro studies have shown
that this dysfunction is present in the earliest stages, betore plaques exist and
well before clinical manifestation of the disease (Ross 1986). Thus assessment
of endothelial function by several different methods has emerged as a tool for
detection of evidence of pre-clinical CV disease (Anderson 1999). Additionally,
there 1s also evidence that endothelial dysfunction also contributes to the later
stages of the disease when patients develop clinical symptoms. Cross-sectional
studies have demonstrated the most severe endothelial dysfunction 1n arteries
containing a culprit lesion that precipitates unstable angina or myocardial
infarction (Okumura, ef al 1992) (Bogaty, et a/ 1994). The pathophysiological
role of endothelial dysfunction is evident by interventional studies, which show
an improvement in endothelial function by diverse interventions proven to

reduce cardiovascular risk (Vita and Keaney 2000). For example, lipid lowering
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Figure |. Function of the endothelial cell
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therapy, ACE-inhibitors, smoking cessation, and physical exercise have been to

shown to reduce cardiovascular risk and to improve endothelial dependent

vasodilation in the coronary and peripheral circulations (Gokse, ef al 1998).

Loss of vascular integrity can expose sub-endothelium and cause the efflux of
fluids from the intravascular space. Upregulation of leucocyte adhesion
molecules such as E-selectin, ICAM-1, and VCAM-1 allows leucocytes to
adhere to endothelium and then move into the tissues (Adams and Shaw 1994).
The pro-thrombotic effects of endothelial cell activation include loss of the
surface anticoagulant molecules thrombomodulin and heparan sulphate; reduced
fibrinolytic potential due to enhanced plasminogen activator inhibitor type

1 release; loss of the platelet anti-aggregatory effects of ecto-ADPases and
prostacyclin; and production of platelet activating factor, nitric oxide, and

expression of tissue factor.

There 1s also evidence from outcome studies linking endothehal dysfunction
with future events. Suwaidi et al examined 157 patients with mild coronary
disease and demonstrated a greater incidence of CV events during 2.3 year
follow-up 1n patients with impaired endothelium dependent vasodilatation of
coronary resistance and conduit arteries (Suwaidi, et a/ 2000). This study 1s
limited by the relatively small number of clinical events and the inclusion of
coronary revascularisation procedures as events but, 1t provides the first
evidence that endothelial dysfunction has prognostic value. Halcox et al studied
308 patients undergoing cardiac catheterisation and examined coronary blood
flow and epicardial coronary diameter responses to endothelium dependent and
independent vasodilators (Halcox, ef al 2002). All patients had an average 46-
month follow-up and they observed a total of 35 ischemic events, including
sudden cardiac death, acute myocardial infarction, unstable angina, and stroke.
These events were independently associated with impaired endothelium
dependent dilatation, even after controlling for other clinical variables. In
contrast vasodilator responses to endothelium independent vasodilators did not
predict events, proving specific relationship with endothehal dystunction.
Patients with impaired endothelium dependent vasodilatation predicted CV

events even in patients with angiographically normal coronary arteries.

o,
N



Several studies have reported that the risk of ischemic CV events 1s increased in
patients with impaired fibrinolytic function (Pahor, et al 1999) (Salomaa, et a/
1995b) (Thompson, et al 1995). Fibrinolytic activity 1s primarily determined by
the balance between the levels of tissue plasminogen activator (tPA) and
plasminogen activator inhibitor 1 (PAI-1). The endothehal cells are responsible
for the production and blood release of tPA and of PAI-1 to some extent.
Multiple factors, such as lipoproteins, cytokines, and inflammatory markers,
modulate endothelial cells to produce tPA and PAI-1 (Pearson 1993). There are
several arguments to suggest that hypofibrinolysis could be considered to be a
surrogate marker of endothehal cell dystunction (Tomiyama, et al 1998)
(Poredos 2002). In prospective studies PAI-1 and tPA independently predicted

CV events or mortality (Held, et al 1997) (Ridker, ef al 1994) (Ridker, et al
1993). While some studies (Ridker, ef al 1994) (Ridker, et al 1993) found that
the significant associations of tPA with CV disease were independent of other
risk factors, others (Juhan-Vague, et al/ 1996) (van der Bom, et al 1997) have
found that fibrinolytic markers were correlated with obesity, and serum lipids
such as total cholesterol and Lp(a), suggesting that the prothrombotic effect of
altered lipids and msulin resistance are mediated by an impairment of
fibrinolysis.

Increased levels of biochemical markers of endothelial function and cell

adhesion—P-selectin, E-selectin, soluble intercellular adhesion molecule 1

(sICAM 1), vascular cell adheston molecule 1 (VCAM 1), and
thrombomodulin—have been found in patients with atherosclerosis and

dyslipidaemia (Belch, et al 1997) (Blann, e al 1997b) (Blann, et al 1997a)
(Morisaki, et al 1997). In the Atherosclerosis Risk in Communities Study,

increased plasma levels of SICAM 1 and E-selectin prospectively predicted

coronary events (Hwang, et al 1997). In the Physician's Health Study, sSICAM 1
was significantly and independently associated with incident myocardial

infarction (Ridker, et al 1993).
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Assessment of endothelial function

Endothelial function has been assessed with a variety of invasive and
noninvasive surrogate assays (see table 1). Elevation of serum markers (e.g.,
adhesion molecules, selectins, C-reactive protein) has been associated with
endothelial dysfunction and its risk factors, but distinguishing between
endothelial stimulation and endothelial damage 1s difficult (Raitakar1 and
Celermajer 2000). In addition, assays measuring NO activity in plasma and
urine exist, but are heavily affected by dietary habits (Wang, ef a/ 1997). As a
result, a direct measure of endothelial function, with a vanety of techniques, 1s
frequently used. Although direct visualization of the coronary artery dilator
response to acetylcholine challenge with angiography and endothelial function
in the forearm circulation using plethysmography after brachial artery infusion
of a variety of dilatory triggers have been studied and validated, their
widespread clinical use 1s imited because of their invasive nature.

Recently, non-invasive measures of endothelial function have become available.
Reduced coronary flow reserve, as measured with positron emission tomography
(PET) before and after provocation with adenosine or dipyridamole, has been
shown to occur 1n patients with risk factors for vascular disease and improve
with statin therapy (Huggins, ef al 1998). However, this technique 1s expensive
and 1nvolves radiation exposure. Forearm plethysmography and brachial artery
ultrasound scanning may be used to assess increased tlow 1n response to NO
stimuli, and both are well tolerated and reproducible. However, data suggest that
forearm hyperaemia is less dependent on NO release than 1s flow 1n larger
circulatory beds (Honing, et a/ 2000). Moreover, there 1s concern that forearm
plethysmographic measurements exhibit considerable day-to-day variability,
potentially limiting their use in long-term studies (Anderson 1999).
Accordingly, the most widely used technique for assessing endothelial function
is brachial artery ultrasound scanning for flow-mediated dilatation (FMD).
Brachial artery flow mediated dilatation (KMD):

Coronary endothelial dysfunction has been shown 1n response to various
pharmacological and physiological stimuli, in patients with symptoms of
established coronary atherosclerosis (Ludmer, et al/ 1986). The technique of
assessing coronary endothelial function is useful for coronary artery events, but

this method is limited by the risk of and expense of coronary angiography and
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selective intra-coronary agonist infusion. Therefore, there has been considerable
interest in the study of endothelial vasomotor function 1n more accessible
vascular beds, such as the brachial circulation. Venous occlusion
plethysmography has been used to examine vasomotor responses of forearm
resistance vessels during brachial artery infusion of endothelium dependent
vasodilators like acetylcholine (Creager, ef al 1990). This approach has several
advantages including the ability to examine dose-response relations and use
specific agonists and antagonists. However, these studies are limited by the
requirement for arterial catheterisation that renders them less well suited for
large scale and intervention studies. An alternative approach uses vascular
ultrasound to examine endothelium dependent flow mediated dilatation of the
brachial artery (Corretty, ef al 2002). This was first developed by Celermajer et
al, who followed changes 1n vessel diameter, 1in response to increased flow and
to glyceryl trinitrate (GTN) (Celermajer, ef a/ 1992). In arteries lined by healthy
endothelium, increased flow causes vessel dilatation, via release of NO. This
mechanism fails in endothelial dysfunction. In contrast, GTN causes
vasodilatation by direct action on the smooth muscle; 1ts effect 1s therefore
independent of the endothelium. Since then, this non-invasive technique has
gained popularity as an assessment of endothelial function that can sately be
applied to large and varied group of patients that may involve repeated
measurement of vascular function over time. As with the coronary circulation,
endothelial function 1n the brachial artery is impaired in individuals with risk
factors and responds to interventions known to reduce CV disease risk (Gokse,
et al 1998).

