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Abstract:

The aim of this study was to determine the prevalence of thyroid dysfunction and its association with cardiovascular risk factors
in an adult Bulgarian population. 2402 subjects were studied, 1347 female, 20-94y (median: 48.0y) and 1055 male, 20-91y
(median: 45.5y). Body weight, height, waist circumference, arterial blood pressure, TSH, FT4 and lipids were measured. Known
hypothyroidism was reported by 53 subjects (2.2%) and hyperthyroidism by 20 (0.8%). New hypothyroidism was found in 98 (4.1%),
[subclinical (3.2%), overt (0.9%)]. New hyperthyroidism was found in 68 (2.9%), [subclinical (2.5%), overt (0.4%)]. New diagnosis
of hypothyroidism and hyperthyroidism was entered in 84% and 87% in male subjects and 60% and 65% in the females respectively.
Arterial hypertension was present in 40% of the women and in 47% of the men (p<0.001) and was more prevalent in hypothyroidism.
Abdominal obesity and dyslipidemia were more prevalent in males and hypothyroid subjects. Arterial hypertension depended on
age, gender and lipid status but not on thyroid function. CHD history depended on thyroid function and age. Conclusion: Most cases
of thyroid dysfunction were undiagnosed, especially in the males. CV risk factors were more prevalent in the males with thyroid

dysfunction a major determinant of CHD, but not hypertension.
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1. Introduction

Thyroid dysfunction is among the most common endo-
crine disorders. The prevalence of hypothyroidism var-
ies between 2.98% [1] and 21.8% [2] depending on age
and gender of the studied population. All authors report
higher prevalence in females and the female to male
ratio varies in wide ranges. Mayer et al. [3] found hy-
pothyroidism in 13.8% of the females and 6.8% of the
males. In their study in Quebec, Gagnon F. et al. report
10.8% in the females and 2.9% in the males [2], while
lower ratios were observed in the Colorado Study (4%
and 3% respectively for the younger group and 21% and
16% in the elderly) [4].

Both subclinical and overt thyroid dysfunction are

known to be associated with an increased cardiovascu-
lar (CV) risk [5,6]. The effect is probably age-dependent.
It is observed in both genders and could add in certain
age groups to the global cardiovascular risk, contribut-
ing to the CV morbidity and mortality. It is well known
that male gender is linked to higher CV risk. The dif-
ference between men and women decreases after the
menopause in the latter but it nevertheless remains
a major factor for the shorter life expectancy in men.

The aim of the current paper was to study the preva-
lence of thyroid dysfunction and its gender distribution
in an adult Bulgarian population with a stress on the
undiagnosed disease. The link of thyroid dysfunction to
co-existing CV risk factors as arterial hypertension and
abdominal obesity was sought.
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2. Materials and methods

The participants in the study were recruited in two ma-
jor Bulgarian cities with predominantly urban population
and four smaller towns with the adjacent villages with
mixed urban and rural population in January/February
2006. The total number of participants and their gen-
der and age distribution were planned according to the
most recent population data, published by the National
Statistical Institute [7]. The numbers of participants in
each location were similar with the exception of Sofia,
where a larger number was allocated due to the higher
population density. The local endocrine practices were
involved in the subject recruitment. They sent invitations
to the staff of the local municipalities, schools, police,
fire brigade, larger factories and the retired subjects’ or-
ganizations, ensuring participation from a great variety
of social, economic and cultural backgrounds.

The study was performed by the same team at all lo-
cations within a two-month period, ensuring a standard-
ized workflow, thus decreasing methodological errors.
The study team included three physicians, three study
nurses and technical assistants from the University Hos-
pital of Endocrinology to the Medical University of Sofia.
Each participant signed an informed consent form, ap-
proved by the local Ethics Committee.

All studied subjects filled a structured interview form
including data on current disorders and medication use,
personal and family medical history, smoking and repro-
ductive history in the females. Separate questions were
included especially on current or past thyroid disorders
and medication influencing the thyroid (thyroid hormone
preparations, antithyroid drugs, amiodarone, lithium) as
well as cardiovascular disorders, medication and CV
risk factors.

