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Abstract: Objective: The objective of the cross-sectional epidemiological study is to investigate the prevalence and
the possible related lifestyle, metabolic risk factors of hypothyroidism in adults of Gansu province, Northwest China.
Methods: Every participant was asked to complete a questionnaire, anthropometric measurements and venous
blood samples. Results: At the end of the study, 10071 adults in Gansu province were enrolled. The prevalence
of hypothyroidism was 10.1% (overt hypothyroidism (OH): 1.5%, subclinical hypothyroidism (SCH): 8.7%). Female
(12.1%) had a higher percentage when compared to male (7.5%). In multivariate logistic regression analysis, in
addition to older age and female increased the odds, current or previous smoking history (OR: 0.467, 95% ClI:
0.289, 0.754, P=0.002), salty taste preference (OR: 0.355, 95% Cl: 0.162, 0.776, P=0.022) and a frequent sea-
food intake (OR: 0.148, 95% Cl: 0.057, 0.385, P<0.001) were tended to be associated with reduced risk. In mul-
tivariate logistic regression analysis adjusted for sex, age, smoking, taste preference and seafood intake, positive
TPO-Ab (OR: 2.419, 95% CI: 1.160, 5.043, P=0.018), positive Tg-Ab (OR: 1.976, 95% Cl: 1.037, 3.768, P=0.039)
and high TG (OR: 1.241, 95% Cl: 1.044, 1.474, P=0.014) level were associated with increased risk of hypothyroid-
ism. Conclusions: The prevalence of hypothyroidism in Gansu province was high, affecting approximately one in ten
adults, and majority of which were SCH. Increasing age, female, positive TPO-Ab or Tg-Ab, and increased TG were
associated with higher risk of hypothyroidism.
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Introduction risk factors such as sex, age, deficient iodine
intake. A number of studies [8, 9] suggested
that lifestyle factors were associated with in-
creased prevalence of hypothyroidism. Recent-
ly, several animal experiments reported that

lipotoxicity may have a contribution to the pa-

Hypothyroidism is a common health problem in
the world. It has been reported that hypothy-
roidism was associated with an increased risk
of cardiovascular disease [1], heart failure [2],

cognitive and motor impairments [3], and non-
alcoholic fatty liver disease [4]. Hypothyroidism
can be defined as an increase in serum thyro-
tropin (TSH), associated with decreased (overt
hypothyroidism (OH)) or normal (subclinical hy-
pothyroidism (SCH)) serum thyroid hormone
levels [5]. The prevalence of hypothyroidism in
the general population is 4.6% (OH for 0.3%
and SCH for 4.3%) [6] to 23.5% (OH for 4.2%
and SCH for 19.3%) [7]. The high prevalence of
hypothyroidism maybe because of traditional

thogenesis of thyroid dysfunction [10, 11].

In a developing and densely populated country
like China, hypothyroidism has attracted peo-
ple’s attention for its high prevalence rate.
However, less is known regarding the preva-
lence of hypothyroidism in Gansu province,
which is located in the Northwest China. In this
paper, we reported the prevalence of hypo-
thyroidism in adults, and explored the related
risk factors of hypothyroidism.


http://www.ijcem.com
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Methods
Participants

During the period June 2014 and May 2015, a
cross-sectional, epidemiological study was
conducted in seven major regions of Gansu
province.Multi-stagestratifiedandProbability Pro-
portionate to Size cluster sampling method was
used to select participators (residing in that
area for at least 5 years, aged 18 years and
above) in this study. Exclusion criteria as follow-
ing: pregnant women; Long-term use of estro-
gen or contraceptive drugs; taking glucocorti-
coids. Finally, 10071 male and female inhabit-
ants were selected to participate in the large
study.

Study procedure

Initially, all subjects gave informed consent
before they participated in the study. Once
informed consent was obtained, all partici-
pants were asked to complete a questionnaire
to collect basic demographic information such
as age, gender, education, lifestyle factors
(smoking status, alcohol drinking, taste prefer-
ences and seafood intake), and thyroid diseas-
es history. Then anthropometric measurements
(height, weight, and blood pressure) were mea-
sured and venous blood samples (after 8 h of
fasting) were drawn from all participants.
Serum was stored at -20°C after obtaining
samples and assayed for thyroid function, se-
rum lipid levels, fasting plasma glucose (FPG)
and uric acid (UA) within 1 week. A central certi-
fied laboratory performed the hematological
and biochemical investigations.

