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OBJECTIVES: To investigate the prevalence of subclinical thyroid dys-
function and the relationship between thyrotropin levels and cardiovascu-
lar risk factors in residents of the coastal area of China.

METHODS: A total of4256 individuals (mean [+ SD] age 50.51+14.24 years;
2079 males, 2177 females,) were enrolled in the present study. Sex, blood
pressure, body mass index, waist-to-hip ratio, serum levels of fasting glu-
cose, total cholesterol, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, triglycerides, uric acid and smoking status were
measured. The relationship between thyrotropin levels and cardiovascular
risk factors was analyzed.

RESULTS: The overall prevalence of thyroid dysfunction was 11.07%.
The prevalence of subclinical hypothyroidism (6.32%) was higher than

that of hyperthyroidism (1.53%). The prevalence of thyroid dysfunction
among female subjects was higher than that among male subjects (16.54%
versus 5.34%, respectively; P<0.001). Significant differences were detected
with respect to body mass index (P=0.026), waist-to-hip ratio (P<0.001),
fasting glucose levels (P=0.001), total cholesterol levels (P=0.013), triglyc-
eride levels (P=0.003) and smoking status according to different thyrotro-
pin levels.

CONCLUSION: The prevalence of thyroid dysfunction was high in resi-
dents of China’s coastal area. Significant differences were detected with
regard to body mass index, waist-to-hip ratio, fasting glucose levels, total
cholesterol levels, triglyceride levels and smoking status according to dif-
ferent thyrotropin levels.
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Subclinical thyroid disease has been defined biochemically: sub-
clinical hyperthyroidism occurs when serum thyroid-stimulating
hormone (TSH) concentrations are low or undetectable but free thy-
roxine (FT4) and tri-iodothyronine (FT3) concentrations are normal;
and subclinical hypothyroidism occurs when serum TSH concentra-
tions are raised and serum thyroid hormone concentrations are nor-
mal. Large population studies (1,2) have shown that subclinical
thyroid dysfunction is common and highlight the usefulness of screen-
ing to allow early detection and, therefore, prevent associated adverse
health outcomes.

The population prevalence of subclinical thyroid dysfunction is
dependent on age, sex and iodine intake. Subclinical hypothyroidism
occurs in 4% to 20% of the adult population, and the prevalence of
subclinical hyperthyroidism varies from 0.6% to 9.8% (3). Subclinical
hypothyroidism is more common in iodine-sufficient countries, and
iodine supplementation may increase the incidence (4). By contrast,
the prevalence of subclinical hyperthyroidism appears to be far higher
in iodine-deficient populations (5). Therefore, determining the preva-
lence of subclinical thyroid dysfunction in specific populations is
necessary.

Cardiovascular risk factors include central obesity, glucose intoler-
ance or type 2 diabetes, dyslipidemia, low high-density lipoprotein
cholesterol (HDL-C) levels and hypertension (6). Because cardio-
vascular disease is the leading cause of death, prevention and early
recognition of these factors is an important public health issue that
deserves more attention.

The pathophysiology of thyroid function with regard to lipid levels,
glucose metabolism and blood pressure in subjects with thyroid disor-
ders is well known (7-10). However, there are data both against (11)

and in favour of (12,13) the role of subclinical thyroid dysfunction as
a risk factor for cardiovascular disease, and the debate regarding the
issue remains unresolved. On the other hand, controversy has grown
following the recent publication of several reports demonstrating a
positive correlation between TSH levels and several cardiovascular
risk factors, even in healthy euthyroid populations (14,15).

The aim of the present study was to investigate the prevalence of
subclinical thyroid dysfunction among the population of China’s
coastal area, and to assess its association with cardiovascular risk fac-
tors in this group of individuals.

METHODS

Subjects
Subjects who had resided mainly in China’s coastal area for at least
10 years were recruited during their routine health checkup at the
Health Screening Center of Weihai Hospital, affiliated with Qingdao
University (Weihai, China). All participants were examined by phys-
icians. Information regarding medication and history of medical or sur-
gical diseases in each subject was obtained. Blood pressure was recorded
as the mean of two measurements in the sitting position according to
a standardized protocol. Subjects were excluded from the study if they
were taking medications for glucose control, blood pressure, dyslipi-
demia or thyroid function. A total of 4256 individuals (mean [+ SD] age
50.51+14.24 years; 2079 men, 2177 women) were enrolled in the study.

