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Background/Aims: Overt hypothyroidism is frequently found in patients with
type 2 diabetes mellitus (T2DM), but it remains unknown the relationship be-
tween subclinical hypothyroidism (SCH) and T2DM. We attempt to evaluate the
difference in prevalence of SCH between patients with T2DM and general pop-
ulation, and the association between SCH and glycemic control status ofdiabetic
patients.

Methods: This was cross-sectional study. Total 8,528 subjects who visited for
health check-up were recruited. SCH was defined as an elevated level of serum
thyroid stimulating hormone (> 4.0 mIU/L) with a normal level of free thyrox-
ine. T2DM group was categorized into three groups by glycosylated hemoglobin
(HbA1c): < 7% (reference), = 7% and < 9%, = 9%.

Results: Finally, 7,966 subjects were included. The prevalence of SCH was not
different between healthy controls and subjects with T2DM (8.1% vs. 7.4%, p =
0.533; in men, 5.7% vs. 5.1%, p = 0.573; in women, 10.9% vs. 11.7%, p = 0.712), but it
was increased with highest HbAic group more than well controlled group, espe-
cially in women. The risk of SCH was increased by group with poorer glycemic
control; the odds ratio for HbA1c = 9% compared to < 7% was 2.52 (95% confi-
dence interval [CI], 1.09 to 5.86; p = 0.031), and 4.58 (95% CI, 1.41 to 14.87; p = 0.011)
in women, but not significant in men.

Conclusions: The prevalence of SCH was similar between T2DM and healthy
group. Poor glycemic control in T2DM was obviously associated with the risk
of SCH, especially in elderly women. These results suggest SCH as comorbidity
may be considered in elderly women with poor glycemic control.

Keywords: Subclinical hypothyroidism; Diabetes mellitus, type 2; Hemoglobin A,
glycosylated

INTRODUCTION

Subclinical hypothyroidism (SCH) is defined as an ele-
vated level of serum thyroid stimulating hormone (T'SH)
with a normal level of serum free thyroxine (FT4) [1]. A
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number of studies have provided that SCH is associat-
ed with dyslipidemia, impaired vascular function, ath-
erosclerosis, myocardial dysfunction, and progression
to overt hypothyroidism [2-7]. Because advanced assays
enable to measure thyroid hormones more accurately,
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the incidence of SCH is tend to increase in the last few
decades [8]. The overall prevalence of SCH is reported
to range from 4% to 10% in large general population
screening surveys [9], although it varies with age, sex,
and race [7,10,11].

It is assumed that type 2 diabetes mellitus (T2DM) is
associated with SCH [12,13]. Previous studies suggested
SCH was much more likely in patients with T2DM than
general population, and the prevalence was reported
to be 2.2% to 17% [14-18]. However, some investigators
reported no differences between groups [16] and more
studies are needed to clarify the relationship between
T2DM and SCH. With regard to controversy, few stud-
ies compared the SCH of patients with T2DM to that of
general population in Korea. Moreover, little is known
about the prevalence of SCH according to glycemic con-
trol status in diabetic patients.

The aims of this study are to compare the prevalence
of SCH in patients with T2DM and general population,
andto evaluate the association between SCH and glyce-
mic control in patients with T2DM.

METHODS

Study population

This was a cross-sectional study. Between January 2008
and December 2009, 8,528 subjects were enrolled who
underwent a health examination at the Yeungnam Uni-
versity Health Promotion Center, Daegu, South Korea.
Their ages ranged from 20 to 85 years. We excluded in-
dividuals who had followings: overt hypothyroidism or
overt hyperthyroidism (FT4 > 1.9, < 0.9 ng/dL), severe
anemia (hemoglobin < 8 g/dL), chronic kidney disease
(serum creatinine > 1.5 mg/dL), abnormal liver function
test (total or direct bilirubin, aspartate transaminase or
alanine transaminase > 2-fold of upper normal limit),
and abnormal tumor markers (a-fetoprotein > 15 mg/
mlL, carbohydrate antigen 19-9 > 37 U/mL, carcinoem-
bryonic antigen > 10 mg/mL, cancer antigen 125 > 35 U/
mL in women, prostate-specific antigen > 4 mg/mL in
men), individuals with chronic infection, acute illness,
pregnant women, postpartum women, and self-report-
ed use of thionamides, L-thyroxine, amiodarone, or lith-
ium, were excluded. The study protocol was approved by
the Institutional Review Board of Yeungnam University
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Medical Center (YUMC 2014-11-002). All procedures fol-
lowed were in accordance with the ethical standards of
the responsible committee on human experimentation
(institutional and national) and with the Helsinki Dec-
laration of 1975, as revised in 2008.