The systemic nature of many risk factors makes it reasonable to assume that
they affect central and peripheral arteries in a parallel manner. In fact, there have
been studies to suggest that endothelial dysfunction detected non-invasively n
the arm correlates well with coronary artery endothelial dystunction (Anderson,
et al 1995). Some more recent studies have shown that impaired ultrasound
detected flow mediated dilatation predicts future CV events. Neunteutl and
colleagues observed a relation between endothelial dysfunction and need for
revascularisation procedure, although their study had a relatively small group ot
subjects and the relation between endothelial dysfunction and events was lost

after controlling for extent of coronary artery disease (Neunteutl, ez al 2000).



Another prospective study by Gokce et al showed that impaired brachial artery
flow mediated dilatation is an independent predictor of short-term events in
high-risk patients undergoing surgery for vascular disease (Gokce, er a/ 2002).

Thus, endothelial function represents a very good and accessible tool to measure

underlying vascular health.

Blood flow through the brachial artery 1s increased 1n response to transient
hyperaemia, which 1s provoked by inducing post-ischemic dilation of distal
vascular beds. Ischemia 1s induced by the inflation of an arterial occlusion cuff,
positioned on the proximal or mid-forearm. After cuff deflation, brachial artery
flow increases because of downstream vessel dilation, and this augmented flow
increases brachial artery shear stress, resulting in vasodilatation. The precise
mechanism of FMD 1s not completely understood, but 1t 1s generally believed to
be mediated by NO produced by the endothelial cells, perhaps via shear-stress-
induced phosphorylation of endothehal nitric oxide synthase (eNOS)
(Dimmeler, ef al 1999). NO 1s of particular interest to researchers as 1t 1s an anti-
atherogenic molecule, and a reduction in 1ts bioavailability may play a role in
the pathogenesis of vascular disease (Cooke and Dzau 1997).

Biochemical endothelial markers:

These are either secreted by the endothelium or shed from its surface 1n disease
states, can be used to measure endothelial activity. Some of these markers are
von Willebrand factor, thrombomodulin, E-selectin, P-selectin, SICAM 1,
VCAM 1 and vascular endothelial growth factor. Adhesion molecules (sSICAM 1
and E-selectin, etc) are shed into the circulation. These can be measured and
provide a biochemical means for assessing endothelial function (Abdu, et al
2001). The clotting cascade is activated by the endothelial products tissue
plasminogen activator (tPA), thrombomodulin and plasminogen activator
inhibitor-1 (PAI-1), which contribute to thrombosis formation on atheromatous
plaques. Von Willebrand factor (vWF) generated by endothehal cells also
favours thrombosis.

sICAM 1: This is one of the cell adhesion molecules (CAMs) expressed 1n
response to vascular endothelial activation via the stimulus of cytokines, tumour
necrosis factor alpha and interleukin-1. sSICAM 1 is a marker of white blood cell
(WBC) interaction with the vascular endothelium, and 1t facilitates the trans-

endothelial migration of WBCs into the sub-endothelial space (Smith, ez a/



1989).

VCAM-1: Supports the adhesion of lymphocytes, monocytes, natural killer

cells, eosinophils and basophils to the endothelium. It 1s not constitutively

expressed on endothelium, but can be upregulated 1nvitro 1n response to several

cytokines (Blann and Lip 1993).

E-selectin: 1s one of the CAMs shed from the endothelium into the plasma and

shown to be a specific marker of endothelial dysfunction as 1t 1s exclusively

expressed by the activated vascular endothelium (Bevilacqua, et a/ 1989). It

mediates the mnitial interaction of leukocytes and platelets with endothelial cells.

Table 1. Surrogate indices of endothelial function

Serum markers
Endothelin-1 (ET-1)
Von Willebrand factor (vWF)
Tissue-type plasminogen activator (t-PA)
Plasminogen activator inhibitor-1 (PAI-1)
Intercellular adhesion molecules (ICAMs)
Vascular cell adhesion molecules (VCAMs)
E-selectin, P-selectin
Asymmetric dimethylarginine (ADMA)
Nitric oxide production assays
Urine nitrate (NO"")
Urine cyclic GMP functional tests
Invasive provocative testing

1.With forearm plethysmography

2. With coronary angiography
Positron emission tomography
Flow mediated dilation
1. With forearm plethysmography
2.With brachial artery ultrasonography
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Detection of subclinical atherosclerosis with carotid intima-media

thickness:

Measurement of arterial wall intima-media thickness (IMT) made with high-

resolution B-mode ultrasound imaging was first presented as a means of

assessing atherosclerotic changes in the aorta in 1986, when studies of excised
aorta showed close correlation between ultrasonically measured IMT and the
same thickness measured by light microscopy (Pignoli, er al 1986). Because of
1ts ease of study, the carotid artery quickly became the vessel of choice for
ultrasonic examination of IMT. Multiple studies have shown that the carotid
artery IMT, as measured non-invasively by ultrasonography, 1s directly
associated with an increased risk of CV disease (O'Leary, et al 1996) (Kuller, et
al 1995) (Bots, et al 1997) (O'Leary, et al 1999). Because 1t has been shown to
be an independent predictor of CV disease after adjustment for traditional risk
factors, 1t 1s the only non-invasive imaging test currently recommended by the
American Heart Association for inclusion in the evaluation of risk (Smith, er a/
2000). However, it remains unclear how much additional information beyond
that afforded by traditional risk factors is gained by inclusion of IMT in risk
profiles (del Sol, et al 2001). Change in IMT is increasingly being used as the
end point in interventional trials. Meaningful differences in progression rates
have been shown in progression rates in trials of either lipid-lowering drugs or
beta-blockers involving several hundred subjects over a period of several years
(Furberg, et al 1994) (Smilde, et a/ 2001). Acceptance of a standardized
protocol for measuring IMT change would facilitate comparison of results from
the many trials using this technique. However, uncertainty about which measure

of IMT offers the best end point has inhibited methodological standardisation.

Arterial stiffness as a marker of atherosclerosis:

Results from several studies have suggested that subjects with CV disease have
increased arterial stiffness compared with subjects without (Hirai, et al 1989)
(Dart, ¢t al 1991). Arterial stiffness may be an important, independent predictor
of C'V risk. The association between arterial stiffnessand CV disease may be
explained by an increase in pulse pressure following increased arterial stiffness

or through an association between arterial stiffness and atherosclerosis. Studies
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examining the association between arterial stiffness and atherosclerosis have
reported conflicting results (Maarek, et al 1987) (Wada, ef a/ 1994) (Riley, et al
1997) (Megnien, et al 1998). Traditionally, structural components within the
arterial wall, together with mean arterial pressure, were thought to be the major
determinants of vessel stiffness. However, artenal stiffness i1s a dynamic
parameter, which can be modulated by changes in smooth muscle tone, and it is
now recognized that the vascular endothelium plays an important role in the
functional regulation of arterial stiffness. Importantly, direct pharmacological
manipulation of artenial stiffness 1s possible and therapeutic strategies that
specifically target the large artenies to reduce stiffness may be helpful,
particularly 1n those individuals with increased or premature arterial stiffening.
Nitric oxide donor drugs are one such strategy and may be particularly useful in
this regard. However, therapies that target changes arterial structure provide an
interesting alternative. Further studies are required to determine the most

effective therapies with which to reduce large artery stiftness and, thus,

potentially, CV nisk.



Cardiovascular disease in SCH

The association of SCH with CV disease has been quite controversial. One of
the earliest case-control studies showed a strong association between SCH (as
defined by exaggerated response to thyrotropin releasing hormone) and
anglographically demonstrated coronary artery disease (Dean and Fowler 1985).
Since then, there have been several community-based cross-sectional (Hak, et a/
2000) (Tunbndge, et al 1977a) (Imaizumi, ef al 2004) (Lindeman, ef al 2003)
(Rodonds, et al 2005) (Walsh, et al 2005) (Cappola, et al 2006) as well as
longitudinal studies (Hak, et al 2000) (Imaizumi, ef a/ 2004) (Vanderpump, et al
1996b) (Parle, et al 2001) (Gussekloo, ef al 2004) (Rodonds, ef al/ 2005) (Walsh,
et al 2005) (Cappola, ef al 2006) that have assessed this relationship. There has
been no large scale randomised controlled trial of treatment of SCH 1n assessing
CV disease.