Body height, body weight and waist circumference
(WC) were measured and body mass index (BMI) was
calculated using the standard formula. Arterial blood
pressure was measured by a mercury sphygmomanom-
eter in a seated position after a 10-minute rest.

Increased WC as a measurement of abdominal
obesity was defined according to International Diabe-
tes Foundation (IDF) criteria — equal or above 80 cm for
women (A) and equal or above 94 cm for men.

Arterial hypertension (AH) was determined as sys-
tolic arterial blood pressure above 140 mmHg and dia-
stolic pressure above 90 mmHg and/or current antihy-
pertensive medication. A history of ischemic episode or
antianginal medication was assumed as a positive his-
tory for coronary heart disease (CHD).

2.1 Laboratory tests

Fasting blood was drawn in all participants between 8
and 10 a.m. Serum TSH was determined by a micropar-
ticulate immunoenzyme analysis (MEIA) at an automat-
ed analyser AxSYM, (ABBOTT, USA). TSH reference
range was 0.39-4.20 mUI/L and it was accepted as a
criterion for euthyroid state. Serum FT4 was determined
in subjects with TSH outside the reference range, by a
microparticulate immunoenzyme analysis (MEIA) at an
automated analyser AxXSYM, (ABBOTT, USA). FT4 ref-
erence range was 9.0-19.0 pmol/l.

Subjects with TSH values below 0.39 mU/l were
grouped as hyperthyroid and those with values above
4.20 — as hypothyroid. Subclinical hypothyroidism was
defined as TSH >4.20 mU/I with normal FT4 levels (9.0-
19.0 pmol/l) and overt hypothyroidism — as TSH>4.20
mU/l with FT4 <9.0 pmol/l. Subclinical hyperthyroidism
was defined as TSH <0.39 mU/I with normal FT4 levels
(9.0-19.0 pmol/l) and overt hyperthyroidism — as TSH
<0.39 mU/I with FT4 >19.0 pmol/l.

Serum total cholesterol, LDL cholesterol, HDL cho-
lesterol and triglyceride levels were determined by stan-
dard enzyme methods and the HDL and LDL by direct
enzyme assay. Test kits produced by HUMAN (Germa-
ny) were applied at an automated analyzer Cobas Mira
Plus (ROCHE, Switzerland).

2.2 Statistical methods

All data are presented as means and standard devia-
tion or median, minimum and maximum depending of
normality of distribution. The latter was assessed by the
Kolmogorov-Smirnov test. Frequency analysis was uti-
lized when appropriate. One-sample independent vari-
able t-test was applied for comparison of independent
variables. Nonparametric tests and binary logistic re-
gression analysis were used for categorical data. Two-
sided p-values below 0.05 were considered as statisti-
cally significant. In all tests 95% confidence intervals
were applied. The data processing was done by SPSS
for Windows v. 13. (SPSS Inc., Chicago, Il, USA).

3. Results

Two thousand four hundred and two adults at median
age 47.7 y (20-94) were enrolled into the study. Of them
1347 (56%) were female, median age 48.0 y (20-94)
and 1055 (44%) were male, median age 45.5 y (20-
91), p<0.001. The anthropometric data are presented in
Table 1.
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Table 1. Anthropometric and laboratory data of the studied subjects.

Table 2. Types of Thyroid Dysfunction in the studied subjects by gender.