Definitions

SCH was defined as an elevated level of serum TSH (>
4.0 mIU/L) with a normal level of serum FT4 (0.9 to 1.9
ng/dL). The criteria for diagnosis of diabetes were gly-
cosylated hemoglobin (HbA1c) = 6.5% or fasting plasma
glucose (FPG) = 126 mg/dL according to the guidelines
of the American Diabetes Association [17]. Self-reported
diabetes medication use and/or self-reported medical
diagnosis of diabetes (other thangestational diabetes)
are also included. Subjects with T2DM were divided into
three groups by glycemic control: HbA1c < 7%; HbA1c =
7% and < 9%; and HbA1c = 9%.

Clinical examination and laboratory measurements
Body mass index (BMI) was calculated as weight (kg)
divided by the square of height in meters (m?). Blood
pressure was measured with a standard sphygmoma-
nometer after at least 10 minutes of rest in the sitting
position. Hypertension was defined by a systolic blood
pressure = 140 mmHg and/or a diastolic blood pressure
= 9o mmHg, or self-reported anti-hypertensive medi-
cation use. Venous blood samples were obtained from
each individual after a 12-hour overnight fast. FPG was
measured using the hexokinase method (AU 5400 Au-
toanalyzer, Olympus, Tokyo, Japan). HbAic was mea-
sured by high performance liquid chromatography
(HLC-723Gy, Tosoh, Tokyo, Japan). Total cholesterol
was measured by enzyme colorimetry (Kyowa Medex
Co. Ltd., Tokyo, Japan), while triglyceride was measured
using the glycerol elimination method, and high densi-
ty lipoprotein cholesterol (HDL-C) was measured using
direct enzymatic assays (Kyowa Medex Co. Ltd.). Low
density lipoprotein cholesterol (LDL-C) was calculated
using Friedewald’s formula. The levels of TSH and FTy4
were measured by an electrochemiluminescence im-
munoassay (Modular Analytics F1y0, Hitachi, Tokyo, Ja-
pan; and Immunoassay Kit, Roche Diagnostics GmbH,
Mannheim, Germany).
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Statistical analysis

All numerical variables are expressed as the mean +
standard deviation, and categorical data were expressed
as percentages. Comparisons of continuous variables
between groups were conducted using Student ¢ tests,
while one-way analysis of variance was conducted to
compare continuous variables among glycemic control
groups. Chi-square test was used to estimate differenc-
es of the prevalence of hypertension and SCH between
subgroups. Multivariate logistic regression analyses
were performed to estimate the odds ratio (OR) for the
presence of SCH in poorly glycemic controlled diabetic
patients. All statistical analyses were performed using
SPSS version 20.0 (IBM Co., Armonk, NY, USA). A value
of p < 0.05 was considered to indicate statistical signifi-

cance.

RESULTS

After exclusion, 7,966 subjects (4,483 men; mean age, 47.6
years) were finally eligible for this study. Of them, 678
were patients with T2DM. The age distribution of sub-
jects is shown in Fig. 1. The clinical characteristics of
the subjects are summarized in Table 1. Subjects with
T2DM were older, more often men and had a high-
er prevalence of hypertension than subjects without
T2DM. Moreover, BMI, systolic and diastolic blood
pressure, FPG, HbA1c, blood urea nitrogen (BUN), to-
tal cholesterol, and triglyceride values were higher, and
HDL-C was lower in subjects with T2DM than in those
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without T2DM regardless of gender. However, TSH and
FT4 levels did not differ significantly between subjects
with and without T2DM.

SCH was more prevalent in women than in men
(11.0% [382/3,483] Vs. 5.7% [255/4,483], p = 0.000) (Fig. 2A).
The prevalence of SCH was 5.1% (23/447) in male subjects
with T2DM, while it was 5.7% (232/4,036) in those with-
out T2DM (p =
was 11.7% (27/231) in the T2DM subjects compared with
10.9% in those without T2DM (p =
significant differencein both men and women (Fig. 2B).

0.573). In women, the prevalence of SCH
0.712). There was no

Additionally, the prevalence of SCH was not significant-
ly higher in older age (> 60 years; in men, 5.4% [208/3,831]
vs. 7.2% [47/652], p = 0.070; in women, 10.9% [317/2,901] vs.
11.2% [65/582], p = 0.865) (Fig. 2C).