The cross-sectional component of the Rotterdam study concluded that SCH was
a risk factor for aortic atherosclerosis and myocardial infarction in women aged
55 years or more with a risk comparable to that associated with diabetes
mellitus, smoking and hypercholesterolemia (Hak, ef al 2000). However, the
longitudinal component of this study (4.6 year follow-up period), did not
demonstrate this association, but total CV events were quite low.

The cross-sectional Whickham study showed a weak association between minor
ECG changes and SCH in women, independent of other variables. The authors
stated that this finding was of questionable importance since detection of ECG
changes was observer dependent (Tunbridge, e al 1977a). A 20-year follow-up
study of the cohort did not reveal an association between autoirmmune thyroid
disease and CV disease (Vanderpump, et a/ 1996b). But many patients with
SCH in the original survey received L-thyroxine replacement therapy and the
analysis did not differentiate between treated and not treated patients. The study
also did not differentiate between SCH and euthyroid people with positive

antibodies.

A Japanese study showed that SCH was associated with CV disease independent
of all other variables in men but not in women in the cross-sectional analysis.

There was no association with cerebrovascular disease. The longitudinal arm of
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the same study (10-year follow-up period) showed increased all-cause mortality

in men with SCH (the exact nature of death was not investigated) (Imaizumi, er

al 2004).
A longitudinal case-control study, in Birmingham, UK, of 1191 people aged

more than 60 years followed-up for 10-years, showed no increased risk of CV
disease in the group with SCH, although it did not differentiate between treated
and untreated patients (Parle, ef a/ 2001).

Similarly, the prevalence of CV disease was not increased in SCH patients 1in a
cross-sectional survey of 3410 elderly people in Maryland, USA (Cappola, et al
20006).

However, a cross-sectional study in New Mexico, USA, of a randomly selected
sample of 112 people aged 65 years or more, found that there was an increased
prevalence of CV disease 1n participants whose TSH >10mIU/L (Lindeman, et
al 2003).

A recent study with both cross-sectional and longitudinal arms of people aged
between 70-79 years reported no association between SCH and CV disease at
baseline but there was an increased incidence of congestive heart failure after 4
years of follow-up only in the moderate and severe SCH groups (TSH 7-9.9 and
>10 mIU/L, respectively) but not the mild SCH group (Rodondi, ef al 2005).
Another recent study that had cross-sectional and longitudinal arms (follow-up
of 20-years) found a significant association of CV disease at baseline as well at
follow-up (Walsh, et al 2005).

On the other hand, the Leiden study of people aged 85 years or more showed
that an elevated TSH was associated with a decreased risk of death from CV
disease during 4 years of follow-up (Gussekloo, et al 2004). However, 62% of
the participants with SCH had reverted to being euthyroid at the time ot follow-
up, suggesting that a high proportion of people with SCH at the outset may have
had non-thyroidal illness or their SCH was not stable.

Details of these studies ate given in Tables 4 and 5. As can be seen trom these
tables, there have been a number of cross-sectional as well as longitudinal
studies that have assessed the risk of ischemic heart disease (IHD) 1n people
with SCH, with varying results. The differences in results are quite likely to be
due to the different population samples studied (inclusion or exclusion of

subjects with history of thyroid disease, previous CV event, current L-thyroxine
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therapy) as well as variations in definitions of IHD, length of follow-up and
varying limits of TSH cut off values that defined SCH. Therefore, a systematic
review and meta-analysis of these studies that have assessed IHD and its risk

factors was performed. The methods of the meta-analysis are outlined below.

Methods:
[nclusion criteria:
Cross-sectional and longitudinal studies assessing IHD risk, mortality, and

cross-sectional studies assessing lipids and body mass index (BMI):

1. Population-based cross-sectional or longitudinal study of unselected
community living adults.

2. Should have reported validated IHD events (myocardial infarctions, angina,
coronary artery interventions like angioplasty or surgery), mortality, lipids and
BMI 1n both SCH and euthyroid groups, and stated variance, if applicable.

3. Should have measured thyroid hormone (thyroxine) as well as TSH levels as a
prerequisite to diagnose SCH.

4. Should have included patients with TSH levels < 10 mIU/L in the study.

[1terature search critena:

A comprehensive search of PubMed, Embase and the Cochrane database of
systematic reviews was conducted between February 2004 and June 2006, for all
relevant articles published between 1976, when a rehiable TSH assay became
available, and 2006, using the Mesh terms “thyroid”, “cardiovascular”,
“1schemic heart disease’, “lipids” and “cholesterol”. The references of these
articles were then studied to compile any missed articles. Authors of studies

where data was incomplete were contacted for additional information.

Data abstraction:

[HD events or mortality were abstracted from included studies along with
number of participants in each arm. Where data was presented tfor IHD events,

strokes and peripheral vascular disease, then only IHD data was included. It data



was reported as CV disease events, then all data was included for both groups.
For those studies that reported results that were stratified according to baseline

TSH levels, data was abstracted for TSH levels < 10 mIU/L. When studies
reported data for different subgroups (tfor example by age or by gender), the

average across all subgroups was calculated tor both euthyroid and SCH groups.
For those studies where variance of difference of means was not available,
variance was calculated (for trials that reported difference from baseline) or

imputed (for trials that reported final values). All analyses were by intention to

treat.

Statistical analyses

The results are calculated using both fixed and random effect models. IHD
events (both prevalence and incidence) and mortality was expressed as odds
ratio (OR). Continuous data 1s expressed as weighted mean difference.
Heterogeneity was tested by the y ? test and 1° test, p < 0.1 and a value greater
than 50% i1s indicative of substantial heterogeneity, respectively. Odds ratio and
the mean difference 1s expressed 1n a fixed manner for analyses that are
statistically homogenous and 1in a random manner tor those that are

heterogeneous. The statistical package Revman 4.2 was used for analyses and

for generating figures.

Results

The studies that assessed IHD prevalence, incidence and mortality are shown 1n

tables 2 — 3, and meta-analysis of the data shown 1n figures 2 — 4.

Prevalence of IHD in SCH (table 2 and figure 2): It is significantly increased
with an odds ratio (OR) of 1.27 (95% CI 1.03 — 1.58), p=0.03. Tests for
heterogeneity reveal that the studies are significantly ditterent (C hi® 18.36, df
=9, p=0.03), hence the random effects model was used. Subgroup analysis
shows that the prevalent IHD association with SCH is due to trials that have
studied individuals less than 65 years of age, OR 1.55 (1.10 - 2.19). p=0.01.

Studies of populations aged more than 65 years failed to show this assoclation,

OR 1.04 (0.88 — 1.22), p=0.64.
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Table 2.

Cross-sectional studies of cardiovascular disease in SCH

|

Study ' No. of Recruitment | CVDin | CVDin gign_iﬁc
participant Eu n (%) | SCHn ance
Eu SCH (%)
Whickham | 2460 132 | Population 145(5.9) | 11(8.3) NS e
Rotterdam L_gg? 116 | Population 61 (7). 17 (—14.6) S
CV Health | 2639 496 | > 65 years | 489 (18.5) | 98 (19.7) Ns
Japanese | 2293 257 | Atomic bomb |29 (1.3) |9(3.5) S
SUrvivors
' New 643 112 | >65 years 181 (28.1) | 32(28.6) |Ns
Mexico
 Australian | 1906 119 | Population | 154 (8.1) | 18 (15.1) S
Tennessee | 2392 338 | 70-79 years | 710 (29.7) | 101 (29.9) Ns
Denmark | 963 249 | 1 PHC 1189 (19.6) | 50 (20.1) S (men)
'German | 1745 29 | Population 06 (5.5) |2(69) NS
'NHANES | 1551 57 | Population 218 (12) | 7(13)  INS

Fu — Euﬁlyroid, SCH — Subclinical hypotﬁyroidfg;n—, CVD - Cardiovascular

disease, Ns — Not significant, S — Significant, PHC — Primary Health Centre.
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Figure 2.

Forrest plot of CV disease in cross-sectional studies of SCH
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Incidence of IHD in SCH (table 3 and figure 3): Incidence of IHD is not

increased in the total cohort of SCH patients, random OR 1.25 (0.70 — 2.24),

p=0.45. In subgroup analysis by age, trials that studied subjects with SCH below

65 years showed a significant association with incident IHD, OR 3.04 (1.97 —

4.69), p<0.00001. In contrast, trials with subjects aged 65 years or more failed to
show any association, OR 0.87 (0.68 — 1.12), p=0.28.

