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Abstract

Background

The effect of subclinical thyroid dysfunction on vascular atherosclerosis remains uncertain.

The objective of this study was to elucidate the association between sustained subclinical

thyroid dysfunction and carotid plaques, which are an early surrogate marker of systemic

atherosclerosis.

Methods

The study included 21,342 adults with consistent thyroid hormonal status on serial thyroid

function tests (TFTs) and carotid artery duplex ultrasonography at a health screening center

between 2007 and 2014. The effect of subclinical thyroid dysfunction on baseline carotid

plaques and newly developed carotid plaques during 5-year follow-up was determined by

logistic regression analyses and GEE (Generalized Estimating Equations), respectively.

Results

Carotid plaques were more common in the subclinical hypothyroidism (55.6%) than the

euthyroidism (47.8%) at baseline. However, in multivariable analysis, thyroid status was not

a significant risk for the carotid plaques at baseline. Instead, traditional cardiovascular risk

factors, such as age (P <0.001), systolic blood pressure (P = 0.023), fasting blood glucose

(P = 0.030), and creatinine (P = 0.012) were associated with baseline carotid plaques in sub-

clinical hypothyroidism. In longitudinal analyses of subjects who were followed up for more

than 5 years, there was no significant difference in the cumulative incidence of new carotid

plaques according to time between subjects with subclinical hypothyroidism and those with

euthyroidism (P = 0.392).
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Conclusions

Sustained subclinical thyroid dysfunction did not affect the baseline or development of

carotid plaques in healthy individuals.

Introduction

The influence of overt thyroid dysfunction on the cardiovascular system is well documented

[1–3]. Many studies have also been conducted in subjects with subclinical thyroid dysfunction;

however, the effect of subtle thyroid dysfunction on vascular atherosclerosis remains contro-

versial [4–7]. Because of the high prevalence of subclinical hypothyroidism and subclinical

hyperthyroidism (4–10% and 0.7–12% of the general population respectively) [8–10], it is

important to clarify the effect of subclinical thyroid dysfunction on vascular atherosclerosis.

Carotid plaques are an early surrogate marker of systemic atherosclerosis and a predictor of

major cardiovascular events [11]. Many previous studies have tried to evaluate the association

between subclinical thyroid dysfunction and incidence of carotid plaques [6,12]. However, most

studies utilized a single set of thyroid function tests for analysis of the association between thy-

roid function and carotid atherosclerosis. In addition, only a few studies reported longitudinal

assessment of the change in carotid atherosclerosis burden. In subclinical hyperthyroidism, 40–

60% of cases return to normal thyroid function over a period of weeks to a year [13,14]. More-

over, only 33–55% of subclinical hypothyroidism cases progress to overt hypothyroidism during

10 to 20 years of follow-up [15–17]. Therefore, using a single set of baseline thyroid function

tests (TFTs) may result in inclusion of many cases of transient subclinical thyroid dysfunction.

And it may dilute the probable effect of subclinical thyroid dysfunction on carotid atherosclero-

sis. Also, in order to evaluate the long-term effects of subclinical thyroid dysfunction on carotid

atherosclerosis, serial measurement of TFT is needed.

Here, we aimed to clarify the association between sustained subclinical thyroid dysfunction

and carotid atherosclerosis through cross sectional and longitudinal assessment using data

from comprehensive health checkups of adults.

Methods

Study population

The authors retrospectively screened a total of 23,724 subjects aged 20 or older who underwent

more than two comprehensive health checkup examinations including serum TFT and carotid

artery duplex ultrasonography (DUS) at Samsung Medical Center between January 2007 and

December 2014. All subjects visited the hospital voluntarily for a health checkup. This study

was approved by the Institutional Review Board of Samsung Medical Center (IRB File No.

2016-05-112). IRB waived the consent form because all data was anonymized and no personal

information was included.

Among subjects, 4.3% and 1.3% showed subclinical hypothyroidism and subclinical hyper-

thyroidism at initial TFT, and 92.4% showed euthyroid status. We defined sustained thyroid

functional status as consistent serial TFT results at a�6-month interval. By this definition,

subjects with transient thyroid dysfunction were excluded (n = 1,587). Subjects who had been

treated for thyroid disease initially were also excluded (n = 787). If a subject started medication

for thyroid disease during follow-up, data were included only up to that point. One subject

with overt hypothyroidism and seven subjects with overt hyperthyroidism were also excluded
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(Fig 1). Cross-sectional assessment of carotid plaques at baseline was performed for the

remaining 21,342 subjects: 365 had subclinical hypothyroidism, 20,927 had euthyroidism, and

50 had subclinical hyperthyroidism.

For longitudinal assessment of new carotid plaques, 3,391 subjects with no initial

carotid plaques and at least 5 years of follow-up were screened. Among them, 1,860 sub-

jects remained free of plaques and 1,531 subjects developed new carotid plaques during fol-

low-up (Fig 1). The subjects with subclinical hyperthyroidism were excluded due to small

number of cases (n = 50).

Measurement of clinical and laboratory variables

Medical history and social behavioral information were collected through questionnaires com-

pleted by the subjects. Exercise status was defined as regular exercise of at least moderate inten-

sity more than three times per week. Drinking status was defined as consuming more than 20

g of alcohol per week. Height and weight were measured for the calculation of body mass

index [BMI = weight (kg)/height (m)2]. Systolic blood pressure (SBP) and diastolic blood pres-

sure (DBP) were measured in seated subjects after a 15-min rest period. Metabolic syndrome

was defined according to the US National Cholesterol Education Program/Adult Treatment

Panel III guideline (NCEP/ATP III) [18].