Blood pressure was measured 3 times with a
mercurial sphygmomanometer desk (GB3053-
93YUYUE Co. Inc, Jiangsu, China) on the right
upper arm after the participants had rested for
minimal 5 minutes. Average value of the three
readings was used for the study. Educational
level was classified into four groups: illiteracy,
primary school, secondary school, and under-
graduate and above. Smoking habit was classi-
fied as currently or previously smoking and
never. Alcohol drinking behavior was classified
as moderate: 1-6 times/week; heavy: every
day, and never. Taste preferences were divided
into three groups of salt preferences: salty,
average, and less salty. Frequency of seafood
intake was assessed in three groups: frequent
(=3 times/week), occasional (<3 times/week),
and never.
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According to WHO, subjects were classified as
BMI<25 kg/m?2, BMI>25 kg/m? (overweight),
and BMI=30 kg/m? (obesity). Systolic blood
pressure was classified as SBP>140 mmHg or
not. Diastolic blood pressure was classified as
DBP=90 mmHg or not.

Laboratory methods

Assays for Thyroid Stimulating Hormone (TSH),
total thyroxine (TT4), thyroglobulin antibodies
(Tg-Ab) and thyroid peroxidase antibodies (TPO-
Ab) were measured by a Chemiluminescent
Microparticle immunoassay (CMIA) using the
kit from Abbott with the instrument Immulite
2000 (Abbott Laboratories, USA). TSH had a
normal reference range of 0.35 mlU/L to 4.94
mlU/L and functional detection limit of 0.01
mlU/L. TSH level above 100 IU/mL were record-
ed as 100 IU/mL. TT4 had a normal reference
range of 62.68 nmol/L to 150.84 nmol/L. The
working range for this method is 0.01 mlU/liter
to 50 mlU/liter. The normal range for TPO-Ab in
humans is <5.61 IU/ml, and for Tg-Ab is <4.11
IU/ml. Levels of TPO-Ab and Tg-Ab above 1000
IU/ml were recorded as 1000 IU/ml. Serum
total cholesterol (TC), triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), FPG
and UA were determined using the AU5400
automatic analyzer (Olympus, Beckman Coult-
er, USA).

Diagnostic criteria

Hypothyroidism was defined as follows: 1) Sub-
jects with T4<62.68 nmol/L and TSH>4.94
mlU/L were classified as OH; 2) Normal serum
T4 and TSH>4.94 1U/L was defined as SCH; 3)
Subjects with antibody concentration for TPO-
Ab>30 IU/ml, and for Tg-Ab=>20 IU/ml were
regarded as antibody positive.

Data analysis

Data were recorded on the computer twice by
two independent individuals who were respon-
sible for logic and consistency checks. The
data analysis was performed with SPSS (ver-
sion 17.0). Categorical variables were analyzed
using Chi-squared test. Numeric variables were
compared using one-way classification ANOVA
if in normal distribution and Mann-Whitney U
test or Kruskal-Wallis H test if not in normal
distribution. Normal distribution variations are
expressed as mean = SD. Results of non-nor-