Table 3.
Longitudinal studies of CVD in SCH.
Study | No. of F/U in | Age CVDinEU | CVDin | Sig | Remarks
participants ¥ s N (%) SCH N
Eu SCH (%)
Whickh [ 126 126 |20 |20+ [21(16.7) |32(25.4)| NS | SCH - +ve
am antibodies
& normal
TSH
Birmin | 1026 76 | 82 |20+ [180(17.5) | 11 (14.5)| NS | 30 pts in
gham SCH on
L T4
Australi | 1752 101 |20 |58 229 (13.1) |33 (32.7)| S | Excluded
an patients on
L T4
Tenness | 2392 338 | 4 70 -79 [298 (12.4) | 36(10.6) | NS | 51 pts in
ce SCH on
T4
Leiden | 472 30 |4 '>85 |[185(39.2) | 7(23.3) | NS | 62% were
years eu at f/u
CV 1838 347 | 125 |>65 |462(25.1) |85(24.5) | NS |142ptsin
Health years SCH on
Study [ T4

Eu - Euthyroi_d, SCH — Subclinical h-ypoth};roid:ﬂE‘VD _ Cardiovascular disease,

Ns — Not significant, S — Significant, ATD — autoimmune thyroid disease.

39




Figure 3.
Forrest plot of CV disease in longitudinal studies of SCH
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Mortality (due to [HD) (figure 4): Mortality due to IHD 1s not increased,
random OR 1.31 (0.93 — 1.85), p=0.12. In subgroup analyses by age, studies of
people with SCH aged less than 65 years showed a significant association, OR
1.57 (1.03 - 2.39), p=0.03. People with SCH aged 65 years or more did not show
this association with mortality, OR 1.01 (0.73 — 1.40), p=0.95.

Figure 4.
Forrest plot of CV mortality in SCH.
Revieyy: CV dizease in SCH
Comparison: 03 CV Mortalty in SCH
Outcome:; 01 CV deathe in SCH
Study OR (random) Wigight OR (random)

or sub-category 95% € % 95% Ci

01 Aged » &5 years

CY Health Study mort 21.73 .13 [0.79, 1.58)
Tenneszes mortalty - 13. 58 .45 [0.38, 1.45])
Sutitatal (95% CI) 35.31 1.0% [0.73, 1.40)

Total evertds: 57 (SCH), 322 (BEuthyroid)
Test tor heterogenety Cr? =103, df =1 (P =0.30), F =8.1%
Test tor overall effect Z =008 (P = 085) I

b

Q

02 Aged = B years .

Australian mortalty 1%.21 2.449 [1.47, 4.08)
Birmingham 13.65 0.80 [0.41, 1.54)
Japanese incidence 19. 38 1.60 [1.0S8, 2.44)
Whickham mortalty 14. 46 171 [8.9Z.  3-19]
Subtotal (95% C) £4.69 1.57 [1.03, 2.39)
Total everts: 72 (SCH), 673 (BEuthyroid)

Test for heterogenety: Chit= 714 df =3 (P =0.07), P = 58.0%

Test for overall effect. Z=211 (P =0.03)

Total (35% CI) kg 100. 00 1.31 [0.93, 1.85)
Total events: 129 (SCH), 935 (Euthyroid) |

Tast for heterogenety: Chi*f = 1350, df =5 (P = IZ'J.D?)r ?=63.0%

Test for overall effect. Z=1568(P=012)

02 0.5 1 5 5
Favours euthyroid  Favours SCH

[t 1s not clear why SCH may have a protective CV influence in older people (>
65 years). Many negative longitudinal studies of CV endpoints have included
patients on L-thyroxine therapy, which could have a normalising influence on
important parameters like endothelial function and lipids (table 3).

The impact of SCH on the CV system has been evaluated by investigating

cardiac function and anatomy, as well as vascular resistance and endothelial
function. Diastolic and systolic function, both on effort as well at rest have been
shown to be impaired in patients with SCH (Monzani, et a/ 2001) (Vitale, et al

2002) (Biondi, et al 1999) (Bell, et al 1985) (Forfar, et al 1985). Another study



has shown impaired cardiopulmonary exercise testing (Kahaly 2000). Another
study, using ultrasonic myocardial textural analysis has found an altered
myocardial composition which may represent early structural changes (Di Bello,
et al 2000). Studies have shown that systemic vascular resistance has a
significant inverse correlation with FT3 and a direct relationship with TSH in
people with SCH (Faber, ef al 2002). There have been 2 studies that have shown
impaired endothelial function in people with SCH, suggesting that nitric oxide

availability 1s reduced 1n this condition (Lekakis, ef al 1997) (Taddei, et al
2003).

Thyroid autoimmunity and CV disease: The association between thyroid
autoimmunity and cardiovascular risk 1s also similarly controversial. Autopsy
studies (Gaspar 1968) and hospital inpatient studies (Bastenie, et al 1967)
(Bastenie, et al 1971) (Tieche, et al 1981) suggested a link between
asymptomatic autoimmune thyroiditis and coronary artery disease. But these
findings were not confirmed by other studies (Heinonen, et al 1972) (Tunbnidge,
et al 1977a) (Miura, ef al 1996) (Wells and Hueston 2005). The Rotterdam study
found a significantly higher association of a history of myocardial infarction and

atherosclerosis in women who were positive to thyroid peroxidase antibodies

(Hak, et al 2000).



CV risk factors in SCH

The relationship between SCH and serum lipids 1s unclear (Tanis, et al 1996)
(Helfand and Redfern 1998) (Toft 1994). This 1s partly because of the range of
populations studied and different designs addressing the issue. The list of
different population based cross-sectional studies 1s given below (table 4). All
the twenty studies are cohort studies apart from the one reported by Parle and
colleagues, which 1s a case-control study where patients with SCH were
identified from one primary health care centre in Birmingham and matched to
euthyroid controls. Figure 5 shows the difference in meta-analysis between SCH
and euthyroid individuals 1n terms of total cholesterol levels.

Total cholesterol (figure 5): Total cholesterol 1s higher 1n patients with SCH as

compared to euthyroid individuals, weighted mean difference (95% CI) of 0.2
mmol/L (0.1 —0.3), p<0.0001. The studies were sufficiently heterogeneous
(Chi* = 157.5, df=19, p<0.00001), therefore a random effects model was used
for analysis.

Other lipid parameters: LDL cholesterol is higher 1n individuals with SCH
than euthyroid people by random weighted difference of 0.20 mmol/L (0.08 —
0.33), p<0.002. The studies were positive for heterogeneity (Chi* = 161,
df=11,p<0.00001). HDL cholesterol showed no difference at all in SCH versus
euthyroid individuals, random weighted difterence of 0.0 mmol/L (-0.07 - 0.06),
p=0.90. Test for heterogeneity was positive (Chi*= 135.6, df=11, p<0.00001).
Triglyceride levels are higher in SCH patients as compared to euthyroid
counterparts by 0.28 mmol/L (0.12 — 0.44), p<0.0008. The tests for
heterogeneity were positive, necessitating the use of a random ettects model
(Chi* =76, df=10, p<0.00001).

BMI: There is no difference in the BMI of people with SCH as compared to
euthyroid individuals, weighted mean difference ot 0.16 kg/m?® (-0.1 — 0.43),
p=0.22. The studies were significantly heterogeneous to warrant analysis by the
random effects model, Chi* =15.27, df=9, p=0.08.

Blood pressure: There was no difference in systolic blood pressure in either
group (SCH versus euthyroid), random weighted mean difterence ot 1.00 (-1.30
—3.31). p=0.39. Diastolic blood pressure tended to be higher in SCH group but

R



failed to reach statistical significance, fixed weighted mean difference of 0.57 (-
0.26 — 1.40), p=0.18.

Table 4.

Cross-sectional population based unselected studies of lipids in SCH

patients versus euthyroid controls.

Study  [Patients [TC  [Triglycerides LDL¢  HDLc
_ SCH Eu SCHEu SCH FEu SCH Eu SCH Eu |

@119 1906 6.3 58 [1.7 14 M1 35 15 1.5

NHANES III P15 8013 [5.8 56 2 1.8 B.6 35 1.3 1.3

Danish D49 963 52 53 [l4 13 P8 29 |15 15 |

Slovakian 169 1797 5.7 5.4 P2 1.8 f ) vk J

Korean 375 65017 [5.2 5.0 | 33 Al |

'Kanaya(Ame 62 1858 [5.9 53 | e s

rica)

New Mexico |112 643 5.4 53 | T Bs 33 13 12

Birmingham [57 257 6.6 63 W4 42 [14 14 |

SOF study |19 250167 62 PR.1 19 W4 40 12 14

Whickham  [132 2460 6.2 6.0 [1.4 1.3 I

1977

CV Health 496 2639 5.5 5.5 R

Study

Colarado  [233622842 5.7 5.5 N T-

German 29 1745 6.5 6.1 | k1 3916 1.4

study

Tennessee 338 2392 54 5.2 'i _ t I

Rotterdam  |116 867 [6.7 7.0 S 1.4 1.5

apanese 257 2293 5.0 5.0 | I I

E}eul study Pl 1167 1.2 7.4 | F I

[eiden R0 47264 57 19 15 F i |

Pirich P2 188559 56 P8 14 PB8 3.7 (1.2 1.3

Tromso  |127 4894 |6.6 62 1.6 15 W4 40 1.6 1.5

SCH — subclinical hypothyroidism, Eu — euthyroid, TC — Total cholesterol, LDL

¢ — Low density lipoprotein cholesterol, HDL ¢ — High density lipoprotein
cholesterol. Cholesterol and triglyceride levels are in mmol/L.
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Figure 5.

