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Generall  Discussion 

I.. Lipids and Thyroid hormones 

Fatt mass 

Bothh leptin and thyroid hormone are involved in regulating energy balance by modulating 

energyy intake and energy disposal. The energy reservoir is composed of triglycerides 

storedd in white adipose tissue. Serum concentrations of leptin are directly related to fat 

mass.. An increase of adipose tissue mass results in an increase of serum leptin. which 

mediatess a decrease in energy intake while energy disposal increases, eventually leading 

too a reduction in adipose tissue mass. When leptin decreases, the reverse chain of events 

takess place. Thyroid hormone excess leads to an increase in appetite and energy intake 

withh a simultaneous increase in energy expenditure, in general resulting in a decline of 

adiposee tissue mass. The effect of thyroid hormone deficiency on appetite and energy 

intakee is not precisely known but energy expenditure certainly decreases, leading to a 

slightt net gain in energy stores. What is known about the interactions between leptin and 

thyroidd hormones ? 

Thee first possibility is that leptin regulates thyroid hormone. From studies with 

experimentall  animals subjected to starvation it appears that leptin can be involved in the 

regulationn of serum thyroid hormone concentrations. Prolonged fasting decreases leptin 

levelss and provokes a neuroendocrine response, consisting of inhibtion of both the 

hypothalamic-pituitary-gonadall  and the hypothalamic-pituitary-thyroid axis and an increase 

inn stress hormone concentrations. Among the changes in the thyroid axis associated with 

prolongedd fasting, starvation and weight loss are low serum T and T4 levels and 

paradoxicallyy low or normal TSH levels (nonthyroidal illness). In rats, fasting results in 

loww pituitary TSH content and a decreased expression of TRH in the hypothalamic 

paraventricularr nucleus and decreased concentration of TRH in the hypophyseal portal 

blood.. Leptin injections to fasting mice restored most of these endocrine changes including 

thee normalisation of circulating thyroid hormone levels and prevented in rats the 

suppressionn of proTRH mRNA levels.12 In rats neuropeptide Y and Agouti related 

proteinn containing neurons from the arcuate nucleus project to TRH neurons in the 

paraventricularr nucleus, providing a neuro-anatomical pathway for leptin to influence 

TRHH secretion and mediate effects in the hypothalamic-pituitary-thyroid axis. 

Inn humans however, a decrease of serum leptin cannot explain all changes in thyroid 

hormoness occurring in starvation (nonthyroidal illness), as low serum T, concentrations 

aree at least initially, accompanied by normal serum T4 concentrations. Although in humans 

hypothalamicc TRH is downregulated in nonthyroidal illness', in patients with leptin 

deficiencyy 4 or a loss of function mutation of the leptin receptor Vl normal thyroid 

functionn tests or mild central hypothyroidism with normal or slightly increased plasma 
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TSHH concentrations are reported. In addition, treatment of one leptin deficient patient 

withh recombinant leptin had no effect on thyroid function tests. The situation in rodents 

obviouslyy differs from that in humans with respect to modulation of serum thyroid 

hormonee by leptin. 

Thee second possibility is that thyroid hormone regulates leptin levels. In the current 

literaturee there exists controversy on this issue/ From studying serum leptin levels in 

hypothyroidd and hyperthyroid patients one could potentially learn if thyroid hormones 

regulatess leptin levels in humans. The results of our study in chapter 2 indicate that 

thyroidd hormone modulates serum leptin levels with thyroid hormone excess leading to a 

slightt increase in serum leptin levels and thyroid hormone deficiency resulting in slightly 

lowerr leptin concentrations. Since publication of our study, five additional studies have 

beenn published on this issue. Their designs have flaws, because external control patients 

weree used, the dysthyroid state existed only shortly or the studies were not controlled 

forr sex differences. In these studies hypothyroid patients had an increase.v ln no change 