Int J Clin Exp Med 2017;10(7):10890-10897



Epidemiology of hypothyroidism in adults of Gansu

Table 1. Characteristics of study population by thyroid disease status

No. Of OH SCH
Subjects (%) No. (%) P No. (%) P
Total subjects 10071 (100) 147 (1.5) 873 (8.7)
Sex 0.012 <0.001
Male 3591 (35.7) 39 (1.1) 222 (6.4)
Female 6480 (64.3) 108 (1.7) 651 (10.4)
Age at baseline, years 0.780 <0.001
<45 2406 (23.9) 36 (1.5) 114 (4.7)
46-55 3192 (31.7) 45 (1.4) 270 (8.5)
56-65 2706 (26.9) 36 (1.3) 351 (13.0)
>66 1767 (17.5) 30 (1.7) 138 (7.8)
Education 0.418 0.019
llliteracy 1959 (19.5) 36 (1.8) 183 (9.3)
Primary school 1959 (19.5) 33 (1.7) 195 (10.0)
Secondary school 3465 (34.4) 45 (1.3) 345 (10.0)
Undergraduateand above 1986 (19.7) 33 (1.7) 150 (7.6)
TPO-Ab <0.001 <0.001
Negative 8923 (88.6) 85 (1.0) 732(8.2)
Positive 1285 (11.4) 62 (5.4) 141 (12.3)
Tg-Ab <0.001 <0.001
Negative 8127 (80.7) 75 (0.9) 569 (7.0)
Positive 1944 (19.3) 72 (3.7) 304 (15.6)
E3 OH female, the mean age was 54.0 years (stan-
20- SCH dard deviation 11.5, range 18-79 years), 54.1%
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Figure 1. The prevalence of hypothyroidism in differ-
ent gender and different age groups.

mal distribution are expressed as median (25th
percentile, 75th percentile). Potential risk fac-
tors of hypothyroidism were analyzed by multi-
variate logistic regression analysis. P values
<0.05 were considered statistically significant.

Results

The characteristics of study population by thy-
roid disease status are showed in Table 1.
10071 participants were enrolled in the study.
Among all the subjects, 6480 (64.3%) were
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had completed secondary school. The preva-
lence of hypothyroidism was 10.1%, which con-
tained OH (1.5%) and SCH (8.7%). A larger pro-
portion of females than males were found to be
affected by OH and SCH. There was a signifi-
cant difference in the prevalence of SCH in the
four age groups, as well as in different educa-
tional levels. Compared to negative anti-thyroid
antibodies, positive anti-thyroid antibodies
group had much higher OH and SCH preva-
lence. Based on the above definitions of hypo-
thyroidism, there were 1107 subjects (9.8%)
with an elevated TSH concentration. Among
those with an elevated serum TSH concentra-
tion, 927 subjects (83.7%) had a level between
4.94 and 10 mlIU/L; 180 subjects (16.3%) had
a value greater than 10 mlU/L. Positive TPO-Ab
and TG-Ab were found in 18.1% and 10.6% of
the adult population, respectively (not be shown
in Table 1 and be shown in Supplementary
Data).

The prevalence of hypothyroidism in different
gender and different age groups is shown in
Figure 1, ranging from about 5.2% to 15.9% in
female and from 3.6% to 10.5% in male. SCH
was more common than OH.
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Table 2. Clinical and laboratorial baseline characteristics of the participants with EU, SCH and OH

Variables EU (M + SD) SCH (M + SD) OH (M = SD) P value
TSH (mIU/L)* 2.13(1.39, 2.81) 6.50 (5.39, 9.00)° 9.42 (6.80, 33.26) <0.001
TT4 (nmol/L) 105.12+12.16 81.78+12.91° 48.16+10.810° <0.001
TPO-Ab (IU/ml)* 0.03 (0, 0.34) 0.11 (0, 1.31)° 4.96 (0.59, 622.88)"° <0.001
Tg-Ab (IU/ml)* 1.18(0.79, 2.23) 1.85 (0.96, 17.78)° 29.71 (0.84, 171.06)° 0.047
SBP (mmHg) 130.04+21.27 134.56+24.34 134.58+15.68 0.209
DBP (mmHg) 82.82+12.72 83.67+11.73 83.43+13.16 0.911
BMI (kg/m2) 24.09+3.26 24.14+3.53 24.59+2.95 0.876
TC (mmol/L) 4.89+0.95 5.08+1.15 5.72+0.54° 0.043
TG (mmol/L) 1.63+0.99 1.79+0.90 2.26+0.70° 0.047
LDL-c (mmol/L) 3.17+0.84 3.36+0.92 4.17+0.51° <0.001
HDL-c (mmol/L) 1.47+0.40 1.49+0.44 1.51+0.30 0.942
FPG (mmol/L) 5.41+1.32 5.66+1.72 6.24+2.94 0.087
UA (umol/L) 303.83+80.78 307.03+98.56 344.59+75.06 0.262

Note: “Mann-Whitney U test or Kruskal-Wallis H test; P: comparing the three groups, P<0.05; 2comparing SCH and EU, P<0.05,

bcomparing OH and EU, P<0.05; ‘comparing OH and SCH, P<0.05.