Forrest plot of difference in total cholesterol levels in SCH versus euthyroid

people in population-based unselected studies.
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There have also been other cross-sectional studies of people with

hypercholesterolemia that have reported increased prevalence of SCH compared

to normocholesteroleamic control groups (Oettgen, ef al 1994) (Ball, et al 1991)

(Pallas, et al 1991) (Series, et al 1988). Since SCH may be present for many
years before overt hypothyroidism develops, it may be worthwhile to know

whether there is any potential to improve lipid profiles in this group.

Conclusion: The meta-analysis shows that SCH is associated with increased
prevalence and incidence of IHD as well as increased CV mortality In people
less than 65 years of age. There is an also increased total cholesterol level of
0.20 mmol/L in people with SCH as compared to euthyroid individuals. It 1S

unclear why there seems to be a difference in outcomes in people with SCH

-



according to age. It may be that there is a self-selection bias 1n these trials in that
some people with SCH may not reach an age greater than 65 and beyond, and
those that do have an inherently strong and healthy constitution that overrides
the negative impact of SCH. The other possibility 1s SCH has a protective
influence in elderly people, by some unknown mechanism. There is also a slight
but significant increase in BMI 1n people with SCH although blood pressure is
not significantly different. One of the explanations, which 1s not accounted for
by the meta-analysis 1s that there might be other differences in people with SCH
that could explain some of these differences, compared to euthyroid individuals.
[t 1s well known that SCH 1s more prevalent 1n older individuals and a difference
in age could explain all of these differences, especially in differences in lipids
and BMI. The mean ages of people with SCH 1n all the different studies 1n tables
4-7 were no different compared to the euthyroid group, random weighted mean
difference 0.98 years (-0.53 — 2.50), p=0.20.

It therefore seems quite likely that SCH 1s associated with a significantly worse
CV risk factor profile in people with SCH compared to euthyroid individuals.
The next chapter examines whether treatment of SCH with L-thyroxine has
shown any significant improvement in these risk factors in the published

literature.
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Effect of L-thyroxine treatment on cardiovascular risk

factors.

The potential benefits and risks of treating SCH have been debated for a few
decades. The possible advantages are prevention of progression to overt
hypothyroidism, reversal of symptoms of hypothyroidism and improvement of

QoL, and potentially decrease CV events and mortality.

There has been no randomised controlled trial (RCT) that has investigated the
effect of L-thyroxine on CV disease incidence. There have been a number of
studies that have looked at various CV risk factors. RCTs of L-thyroxine in SCH

are shown below (table 5).

Table S.
RCTs assessing effect of L.-thyroxine therapy on lipid profile in SCH.

—y——=

Study TC LDLe¢ HDLc Triglycerides
Before Change Sig |Before Change Sigl Before Change Sig | Before Change Sig
Cooper (6.5 -0.33 NS | - - 1.4 -0.12 NS

| Nystrom 6.8 -02 NS |- - B

-T

Jaeschke 5.7 03 NS |36 0.18 NS|1.4 004 NS |15 0.07 NS
ey 63 =01 & |41 02 S8Sl17 8  Ns|13 0 NS
Fathcio 55 05 S |36 0B 8|15 01 NS |Iz 8 NS

Monzani 5.5 -08 S |35 06 S |[1.5 0 NS [ 1.0 -0.15 NS
Kong 5.5 02 NS|33 01 NS|1.0 002 NS |18 -0.I NS

m—

[qbal [5.9 -02 NS [3.7 -0.1 NS [1.5 O NS [1.5 0 NS

SCH — SLibclinical‘hypothyroi’dism, TC — total cholesterol, LDL ¢ — Low densityrlipoprotcin
cholesterol, HDL ¢ — High density lipoprotein cholesterol.

These studies show that the effect of L-thyroxine on serum lipids 1s variable.
The variability arises due to the differing nature and number of patients
recruited, study design and dose of L-thyroxine therapy. Previous meta-analysis
has shown that reduction in total cholesterol ranges from 0.2 to 0.4 mmol/L and
DL cholesterol by 0.26 mmol/L (Tanis, et al 1996) (Danese, et al 2000). There

has been no reported beneficial effect on HDL cholesterol or triglycerides.
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There has also been studies investigating the eftect of L-thyroxine on cardiac
function that have shown a beneficial eftect (Ridgway, er a/ 1981) (Cooper, er al
1984) (Nystrom, et al 1988) (Bell, et al 1985) (Fortar, et al 1985) (Foldes, e al
1987) (Kahaly 2000) (Arem, ef al 1996) (Monzani, et al 2001) (Biondi, er al
1999) (Yazici, er al 2004). One study that looked at endothelial dysfunction by
Intra-arterial infusion of acetyl-choleine found that L-thyroxine had a beneficial

effect (Taddei, er al 2003).

Results of meta-analysis on CV risk factors in SCH

Etfect of L-thyroxine on total cholesterol levels: The meta-analysis done here
reveals that the mean reduction in total cholesterol is 0.25 mmol/L (0.03 — 0.46).
p=0.02, as seen 1n figure 6. Tests for heterogeneity show that there was

significant diversity in all the trials included, and therefore a random effect

model was chosen (Chi2 15.73, dt=7, p=0.03).

Figure 6.

Forrest plot of effect of L-thyroxine treatment on total cholesterol levels in

randomised controlled trials of SCH.
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This is very similar to the results of the previous meta-analyses, although the
previous studies had included many before-after studies and only three RCTs
and therefore had potential for bias. Furthermore, there have been five more

RCTs that have published their results since the last meta-analysis.

Effect of L-thyroxine on other lipid parameters: L-thyroxine reduces LDLc
by 0.24 mmol/L (0.02 — 0.46), p=0.04. This was analysed by a fixed effect
model since test for heterogeneity was negative (Chi* =6.76, df=>5, p=0.24).
T'here was no significant effect of L-thyroxine on HDLc or serum triglyceride
levels noted 1n the meta-analysis of the RCTs that have assessed them. Serum
apolipoprotein B was measured in only two trials and showed a significant

reduction 1n both, whereas there was no effect on apolipoprotein Al.

Effect of L-thyroxine on BMI: L-thyroxine reduces BMI by 0.38 kg/m?* (0.15 —
0.60), p=0.001. Tests for heterogeneity were negative (Chi® =8.34, df=6,
p=0.21), theretore a fixed effects model was used. This has not been shown in
any of the individual trials that have assessed this parameter, and confirms that

none of them were designed to detect body weight response to L-thyroxine

therapy.

Effect of L-thyroxine on blood pressure: There have been eight RCTs
assessing the effects of L-thyroxine on various parameters but only one has
reported changes in blood pressure, and that showed no significant difference as

compared to placebo (Monzani, ef a/ 2001).

Conclusion

It can be seen that the CV risk factor profile in SCH 1s an unclear area. This
absence of clarity is even more present in people with milder forms of SCH
(TSH levels between 4 — 10 mIU/L). The reason for this uncertainty 1s lack of

well-designed RCTs that have sample sizes calculated to detect a signiticant

difference. Furthermore, there 1s no RCT that has assessed endothelial function
and its response to treatment with L-thyroxine in patients with SCH. Theretore a

RCT was conducted to assess CV risk factors, endothelial function and patient-

reported outcomes in a large group of patients with SCH.
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Aims of the study

It can be seen that the area of SCH has remained controversial and unclear
despite much research having been conducted. Although there 1s some evidence.
by no means unchallenged, that there 1s increased risk of CV disease in people
with SCH, 1t 1s unclear whether traditional CV risk factors account for this
increased risk or whether it could be attributed to by other “newer’ risk factors
like endothelial dysfunction and vascular inflammation. There has been no RCT
measuring endothelial function, which 1s the earliest marker of atherosclerosis in
SCH patients. One of the major reasons for this lack of clarity has been the
absence of proper design 1n terms of power calculations 1n all the previous
studies.