Studied parameter Total group  Female Male P Total Female Male
Mean=SD Mean+SD Mean+SD  M/F N (%) N (%) N (%)
BMI (kg/m?) 269+51 263+55 27.7+43 <0.001 (HJvegth i 22 (0.9%) 13 (1.0%) 9 (09%)
Waist circumference (cm)| 90.2-13.9 84.4+13.0 97.5+11.4 syz l_Y |
ubclinica
Systolic pressure (MmHg)|131.7+18.7 129.8+19.9 1342+16.6 <0.001  Hypothyroidism 76 (3.2%) 59 (4.4%) 17(1.6%)
Diastoli Hg)| 84.0+12.0 82.0+12.0 86.5+11. 001
iastolic pressure (mmHg)| 84.0 0 820 0 865 5 <0.00 Enoxévtr;] e 53 (2.2%) 48 (3.6%) 5 (0.5%)
TSH (mU/) 1.99+4.60 2.10+3.75 1.84+549 NS ypotny
Euthyroid 21 09 1180 (87.69 29
{Chol (mmol/) 5514119 552+1.19 549+1.20 <0.001 Subyllro.w | 63 (90.0%) 80 (876%) 983 (93.2%)
ubclinica
HDLc (mmol/) 138+0.35 148+034 1.24+031 NS Hyperthyroidism | 29 -5%) 27 (2.0%) 32 (3.0%)
LDLc (mmol/l) 3.23+098 3.17+1.00 3.31+0.96 <0.001 (H)vertrth o 9(0.4%) 403%) 5 (0.5%)
Tgl (mmol/l) 1.38+1.20 1.14=0.70 1.68+157 <0.001 yperthyroidis
Known o o o
Hyperthyroidism | 20 08%) 16 (1.2%) 4 (0.4%)
3.1 Thyroid function Total 2402 1347 1055

The overall prevalence of hypothyroidism was 6.3%
(151 subjects) and that of hyperthyroidism - 3.7% (88
subjects). In 53 (2.2%) of the subjects there was a his-
tory of hypothyroidism and in 20 (0.8%) — of hyperthy-
roidism. Elevated TSH was found in 98 of the subjects
without history of thyroid dysfunction (4.1%) and sup-
pressed TSH — in 68 (2.9%) (Table 2). Eighty-four per
cent of the hypothyroidism and 87% of the hyperthyroid-
ism in the males and 60% and 65% in the females were
newly-diagnosed.

The hypothyroidism was subclinical in 76 (3.2%)
of the newly diagnosed cases and overt in 22 (0.9%).
The hyperthyroidism was subclinical in 59 (2.5%) of the
newly diagnosed subjects and overt —in 9 (0.4%).

3.2 Serum lipids, BMI and waist circumference
The lipid levels are presented in Table 1. Elevated to-
tal cholesterol levels above 5.20 mmol/l were found in
59.6% of the subjects with suppressed TSH, in 56% of
the euthyroid subjects and in 65% of the ones with el-
evated TSH (Pearson chi-square p=0.042 for the pair
euthyroid/hypothyroid). The prevalence of elevated cho-
lesterol and triglycerides in both genders is presented
in Table 3. No significant differences were observed be-
tween the genders and within genders except for the
hypertriglyceridemia prevalence between the genders.

BMI was significantly higher in the subjects with overt
hypothyroidism (30.1 kg/m?) as compared to those with
subclinical (27.1 kg/m?, p=0.011), the euthyroid subjects
(26.9 kg/m?, p=0.04) and the subclinically hyperthyroid
(26.3 kg/m?, p=0.001). Increased waist circumference
was observed in 811 (60.2%) of the females and 667
(63.2%) of the males (NS). The differences between the
genders were not significant in the different thyroid func-
tion groups. No significant differences were found among
the three thyroid function groups either. The prevalence
of abdominal obesity in the groups with overt and sub-
clinical hypothyroidism was 82% and 66% (NS).

3.3 Arterial blood pressure and CHD history

Arterial hypertension was found in 1034 subjects
(43%). It was more prevalent in the males (496 sub-
jects, 46.9%) than in the females (538 subjects, 39.9%)
(p<0.001). Newly diagnosed AH was also more com-
mon in the males (222 subjects, 44.8% of the hyper-
tensive men) than in the females (132 subjects, 24.5%
of the hypertensive women), p<0.01. Among the hypo-
thyroid females, 50.8% were hypertensive vs. 38.9% of
the euthyroid (p=0.011). Sixty six percent of the hypo-
thyroid males were hypertensive vs. 46% for the euthy-
roid (p=0.028). The logistic regression analysis showed

Table 3. Prevalence of hypercholesterolemia and hypertrigyceridemia in the studied population by gender and thyroid function.