Table 3. Risk factors of hypothyroidism in multivariate logis-

tic regression analysis

Variables OR (95% Cl) P value
Sex 0.022
Male Referent
Female 1.454 (1.055, 2.005)
Age at baseline, years <0.001
<45 Referent
46-55 2.025 (1.351, 3.035)
56-65 2.981 (1.996, 4.451)
>66 3.105 (2.028, 4.752)
Educational level 0. 868
llliteracy Referent
Primary school 1.332 (0.683, 2.595)
Secondary school 1.207 (0.605, 2.409)
Undergraduate and above 1.127 (0.416, 3.050)
Smoking habit 0.002
Never Referent
Current or previous 0.467 (0.289, 0.754)
Alcohol drinking 0.085
Never Referent
Moderate 1.404 (0.899, 1.964)
Heavy 0.284 (0.040, 2.083)
Taste preference 0.022
Less Salty Referent
Average 0.849 (0.666, 1.082)
Salty 0.355 (0.162, 0.776)
Seafood intake <0.001
Never Referent
Occasionally 0.715 (0.501, 1.019)
Frequently 0.148 (0.057, 0.385)
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Clinical and laboratorial baseline
characteristics of the participants
with euthyroid (EU), SCH and OH are
shown in Table 2. As is shown, the
serum concentrations of TSH, T4,
TPO-Ab and TG-Ab in patients with
OH or SCH were significantly higher
than EU subjects. Moreover, the
means of serum TC, TG and LDL-C
levels increased in OH when com-
pared with EU patients. But the dif-
ferences between SCH and EU did
not reach statistical significance. No
significant differences were found
between the three groups on the
means of SBP, DBP, BMI, FGP, HDL-
C, and UA.

Multivariate logistic regression anal-
ysis, in which gender, age, educa-
tional level, lifestyle factors and
related metabolic factors as the
independent variables and whether
hypothyroidism as the dependent
variable, showed that age, gender,
smoking habit, taste preference and
seafood intake habit were indepen-
dently associated with hypothyroid-
ism. The results demonstrated that
female (OR: 1.454, 95% CI: 1.055,
2.005, P=0.022) were independent-
ly risk factors of hypothyroidism and
compared to younger adults (aged
18-45 years), older adults had great-

Int J Clin Exp Med 2017;10(7):10890-10897



Epidemiology of hypothyroidism in adults of Gansu

BMI (kg/m?)

<25 Referent

25-30 0.790 (0.452, 1.383)

>30 1.192 (0.429, 3.309)
SBP (mmHg)

<140 Referent

>140 0.952 (0.501, 1.807)
DBP (mmHg)

<90 Referent

>90 0.909 (0.705, 1.173)
Family history of thyroid diseases

No Referent

Yes 1.427 (0.098, 20.815)
TPO-Ab positive 2.419 (1.160, 5.043)
Tg-Ab positive 1.976 (1.037, 3.768)
TC (mmol/L) 1.011 (0.861, 1.187)
TG (mmol/L) 1.241 (1.044, 1.474)
LDL-C (mmol/L) 1.008 (0.718, 1.337)
HDL-C (mmol/L) 0.763 (0.416, 1.397)
FPG (mmol/L) 0.947 (0.831, 1.078)
UA (umol/L) 1.001 (0.998, 1.004)

0.614 province of China. Hypothyroidism
was found to be a common clinical
problem affecting 10.1% of the study
population. This suggests that alm-
ost one-tenth of adults in Gansu

0.880 province were hypothyroid, and SCH
(8.7%) was much more common
than OH (1.5%).

0.463
The prevalence of hypothyroidism
has been reported from different
countries recently and showed a
0.795

considerable variation. A large cross-
sectional study which contained ten
cities in eastern and central China
0.018 reported that the prevalence of OH
0.039 and SCH were 1.1% and 16.7%,
0.894 respectively [12]. Teng WP et al.