The area of QoL has remained untested 1in people with hypothyroidism and there
has been no systematically designed and validated instrument to measure this
important aspect of patient reported outcome. Also, other instrument to measure
satisfaction with treatment and symptom bother scores have also not been
designed or validated 1n this area.

This study was therefore designed with the following aims 1n mind:

1.To perform a double-blind placebo-controlled trial of L-thyroxine treatment 1n
patients with SCH. The aim was to recruit a large sample, reinforced by power
calculations, to be able to detect very subtle improvement as well as side-eftects,
due to the mild area of the disease spectrum being studied.

2.To recruit at least 75% of patients with TSH levels between 4.0 — 10.0 mIU/L,
since this is the degree of SCH with the greatest degree of confusion.

3.To set up and validate the technique of non-invasively measuring endothehal
function via the technique of FMD and to assess it in people with SCH, betore
and after treatment with L-thyroxine in a double-blind controlled manner.

4.To design and validate instruments to measure disease-specific QoL, treatment
satisfaction and frequency of symptoms and their bother-scores and to utilise

these instruments in assessing these parameters in people with SCH.
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METHODS (A)




Hypothesis and endpoints

Hypothesis: Treatment of SCH with L-thyroxine improves CV risk factors and

patient-reported outcomes.

Primary endpoints:

l. Improvement 1n brachial artery flow mediated dilatation (FMD) as a marker
of vascular endothelial function

2. Reduction 1n total cholesterol (TC) levels, after 12 weeks of L-thyroxine

treatment.

The 2 primary endpoints were chosen because:
Reduction 1n total cholesterol, especially LDL cholesterol is probably the most
widely used and recognised CV risk factor ((Expert Panel on Detection 2001).
There is some controversy whether L-thyroxine therapy reduces TC levels and if
so, by how much ((Cooper 1998).
Endothelial function 1s a novel and increasingly recognised method of assessing
CV nisk status and an excellent barometer of vascular health ((Vita and Keaney
2002); and FMD 1s the most reproducible way of measuring this. It also has the
advantage of being most influenced by nitric oxide activity. There has been no
RCT assessing the effect of L-thyroxine on endothehal function.
Secondary endpoints: Changes 1n:
Weight and its distribution (assessed by weight, waist-hip ratio and waist
circumierence).
Triglycenide (TG).
HDL cholesterol (HDLc).
LDL cholesterol (LDLc).
Apolipoprotein Al (apoAl).
Apolipoprotein B (apoB).
Patient-reported outcomes, (assessed by questionnaire):

Perceived health status.

Hypothyroidism-specific quality of life (QoL).

Hypothyroid symptoms.

Hypothyroid-specific satisfaction with treatment.
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Vascular studies: validation and measurement

Technique of FMD.

The capacity of blood vessels to respond to physical and chemical stimuli in the
lumen confers the ability to self-regulate tone and to adjust blood flow and
distribution in response to changes 1n the local environment. The phenomenon
of blood vessels dilating in response to an increase 1n flow (shear stress) 1s
called flow-mediated dilatation or FMD. A principal mediator of FMD 1s
endothelium derived Nitric Oxide (NO).

Numerous factors affect flow-mediated vascular reactivity, including
temperature, food, drugs and sympathetic stimuli, among others (Corretti, et al
2002). Therefore subjects were prepared as follows:

1. Fast for at least 12 hours before.

2. Studied 1n a quiet, temperature controlled room.

3. All vasoactive medications withheld for at least 4 half-lives, 1f possible.

4. No exercise, caffeine, high fat foods, vitamin C or tobacco for at least 4-6
hours before.

5. The phase of the subject’s menstrual cycle should be taken into account. All

pre-menopausal women were scanned 1n follicular phase.

Brachial arteries were imaged with a standard HDI 5000 ultrasound system
(ATL, Bothell, Washington, USA) with a 5-12 MHz linear transducer (figure
7A). The ultrasound system was connected to a personal computer equipped
with a frame grabber and artificial neural network wall detection software
[vessel image analysis (VIA)]. The VIA software automatically detects and
tracks the anterior and posterior walls within a user defined region of interest
(figure 7B). The vessel diameter is determined by averaging a large number of
local vessel diameters. The software can also accommodate angulation of the
artery (up to 20°) relative to the perpendicular. The B mode 1mages are
processed at 25 frames/s and the vessel diameter, including diameter changes
over the cardiac cycle. is displayed in real time (figure 8). This allows
ultrasound-imaging parameters to be optimised at the start of the scan and the

transducer position to be adjusted immediately for optimum tracking



performance during the entire test. The brachial artery was scanned
longitudinally 2—10 cm above the elbow until the clearest possible image of the
anterior and posterior wall media was obtained. Depth and gain settings were
kept constant during the rest of the study. A stereotactic clamp was used to hold
the transducer and a screw gauge was used to make small compensatory
movements of the transducer to accommodate subject movement during the test.
The distance of the transducer from the antecubital fossa was noted and a two
dimensional image of the brachial artery was saved on the computer’s hard drive
for reference 1n repeat studies.

Brachial artery FMD was determined according to a conventional protocol
(Corretty, ef al 2002). The right brachial artery was scanned continually
throughout the test. Pulsed Doppler was used to assess arterial flow at rest and
immediately after tourniquet deflation. Firstly, a baseline scan was performed
for 2 minutes. Then a tourniquet located at the right proximal forearm was
inflated to a pressure of 250 mm Hg for 5 minutes. Brachial artery dilatation
following reactive hyperaemia was recorded for 5 minutes after tourniquet
release. After at least ten minutes, to allow for baseline conditions to be re-
established, sublingual glyceryl trinitrate (400 png) was then administered and
imaging performed for another 5 minutes to determine endothelium independent
vasodilatation. At the end of the study a graph of diameter against time was
immediately displayed. The FMD (defined by the percentage increase in mean
diameter over a 10 second period, 55 seconds after tourniquet deflation) was
automatically calculated by VIA from diastolic vessel diameters (tigure 9). The
endothelium independent dilatation was calculated similarly to the percentage

increase in mean diameter 5 minutes after glyceryl trinitrate administration.
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Figure 7.

(A) The brachial artery is imaged such that the media—lumen interface is

clearly seen.

(B) The arterial media—lumen interface is automatically located and

tracked within the region of interest.
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Figure 9.

Graph of brachial artery diameter versus time in a normal subject. Flow
mediated dilatation for this subject was 7.3% when comparing mean
diastolic diameter before cuff inflation and between the "peak start' and

"peak end" cursors.
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VIA Software:

Each conventional FMD study (with manual diameter calculation) typically lasts
for 10 to 15 minutes and 1images are usually updated at diastole and recorded.
Artery diameter is calculated by detecting the vessel walls within a user-defined
image region, using an automated computer algorithm. However, retrospective
analysis can give rise to several problems. At commencement of the study,
adjusting the scanner controls to suit the visual preferences of the operator
optimises the images. This may adversely influence performance ot the wall
detection algorithm, but the effect will not be apparent until the study 1s

completed. Additional operator effort and time 1s required for analysis. VCR

recording involves some loss of image quality during record and playback, and
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computer storage may require a low acquisition rate or short acquisition period
to avoid unwieldy archives. For example, storing a reduced image section of 256
x 256 pixels at 25 images s—1 requires almost 1 Gbyte of disk space for a 10-
min study. It 1s not possible to recover the artery diameter changes as a function
of the cardiac cycle 1f the image acquisition rate 1s low. Recovery of these
changes allows diastole to be established without the need for image
synchronisation and 1s potentially usetul 1n elasticity studies. These problems
can be resolved if the data are analysed online.

Several groups have reported retrospective methods of automatically identifying
vessel walls. However, the reported techniques do not lend themselves easily to
online analysis. For example, dynamic programming (Wendelhag, ef al 1997)
requires the images to be intensity-normalised, based on the average intensity
over all images, and smoothed horizontally to remove vessel wall dropouts.
Smoothing may compromise accuracy due to blurring on all but straight
horizontal vessel walls, and some rotational normalisation 1s, therefore,
desirable. To recover diameter changes over the cardiac cycle, 1t 1s necessary to
measure vessel diameter at twice the Nyquist frequency of the cardiac cycle to
avoid aliasing. Output from most scanners 1s limited to 25 1images s—1, giving 40
ms per image for all processing. The graph-search dynamic programming
method of Liang and colleagues (Liang, et a/ 2000) 1s computationally intensive,
requiring 1 s per image for processing. Some current retrospective systems also
require significant manual intervention 1n setting up and/or in monitoring
performance.