All of the subjects were anonymous, and informed consent was
obtained from each participant. The Ethics Committee of Weihai
Hospital approved the retrospective review of patients’ medical rec-
ords, and records were reviewed for research purposes in accordance
with medical statutes.
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TABLE 1

Characteristics of the subjects

Characteristic Men Women P
Age, years 52.36+15.16 48.74+13.68 <0.001
Body mass index, kg/m? 24.79+3.65 22.58+3.41 <0.001
Waist-to-hip ratio 0.95+0.31 0.81+0.27 <0.001
Systolic blood pressure, mmHg 137.47+17.01 122.15+14.33 <0.001
Diastolic blood pressure, mmHg 85.33+10.77 76.15+9.33 <0.001
Free plasma glucose, mmol/L 5.73+1.57 5.31+1.32 <0.001
Total cholesterol, mmol/L 5.33+1.18 5.34+1.03 0.769
Triglycerides, mmol/L 1.93+1.64 1.55+1.32 <0.001
Low-density lipoprotein cholesterol, mmol/L 3.06+0.85 3.02+0.66 0.087
High-density lipoprotein cholesterol, mmol/L 1.15+0.29 1.48+0.35 <0.001
Uric acid, pmol/L 397.96+167.94 287.49+104.56 <0.001

Data presented as mean = SD unless otherwise indicated. The groups were compared using a one-way ANOVA or Z-test of variance. P<0.05 was considered to be
statistically significant. The following reference ranges were based on the authors’ laboratory standards: Plasma glucose (3.9 mmol/L to 6.1 mmol/L), total cholesterol
(3.6 mmol/L to 6.2 mmol/L), triglycerides (<1.71 mmol/L), low-density lipoprotein cholesterol (0 mmol/L to 3.36 mmol/L), high-density lipoprotein cholesterol

(>1.15 mmol/L) and uric acid (142 umol/L to 339 umol/L).

TABLE 2

Prevalence and distribution of thyroid dysfunction according to sex

Thyroid dysfunction

Cases, n Euthyroid Hyperthyroidism Subclinical hyperthyroidism Subclinical hypothyroidism  Hypothyroidism
Total 4256 3785 (88.93) 58 (1.36) 65 (1.53) 269 (6.32) 79 (1.86)
Male 2079 1968 (94.66) 17 (0.82) 25 (1.20) 58 (2.79) 11 (0.53)
Female 2177 1817 (83.46) 41 (1.88) 40 (1.84) 211 (9.69) 68 (3.12)
P <0.001 0.003 0.091 <0.001 <0.001

Data presented as n (%) unless otherwise indicated. The groups were compared using a 2 test. P<0.05 was considered to be statistically significant

Laboratory analysis

All measurements were performed at the clinical laboratory of Weihai
Hospital. Blood samples were collected from all subjects between
08:00 and 10:00 after at least 10 h of fasting. A procedure involving
chemiluminescence (Cobas E610, Roche, Switzerland) was used to
determinate thyroid function (TSH, free T3 and T4). The laboratory
reference ranges were 0.27 mIU/L to 4.2 mIU/L for TSH, 3.1 pmol/L to
6.8 pmol/L for free T3 and 12 pmol/L to 22 pmol/L for free T4.

Levels of plasma glucose (3.9 mmol/L to 6.1 mmol/L), total choles-
terol (3.6 mmol/L to 6.2 mmol/L), triglycerides (<1.71 mmol/L), low-
density lipoprotein cholesterol (LDL-C) (0 mmol/L to 3.36 mmol/L),
HDL-C (>1.15 mmol/L) and uric acid (142 pmol/L to 339 pmol/L)
were determined using an Auto Biochemical Analyzer (MODULAR-
000GS, Roche, Switzerland).

Definitions

Based on the laboratory standards of Weihai Hospital, normal thyroid
function was defined as a TSH value between 0.27 mU/L and
4.2 mU/L. Hypertension was defined as systolic blood pressure
>140 mmHg and/or diastolic blood pressure 290 mmHg. Diagnosis of
diabetes was established according to the criteria of the WHO pub-
lished in 1999 (16), and the revised criteria of the National Cholesterol
Education Program-Adult Treatment Panel III were used for the defin-
ition of the metabolic syndrome (17).