""  or a decrease i : in plasma leptin concentrations. Studies in hyperthyroid patients are 

moree consistent and show no change in plasma leptin levels when compared to controls.1"3 

Twoo of these studies measured body composition and found that although body weight 

decreasedd in hyperthyroidism the relative amount of body fat was actually higher than in 

controls.. After restoring the euthyroid state Zimmermann-Belsing et al found a relatively 

greaterr increase in leptin concentration than the increase in body fat mass predicted. The 

resultt of our study among women with thyroid dysfunction pointed to a stimulating, but 

small,, effect of thyroid hormone on serum leptin concentrations, independent of changes 

inn body mass index (BMI) . As leptin concentrations are known to correlate stronger 

withh the amount of body fat mass than with BMI . a flaw of our study might be that we 

didd not measure body fat mass but used BMI as a surrogate marker. The strength of our 

studyy was however the exclusion of bias introduced by sex differences {including only 

females),, or short duration of thyroid hormone excess (or deficiency). In addition we 

avoidedd the use of an external control group, as the patients were their own controls 

afterr restoration of the euthyroid state. Besides, we expressed serum leptin concentrations 

ass the standard deviation score from the mean value of (female) controls matched for 

agee and BMI. 

Inn summary, in humans leptin and thyroid hormone have a bidirectional interaction: 

leptinn deficiency induces mild central hypothyroidism and thyroid hormone increases 

serumm leptin concentrations. 
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Cholesterol l 

Measuringg plasma cholesterol as a diagnostic test for hypo- or hyperthyroidism is 

obsolete.. Currently 3rd generation TSH assays are much more sensitive and specific for 

assessmentt of thyroid function. During the last decade Lipid Research Clinics have 

emergedd where patients present with high plasma cholesterol levels. In this selected 

patientt population screening for secondary causes of hypercholesterolemia, e.g. 

hypothyroidism,, might be warranted as the pretreatment likelihood of hypothyroidism is 

increased.. The result of screening for hypothyroidism among patients of a Lipid Clinic 

ass described in chapter 3 confirms its high prevalence. 

Evaluatingg the response of thyroxine substitution in patients with hypothyroidism 

presentingg with hypercholesterolemia to our Lipid Research Clinic, indicated that treatment 

off  minor degrees of hypothyroidism (TSH < 10 mU/L) had no effect on plasma cholesterol 

levels.. The number of patients in this study was however small. A recent meta-analysis 

off  aggregated data, indicated that thyroxine substitution therapy in subclinical 

hypothyroidismm defined as TSH > 4 mU/L and a normal free thyroxine is associated 

withh ~ 0.4 mmol/L decrease in total cholesterol.14 Besides, in a population based, cross 

sectionall  study on the prevalence of (subclinical) hypothyroidism, it was estimated that 

inn women an increase of TSH by 1 mU/L is associated with an increase of 0.09 mmol/ 

LL in total cholesterol.15 As the mean increase in TSH was 5 mU/L in the group with 

subclinicall  hypothyroidism, this points also to an increase of  0.5 mmol/L in total 

cholesterol.. In a study which estimated by how much and how quickly a reduction in 

serumm cholesterol concentration lowered the risk of ischaemic heart disease, the results 

showedd that a decrease of 0.6 mmol/L lowered this risk by 50% at the age of 40. falling 

too 20% at the age of 70. The full effect of risk reduction is achieved in five years.16 

Thesee meta-analyses indicate, that subclinical hypothyroidism is a risk factor for ischaemic 

heartt disease via a small, but clinically relevant, increase in plasma cholesterol. 

Polymorphismss of key proteins in lipid metabolism 

Increasedd plasma cholesterol concentration has limited value as an indicator of 

hypothyroidism.. This is explained by the fact that cholesterol levels have multiple other 

determinantss like age. sex, diet, physical exercise, use of alcohol and cigarette smoking. 