Therefore a PC-based system that automatically locates the correct vessel walls
in a user-defined region-of-interest (ROI) and measures vessel diameter online
throughout a FMD study was used (Newey and Nassir1 2002). The system was
designed to minimise operator workload; the only user input normally required
is to drag an orthogonal ROI over the required vessel section and to press a start
button. This technique has several advantages over established practice. FMD
results are available immediately. Data for the complete study are available,
rather than just a few salient events, and changes in vessel diameter over the
cardiac cycle are recovered. Vessel wall tracking quality can be optimised by
adjustment of the scanner controls before the study proper. This largely

normalises the intensity range of the images to the range presented to the neural
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networks in the training regimen, thereby optimising the images to suit the
networks. With retrospective analysis, however, images are subjectively
optimised for visual, rather than wall detection properties and the detection
algorithm must, therefore, handle a wider range of image quality. Online
analysis provides continuous graphical presentations of vessel diameter,
detected walls and wall probability levels as tracking quality indicators. These
features, some of which are only available retrospectively with off-line
techniques, make minor changes in image and tracking quality and vessel
alignment readily apparent at a time when they can be rectified. The method also
avoids the 1image quality loss associated with VCR recording, and no processing
of the 1mage 1s necessary. Retrospective systems, however, often require
processing steps, such as intensity or rotational normalisation or smoothing
which, although improving the tracking qualities may cause some spatial
degradation of the image. There 1s no unwieldy image archive; file size for a
complete study 1s typically approximately 0.3 Mb and the study is completed
much taster than retrospective methods, contributing to lower study costs.
Although conferring more robust tracking, these points correspond to the media
interface. The intima interface was i1gnored and the technique, therefore,
overestimates vessel diameter because the intima-media distance represents the
wall thickness. However, these error sources should not be significant in FMD
studies, where relative rather than absolute change in diameter is of importance.
As with all FMD studies, good image quality 1s mandatory for both accurate
measurements and optimum wall tracking. The technique can also be used to
detect non-horizontal vessel interfaces by searching the ROI sequentially with
network mnput line sections at more than one orientation (1.e., vertical and
horizontal) and combining the outputs to obtain the probability matrix.

The simulated cardiac sequence required 7 to 8 min of data to recover diameter
changes over the cardiac cycle with reasonable quality. In clinical practice,
however, the cardiac cycle is generally recovered with good quality from 1 to 3
min of data. Recovery of diameter changes over the cardiac cycle may be usetul
in other studies, such as investigation of the elastic properties of the vessel wall,

where wall displacement combined with blood pressure can be used to calculate

elasticity indices.
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Validation of FMD technique
The ultrasonographic assessment of brachial artery FMD is technically
challenging and has a significant learning curve. FMD guidelines suggest that
initial training 1s most efficiently gained by visiting experienced laboratories and
hands-on training by an experienced individual (Corretti, ez a/ 2002). Both these
criteria were met by obtaining the initial training from Coronary Artery Disease
Research Unit, St George’s Hospital Medical School, London with Professor
Juan Kaski (learning and orientation on 6 healthy volunteers) and by further
training with Dr Crispian Oates, Head of Vascular Ultrasound, Newcastle
General Hospital, Newcastle upon Tyne (further practice and training on 24
healthy volunteers at least on 100 occasions). After 6 months of learning and
practicing, normal healthy volunteers were scanned on 2 separate days under
similar conditions to assess intra-observer variability.
T'he baseline demographic, clinical examination and biochemical parameters are

outlined 1n table 6. The characteristics of the vascular ultrasound results are

shown 1n table 7.
Table 6.

Clinical examination and biochemical characteristics of healthy volunteers

for FMD studies (n=29).

Characteristics Results Mean (SD) h
Age (years) 34.94(7.2)
Male/Female - 13/16
Systolic/diastolic blood pressure (mm Hg) 123 (6.4) /75 (5.7)
BMI (kg/m®) | 23.1 (2.3)

Waist circumference (cm) | 79.2 (8.9)

Waist hip ratio 0.8 (0.1)

Total cholesterol (mm_E)l/L) * Wﬂ

HDL cholesterol (mmol/L) T 1.5 (0.5)

LDL cholesterol (mmol/f) | 2.6 (6—55‘ L
Tr-iglygerid_es (mmol/f) | | 1.1 (0.4) ,
Glucose (mmol/L) 4.9 (0.4) |
TSH (mIU/L) 1.8 (0.9) '
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Table 7.

Brachial artery FMD characteristics on healthy volunteers on 2 separate

occasions (n=29).

A alkinl —

i

Charact-eri_stic_

[

Baseline diameter (mm)
t
1”" measurement

2" measurement

FMD (%)
1%' measurement

2" measurement

Value (95%CI)
3.7 (3.4 - 3.9)
3.6 (3.3 - 3.9)

Pearson’s
correlation

coefficient

0.98 (p<0.001)

Absolute change in diameter (rmm)
1* measurement

2" measurement

6.4 (5.1 —7.6) 0.71 (p<0.01)
6.4 (5.2 —17.6)
0.2 (0.2 —0.3) 0.73 (p<0.01)
0.2 (0.2 —0.3)

The mean of the differences (SD) in FMD {for the healthy volunteers on 2

occasions was 0.1% (2.1), suggesting that the mean difference 1n result tor the

group as a whole was minimal but there was a higher intra-individual variation

(S1idhu, et al 2002).
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Carotid intima-media thickness

Common carotid artery (CCA) imaging was performed with an ATL HDI 5000
ultrasound system by use of a 5- to 12-MHz linear transducer. All examinations
were performed on images frozen on the ultrasound screen. Settings for depth-
gain compensation, pre-processing, persistence, and post-processing were held
constant. Images were analyzed with the researcher and patient in a state of
being blinded to the treatment group. Mean CCA intima-media thickness (IMT)
was measured 1n the far wall over the distal 2-cm segment of the right common
carotid artery, defined by the carotid bulb. Far wall measurements were chosen
In accordance with methodological recommendations because the far wall 1s
more easily and consistently visualized than the near wall ((Kanters, et al 1997).
Mean IMT was measured from the lumen-intima interface to the media-
adventitia interface, taking care to avoid areas of arterial plaque formation.
Single IMT values were obtained from measurements on neighbouring lines
perpendicular to the vertical line and then averaged and expressed as the mean
IMT for that patient. The outcome measure was the difference in mean CCA
IMT at the end of the study as compared to baseline.

Reproducibility: Eight subjects had scans performed by the same researcher
separated by 1 to 2 weeks. The mean of the absolute difference (SD) between the
paired mean CCA IMT measurements was 0.05 (0.03) mm, and Pearson’s
correlation coefficient was 0.81, which compares satisfactorily with that reported

In previous studies.
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Carotid distensibility and stitfness.

Distensibility is the ability of the artery to expand as a response to pulse
pressure, that is, the change 1n arterial diameter during the cardiac cycle.
Distensibility 1s the inverse phenomenon of stiffness, that 1s, if distensibility 1s
decreased then that reflects increased artenal stiffness. Distensibility decreases
with age. Cross-sectional studies showed associations between decreased
distensibility and cardiovascular risk factors, 1.e., hypertension, diabetes

mellitus, hypercholesterolemia, and myocardial infarction ((Amett, et al 1994)

(Safar, ef al 1987) (Salomaa, ef al 1995a) (Riley, et al 1986).

All measurements were performed with patient lying supine on the right
common carotid artery, 2 cm proximal to the carotid bulb. The ultrasound
scanner was connected to a vessel wall tracking system for elasticity
measurements (Newey and Nassir1 2002). The same researcher who was blinded
to the patients treatment group performed all scans. Blood pressure was recorded
at baseline prior to each study using an automated blood pressure recorder.
Arterial distensibility 1s calculated by the formula: (dA/A4)/dP

Where dA = systolic — diastolic arterial cross-sectional area change.

A4 = diastolic arterial cross-sectional area.

dP = systolic — diastolic pressure change.

The CCA was scanned continuously for at least two minutes and measurements
noted.