Serum-free T4 (FT4), total T3 (TT3), and thyroid stimulating hormone (TSH) were mea-

sured by chemiluminescent immunoassay (ADVIA Centaur1 XP; Seimens). An enzymatic

colorimetric method was used to measure serum total cholesterol (TC) and triglyceride (TG).

Low-density lipoprotein cholesterol (LDL-C) and serum high-density cholesterol were mea-

sured by a homogenous enzymatic colorimetric method (Roche/Hitachi modular; Roche).

Fasting blood sugar (FBS), hemoglobin A1c (HbA1c), serum creatinine, C-reactive protein

Fig 1. Flow diagram of study subjects. Cross-sectional assessment of carotid plaques was performed for

the 21,342 enrolled subjects; of these, 3,391 subjects who showed sustained thyroid functional status with at

least 5 years of follow-up were screened for longitudinal assessment of new carotid plaques.

https://doi.org/10.1371/journal.pone.0182090.g001
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(CRP), and liver function tests such as alanine transaminase (ALT) and asparatate aminotrans-

ferase (AST) were also checked.

Carotid DUS was used to measure carotid atherosclerosis. For the analysis, the authors

checked for abnormal carotid plaques using a 4.4-MHz pulsed Doppler (LOGIQ E9; GE).

Carotid plaque was defined as focal carotid intima-media thickness>1.5 mm or a vessel wall

that appeared to be at least 50% thicker than the surrounding wall. We performed the mea-

surements at carotid bifurcation on the far wall of the common carotid artery on both sides

and the computer-based points in the region was used in this study [19,20].

Definition of thyroid functional status

Thyroid hormone status was defined as serum TSH and FT4 levels sustained for more than 6

months. Normal TSH level ranged from 0.3 to 6.0 mU/L and normal FT4 level ranged from

0.8 to 1.85 ng/dL that were institutional reference ranges of our center [21]. Euthyroidism was

defined as TSH and FT4 levels in the normal range. Subclinical hypothyroidism was defined as

TSH level greater than 6 mU/L, and subclinical hyperthyroidism as TSH level less than 0.3

mU/L. For the subgroup analysis, severe subclinical hypothyroidism was defined as TSH >10

mU/L and normal FT4 level.

Statistical analysis

Continuous data were expressed as the mean ± standard deviation (SD) as indicated. Data on

categorical characteristics were expressed as percent values or absolute numbers as indicated.

Continuous data with no normality were expressed as the median and inter-quartile range.

For comparison among the three groups of thyroid functional status, χ2-test was used for cate-

gorical data and ANOVA or Kruskal-Wallis test was used for continuous data. Tukey’s test

was used for post-hoc analysis. For univariable and multivariable analysis, logistic regression

analysis was performed to find risk factors associated with carotid atherosclerosis. Adjusted

variables in multivariable analysis were selected based on a P value <0.1 in results from uni-

variable analyses [22]. For longitudinal assessment, subjects who were followed up for more

than 5 years were analyzed for the cumulative incidence of carotid plaques. In other words, the

carotid plaque is regarded to last after first occurrence during the follow-up. Cumulative inci-

dence of new carotid plaques was analyzed using GEE (Generalized Estimating Equations) in

univariable and multivariable analysis. A P<0.05 was considered significant. Statistical analy-

sis was performed using statistical analysis system (SAS) software version 9.4 (SAS institute,

Cary, NC, USA).

Results

Baseline characteristics between subjects with thyroid hormonal status

Among 21,342 subjects (16.3% female) with sustained thyroid functional status for more than

6 months who were included in this study, 365 had subclinical hypothyroidism, 20,927 had

euthyroidism, and 50 had subclinical hyperthyroidism (Table 1). The mean age of these groups

was 57.4 ± 8.5, 54.1 ± 8.5, and 57.4 ± 7.5 years, respectively. Compared with the euthyroidism

group, patients in both the subclinical hypothyroidism and hyperthyroidism group were older.

In addition, the subclinical hypothyroidism and subclinical hyperthyroidism groups contained

a higher proportion of females than the euthyroidism group. BMI was lower in subjects with

subclinical hypothyroidism. In lipid profiles, only TC and LDL-C were significantly different

among the three thyroid functional groups. The median follow-up duration was 4.0 years.

Baseline characteristics of each group are shown in Table 1.
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Factors associated with baseline carotid plaques

The prevalence of carotid plaques at baseline was significantly different among the three

groups (55.6% for subclinical hypothyroidism, 47.8% for euthyroidism, 48.0% for subclinical

hyperthyroidism; P = 0.012). In post-hoc analysis, a difference in prevalence of carotid plaques

was found between the subclinical hypothyroidism and euthyroidism groups (P = 0.006).

However, when other risk factors were adjusted, FT4 was not a significant risk factor for

carotid plaques at baseline in subjects with subclinical hypothyroidism (0.380 [0.097, 1.486];

P = 0.164) or euthyroidism (1.094 [0.919, 1.303]; 0.311). Older age, high SBP, high level of

serum FBS, and high serum creatinine were independent risk factors for carotid plaques after

adjusting of other risk factors in the subclinical hypothyroidism group. Older age, female sex,

Table 1. Baseline characteristics of subjects with respect to thyroid functional status.