Alsoo genetic factors are involved. The report on an association of LDL receptor 

polymorphismm with the magnitude of changes in cholesterol levels after restoration of 

thee euthyroid state in hypothyroid patients, attracted our attention as it seemed to offer 

ann explanation for the heterogeneity in the clinical expression of thyroid disease.17 

Inn the era of pharmacogenomics. currently a hot topic, knowledge of such 

polymorphismss can be very helpful. Some polymorphisms of key proteins involved in 
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lipidd metabolism seem to have clinical relevance. An example of such a biological relevant 
polymorphismm relates to a lipid transfer protein, and involves variants of cholesterol 
esterr transfer protein (CETP).1*  Patients with the B1B1 genotype (Bl defined as the 
presencee of a Taq\B restriction site in intron 1). have higher CETP concentrations and 
lowerr HDL concentrations. A dose dependent association between the Bl allel and the 
progressionn of coronary atherosclerosis exists. Treatment with the HMG CoA reductase 
inhibitorr pravastatin slowed the progression of coronary atherosclerosis in B1B1 carriers 
butt not in B2B2 carriers. 

Anotherr clinical relevant example relates to a polymorphism in apolipoprotein E (alleles 
E2,, E3 and E4).19 Apolipoprotein E mediates hepatic uptake of chylomicron remnants 
ass well as IDL particles. LDL cholesterol levels are \0CA lower in individuals with the 
E3E22 genotype compared to the most common E3E3 genotype. The apoE2 variant has 
aa decreased affinity to the apoB.E receptor, probably leading to an upregulation of the 
amountt of LDL receptor molecules and subsequently to enhanced LDL clearance. In an 
autopsyy study among 500 young male trauma victims the E3E2 genotype was associated 
withh reduced atherosclerosis relative to E3E3.:o Another phenomenon is that patients 
withh the E4 allel have a greater decrease in LDL cholesterol upon treatment with probucol 
comparedd to patients with the other alleles.21 

Thee results of the study in chapter 4 on gene polymorphisms in the LDL receptor and 
CETPP did not disclose an effect on LDL or HDL cholesterol levels in thyroid dysfunction. 
Thee Avail RFLP and TaqlB RFLP did not explain the heterogeneity in the responses of 
thee LDL and HDL cholesterol subfractions after restoration of the euthyroid state. The 
discrepancyy with the report on LDL receptor polymorphism by Wisemann et. al. might 
bee explained by differences in ethnicity between the study populations. The adherent 
patientt population of our hospital has a multiracial (cultural) background. When analysing 
genee polymorphisms the bias of a different genetic background should be avoided. We 
analysedd therefore only Caucasians, and excluded almost 25% of all initially included 
patientss because of other ethnic origin. No information on the racial composition of the 
populationn studied by Wisemann et. al. was given in their paper, but it is conceivable that 
theirr study population, derived from the metropole of London, comprised different 
racess and was presumably not homogeneous in this respect. 
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I I .. Endothelium and thyroid hormones 

Oxidizedd LDL 

Probucoll  is a hypolipemic agent with antioxidant properties and proven efficacy in 

reducingg the rate of developing coronary atherosclerosis.22 It inhibits LDL oxidation 

inducedd by cupric sulfate or endothelial cells. The concentration of probucol producing 

50%% inhibition in the formation of oxidized LDL (IC ) for TBARS (thiobarbituric acid 

reactivee substances) is 3 fiM . In the same in vitro systems, thyronines also 

havee a clear inhibitory effect on LDL oxidation.2124 IC values for TBARS formation 

aree 9 |iM for L-T4, 0 \iM for L-T3 0.12+0.01 uM for D-T4 and 

33 (iM for rT r Based on these studies we postulated that thyroxine deficiency 

mightt increase the amount of oxidized LDL . The results of the study presented in 

chapterr 5 indicate that the hypothyroid state indeed increases the in vitro oxidizability of 