Subjects were analyzed by age group. TSH level in-
creased with age in men but not in women (Fig. 3A). In
T2DM subjects, age was not associated with prevalence
of SCH in both men and women (Fig. 3B)

Subjects with T2DM were divided into two groups ac-
cording to thyroid function, those with SCH or those
with euthyroidism (Table 2). Diabetic subjects with SCH
were characterized by higher TSH. BMI, hypertension,
systolic and diastolic blood pressure, FPG, BUN, creati-
nine, total cholesterol, HDL-C, triglyceride, LDL-C, and
FT4 levels did not differ between groups. Moreover, no
significant between group difference was observed in
HbAu1c, although there was a tendency toward higher
HbAu1c in diabetic subjects with SCH in both men and
women (in men, 7.67% + 1.30% Vvs. 7.53% + 1.33%, p = 0.62;
in women, 834% + 2.38% vs. 7.42% *+ 1.29%, p = 0.05).
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Figure 1. Age distributions of subjects. (A) The percentage of all subjects by sex and age. (B) The percentage of diabetic subjects

by sex and age. T2DM, type 2 diabetes mellitus.
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Table 2. Clinical characteristics of type 2 diabetes with and without subclinical hypothyroidism

Euthyroidism (n = 628)

Subclinical hypothyroidism (n = 50)

Characteristic

Total Men (n=424) Women (n=204) Total Men (n=23) Women (n = 27)
Age, yr 55.3 £ 10.1 533+ 9.6 59.4%9.23 56.9+8.1 56.6 £ 9.4 57.2 £ 6.9
BMI, kg/m? 25.1+2.9 25.2 +2.6 24.8+3.5 25.7+ 4.3 25.0 £ 2.7 263 %53
Hypertension 152 (24.2) 99 (23.3) 53 (26.0) 18 (36.0) 10 (43.5) 8(29.6)
Systolic BP, mmHg 122.7 £12.7 122.7+11.5 122.9 £14.9 125.0 £17.7 126.5 +£14.6 123.7 + 20.2
Diastolic BP, mmHg 79.0+ 9.7 79.0 8.9 78.9+11.2 80.2+12.0 82.1+10.4 78.5+13.2
FPG, mg/dL 135.0 383 139.6 £38.3 128.3 £37.2 143.7 £51.6 139.1 £39.6 147.6 £ 60.5
HbA1c, % 75+1.4 7.5+13 7.4+13 8.0%2.0 7.6 +£13 83+23
BUN, mg/dL 14.8 £ 4.1 15.0 £3.9 14.4+ 4.4 14.7+3.6 15.0 £3.4 14.6 £3.8
Creatinine, mg/dL 0.9+ 0.1 0.0+ 0.1 07+0.1 0.0+ 0.1 1.0+ 0.1 07+0.1
Total cholesterol, mg/dL 210.8+43.1  2006.6+40.4 219.6 £ 47.2 207.1+42.7  200.7+423 212.5+43.1
Triglyceride, mg/dL 189.2+144.3 198.2+152.6 170.5+123.6 153.4+£70.4  147.9 £56.7 158.2 + 81.1
HDL-C, mg/dL 53.5+14.2 51.8 +12.85 57.08 £16.1 58.9 £18.5 57.0 £16.9 60.7+19.9
LDL-C, mg/dL 119.4 % 40.5 115.1+39.3 128.4 £ 41.6 117.4+40.4  114.0 £ 42.3 120.2 £39.4
TSH, mIU/L? 1.6+0.8 1.6+0.8 1.8+0.8 6.0+2.4 6.1+2.8 5.8+2.1
Free T4, ng/dL 1.2+ 0.4 13+0.2 13+ 0.2 1.2+0.4 13+0.2 1.2+0.1

Values are presented as mean + SD or number (%).

BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; BUN, blood urea
nitrogen; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TSH, thyroid stimulating

hormone; T4, thyroxine.

p values for comparison of the mean values between genders by a Student t test, p < 0.05.
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Figure 2. Comparison of the prevalence of subclinical hypothyroidism (SCH) in the different groups. (A) The prevalence of
SCH was higher in women than men. (B) There was no significant difference in the prevalence of SCH between subjects with
and without type 2 diabetes mellitus (T2DM), in both men and women. (C) The prevalence of SCH was not significantly higher
in older individuals (age over 60). Differences were analyzed by Student ¢ test. *p < 0.05.

When subjects with T2DM were categorized into three
groups according to HbAuc, the prevalence of SCH was
higher in the poorly glycemic control group (Fig. 4A).
Also, the prevalence of SCH was higher in the poorly
glycemic control group in women significantly (Fig. 4B).