Statistical analyses
Before statistical analysis, the normality of the distribution and the
homogeneity of the variances were evaluated using Levene’s test, and
variables were subjected to a log transformation if necessary. Data are
presented as mean + SD, or medians with interquartile ranges in the
case of a skewed distribution. For continuous variables, ANOVA fol-
lowed by multiple-comparison tests were used. Categorical variables
were compared using the * test. The log transformation of lipid par-
ameters was performed to correct the skewed distribution.

All calculated P values were two-sided; P<0.05 was considered to
be statistically significant. Statistical tests were performed using SPSS
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version 17.0 (IBM Corporation, USA) for Windows (Microsoft
Corporation, USA).

RESULTS

General characteristics of the subjects

The composition and general characteristics of the sample are summar-
ized in Table 1. A total of 4256 subjects were included in the present
study (2079 men and 2177 women; male:female ratio = 1:1.05).
Median urinary iodine excretion, measured in 200 individuals, was
357.67+92.15 pg/L, reflecting an adequate to excessive iodine intake
in this population (18).

Prevalence and distribution of thyroid dysfunction

The prevalence of thyroid dysfunction among participants was 11.07%
(Table 2 and Table 3). Overt and subclinical hyperthyroidism were
found in 58 (1.36%) and 65 (1.53%) subjects, respectively. In addi-
tion, 79 (1.86%) and 269 (6.32%) subjects exhibited overt and sub-
clinical hypothyroidism, respectively.

After separating the subjects according to sex, 111 (5.34%) men
and 360 (16.54%) women exhibited thyroid dysfunction (Table 2).
The prevalence of thyroid dysfunction was significantly higher among
women compared with men (16.54% versus 5.34%, respectively;
P<0.001). The prevalence of overt and subclinical hyperthyroidism
was 0.82% and 1.88% in men and 1.20% and 1.84% in women,
respectively. In contrast, the number of subjects with overt and sub-
clinical hypothyroidism were 11 (0.53%) and 58 (2.79%) men and
68 (3.12%) and 211 (9.69%) women, respectively. It is clear that the
prevalence of hyperthyroidism, hypothyroidism and subclinical hypo-
thyroidism was significantly higher among women.

The prevalence of overt and subclinical hyperthyroidism tended to
decrease with age (Table 3). However, the prevalence of overt and
subclinical hypothyroidism increased with age and markedly increased
in individuals 50 to 69 years of age. The prevalence of subclinical
hypothyroidism was 12.11% in individuals 50 to 59 years of age and
13.28% in individuals 60 to 69 years of age.

el7



Wang et al

TABLE 3

The prevalence and distribution of thyroid dysfunction according to age

Thyroid dysfunction

Age, years Total n Hyperthyroidism Subclinical hyperthyroidism Subclinical hypothyroidism Hypothyroidism
<30 165 4(2.42) 3(1.82) 11 (6.67) 3(1.82)
30-39 2005 32 (1.6) 33 (1.65) 102 (5.09) 22 (1.10)
40-49 1314 15 (1.14) 17 (1.29) 62 (4.72) 16 (1.22)
50-59 479 4 (0.84) 6 (1.25) 58 (12.11) 24 (5.01)
60-69 256 2(0.78) 4 (1.56) 34 (13.28) 11 (4.30)
270 37 1(2.70) 2 (5.41) 2 (5.41) 3(8.11)
Total 4256 58 (1.36) 65 (1.53) 269 (6.32) 79 (1.86)

Data presented as n (%) unless otherwise indicated

TABLE 4

Age and sex-adjusted measures of cardiovascular risk factors according to categories of serum TSH concentration