Characteristics Subclinical hypothyroidism Euthyroidism Subclinical hyperthyroidism P

(n = 365) (n = 20,927) (n = 50)

Age (years) 57.4 ± 8.5a 54.1 ± 8.5 57.4 ± 7.5b <0.001

Female, n (%) 87 (23.8)a 3,367 (16.1) 23 (46.0)b <0.001

Thyroid status

TSH (mU/L) 7.98 (6.95, 10.06) a 2.07 (1.41, 2.95) 0.06 (0.02, 0.13) b <0.001

Free T4 (ng/dL) 1.15 ± 0.17a 1.26 ± 0.18 1.54 ± 0.22b <0.001

Total T3 (ng/dL) 113 ± 18 114 ± 19 118 ± 21 0.080

Blood pressure

Systolic (mmHg) 120.6 ± 15.8 120.7 ± 15.4 119.5 ± 14.6 0.918

Diastolic (mmHg) 75.0 ± 11.0 76.0 ± 10.6 72.6 ± 8.9b 0.011

BMI (kg/m2) 23.9 ± 2.5a 24.5 ± 2.7 24.4 ± 2.7 <0.001

Microsomal Ab (U/mL) 6 (1, 99) a 1 [1–14] 1 (1, 25) <0.001

Lipid profile

Cholesterol (mg/dL) 193.8 ± 34.6 196.9 ± 34.0 184.1 ± 30.0b 0.006

TG (mg/dL) 133.6 ± 78.5 138.2 ± 81.1 128.8 ± 68.8 0.218

LDL-C (mg/dL) 122.2 ± 30.0 125.0 ± 29.8 116.2 ± 26.9 0.013

HDL-C (mg/dL) 52.8 ± 13.8 52 ± 13.3 49.9 ± 13.0 0.244

Liver function test

ALT (U/L) 26.7 ± 43.9a 27.2 ± 17.6 28.5 ± 20.1 0.001

AST (U/L) 26.3 ± 18.3 25.5 ± 11.9 24.9 ± 10.4 0.593

Glucose

FBS (mg/dL) 97.0 ± 16.8 98.7 ± 19.9 96.2 ± 10.2 0.289

HbA1c (%) 5.69 ± 0.73 5.74 ± 0.83 5.70 ± 0.71 0.823

Creatinine (mg/dL) 0.95 (0.83, 1.05) 0.95 (0.85, 1.04) 0.83 (0.71, 0.99) b <0.001

CRP (mg/dL) 0.05 (0.03, 0.10) 0.06 (0.03, 0.12) 0.06 (0.03, 0.10) 0.072

Current smoker, n (%) 45 (13.2)a 5,127 (26.5) 7 (16.3) <0.001

Exercise (>3/week), n (%) 101 (28.4) 5,161 (25.8) 11 (23.4) 0.497

Metabolic syndrome, n (%) 84 (23.0) 5,679 (27.1) 11 (22.0) 0.154

Carotid plaques, n (%) 203 (55.6)a 9,993 (47.8) 24 (48.0) 0.012

a P <0.05 comparison between subclinical hypothyroidism and euthyroidism in post-hoc analysis.
b P <0.05 comparison between subclinical hyperthyroidism and euthyroidism in post-hoc analysis.

Continuous data were given as the mean ± SD or median (1st,3rd quartile). Nominal data were given as absolute numbers (percentage values). χ2-test

(nominal data) or Kruskal-Wallis test (continuous data) was performed. Abbreviations: TSH, serum thyrotropin; BMI, body mass index; TG, triglyceride;

LDL-C, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

FBS, fasting blood sugar; HbA1c, hemoglobin A1c; CRP, C-reactive protein.

https://doi.org/10.1371/journal.pone.0182090.t001
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high SBP, low DBP, high BMI, high level of serum LDL-C, AST, or HbA1c, low level of serum

HDL-C, current smoker, and presence of metabolic syndrome were significant risk factors for

carotid plaques after adjusting of other risk factors in the euthyroidism group (Table 2).

In subgroup analysis, there was no significant difference in the carotid plaques at baseline

between subjects with severe subclinical hypothyroidism (TSH >10 mU/L, n = 92) and those

with euthyroidism (47 [51.1%] subjects with severe subclinical hypothyroidism and 9,993

[47.8%] with euthyroidism; P = 0.532 in χ2-test).

Longitudinal assessment of carotid plaques: 5-year follow-up data

The mean follow-up period of the 3,391 subjects included in the longitudinal study was 6.0

years (range, 5 to 7.9 years). They visited the clinic a median of 3 times (range, 2 to 8 times)

during the follow-up period at a mean interval of 2.4 years (range, 0.4 to 7.7 years) between

each visit.

In univariable analysis, follow-up time was significantly associated with cumulative inci-

dence of new carotid plaques (P<0.001). However, the cumulative incidence of carotid

Table 2. Multivariable logistic analysis of risk factor for baseline carotid plaque in each group.