0.014 showed the prevalence rates of OH
0.898 in three different communities rang-
0.380 ing from 0.3% to 2.0% and that of
0.411 SCH ranging from 0.9% to 6.1% [13].
0.564 The prevalence figures for OH (1.5%)

in our study were closely consistent

Note: Alcohol drinking: Moderate: 1-6 times/week; Heavy: every day, and
never. Seafood intake: frequently: >3 times/week), occasionally: <3 times/

week, and never.

er chances of being diagnosed as hypothyroid-
ism (46-55 years: OR: 2.025, 95% Cl: 1.351,
3.035, P=0.001; 56-65 years: OR: 2.981, 95%
Cl: 1.996, 4.451, P<0.001; 66 years and above:
OR: 3.105, 95% CI: 2.028, 4.752, P<0.001).
Positive TPO-Ab (OR: 1.976, 95% Cl: 1.037,
3.768, P=0.039), positive Tg-Ab (OR: 2.419,
95% Cl: 1.160, 5.043, P=0.018) and serum TG
level (OR: 1.241, 95% Cl: 1.044, 1.474, P=
0.014) were significantly associated with an
increased risk of hypothyroidism. While current
or previous smoking history (OR: 0.467, 95% CI:
0.289, 0.754, P=0.002), salty taste preference
(OR: 0.355, 95% CI: 0.162, 0.776, P=0.022)
and a frequent seafood intake (OR: 0.148, 95%
Cl: 0.057, 0.385, P<0.001) were found may
have effects on protecting against hypothyroid-
ism. However, educational level, alcohol drink-
ing status, BMI, SBP, DBP, family history of thy-
roid diseases, serum levels of TC, LDL-C, HDL-C,
FPG and UA were not significantly associated
with hypothyroidism (Table 3).

Discussion

In this study, we assessed the prevalence of
hypothyroidism in adults residing in Gansu
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with these earlier published data,
the prevalence for SCH (8.7%) were
much lower than the ten cities’ study
[12]. Our prevalence rate for SCH
was also lower than the rate in a cross-section-
al study conducted in the Xinjiang Autonomous
Region, where also in northwest China [14].
Marwaha et al. reported the prevalence rates
of OH and SCH in India are 3.5% and 8.02%,
respectively [15]. Whereas the data from Na-
tional Health and Nutrition Examination Survey
(NHANES Ill) showed that OH and SCH were
found in 0.3% and 4.3% of the U.S. population
[6]. Diverse study populations, living environ-
ment, lifestyle factors, and iodine nutritional
status among others and various definitions in
other studies may account for the discrepancy
of prevalence rate.

Previous studies had shown a predominance of
hypothyroidism in female and the prevalence of
hypothyroidism increased significantly with age
[16, 17]. Investigation for an unselected popu-
lation in Mid-Norway stated that the prevalence
of hypothyroidism was 4.8% and 0.9% for fe-
male and male, respectively [17]. In the same
study, only 1.54% of females less than 30 were
hypothyroid, compared with 5.33% of those in
their eighth decade. In males, the prevalence of
hypothyroidism also increased with age. Our
study showed that the prevalence of hypothy-

Int J Clin Exp Med 2017;10(7):10890-10897
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roidism in female are significantly higher than
male (12.1% vs 7.5%, P<0.001). Multivariate
logistic regression analysis proved that female
and increasing age were independent risk fac-
tors for hypothyroidism. Degenerative changes
occurring in the thyroid of old people and com-
bined effect of estrogen [18] and progesterone
in female may account for it.

Compared to subjects with negative thyroid
antibodies, the prevalence of OH in people with
positive thyroid antibodies was much higher,
the same association can be found in SCH.
Multivariate logistic regression analysis show-
ed that positive Tg-Abor TPO-Ab were indepen-
dent risk factors for the development of hypo-
thyroidism. It had been found that autoimmu-
nity played a dominant role in the occurrence
of hypothyroidism [19, 20].

In our study, we found that current or previous
smoking history habit was an independent life-
style factor for hypothyroidism. Some previous
researches had focused on the association
between hypothyroidism and smoking habit
and yielded conflicting results. Our findings
indicated that smoking is negatively associated
with hypothyroidism, which was consistent with
previous findings [21, 22]. However, the results
were at variance with finding that smoking
increasing the risk of hypothyroidism [23] and
analysis showed that there were no association
between cigarette smoking and hypothyroidism
[22]. A possible explanation for the protective
effect of smoking is decreased thyroid iodide
transport and organification in smokers protect
against the development of autoantibodies [22,
24]. To fully illuminate the association between
smoking and hypothyroidism, well-designed
studies taking the amount and duration of
smoking into consideration are indispensable.