We attempt to investigate the relationship between
SCH and glycemic control in subjects with T2DM (Ta-

http://dx.doi.org/10.3904/kjim.2015.198

ble 3). After adjustment for age, sex, BMI, hypertension,
total cholesterol, triglyceride, HDL-C, and LDL-C, mul-
tivariate logistic regression analysis identified a positive
association between SCH and glycemic control. The OR
for HbA1c = 9% compared to < 7% was 2.52 (95% CI, 1.09
to 5.86; p = 0.031). It tended to more increase in older age
(age over 60) and women (OR for HbA1c = 9% compared
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Table 3. Multivariate logistic regression analysis of association between subclinical hypothyroidism and glycemic control in

subjects with type 2 diabetes mellitus

) Total Men Women
Variable
B OR(95% CI)  pvalue B OR(95% CI)  pvalue B OR (95% CI) pvalue
All age
<7% Reference Reference Reference
7% < &< 9% 0.25  1.28(0.67-2.49)  0.46 0.00  1.00 (0.40-2.52) 0.10 0.67 1.96 (0.74—5.20) 0.18

= 9% 0.92  2.52(1.09-5.86)  0.03" 039
Age = 6o yr

<7% Reference

7% < &< 9% 0.25 1.28(0.40—4.13)  ©0.68 0.08

> 9% 156 4.77(1.18-19.29) 0.03°  0.86

1.48 (0:37-5.91) 0.93 2.27

1.08 (0.21-5.51) 0.93
2.36 (0.17-32.77) 052 3.91

4.58 (1.41-14.87) 0.01*

Reference Reference
0.46 1.58 (0.25-9.82) 0.63

12.76 (1.41-115.68)  0.02%

Adjusted for age, sex, body mass index, hypertension, total cholesterol, triglyceride, high density lipoprotein cholesterol, and

low density lipoprotein cholesterol.
OR, odds ratio; CI, confidence interval.

a
P <o0.05.
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Figure 3. Comparison of the prevalence of subclinical hypothyroidism (SCH) according to age groups. (A) In male subjects, the
prevalence of SCH was increased with advanced age (p for trend = 0.003). However, the prevalence of SCH was not associated
with age in women. (B) In type 2 diabetes mellitus subjects, age was not associated with prevalence of SCH in both men and
women. Differences were analyzed by analysis of variance. *p < 0.05 for trends.

to < 7%, 4.77; 95% CI, 1.18 to 19.29; p = 0.028, and OR, 4.58;
95% CI, 1.41 to 14.87; p = o0.011, respectively). Moreover,
the relationship was more obvious, especially in older
women (OR for HbA1ic = 9% compared to < 7%, 12.76;
95% CI, 1.41 t0 115.68; p = 0.024) but not in men.

DISCUSSION

In the present study, the prevalence of SCH was not dif-
ferent between patients with T2DM and healthy con-
trol. However, in group with T2DM, poor glycemic con-
trol was related with a higher prevalence of SCH, and
that was prominent in older women.

708  www.kjim.org

We found that the prevalence of SCH was similar re-
gardless of diabetes (in men, 5.7% control vs. 5.1% T2DM,
p = 0.573; in women, 10.9% vs. 11.7%, p = 0.712). Contro-
versy still exists with regard to relationship between
SCH and T2DM. Several reports documented thyroid
dysfunction was more often in the diabetic population
[14,18-21]. However, most of these studies included di-
abetic subjects with type 1 as well as type 2, and lacked
control subjects. Selection bias also cannot be rule out
because chances of thyroid test are higher in diabetic
patients rather than healthy individuals. Our result cor-
respond with the report of Ishay et al. [16] which showed
that there was no significant difference between a T2DM
group and a non-diabetic control. Recent cohort study

http://dx.doi.org/10.3904/kjim.2015.198
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Figure 4. The prevalence of subclinical hypothyroidism (SCH) within subjects with type 2 diabetes mellitus (T2DM). (A)
Among tertiles, SCH was significantly increased in the highest glycosylated hemoglobin (HbA1c) group (HbA1c = 9%) com-
pared with well controlled group (HbA1c < 7%). (B) In female subjects, SCH was significantly increased in the highest HbA1c
group compared with well controlled group (p for trend = 0.037) but not in men. Differences were analyzed by analysis of vari-
ance followed by Tukey test. p < 0.05 for trends, °p < 0.05 for post hoc analysis vs. HbA1c < 7%.