Euthyroidisma Subclinical hypothyroidismb

OR (95% CI) P OR (95% CI) P

Age (years) 1.083 (1.079, 1.088) <0.001 1.072 (1.041, 1.104) <0.001

Female 1.946 (1.738, 2.180) <0.001 0.823 (0.390, 1.737) 0.61

Free T4 (ng/dL) 1.094 (0.919, 1.303) 0.311 0.380 (0.097, 1.486) 0.164

SBP (mm Hg) 1.015 (1.011, 1.018) <0.001 1.017 (1.002, 1.032) 0.023

DBP (mm Hg) 0.992 (0.987, 0.996) <0.001

BMI (kg/m2) 1.020 (1.006, 1.033) 0.005

TG (mg/dL) 1.000 (0.999, 1.000) 0.690

LDL-C (mg/dL) 1.005 (1.004, 1.006) <0.001

HDL-C (mg/dL) 0.994 (0.991, 0.997) <0.001

ALT (U/L) 0.998 (0.995, 1.001) 0.283

AST (U/L) 1.005 (1.001, 1.009) 0.020

FBS (mg/dL) 1.002 (0.999, 1.004) 0.199 1.022 (1.002, 1.042) 0.03

HbA1c (%) 1.207 (1.143, 1.274) <0.001 0.719 (0.470, 1.101) 0.129

Creatinine (mg/dL) 0.869 (0.696, 1.085) 0.216 13.105 (1.782, 96.359) 0.012

CRP (mg/dL) 1.075 (0.976, 1.185) 0.141

Current smoker 1.197 (1.111, 1.290) <0.001

Exercise (>3/week) 1.051 (0.979, 1.128) 0.169

Metabolic syndrome 1.130 (1.034, 1.236) 0.007

Multivariable logistic regression analysis was performed in each group. Adjusted variables in multivariable

analysis were selected based on a P value < 0.1 in results from univariable analyses.
a Multivariable analysis was performed using age, female, free T4, SBP, DBP, BMI, TG, LDL-C, HDL-C,

ALT, AST, FBS, HbA1c, creatinine, CRP, current smoker, exercise and metabolic syndrome which was

P < 0.1 in univariable analysis in euthyroidism subjects.
b Multivariable analysis was performed using age, female, free T4, SBP, FBS, HbA1c and creatinine which

was P < 0.1 in univariable analysis in subclinical hypothyroidism subjects.

Abbreviations: OR, odd ratio; CI, confidence intervals; TSH, serum thyrotropin; BMI, body mass index; TG,

triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; AST,

aspartate aminotransferase; ALT, alanine aminotransferase; FBS, fasting blood sugar; HbA1c, hemoglobin

A1c; CRP, C-reactive protein.

https://doi.org/10.1371/journal.pone.0182090.t002
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plaques according to follow-up time was not significantly different between subclinical hypo-

thyroidism and euthyroidism groups (P = 0.281; Fig 2). Covariates for multivariable GEE were

chosen based on a P value <0.1 in univariable analysis (S1 Table). We performed two multi-

variable GEEs according to the way how to handle thyroid functional status. Effects of TSH

and FT4 on cumulative incidence of new carotid plaques were not significantly different with

follow-up time (P = 0.518 and P = 0.135, respectively) adjusting for microsomal antibody and

smoking status. Effect of thyroid functional status (sustained subclinical hypothyroidism and

euthyroidism) on cumulative incidence of new carotid plaques was not significantly different

with follow-up time (P = 0.392) adjusting for microsomal antibody and smoking status. Fol-

low-up time was the only factor associated with the cumulative incidence of new carotid pla-

ques after adjustment for other variables (P<0.001; Table 3).

Discussion

Carotid atherosclerosis is considered to be an early marker of generalized atherosclerosis [11].

Although overt hypothyroidism is associated with increased carotid atherosclerosis, the effect of

subclinical hypothyroidism on carotid atherosclerosis remains controversial. Several studies

showed that subclinical hypothyroidism and elevated serum TSH level were associated with

increased risk of carotid atherosclerosis, especially in areas of iodine deficiency, and with increased

cardiovascular risk [7,12,23,24]. Moreover, in euthyroid subjects, carotid intima-media thickness

was inversely associated with low serum FT4 level [25,26]. Cases of severe subclinical hypothyroid-

ism (TSH>10 mU/L) showed clear exacerbation of carotid atherosclerosis [7,27]. Monzani et al.
reported that the treatment of patients with subclinical hypothyroidism with levothyroxine signifi-

cantly improved carotid atherosclerosis [28]. In contrast, some studies showed that subclinical

hypothyroidism was not related to increased risk of carotid atherosclerosis, but rather to decreased

Fig 2. Longitudinal analysis of the cumulative incidence of new carotid plaques during follow-up of

more than 5 years. The cumulative incidence of new carotid plaques did not show a significant difference

between subclinical hypothyroidism and euthyroidism groups by a generalized estimating equation. CI;

confidence interval.

https://doi.org/10.1371/journal.pone.0182090.g002
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carotid artery intima-media thickness [6,29,30]. Other studies did not show a significant associa-

tion between subclinical thyroid disease and cardiovascular risk [31–33]. There also has been

debate about the increased risk of carotid atherosclerosis in cases of subclinical hyperthyroidism

[6,29,30].