LDLL particles. Since publication of our study this observation has been confirmed by 

others.25-26 6 

Whatt could be the explanation for this increased oxidazibility ? Might it be the reduced 

contentt of thyroxine in LDL particles ? Benvenga observed iodothyronine binding to all 

classess of lipoproteins in human plasma.27-29 The iodothyronine binding in normal plasma 

too HDL, LDL and VLDL was 3%, 0.2% and 0.03 % for T4, 6%, 0.05% and 0.02% for 

T33 and 0.1%, 0.1% and 0.01% forrT3, respectively. Binding was specific and saturable, 

withh approximate dissociation constants of 10"5 to 10"6 mol/L. Subsequent studies 

demonstratedd localization of the T4 binding sites in apolipoprotein B100 of human low 

densityy lipoproteins.2"29 In view of the finding that apolipoproteins emerged as the first 

transportt proteins for thyroid hormones in serum during the evolution in the animal 

kingdomm and that preservation of the hormone binding site appeared more important 

thann preservation of other sites, it was even suggested that "apo-thyro-lipoprotein,' would 

bee a more appropiate term than "apolipoprotein,\31 The antioxidant activity of thyronines 

apparentlyy has no enantioselectivity; enzyme-mediated reactions are thus unlikely 

involved.. The tested thyronine analogs, however have relevant redox potentials. A possible 

mechanismm for thyronine blockade of LDL oxidation might be direct scavenging of free 

radicals.. But is the amount of thyroxine sufficient to exert such an action ? Calculation 

off  the amount of LDL molecules present in the circulation in relation to the amount of 

T44 molecules available, point to the improbability of this reasoning: the mean plasma 

concentrationn of LDL is 3 mmol/L (or 3.000.000 nmol/L) and that of T4 is 100 nmol/L 

andd only 0.2% of T4 binds to LDL, meaning that only 1 molecule T4 is available for 

15.000.0000 molecules LDL. In other words, the in vivo concentration of T . available to 

inhibitt LDL oxidation is three orders of a magnitude lower than required for inhibition of 

149 9 



C h a p t e r̂  ^ 

LDLL oxidation in vitro. An explanation for the increased LDL oxidation is not readily 

available. . 

Anotherr conceptual problem emerges when one considers that the increased oxidazibiltity 

off  LDL is also found in hyperthyroidism, a situation with even more (antioxidant) thyroxine 

available.255 26 The increased oxidazibility in this situation is likely the result of an increased 

oxidativee stress. The balance between pro-oxidants and antioxidants is determined by 

thee generation of free radicals in oxidative cell metabolism on the one hand and the 

activityy of free radical scavenging systems on the other hand. Acceleration of oxidative 

metabolismm during hyperthyroidism results in increased free radical production and lipid 

peroxidation,, and has been noted in several studies. Administration of T} to rats increased 

thee rate of O,. generation of liver microsomes, concomitantly with an increase of 

NADPHH oxidase activity and a decresae of cytochrome P450 content.31 O,. might serve 

ass a precursor for the generation of hydroxyl radicals which start the free-radical mediated 

lipidd peroxidation, resulting in increased malonaldehyde (MDA) production. An increase 

inn lipid peroxide (estimated from fluorimetric measurement of TBARS, MDA) has been 

observedd in various tissues of hyperthyroid rats including skeletal and heart muscle, 

lymphh nodes, spleen and thymus.3233 Several antioxidant enzymes are involved in free 

radicall  scavenging systems, the best known of which are the superoxide dismutases 

(SOD)) which catalyzes the folowing reaction: On. + O ". + 2 H+ -» O, + H,0. 