Reproducibility: Scans were performed on 8 healthy volunteers 1 — 2 weeks

apart, showed that the mean of the paired differences (SD) of distensibility was
0.5 (0.9) mmHg "' x 10~
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Biochemical investigations

Blood samples were drawn in the moming after at least 12 hours of fasting and
immediately centrifuged. Samples were then stored at -40°C until analysis.
Samples belonging to the same participants were analysed as one batch, 1n
duplicate. Serum free thyroxine (FT4) free tri-iodothyronine (FT3) and TSH
concentrations were measured by an electro-chemiluminescence immunoassay
(Roche Diagnostics, UK). Thyroid autormmunity was assessed by the
quantitative measurement of anti-thyroid peroxidase autoantibodies (anti-TPO)
by ELISA (Orgentec Diagnostika GmbH, Mainz, Germany). Serum TC, HDLc
and TG were assayed using automated enzymétic methods (Roche Diagnostics,
UK). LDLc was calculated as per Friedewald’s formula. Serum apoAl, apoB
and hsCRP were determined by immunoturbidimetric methods (Roche
Diagnostics, UK). Serum sICAM-1, e-selectin (R&D Systems, UK), and PAI-
land tPA (Diagnostica Stago, France) were measured by sandwich
immunoassay technique. Normal ranges in our laboratory are as follows: FT4 =
9 —25pmol/L, FT3 =5 - 8.5 pmol/L, TSH = 0.4 — 4 mIU/L, and ant1i-TPO

antibody less than 50 IU/mL. Co-efficients of variation were below 5% tor all

tests except F'T3, which was 5.5%.
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Study design

Randomised controlled trials are generally and rightfully regarded as the best
forms of evidence to evaluate the effectiveness of any intervention. Since
chnicians, decision makers, scientists and increasingly patients turn to medical

literature, 1t 1s imperative that all trials are conducted and reported in a rigorous

and transparent manner (Moher, et a/ 2001a) (Moher, et a/ 2001b).

Design
Crossover trial: In an AB/BA crossover trial, patients are randomly assigned to
receive either treatment A in the first period followed by treatment B in the
second period or treatment B in the first period followed by treatment A in the
second period. The crossover trial allows for a within-patient comparison
between treatments and comparison between treatments, and can provide
unbiased estimates for the differences between treatments in the two periods.
The advantages of using a crossover design are:
1. Removes inter-patient variability since each patient act as their own control.
2. Smaller sample sizes are required to achieve a specific power.
3. More statistical power due to paired comparisons.
4. Sometimes, patients might agree to take part i1f they are assured that they

would get to experience one of the drugs at least once.

The disadvantages and pitfalls that can occur and need to be kept in mind are:
1. Period effect: Differences in the effectiveness of interventions that occurred
between the treatment periods due to the passage of time are called period
effects. This can occur when a patients’ condition changes between the two
observations. Example: drug tolerance or resistance. Period effects increase
within-patient variability and therefore reduce the overall power ot the study.
Period effects that affect both treatment conditions equally have a neutral effect

on results.

2. Sequence effect: Difference in effectiveness that results due to the order 1n

which the drugs were administered.
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3. Carryover effect: This is the effect of the first treatment period that persists
Into the second period. Unlike sequence effects, carryover effects only affect the
response 1n the second period. The effects of carryover can be reduced by a
washout period in-between the two treatment periods.

4. Double the time: Since each patient takes part in both interventions, the time
period required to be available for the study is twice as long. This may lead to

higher dropout rates.

Sample size calculation
Sample size calculation: The sample size needed to show an intended treatment
benefit was based on the primary outcomes (FMD and TC), o =0.05 and =0.20.
For FMD: to detect a minimal improvement of 1%, standard deviation of 2.1,
the required sample size was 81. The obtained sample size of 100 would give
the study a power of 0.99 to detect the above difference. For TC: to detect a
difference of 0.2 mmol/L, standard deviation of 0.5, sample size was calculated

as 101 patients.

Patient recruitment
Patient recruitment to a clinical tnal 1s recognised as a very difficult task
(Lovato, et al 1997). Patients (n= 864), from General Practices in Gateshead,
were 1dentified from the laboratory database after they had a raised index TSH
in the presence of normal FT4 level, in the period starting January 2003 and up
to March 2003. General Practitioners had been informed via a letter, outlining
the aims, objectives and details of the study, and their consent obtained to recruit
their patients for this study. Inclusion and exclusion criteria were applied (those
that could be determined from laboratory data like age, L-thyroxine treatment,
diabetes mellitus, 1scheamic heart disease, previous treatment for thyroid
disease, concomitant medications, renal impairment, psychiatric disease and
current pregnancy) and potential participants short-listed (n=322). In this group,
thyroid function tests (TFTs) had been undertaken due to symptoms that could
be attributed to hypothyroidism (n= 179), coincidental tinding (n= 103), or due
to family history of thyroid disease (n= 24). No reason for undertaking TFTs

could be ascertained in 16 people. Those people who fitted the critena, or the
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criteria were not clear or who had had only one blood test for thyroid function

tests (TFTs) at least 3 months prior were invited to come to the Hospital

Diabetes Research Centre for a screening visit in a fasting state. This was done

either via telephone or by sending a letter in the post. Of the 322 people so
1dentified, 196 people were excluded after telephonic contact:

I. Already on L-thyroxine (n=75).

2. Previous thyroid disease or its treatment (n=59).

3. Refused (n=36).

4. Could not be contacted (n=26).

Of the 126 people who attended for a screening visit, the following were
excluded (n=26):

1. Normal TFTs (n=23).

2. Abnormal electrocardiogram (n=1).

3. Raised fasting plasma glucose (n=2)

Inclusion criteria:

1. Persons aged between 18-80 years.

2. Stable SCH (TSH >4 mIU/L and FT4 levels in the normal reference range,
on at least two occasions, at least three months apart)

Exclusion criteria:

1. Previous thyroid disease and 1ts treatment.

2. Medications that could cause thyroid hormone dysfunction (interferon,
[1thium, amiodarone, corticosteroids and dopamine.

3. Diabetes mellitus (by history and a fasting plasma glucose test).

4. Renal impairment (serum creatinine > 120 umol/L).

5. Vascular disease (history and ECGQG) for 1scheamic heart disease, strokes and
peripheral vascular disease.

6. Psychiatric conditions or their treatment (by history).

7. Current or previous pregnancy 1n the last 2 years.

Therefore, the sample size of 100 participants was obtained. In all participants,

TFTs were performed at least 3 months apart (median 5 months, range 3 to 41

months).
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Ethical approval and registration
The local (Gateshead) research ethics committee and the Gateshead NHS Trust
Research validation committee approved the study. In keeping with recent
guidelines from the International Committee of Medical Journal Editors (De
Angelis, et al 2005), this trial was registered on a database, the ISRCTN with
number ISRCTN35570362.

Intervention
One hundred mcg of L-thyroxine or matching placebo capsules (Royal
Hallamshire Hospital Pharmacy, Sheffield, UK) were obtained. Approval from
the Medicinal and Healthcare Regulatory Authority (MHRA) was obtained prior
to manutacture of the capsules. The participants were asked to swallow the
treatment capsules whole with water early 1in the morning, half an hour before
food. Compliance was assessed at the next visit by counting the number of
capsules left over in the container, and was judged to be good (median 94%,
range 33-100%).
Previously it has been suggested that the dose of L-thyroxine required to treat
SCH 1s between 50 — 75 mcg per day(Cooper 2001). This 1s based on three
studies that used mean doses ranging from 68 to 150 mcg per day and the treated
egroup’s TSH values ranged from 1.9 to 4.6 mIU/L(Cooper, et al 1984, Jaeschke,
et al 1996, Nystrom, et al 1988). However, another study that used 100 mcg per
day in biochemically-euthyroid patients with hypothyroid symptoms tfound that
mean TSH levels did not drop below the reference range(Pollock, et a/ 2001).
Thus, the dose of 100 mcg per day was deemed adequate to treat patients 1in our
study. Also, the aim was to increase the free thyroid hormone levels
significantly and a treatment dose of 1.6 mcg/kg/day would be required — for
persons weighing between 60 and 70 kg, a dose of 96 to 112 mcg/day would be
sufficient. Therefore, 100 mcg capsules were deemed adequate for the tnal. It
was expected that there would be certain patients in whom the dose would be
excessive or inadequate, but the large study numbers would compensate for this

eventuality.

The treatment period of twelve weeks duration was deemed adequate tor the
present study since 1t takes about 4-6 weeks of full replacement therapy with L-

thyroxine to correct the dyslipidaemia of overt hypothyroidism(Kuusi, ez al
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1988). However, it may be insufficient time for some benefits (such as
perceptible reduction in some symptoms and psychological factors) to become

apparent to patients.

Randomisation
Sequence generation: Independent external pharmacists (Royal Hallamshire
Hospital Pharmacy, Shetfield, UK) drew up a computer generated
randomisation list and the treatment was then distributed in sequentially
numbered 1dentical containers. The investigators having no knowledge of

treatment allocated the next available number on entry to the trial.
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