We thought that certain factors may interfere with the effect of thyroid dysfunction on

carotid atherosclerosis. Notably, subclinical thyroid dysfunction can improve or worsen dur-

ing the follow-up period [13–17,34]. Therefore, the use of a single set of TFTs could result in

inclusion of transient subclinical thyroid dysfunction, and this may weaken the effects of sub-

clinical thyroid dysfunction on carotid atherosclerosis. Furthermore, this classification may

lead to inaccurate longitudinal assessment. When excluding transient subclinical thyroid dys-

function, the effects of sustained subclinical thyroid dysfunction on carotid atherosclerosis can

be assessed more accurately. Previously, two studies investigated the effects of persistent sub-

clinical hypothyroidism on cardiovascular risk [35,36]. In a study of elderly subjects, persistent

subclinical hypothyroidism was not associated with the incidence of coronary heart disease,

heart failure, or cardiovascular death. However, in another study conducted in children, clini-

cal and biochemical cardiovascular risk factors were significantly associated with long standing

subclinical hypothyroidism.

In our study, to reduce such confounders, we selected subjects with sustained thyroid hor-

mone status for more than 6 months. We excluded 1,587 subjects with transient thyroid dys-

function. The effect of thyroid function was adjusted for other risk factors for carotid plaques.

As a result, sustained subclinical thyroid dysfunction was not an independent risk factor for

the presence of carotid plaques at baseline. To confirm the result of cross-sectional analysis for

pre-existing carotid plaques, we performed longitudinal analysis in subjects that were followed

up for more than 5 years and calculated the cumulative incidence of new plaques. A general-

ized estimating equation was used to evaluate the interaction between the thyroid functional

status and follow-up time. TSH/FT4 values and sustained subclinical hypothyroidism did not

significantly affect the cumulative incidence of new carotid plaques according to follow-up

Table 3. Cumulative incidence of new carotid plaques according to thyroid functional status and follow-up time.

Parameters TFT as continuous variables TFT as categorical variables

Estimate 95% CI pa Estimate 95% CI pb

TSH (mU/L) 0.0107 -0.0555, 0.0770 0.750

Free T4 (ng/dL) 0.1070 -0.4396, 0.6537 0.701

Thyroid functional statusc -0.7824 -1.7516, 0.1869 0.114

Microsomal Ab (U/mL) (/1000) -0.0125 -0.0769, 0.0519 0.704 -0.0072 -0.0707, 0.0563 0.825

Current smoking -0.0279 -0.1870, 0.1311 0.731 -0.0300 -0.1886, 0.1287 0.711

Follow-up time 0.6089 0.4574, 0.7603 <0.001 0.4882 0.4720, 0.5044 <0.001

TSH * Follow-up timed -0.0041 -0.0167, 0.0084 0.518

Free T4 * Follow-up timed -0.0854 -0.1973, 0.0265 0.135

Thyroid functional statusc * Follow-up timed 0.0722 -0.0931, 0.2375 0.392

GEE analysis was performed for multivariable analysis. Adjusted variables in multivariable analysis were selected based on a P value <0.1 in results from

univariable analyses.
a Analyzed time-dependent differences in the cumulative incidence of carotid plaque according to repeated TSH and free T4 measurements.
b Analyzed time-dependent differences in the cumulative incidence of carotid plaque between sustained subclinical hypothyroidism and euthyroidism.
c Subclinical hypothyroidism, compared with euthyroidism.
d Interaction effect with follow-up time.

Abbreviations: CI, confidence interval; TSH, serum thyrotropin.

https://doi.org/10.1371/journal.pone.0182090.t003
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time. The results remained unchanged in subgroup analysis of severe subclinical hypothyroid-

ism and euthyroidism.

There are several limitations to this study. First, subjects of our study were enrolled from a

health screening center in a tertiary hospital and subjects were self-selected for the examina-

tion. Therefore, selection bias and the “healthy worker effect” could have affected our results.

People with carotid atherosclerosis and those at high risk for CVD tend to have repeated

carotid DUS. However, large longitudinal cohort studies of subclinical thyroid dysfunction

and carotid atherosclerosis are difficult to perform due to the limitation of case enrollment.

Therefore, we selected subjects who underwent serial TFT and carotid DUS for more than 5

years during health check-ups. Second, there were relatively few subjects with sustained sub-

clinical hypothyroidism and hyperthyroidism compared to the euthyroidism group. Since we

hypothesized that the effects of sustained subclinical thyroid dysfunction on carotid athero-

sclerosis would be more consistent and clear than those of transient subclinical thyroid dys-

function, we only included cases with sustained thyroid function and thus the incidence of

subclinical hypothyroidism in our study was lower than seen in the general population. Third,

although drug and disease status could affect the occurrence of carotid plaques, but they are

not included in the analysis. Instead, we included blood pressure, lipid profile, liver function

test, glucose, creatinine and metabolic syndrome as variables. Lastly, this was a retrospective

study and prospective cohort studies with serial measurement of TFT and carotid DUS could

provide more information on this topic.

In summary, sustained subclinical thyroid dysfunction was not an independent risk factor

for carotid plaques at baseline in healthy individuals. Furthermore, in longitudinal assessment,

subclinical thyroid dysfunction was not associated with the cumulative incidence of new

carotid plaques, and only longer follow-up time was a significant predictor of incident carotid

plaques.

Supporting information

S1 Table. Difference in baseline characteristics between subclinical hypothyroidism and

euthyroidism groups among subjects who were followed up for more than 5 years.

(DOCX)

Author Contributions

Conceptualization: Tae Hyuk Kim, Mira Kang, Sun Wook Kim.