SODD thus acts as a specific O .̂ scavenger and its activity in erythrocytes of hyperthyroid 

patientss is decreased, whereas red cell lysate thiol concentrations ( a general radical 

scavenger)) is increased.34 Together these data indicate oxidative stress across the red cell 

membrane.. Experimental hyperthyroidism in rats induces impaired activities of the 

antioxidantss catalase in lymphoid organs, and of glutathione peroxidase in muscles, but 

increasedd SOD activity in lymphnodes, thymus and gastrocnemicus muscle.33 The serum 

concentrationss of the non-enzymatic antioxidants vitamin A and E are decreased in 

hyperthyroidd patients. In hyperthyroid rats, vitamin E supplementation reduces the increase 

off  lipid peroxidation as assesed from the fall in plasma MDA concentrations, and reduces 

thee oxidative stress.35 Vitamin C supplementation to hyperthyroid patients decreased 

significantlyy the increased serum TBAR concentrations; it caused increases in glutathione 

concentrationn and glutathione reductase and superoxide dismutase activities.^37 The 

oxidativee stress of hyperthyroid patients is obviously relieved by the anti-oxidant vitamin 

C.. Taken together, these studies indicate increased free radical generation in 

hyperthyroidism,, resulting in increased lipid peroxidation. Free radical scavenging systems 

tryy to counteract the increased oxidative cell metabolism by increasing the activity of 

antioxidantt enzymes, which however are unable to restore balance. The concentration 

off  nonenzymatic antioxidants in serum falls, probably as a result of increased consumption. 
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Thee net result of pro-oxidant and antioxidant mechanisms in hyperthyroidism is thus an 

increasedd oxidative stress. 

Thee clinical relevance of the increased in vitro oxidation of LDL particles, occurring in 

bothh hypo-and hyperthyroidism, for the development of premature atherosclerosis is 

nott clear. In studies on the relation between LDL oxidation and the risk of atherosclerotic 

vascularr disease there was no (for coronary artery disease) or only a weak {for peripheral 

vascularr disease) association between them.1s>J 

Homocysteine e 

Increasedd plasma homocysteine concentrations are an independent risk factor for 

prematuree atherosclerotic vascular disease, probably by its toxic action on endothelial 

cells.. Homocysteine levels have multiple determinants like age, sex, diet, including the 

intakee of vitamins B6 (pyridoxal phosphate), BM (folic acid) and B p (cobalamin), renal 

function,, use of drugs and genetic factors. A hormonal influence is apparent from the 

observationn that a sex difference exists with higher levels in men than in premenopausal 

women,, postmenopausal women having slightly higher levels than premenopausal women, 

andd the fact that estrogen replacement therapy reduces homocysteine concentrations.4" 

Besidess sex hormones, the study presented in chapter 6 indicates that thyroid hormones 

alsoo modulate plasma homocysteine levels, with higher levels in hypothyroidism and 

reducedd levels in hyperthyroidism. The increase of homocysteine levels in thyroid hormone 

deficiencyy has also been reported by others.4144 Thyroid hormones modulate homocysteine 

concentrationss probably by indirect effects on renal function and folic acid metabolites 

andd by direct effects on enzyme systems involved in the complex homocysteine 

metabolism. . 

Thyroidd hormone replacement therapy in hypothyroidism induced a decrease in plasma 

homocysteinee concentrations of about 4.6 |amol/L. Is this a clinical relevant reduction ? 

Whatt does this mean in terms of cardiovascular risk reduction ? A meta-analysis estimated 

thatt 109r of the risk on coronary artery disease (CAD) in a population is attributable to 

homocysteine.455 The odds ratio for CAD of a 5 (imol/L increment was 1.6 for men and 

1.88 for women, the odds ratio for cerebrovascular disease was 1.5. A 5 jLtmol/L increment 

inn plasma homocysteine elevated the the CAD risk by as much as cholesterol increases 

off  0.5 mmol/L. These results indicate that the reduction in plasma homocysteine occurring 

afterr correction of the hypothyroid state might be clinically relevant. 