In multivariate logistic regression analysis, we
found that both a frequent consumption of sea-
food and salty taste preference were indepen-
dent lifestyle factors for hypothyroidism. The
consumption of seafood and salt are primary
source of iodine. Although the implementation
of mandatory universal salt iodization has been
successfully carried out in China from 1995,
dietary iodine deficiency remains a common
cause of hypothyroidism [12]. The study con-
ducted in Xinjiang Autonomous Region of China
reported a higher incidence rate of OH in iodine-
deficient population than in iodine-sufficient
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group (4.8% vs 2.8%) [14]. However, differing
result, excessive iodine intake lead to hypothy-
roidism were also published [12, 13]. The pro-
tective effects of seafood and salt intake on
the development of hypothyroidism might be
explained by the increase of iodine intake.
Gansu province located in the northwest China,
far away from the sea, resulted in the lower
iodine content of the local food and the lower
frequency of seafood consumption. An in-depth
assessment of the iodine nutritional status of
the population should be conducted, which
may help to clarify the prediction.

With regards to the relationship between hypo-
thyroidism and alcohol consumption, a popula-
tion-based case-control study reported that
moderate alcohol consumption had a protec-
tive effect on overt autoimmune hypothyroid-
ism [25]. In a prospective study by Effraimidis
et al. [8], alcohol consumption of >10 units/
week may protect against the development of
OH. However, in present study, we did not find a
significant relationship between alcohol con-
sumption and hypothyroidism.

Recently, a study from China showed that TSH
levels were positively correlated with BMI and
DBP [26]. Cooper also reported that a higher
BMI was associated with a higher frequency of
hypothyroidism [27]. We did not find a signifi-
cant correlation between hypothyroidism and
BMI, as well as between hypothyroidism and
DBP. Furthermore, we found that people who
had a family history of thyroid disease were not
significantly related with their development of
hypothyroidism. The absence of specific symp-
toms of hypothyroidism and low awareness for
hypothyroidism result in the low diagnosis rate
may account for the phenomenon.

We found that serum TG were independent risk
factors for the development of hypothyroidism.
On one hand, notably, hypothyroidism has been
regarded as a risk factor for lipid abnormalities,
which may subsequently result in atherosclero-
sis [28]. On the other hand, recent studies had
indicated that lipotoxicity seriously and exten-
sively harmed human health by promoting the
pathogenesis of metabolic diseases [29]. Jan-
kovic et al. observed that in obese subjects
who with hypertriglyceridemia and increased
serum TSH concentrations, the TSH levels sig-
nificantly decreased when the serum triglycer-
ide levels decreased after a bariatric surgery

Int J Clin Exp Med 2017;10(7):10890-10897
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[30]. Their results suggested that hypertriglyc-
eridemia might be positively associated with
the presence of SCH. What’s more, in an animal
study [31], long term high-fat lard feeding could
decrease the levels of serum thyroxine and
increase the concentration of TSH. In our study,
increased TG was found be possible risk factor
for the development of hypothyroidism. To illus-
trate the mechanism of the phenomenon, fur-
ther research should be conducted.

The strong point of this study is the large sam-
ple size. All the samples have been analyzed at
a central laboratory. Further, the study popula-
tion belongs to different regions of Gansu prov-
ince, represents probably the population of
Gansu. However, there are few limitations of
this study. Firstly, the amount of salt uptake
was not accurately. Secondly, urinary iodine in
the study population was not measured.

In conclusion, the prevalence of hypothyroidism
in Gansu province is high, and our screening
program demonstrated that both lifestyle fac-
tors and metabolic factor were associated with
the occurrence and development of hypothy-
roidism. However, as a cross-sectional study,
the limitation is that it is not possible to evalu-
ate whether the associations are casual. A pro-
spective study with stronger study design
should be taken for further research.
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