Data curation: Tae Hyuk Kim.

Formal analysis: Hosu Kim.

Funding acquisition: Sun Wook Kim.

Investigation: Hye In Kim, So Young Park, Young Nam Kim.

Methodology: Seonwoo Kim.

Project administration: Sang-Man Jin, Kyu Yeon Hur, Jae Hyeon Kim.

Resources: Mira Kang.

Software: Seonwoo Kim, Min-Ji Kim.

Supervision: Moon-Kyu Lee, Yong-Ki Min, Jae Hoon Chung, Sun Wook Kim.

Visualization: Min-Ji Kim.

Subclinical thyroid dysfunction and carotid atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0182090 July 27, 2017 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0182090.s001
https://doi.org/10.1371/journal.pone.0182090


Writing – original draft: Hosu Kim, Tae Hyuk Kim.

Writing – review & editing: Hosu Kim, Seonwoo Kim, Mira Kang, Sun Wook Kim.

References
1. Biondi B, Klein I. Hypothyroidism as a risk factor for cardiovascular disease. Endocrine. 2004; 24: 1–13.

https://doi.org/10.1385/ENDO:24:1:001 PMID: 15249698

2. Cappola AR, Ladenson PW. Hypothyroidism and atherosclerosis. J Clin Endocrinol Metab. 2003; 88:

2438–2444. https://doi.org/10.1210/jc.2003-030398 PMID: 12788839

3. Iglesias P, Acosta M, Sanchez R, Fernandez-Reyes MJ, Mon C, Diez JJ. Ambulatory blood pressure

monitoring in patients with hyperthyroidism before and after control of thyroid function. Clin Endocrinol

(Oxf). 2005; 63: 66–72. https://doi.org/10.1111/j.1365-2265.2005.02301.x PMID: 15963064

4. Cooper DS, Biondi B. Subclinical thyroid disease. Lancet. 2012; 379: 1142–1154. https://doi.org/10.

1016/S0140-6736(11)60276-6 PMID: 22273398

5. Suh S, Kim DK. Subclinical Hypothyroidism and Cardiovascular Disease. Endocrinol Metab (Seoul).

2015; 30: 246–251. https://doi.org/10.3803/EnM.2015.30.3.246 PMID: 26248862

6. Delitala AP, Filigheddu F, Orru M, AlGhatrif M, Steri M, Pilia MG, et al. No evidence of association

between subclinical thyroid disorders and common carotid intima medial thickness or atherosclerotic

plaque. Nutr Metab Cardiovasc Dis. 2015; 25: 1104–1110. https://doi.org/10.1016/j.numecd.2015.09.

001 PMID: 26615224

7. Gao N, Zhang W, Zhang YZ, Yang Q, Chen SH. Carotid intima-media thickness in patients with subclin-

ical hypothyroidism: a meta-analysis. Atherosclerosis. 2013; 227: 18–25. https://doi.org/10.1016/j.

atherosclerosis.2012.10.070 PMID: 23159101

8. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The Colorado thyroid disease prevalence study.

Arch Intern Med. 2000; 160: 526–534. PMID: 10695693

9. Gharib H, Tuttle RM, Baskin HJ, Fish LH, Singer PA, McDermott MT. Subclinical thyroid dysfunction: a

joint statement on management from the American Association of Clinical Endocrinologists, the Ameri-

can Thyroid Association, and the Endocrine Society. J Clin Endocrinol Metab. 2005; 90: 581–585; dis-

cussion 586–587. https://doi.org/10.1210/jc.2004-1231 PMID: 15643019

10. Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW, Spencer CA, et al. Serum TSH, T

(4), and thyroid antibodies in the United States population (1988 to 1994): National Health and Nutrition

Examination Survey (NHANES III). J Clin Endocrinol Metab. 2002; 87: 489–499. https://doi.org/10.

1210/jcem.87.2.8182 PMID: 11836274

11. Stork S, van den Beld AW, von Schacky C, Angermann CE, Lamberts SW, Grobbee DE, et al. Carotid

artery plaque burden, stiffness, and mortality risk in elderly men: a prospective, population-based cohort

study. Circulation. 2004; 110: 344–348. https://doi.org/10.1161/01.CIR.0000134966.10793.C9 PMID:

15238459

12. Valentina VN, Marijan B, Chedo D, Branka K. Subclinical hypothyroidism and risk to carotid atheroscle-

rosis. Arq Bras Endocrinol Metabol. 2011; 55: 475–480. PMID: 22147096

13. Eggertsen R, Petersen K, Lundberg PA, Nystrom E, Lindstedt G. Screening for thyroid disease in a pri-

mary care unit with a thyroid stimulating hormone assay with a low detection limit. BMJ. 1988; 297:

1586–1592. PMID: 3147087

14. Parle JV, Franklyn JA, Cross KW, Jones SC, Sheppard MC. Prevalence and follow-up of abnormal thy-

rotrophin (TSH) concentrations in the elderly in the United Kingdom. Clin Endocrinol (Oxf). 1991; 34:

77–83. PMID: 2004476

15. Huber G, Staub JJ, Meier C, Mitrache C, Guglielmetti M, Huber P, et al. Prospective study of the sponta-

neous course of subclinical hypothyroidism: prognostic value of thyrotropin, thyroid reserve, and thyroid

antibodies. J Clin Endocrinol Metab. 2002; 87: 3221–3226. https://doi.org/10.1210/jcem.87.7.8678