Endotheliall derived vasoregulating factors 
Cardiovascularr manifestations of thyroid function disorders are among the most 

profoundd clinical changes noted. Both thyroid hormone excess and deficiency can lead 
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too an increases in blood pressure, with hypertension being a well known risk factor for 

(premature)) atherosclerotic vascular disease. About one-third of patients with 

hyperthyroidismm have systolic hypertension (RR > 150/90 mmHg) and. appoximately 

200 c/c of hypothyroid patients have hypertension (RR > 160/95 mmHg), mainly diastolic.46 

Alterationss in total peripheral vascular resistance (TPR) probably modulate blood pressure 

inn thyroid function disorders. The non-invasive measurement of TPR enabled us to 

followw TPR in patients with thyroid hormone deficiency or excess, before and after 

treatment.. We postulated that changes in TPR were related to changes in plasma levels 

off  the endothelium derived hormones endothelin-1 (vasoconstrictor) or adrenomedullin 

(vasodilator).. In chapter 7. we could however not establish such relationships, although 

plasmaa adrenomedullin levels were slightly higher in the untreated hyperthyroid state 

andd therefore potentially contributing to the reduced TPR in view of its vasodilating 

properties.. Also changes in atrial natriuretic peptide and catecholamines contributed to 

changess in TPR, although not independently from changes in T,. Recent reports focus 

onn direct T, effects in vascular tissue as a mechanism contributing to changes in TPR. 

Thiss can be mediated by non-genomic effects via ion fluxes through membrane channels. 

Ann example of this is modulation of K channels in rat portal veins by thyroid hormone 

deficiency.47 7 

Thee study presented in chapter 8 evaluated the relationship between vascular endothelial 

growthh factor (VEGF) concentrations in plasma samples with or without platelet stabilizing 

additivess (PECT) and the degree of microvascular complications in type I diabetes 

mellitus.. The result indicates that VEGFncrT concentrations are lower than VEGFf.ITD ,TC. 
rr*XX I L 1 I K A I t 

VEGFF Tf correlated independently with glycated hemoglobin and platelet factor 4. 

Higherr VEGF concentrations are therefore probably due to an ex vivo release by 

platelets,, which is facilitated by the diabetic state. VEGF levels correlate with the 

existencee of diabetic retinopathy. As the endothelium is a potentially thyroid hormone 

sensitivee tissue we also analysed plasma levels of VEGF and von Willebrand factor (vWF) 

inn relation to thyroid hormone levels, in particular triiodothyronine (T ), as a substudy in 

thiss cohort. From a methodological point of view this substudy design might not be suitable 

too answer this question. In fact it turned out that the known direct relationship between 

serumm T, and vWF levels was diametrically opposite. This appeared to be due to the 

presencee of the low T syndrome (nonthyroidal illness) in patients with type I diabetes 

mellitus.. Furthermore, no relationship was found between VEGF and T, levels although 

thiss result should be considered with caution in view of the comments above. 

Thee question if T, has genomic effects in the endothelium brought us to the basic 

endotheliall  cell studies described in chapter 9. The main mechanism of action of T? is 

transcriptionn regulation via binding of thyroid hormone receptors (TR) to thyroid hormone 
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responsee elements on promotor regions of T, responsive genes. Therefore we assessed 

if.. and which TR isoforms are present in an immortalized endothelial cell line derived 

fromm umbilical veins. TRs were present, both the 1.2 and Bl types, but a postreceptor 

effectt like thyroid hormone dependent endothelin-1 production was not found, in contrast 

too the literature. An estimation of the amount of T̂  receptors indicated that their number 

wass probably to low to exert biological effects. A critical review of the reported genomic 

TT effects in human endothelial cells, especially those derived from veins, were not 

convincingg to the existence of such effects. Furthermore, only three studies report T, 

effectss in aortic (arterial) cells derived from experimental animals. In summary, although 

T,, effects in human umbilical vein endothelial cells are unlikely to occur in view of the 

amountt of TR present in these cells and the current literature, a T3 effect cannot be 

precludedd in other endothelial cell types. The effect of T, on vasculature, however, 

certainlyy involves non-genomic i.e. membrane effects on ion channels. 