Gender Elevated Cholesterol Elevated Triglycerides Total
<=52 >52 <=17 >1.7

Female Euthyroid 502 (42.7%) 674 (57.3%) 988 (84.1%) **187 (15.9%) 1175
Hypothyroid 42(35%) 78(65%) 95(79.2%) 25(20.8%) 120

Total 544(42.0%) 752(58.0%) 1083(83.6%) *212(16.4%) 1295

Male Euthyroid 446 (45.6%) 531 (54.4%) 644 (66.0%) **332 (34.0%) 976
Hypothyroid 12 (37.5%) 20 (62.5%) 22 (68.75%) 10 (31.25%) 32

Total 458 (45.4%) 551 (54.6%) 666 (66.1%) *342 (33.9%) 1008

*and ** p<0.001
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dependence of the arterial hypertension on abdominal
obesity, dyslipidemia, age and male gender, but not on
smoking status and thyroid function (Table 4). The dif-
ferences of the hypertension prevalence between the
groups with overt and subclinical hypothyroidism were
not significant (59% and 54%, NS).

No difference in the prevalence of CHD history was
found between the genders. The logistic regression
analysis showed dependence of the positive CHD histo-
ry on suppressed TSH and age, but neither of the other
factors.

4. Discussion

By tradition thyroid disease — both autoimmune and
non-autoimmune with few exceptions has been widely
discussed as a “female domain” [8]. O’Leary et al. for
instance investigated the male to female ratio in differ-
ent age groups and found hypothyroidism in 12.8% of
the elderly females and 3.6% in the elderly males. The
percentage was much smaller in younger subjects but
the gender difference persisted (2.5% of the younger
women and 1.6% of the younger men were hypothy-
roid). Several large studies have revealed relatively
high prevalence of thyroid dysfunction among males as
well [3,4,9]. We found thyroid dysfunction in a compara-
tively high proportion of the studied males, close to the
numbers reported by Canaris et al. [4].

We observed a very high proportion of previously
undiagnosed thyroid dysfunction (61.2% of the hypothy-
roid subjects and 73.5% of the hyperthyroid subjects).
Though thyroid dysfunction was more prevalent in the
females (12.4%), than in the males (7.4%), the percent-
ages of newly diagnosed hyperthyroidism and hypothy-
roidism were higher in the latter. Eighty-four per cent of

the hypothyroidism and 91% of the hyperthyroidism in
the males were unknown and therefore untreated. In the
females hypothyroidism was newly diagnosed in 60%
and hyperthyroidism —in 68.6%. As a comparison, Emp-
son et al. [10] reported the opposite ratio. They found
previously diagnosed hypothyroidism in 10% of the
studied elderly population and only 3.6% new cases. It
is well known, that the lack of specific symptoms may
prevent the early diagnosis of thyroid dysfunction, es-
pecially bearing in mind that in the majority of the cases
the thyroid dysfunction is subclinical, as we observed
with our series. Approximately 20% of the respective
dysfunction was overt and 80% - subclinical. Subclinical
thyroid disease is such by definition, but a large pro-
portion of the subjects experience subtle or more pro-
nounced signs and symptoms [11]. Thus careful history
and clinical examination can direct the attention of the
physician towards a possible thyroid dysfunction. That
is especially crucial for the elderly.

It is well known that men do not engage as unwill-
ingly in regular prevention medical checks and tests,
despite all the available data demonstrating the benefit
of the latter [12]. The latter observation explains why
we found, among the subjects with thyroid dysfunction,
a larger proportion of men with previously unknown dis-
ease than women.