PMID: 12107228

16. Kabadi UM. ’Subclinical hypothyroidism’. Natural course of the syndrome during a prolonged follow-up

study. Arch Intern Med. 1993; 153: 957–961. PMID: 8481068

17. Vanderpump MP, Tunbridge WM, French JM, Appleton D, Bates D, Clark F, et al. The incidence of thy-

roid disorders in the community: a twenty-year follow-up of the Whickham Survey. Clin Endocrinol

(Oxf). 1995; 43: 55–68. PMID: 7641412

18. Grundy SM, Brewer HB Jr., Cleeman JI, Smith SC Jr., Lenfant C. Definition of metabolic syndrome:

Report of the National Heart, Lung, and Blood Institute/American Heart Association conference on sci-

entific issues related to definition. Circulation. 2004; 109: 433–438. https://doi.org/10.1161/01.CIR.

0000111245.75752.C6 PMID: 14744958

Subclinical thyroid dysfunction and carotid atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0182090 July 27, 2017 10 / 11

https://doi.org/10.1385/ENDO:24:1:001
http://www.ncbi.nlm.nih.gov/pubmed/15249698
https://doi.org/10.1210/jc.2003-030398
http://www.ncbi.nlm.nih.gov/pubmed/12788839
https://doi.org/10.1111/j.1365-2265.2005.02301.x
http://www.ncbi.nlm.nih.gov/pubmed/15963064
https://doi.org/10.1016/S0140-6736(11)60276-6
https://doi.org/10.1016/S0140-6736(11)60276-6
http://www.ncbi.nlm.nih.gov/pubmed/22273398
https://doi.org/10.3803/EnM.2015.30.3.246
http://www.ncbi.nlm.nih.gov/pubmed/26248862
https://doi.org/10.1016/j.numecd.2015.09.001
https://doi.org/10.1016/j.numecd.2015.09.001
http://www.ncbi.nlm.nih.gov/pubmed/26615224
https://doi.org/10.1016/j.atherosclerosis.2012.10.070
https://doi.org/10.1016/j.atherosclerosis.2012.10.070
http://www.ncbi.nlm.nih.gov/pubmed/23159101
http://www.ncbi.nlm.nih.gov/pubmed/10695693
https://doi.org/10.1210/jc.2004-1231
http://www.ncbi.nlm.nih.gov/pubmed/15643019
https://doi.org/10.1210/jcem.87.2.8182
https://doi.org/10.1210/jcem.87.2.8182
http://www.ncbi.nlm.nih.gov/pubmed/11836274
https://doi.org/10.1161/01.CIR.0000134966.10793.C9
http://www.ncbi.nlm.nih.gov/pubmed/15238459
http://www.ncbi.nlm.nih.gov/pubmed/22147096
http://www.ncbi.nlm.nih.gov/pubmed/3147087
http://www.ncbi.nlm.nih.gov/pubmed/2004476
https://doi.org/10.1210/jcem.87.7.8678
http://www.ncbi.nlm.nih.gov/pubmed/12107228
http://www.ncbi.nlm.nih.gov/pubmed/8481068
http://www.ncbi.nlm.nih.gov/pubmed/7641412
https://doi.org/10.1161/01.CIR.0000111245.75752.C6
https://doi.org/10.1161/01.CIR.0000111245.75752.C6
http://www.ncbi.nlm.nih.gov/pubmed/14744958
https://doi.org/10.1371/journal.pone.0182090


19. Hong SJ, Chang HJ, Song K, Hong GR, Park SW, Kang HJ, et al. Impact of atherosclerosis detection

by carotid ultrasound on physician behavior and risk-factor management in asymptomatic hypertensive

subjects. Clin Cardiol. 2014; 37: 91–96. https://doi.org/10.1002/clc.22220 PMID: 24193449

20. Moon JH, Lim S, Han JW, Kim KM, Choi SH, Park KS, et al. Carotid intima-media thickness is associ-

ated with the progression of cognitive impairment in older adults. Stroke. 2015; 46: 1024–1030. https://

doi.org/10.1161/STROKEAHA.114.008170 PMID: 25737314

21. Kim WG, Kim WB, Woo G, Kim H, Cho Y, Kim TY, et al. Thyroid Stimulating Hormone Reference

Range and Prevalence of Thyroid Dysfunction in the Korean Population: Korea National Health and

Nutrition Examination Survey 2013 to 2015. Endocrinol Metab (Seoul). 2017; 32: 106–114. https://doi.

org/10.3803/EnM.2017.32.1.106 PMID: 28116874

22. Fisher B, Anderson S, Fisher ER, Redmond C, Wickerham DL, Wolmark N, et al. Significance of ipsilat-

eral breast tumour recurrence after lumpectomy. Lancet. 1991; 338: 327–331. PMID: 1677695

23. Hak AE, Pols HA, Visser TJ, Drexhage HA, Hofman A, Witteman JC. Subclinical hypothyroidism is an

independent risk factor for atherosclerosis and myocardial infarction in elderly women: the Rotterdam

Study. Ann Intern Med. 2000; 132: 270–278. PMID: 10681281

24. Zhang Y, Kim BK, Chang Y, Ryu S, Cho J, Lee WY, et al. Thyroid hormones and coronary artery calcifi-

cation in euthyroid men and women. Arterioscler Thromb Vasc Biol. 2014; 34: 2128–2134. https://doi.