Serum TSH concentration, mIU/L

<0.27 0.27-1.57 1.58-2.88 2.89-4.19 24.2 P

Body mass index, kg/m? 22.85£3.71 22.89+3.67 22.01+3.56 25.13+3.11 25.28+3.72 0.026
Waist-to-hip ratio 0.82+0.53 0.84+0.36 0.86+0.22 0.93+0.49 0.98+0.38 <0.001
Systolic blood pressure, mmHg 137.21+16.08 127.27+21.32 130.33+19.27 131.69+20.97 137.45+21.03 0.367
Diastolic blood pressure, mmHg 80.33+8.79 79.91+12.56 79.12+12.06 78.84+11.38 80.17+10.45 0.174
Fasting plasma glucose, mmol/L 5.12+1.36 5.17+1.17 5.34+1.28 5.79+1.58 6.12+1.81 0.001
Total cholesterol, mmol/L 4.63+1.33 4.87+1.13 4.96+1.25 4.99+1.23 5.35+1.64 0.013
Triglycerides, mmol/L 1.32+0.67 1.39+0.84 1.76+1.63 1.71+1.85 1.96+1.76 0.003
LDL cholesterol, mmol/L 3.03+0.85 2.97+0.71 2.88+0.84 2.91+0.73 3.18+0.91 0.124
HDL cholesterol, mmol/L 1.15+0.31 1.31+0.33 1.39+0.38 1.22+0.33 1.39+0.28 0.145
Uric acid, pmol/L 297.97+107.94 313.97+90.85 321.15+101.73 341. 62+70.90 371.63+£109.47 0.174
Smoking status, n

Nonsmokers 17 121 159 72 60 <0.001

1-339 cigarettes/year 8 53 26 39 21 0.0008

440-1099 cigarettes/year 2 37 21 26 16 0.0009

>1100 cigarettes/year 1 4 7 3 2 0.2222

Data presented as mean + SD unless otherwise indicated. Groups were compared using a one-way ANOVA or y2 test. P<0.05 was considered to be statistically
significant. HDL High-density lipoprotein; LDL Low-density lipoprotein; TSH Thyroid stimulating hormone

Relationship between thyrotropin levels and cardiovascular risk
factors

The normal TSH levels were stratified into three groups (0.27 mIU/L
to 1.57 mIU/L, 1.58 mIU/L to 2.88 mIU/L and 2.89 mlIU/L to
4.19 mIU/L) and the subjects were divided into five groups according
to serum TSH concentrations. Table 3 shows cardiovascular risk fac-
tors among subjects with different TSH serum concentrations.
Significant differences were detected among the five groups with
respect to body mass index (BMI) (P=0.026), waist-to-hip ratio
(P<0.001), fasting plasma glucose (FPG) levels (P=0.001), total chol-
esterol levels (P=0.013), triglyceride levels (P=0.003) and smoking
status. No significant differences were observed among the five groups
with regard to age, systolic blood pressure, diastolic blood pressure, and
levels of LDL-C, HDL-C and uric acid.

Participants with higher TSH levels exhibited higher measures of
BMI, waist-to-hip ratio, FPG levels, total cholesterol levels and trigly-
ceride levels than subjects with normal or lower TSH levels. In addi-
tion, their rate of smoking was lower than the rate observed among
individuals with normal values of TSH. Subjects with TSH concentra-
tions >4.2 mU/L exhibited the highest adjusted values of BMI, waist-
to-hip ratio, FPG levels, total cholesterol levels and triglyceride
levels.

DISCUSSION
The present study reported the prevalence of subclinical thyroid dys-
funtion and the relationship between TSH levels and cardiovascular
risk factors in residents of the coastal area of China. Thyroid function
has an important role in the risk stratification of patients with sus-
pected CHD and should be routinely tested in patients at risk of CHD.

el8

Maintaining serum TSH levels within an appropriate range will
achieve homeostasis of lipid levels and slow the progression of athero-
sclerosis in CHD patients.

There is a relative lack of epidemiological data regarding thyroid
dysfunction in China’s coastal area. The present study found that the
prevalence of thyroid dysfunction was 11.07% among all participants,
which was somewhat higher than reported in other studies that were
conducted in regions with a sufficiency of iodine (19-21). Because the
prevalence of these disorders may be affected by the type of study
population, ethnicity and dietary iodine intake, the difference between
the present study and previous reports may result from the specific
population analyzed, the method of enrollment and the strict inclu-
sion criteria used.