One factor that needs elaboration when discussing
thyroid dysfunction is the iodine state of the population.
Approximately half of the Bulgarian population lives in
an iodine deficient environment. With the successful
implementation of a national program of iodine supple-
mentation virtually all of the population currently has
a sufficient iodine intake [13]. Unfortunately no consis-
tent data on thyroid disorders prevalence for the pre-
vious decades is available, and a comparison based
on the changed iodine state is not possible. The data

Table 4. Binary logistic regression analysis. Arterial hypertension and CHD history are the dependent variable and thyroid function, Triglycerides
>1.7 mmol/l, cholesterol >5.2 mmol/l, smoking, male gender and increased waist circumference are the independent. The reference
category for thyroid function is euthyroidism, The reference category for age group is 20-44 y. R-square for the arterial hypertension model

is 0.379 and for the IHD it is 0.354.

Arterial Hypertension History of CHD

Factor 0 95.0% C.l.for Odds Ratio 95.0% C.l.for Odds Ratio

Odds Ratio Lower Upper p Odds Ratio Lower Upper
Thyroid function (elevated TSH) .684 .86 43 1.75 0.224 1.50 0.78 2.86
Thyroid function (suppressed TSH) 341 79 .49 1.28 0.038 2.27 1.05 4.93
Increased triglycerides <0.001 1.96 1.50 2.55 0.689 1.09 0.70 1.71
Male gender <0.001 1.60 1.27 2.01 0.244 1.29 0.84 1.96
Increased total cholesterol <0.001 1.55 1.23 1.95 0.370 0.82 0.53 1.27
Increased WC <0.001 3.04 2.39 3.86 0.106 1.53 0.91 2.56
Smoker status .096 82 .65 1.04 0.321 0.76 0.45 1.30
Age group (middle age) <0.001 4.38 3.41 5.61 <0.001 36.00 4.85 267.16
Age group (elderly) <0.001 10.69 7.73 14.78 <0.001 292,55 40.08 2135.21
Constant <0.001 .09 <0.001 0.001
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from other countries demonstrate marked differences
between iodine deficient and iodine sufficient regions
and a transition in the thyroid morbidity that could be
expected in areas of previous iodine deficiency [14-17].
An association between thyroid dysfunction and car-
diovascular disease has been well established, though
data are frequently contradictory [5,18-20]. A possible
explanation of the diverse results is the confounding
by various additional factors, age being by far the most
important, especially in subclinical hypothyroidism. In
a reanalysis of the Wickham study, Ravzi S et al. [21]
demonstrate clearly an association between ischemic
heart disease and subclinical hypothyroidism. Their ob-
servations confirm the conclusions of two earlier meta-
analyses. Singh S et al. [22] and Ochs N et al. [23] found
in them an increased CV morbidity and mortality in as-
sociation with subclinical hypothyroidism. The authors’
conclusions however diverge concerning subclinical hy-
perthyroidism. As both thyroid dysfunction and cardio-
vascular morbidity increase with age, it could be specu-
lated that there may be two parallel and independent
phenomena. To address this issue we explored several
logistic regression models with arterial hypertension or
history of CHD as dependent variable and thyroid dys-
function as an independent. We found no significant
association between thyroid function and hyperten-
sion. CHD history was more prevalent in the subjects
with both hypothyroidism (OR 1.5) and hyperthyroidism
(OR 2.27). Several recent publications suggest that CV
morbidity and mortality is increased with subclinical hy-
pothyroidism in middle-subjects [25]. While subclinical
hyperthyroidism is an independent risk factor for CV
morbidity and all-cause mortality in all age groups, there
is compelling evidence, that links subclinical hypothy-
roidism to better survival in subjects, over the age of 70
or 80 [19,24,26]. As a result, the adoption of a higher
upper reference limit for TSH in the elderly has been
recently advised [27]. The number of hypothyroid and
hyperthyroid subjects in our study was relatively small
and therefore a type Il error cannot be excluded, espe-
cially when comparing the subjects overt to those with
subclinical hypothyroidism or the euthyroid subjects.
We observed a higher OR of arterial hypertension
in the males (1.60, 1.27 to 2.01, Table 4) and a higher
prevalence of hypertension in the hypothyroid subjects
in both genders. Hypothyroidism may induce diastolic
hypertension by increasing the peripheral vascular re-
sistance, but also through the influence on the renin-an-
giotensin-aldosterone system, the atrial natriuretic pep-
tide and vascular properties. That complexity indicates,
that increased systolic blood pressure probably reflects
more profound large artery hemodynamic alterations in
the hypothyroid subjects [28]. Several authors report