I I I .. Atherosclerosis and Thyroid Hormones 
Fromm the previous paragraphs it is obvious that several risk factors for the development 

off  premature atherosclerotic vascular disease are present in hypothyroidism {increased 

plasmaa levels of LDL cholesterol, oxidized LDL, increased plasma homocysteine and 

hypertension).. Does this constellation of risk factors lead to increased atherosclerotic 

diseasee in hypothyroid patients ? Postmortem studies suggested increased coronary athero-

sclerosiss in hypothyroid patients, although in the study by Steinberg this was only present 

whenn there was coexistent hypertension.4* 4t) Epidemiologic studies in the late 1960's by 

Basteniee and Fowler suggested that even subclinical hypothyroidism and the mere presence 

off  thyroid autoantibodies increased the risk of coronary artery disease.5051 Later studies 

onn this issue yielded conflicting results: eg the studies in a general population by Tunbridge 

et.. al. and subsequently the 20 year follow up of that cohort by Vanderpump et. al. 

couldd not support this view.5'-54 In contrast, a recent cross sectional study among a large 

numberr of elderly women again suggested that subclinical hypothyroidism increased the 

riskk of myocardial infarction and aortic atherosclerosis.^ 

Thee clinical relevance of diagnosing and treating overt hypothyroidism is beyond doubt 

butt that of subclinical hypothyroidism is much debated. The literature on this issue is 

controversial.. Studies by Bastenie and co-workers in 1971 suggested that subclinical 

hypothyroidismm was a risk factor for coronary heart disease, presumably via increased 

cholesteroll  levels.'2 Much interest was thus aroused to evaluate whether or not subclinical 

hypothyroidismm is associated with hypercholesterolemia.56'51' Many studies did not disclose 
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aa difference in serum total cholesterol. LDL cholesterol and HDL cholesterol in subclinical 

hypothyroidismm compared to age- and sex-matched controls.5' 6n~M Only a few studies 

reportt higher LDL- and lower HDL cholesterol values.'14 hh Likewise, restoration of normal 

TSHH values by levothyroxine medication in most studies did not change serum cholesterol 

orr its subfractions in subjects with subclinical hypothyroidism wl-fr-~: although a decrease 

inn LDL cholesterol or an increase in HDL cholesterol has been reported.6'7' LDL 

cholesterol,, however, decreases significantly if the thyroxine dose is excessive (i.e. resulting 

inn subclinical hyperthyroidism).7(l 

Evidencee of a pathophysiological role for cholesterol in the development of athero-

sclerosiss in mild thyroid failure comes from the previously mentioned meta-analyses 

(seee paragraph I. cholesterol). The importance of mild hyperhomocysteinemia which 

occurss in hypothyroidism is further illustrated by a recent study among siblings of patients 

withh premature atherothrombotic disease. Combined treatment with vitamin Bh and folic 

acidd induces homocysteine lowering by  7 [imol/L. which is associated with a decreased 

riskk of atherosclerotic coronary events as indicated by a two fold reduction in occurrence 

off  abnormal exercise electrocardiographic tests.74 Direct effects of T might also influence 

endotheliall  cell function. Impaired flow dependent vasodilatation, an indicator of endothelial 

dysfunction,, has been reported in subclinical hypothyroidism.75 High LDL cholesterol 

andd homocysteine concentrations together with endothelial dysfunction are potentially 

reversiblee with thyroxine replacement therapy and favour active treatment of, and 

screeningg for. subclinical hypothyroidism. Such a strategy seems to be cost-effective 

particularlyy in elderly women.7'1 

Withh respect to cardiovascular disease, subclinical hyperthyroidism increases the risk 

off  atrial fibrillation but is not associated with an increased risk for (premature) 

atherosclerotivascularr disease.7" Although plasma levels of oxidi/ed LDL and blood 

pressuree are increased. LDL cholesterol together with homocysteine concentrations are 

reducedd in this condition. 
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