showed SCH risk for T2DM was not prominent by com-
parison with overt hypothyroidism [22], SCH doesn’t
seem to be more frequent in diabetes but confirmatory
evidences are needed. SCH was also shown to be more
prevalent in women than in men in the present study,
which is in accordance with previous studies [6,11,23].
An important finding in our study is that the risk of
SCH is increased with poor glycemic control, especial-
ly HbA1c > 9%. It was more obvious to elderly women.
To our knowledge, only few studies about the associ-
ation between SCH and degree of glycemic control in
T2DM. Insulin resistance may be involved in the asso-
ciation of SCH with poor glycemic control. Fasting hy-
perinsulinemia was reported in patients with SCH [24].
Moreover, Maratou et al. [25] demonstrated that patients
with SCH have insulin resistance comparable to that of
the patients with hypothyroidism. Previous investiga-
tion showed impairment of insulin-stimulated glucose
disposal was found in SCH, and it caused by impaired
translocation of glucose transporter type 4 (GLUT4) on
the cell surface [25]. Although our study did not include
insulin resistance indexes such as homeostasis model
assessment of insulin resistance (HOMA-IR), it can be
speculated that insulin resistance would be elevated in
the poor glycemic control group. Previous work indicat-
ed that HOMA-IR was higher in diabetic subjects with
SCH than in those with normal thyroid function [26].
El-Eshmawy et al. [27] also revealed positive correlations

http://dx.doi.org/10.3904/kjim.2015.198

between T'SH levels and HOMA-IR. Interestingly, there
are the opposite results were reported. Some investiga-
tors showed mild elevated TSH protected rats with dia-
betes from oxidative stress in comparison with isolated
diabetes group. They suggested the increased incidence
of SCH could be a reflection of a physiological adapta-
tion against damage wrought by diabetes [28]. Taken to-
gether, these findings indicate that an elevated level of
serum TSH may be associated with fasting hyperglyce-
mia and insulin resistance in patients with HbAxc levels
above 9%. The relationship between SCH and T2DM
seems to have a complex interdependent interaction,
and more studies clarifying the exact mechanisms are
still needed.

Overt hypothyroidism is clearly involved with abnor-
mal lipid profiles regardless of diabetes [29,30] but there
is disagreement between SCH and dyslipidemia. A re-
cent meta-analysis showed that SCH is not associated
with dyslipidemia [31]. In the present study, diabetic pa-
tients with SCH had better triglyceride and HDL-C pro-
files than those with normal thyroid function. We could
not determine the effect of SCH on lipid profile in this
study for some limitations—cross-sectional study and
history of medications, such as statins, was not taken.
But our result may be a clue to answer the question and
well-designed studies are needed in the future.

A study in Korean reported the prevalence of SCH in
patients with T2DM was 12.4% [26], whereas only 7.4%
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in the present study. This discrepancy is appeared to
depend on characteristics of enrolled subjects. In their
study [20], all participants had microvascular complica-
tions and glycemic control was generally poorer than
that of our study.

Our study have a strength for large sample size, butit
should be noted that this study has some limitations.
Firstly, blood test for thyroid function was done for a
single time. Secondly, this was a cross-sectional study;
therefore, it could not determine causal relationship
between SCH and glycemic control. Well-designed pro-
spective studies are warranted to confirm the associa-
tion between SCH and glycemic control in patients with
T2DM. Furthermore, future studies will be required to
determine whether thyroid hormone replacement ther-
apy can improve glycemic control in diabetic patients
with SCH. Lastly, medications being taken by the pa-
tients were not checked, which may have an effect on
thyroid function—multivitamins and/or health supple-
ments.

Although annual thyroid screening is currently only
recommended for children and adolescents with type 1
diabetes, there is no consensus as to whether screening
for thyroid disorders should be mandatory in T2DM
[17]. With regard to clinical application of this study, we-
propose the possibility of SCH as a comorbid condition
should be considered in poorly controlled diabetes. It
would be needed screening for thyroid function when
T2DM patient is not controlled adequately, especially in
elderly women.

In conclusion, the prevalence of SCH was similar be-
tween T2DM and healthy population. However, the risk
of SCH was increased with poor glycemic control in pa-
tients with T2DM, and obviously in elder women. These
results suggest SCH as comorbidity may be considered
in elderly women with poor glycemic control.

KEY MESSAGE

1. The prevalence of subclinical hypothyroidism
was similar between patients with type 2 diabe-
tes and healthy controls.

2. Poor glycemic control (glycosylated hemoglobin
> 9%) is associated with significantly elevated
risk of subclinical hypothyroidism, especially in
elderly women.
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