both higher systolic and higher diastolic arterial pres-
sure in hypothyroid subjects, as well as a positive corre-
lation between arterial blood pressure and TSH [29,30].
In our series TSH did not correlate with either systolic, or
diastolic arterial pressure that may be explained by the
small subject number.

We demonstrated a trend to a higher prevalence of
abdominal obesity in the hypothyroid group and the ob-
servation was more apparent in the male subjects. In
contrast to WC, the correlation of BMI to thyroid function
was more apparent. Some links between hypothyroid-
ism and obesity have been reported, but a clear causal
relationship between high-grade obesity and thyroid
dysfunction has not been established [31]. In our cohort
for instance a weak positive correlation with TSH levels
was observed in the euthyroid women. A similar trend
was reported by Fox et al. [32]. Clearly, the changes in
thyroid hormone levels cannot out-weight the impact of
other factors related to body weight control and obesity.
A possible pathogenetic association between hypothy-
roidism and body fat is suggested by the reported in-
creased insulin resistance in hypothyroid patients [33].
As abdominal visceral fat is related to impaired insulin
sensitivity, we can assume a possible similar associa-
tion in our group, though we have not measured insulin
sensitivity.

Moreover, the link between thyroid dysfunction and
obesity possibly follows a two way model. Obesity leads
to multiple metabolic alterations, which increase the risk
of developing diabetes and cardiovascular diseases.
Altered thyroid function tests and structure have been
often described in obese children and adults. It is not
clear however whether the altered thyroid function is the
cause or the consequence of fat excess [34]. An inter-
esting hypothesis has been proposed by Duntas L and
Biondi B [35], who describe a CNS and leptin-depen-
dent effect of obesity on thyroid autoimmunity. Never-
theless, both functional and structural alterations seem
to improve after weight loss and therefore usually no
treatment is needed.

We did not find a correlation between total choles-
terol levels and TSH. LDL and HDL cholesterol levels
suggested a more atherogenic lipid profile in the males,
despite the lack of differences in the total cholesterol
levels between the genders.

The study has several limitations that preclude more
generalized conclusions. 1. A possible selection bias can
be discussed due to the recruitment procedure. A shift
in the estimation of the disease prevalence may be
caused by the partially voluntary recruitment procedure,
more probably in the direction of overestimating disease
prevalence (possibly, more subjects with morbidities vol-
unteering). 2. Despite the relatively large studied popula-
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tion, the absolute numbers of the subjects with thyroid
dysfunction and CVD risk factors are small, especially
if stratified by age. This makes statistical processing of
the small subgroups unreliable. The real hypothyroid-
ism and hyperthyroidism prevalence may deviate from
the estimated since transient mild thyroid dysfunction
on the one hand and transient suppressed TSH on the
other cannot be ruled out without a longitudinal follow up.
3. Finally, the self-reported subject history should always
be accepted with reserves, therefore both under- and
overestimation of CVD prevalence is possible. The ad-
opted criteria were aimed at reducing the possible over-
estimation error, but we cannot rule out certain underes-
timation of undiagnosed atherosclerotic artery disease.

5. Conclusions

This is the first population-based study of thyroid mor-
bidity and certain CV risk factors in Bulgaria. We found
a high proportion of undiagnosed thyroid dysfunction,
especially in the males. The CV risk factors were more
prevalent in the males and they were clearly associated
with hypothyroidism and less so with hyperthyroidism.
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