The prevalence of thyroid dysfunction among female subjects was
higher than that among male subjects in the present study (16.54%
versus 5.34%, respectively; P<0.001), which is consistent with previ-
ous reports (2,21-23). In the Whickham survey (23), the prevalence of
subclinical hypothyroidism was three times higher in women than in
men. One possible reason for this difference is that the majority of
cases of thyroid dysfunction are due to autoimmune disease, which is
more common in women. Therefore, it is necessary to routinely evalu-
ate thyroid function among women during health examinations.

The prevalence of subclinical hypothyroidism (6.32%) was higher
than that of hyperthyroidism (1.53%) in the present study. This is likely
due to a more than adequate iodine intake in our population. Universal
salt iodization was initially introduced in China in 1996. National mon-
itoring data show that Chinese inhabitants experienced excessive iod-
ine intake during the period from 1997 to 2001, and more than adequate
iodine intake after 2001 (24,25). On the other hand, high seafood and
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seaweed consumption in China’s coastal area may also lead to high iod-
ine intake. The acute Wolff-Chaikoff effect (26,27) suggested that
iodine-induced hypothyroidism, especially in patients on amiodarone
therapy, is caused by a chronic acute inhibition of the thyroid gland
(28,29). However, the exact mechanism by which chronic high iodine
intake induces hypothyroidism remains unclear.

It has been reported that overt hypothyroidism may cause cardio-
vascular disease and atherosclerosis by leading to an adverse lipid pro-
file or, potentially, affecting cardiovascular function (30). The
relationship between subclinical thyroid dysfunction and cardiovascu-
lar disease may be mediated by the higher levels of serum lipids found
in subclinical hypothyroidism. Some cross-sectional studies have dem-
onstrated that the serum levels of total cholesterol and LDL-C are
significantly higher in patients with subclinical hypothyroidism than
in euthyroid patients (31,32). However, other studies have shown
nonstatistically significant differences between the two groups (33) or
even lower total cholesterol levels in subclinical hypothyroid patients
(34), compared with those with normal thyroid function.

Recently, the associations between TSH levels and cardiovascular risk
factors, especially serum lipid status, have become a popular area of
research. Several studies have already found positive correlations between
TSH and lipid profiles. The Nord-Trendelag Health Study (HUNT),
which was performed in Norway, showed linear and significant increases
in serum total cholesterol, LDL-C and triglyceride levels with a TSH
level that increased within the reference range (35). Similar results were
also obtained in euthyroidic populations of Korean (36), Latin American
(37) and Spanish (38) individuals. However, the relationship between
subclinical hypothyroidism, dyslipidemia and cardiovascular disease
remains a topic of debate (39).

Most recently, a study reported the relationship between TSH
levels and lipid status after adjustments for the thyroid hormones
and/or other potentially confounding factors in patients with CHD
(40). They found that even after adjusting for the thyroid hormones,
the significant positive correlation between TSH level and the log of
the total cholesterol level persisted (r=0.095; P=0.036). In the present
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study, significant differences were detected with respect to BMI
(P=0.026), waist-to-hip ratio (P<0.001), FPG levels (P=0.001), total
cholesterol levels (P=0.013), triglyceride levels (P=0.003) and smok-
ing status according to different TSH levels.

The importance of thyroid function should not be overlooked, and
thyroid function should always be assessed in patients at risk of CHD to
exclude not only thyroid dysfunction but also secondary dyslipidemia.
The serum TSH levels of these patients with suspected CHD can serve
as important biomarkers that can be used to perform risk stratification.
Furthermore, an increasing number of studies have shown that relatively
low serum TSH levels within the reference range are beneficial for CHD
patients (14). Particularly, compared with the measurement of other
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One of the limitations of the present study is that it used a
cross-sectional design. The causality between TSH levels and cardio-
vascular risk factors cannot be fully established (ie, we can only suggest
an association). A well-designed prospective research study will be
necessary to address the relationship between TSH and cardiovascular
risk factors.

CONCLUSIONS

The prevalence of thyroid dysfunction was high in residents of China’s
coastal area. Significant differences were detected with respect to BMI,
waist-to-hip ratio, FPG, total cholesterol and triglyceride levels and
smoking status according to different TSH levels. It is necessary to
routinely test thyroid function in patients at risk of CHD. Maintaining
serum TSH levels in an appropriate range will achieve homeostasis of
lipid levels and slow the progression of atherosclerosis.
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