org/10.1161/ATVBAHA.114.303889 PMID: 25060795

25. Bruckert E, Giral P, Chadarevian R, Turpin G. Low free-thyroxine levels are a risk factor for subclinical

atherosclerosis in euthyroid hyperlipidemic patients. J Cardiovasc Risk. 1999; 6: 327–331. PMID:

10534137

26. Dullaart RP, de Vries R, Roozendaal C, Kobold AC, Sluiter WJ. Carotid artery intima media thickness is

inversely related to serum free thyroxine in euthyroid subjects. Clin Endocrinol (Oxf). 2007; 67: 668–

673. https://doi.org/10.1111/j.1365-2265.2007.02943.x PMID: 17596198

27. Rodondi N, den Elzen WP, Bauer DC, Cappola AR, Razvi S, Walsh JP, et al. Subclinical hypothyroidism

and the risk of coronary heart disease and mortality. JAMA. 2010; 304: 1365–1374. https://doi.org/10.

1001/jama.2010.1361 PMID: 20858880

28. Monzani F, Caraccio N, Kozakowa M, Dardano A, Vittone F, Virdis A, et al. Effect of levothyroxine

replacement on lipid profile and intima-media thickness in subclinical hypothyroidism: a double-blind,

placebo- controlled study. J Clin Endocrinol Metab. 2004; 89: 2099–2106. https://doi.org/10.1210/jc.

2003-031669 PMID: 15126526

29. Cikim AS, Oflaz H, Ozbey N, Cikim K, Umman S, Meric M, et al. Evaluation of endothelial function in

subclinical hypothyroidism and subclinical hyperthyroidism. Thyroid. 2004; 14: 605–609. https://doi.org/

10.1089/1050725041692891 PMID: 15320973

30. Volzke H, Robinson DM, Schminke U, Ludemann J, Rettig R, Felix SB, et al. Thyroid function and

carotid wall thickness. J Clin Endocrinol Metab. 2004; 89: 2145–2149. https://doi.org/10.1210/jc.2003-

031028 PMID: 15126533

31. Andersen MN, Olsen AS, Madsen JC, Kristensen SL, Faber J, Torp-Pedersen C, et al. Long-term Out-

come in Levothyroxine Treated Patients with Subclinical Hypothyroidism and Concomitant Heart Dis-

ease. J Clin Endocrinol Metab. 2016: jc20162226. https://doi.org/10.1210/jc.2016-2226 PMID:

27571183

32. Kim ES, Shin JA, Shin JY, Lim DJ, Moon SD, Son HY, et al. Association between low serum free thyrox-

ine concentrations and coronary artery calcification in healthy euthyroid subjects. Thyroid. 2012; 22:

870–876. https://doi.org/10.1089/thy.2011.0366 PMID: 22870927

33. Asvold BO, Vatten LJ, Bjoro T, Bauer DC, Bremner A, Cappola AR, et al. Thyroid function within the nor-

mal range and risk of coronary heart disease: an individual participant data analysis of 14 cohorts.

JAMA Intern Med. 2015; 175: 1037–1047. https://doi.org/10.1001/jamainternmed.2015.0930 PMID:

25893284

34. Somwaru LL, Rariy CM, Arnold AM, Cappola AR. The natural history of subclinical hypothyroidism in

the elderly: the cardiovascular health study. J Clin Endocrinol Metab. 2012; 97: 1962–1969. https://doi.

org/10.1210/jc.2011-3047 PMID: 22438233

35. Cerbone M, Capalbo D, Wasniewska M, Mattace Raso G, Alfano S, Meli R, et al. Cardiovascular risk

factors in children with long-standing untreated idiopathic subclinical hypothyroidism. J Clin Endocrinol

Metab. 2014; 99: 2697–2703. https://doi.org/10.1210/jc.2014-1761 PMID: 24840815

36. Hyland KA, Arnold AM, Lee JS, Cappola AR. Persistent subclinical hypothyroidism and cardiovascular

risk in the elderly: the cardiovascular health study. J Clin Endocrinol Metab. 2013; 98: 533–540. https://

doi.org/10.1210/jc.2012-2180 PMID: 23162099

Subclinical thyroid dysfunction and carotid atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0182090 July 27, 2017 11 / 11

https://doi.org/10.1002/clc.22220
http://www.ncbi.nlm.nih.gov/pubmed/24193449
https://doi.org/10.1161/STROKEAHA.114.008170
https://doi.org/10.1161/STROKEAHA.114.008170
http://www.ncbi.nlm.nih.gov/pubmed/25737314
https://doi.org/10.3803/EnM.2017.32.1.106
https://doi.org/10.3803/EnM.2017.32.1.106
http://www.ncbi.nlm.nih.gov/pubmed/28116874
http://www.ncbi.nlm.nih.gov/pubmed/1677695
http://www.ncbi.nlm.nih.gov/pubmed/10681281
https://doi.org/10.1161/ATVBAHA.114.303889
https://doi.org/10.1161/ATVBAHA.114.303889
http://www.ncbi.nlm.nih.gov/pubmed/25060795
http://www.ncbi.nlm.nih.gov/pubmed/10534137
https://doi.org/10.1111/j.1365-2265.2007.02943.x
http://www.ncbi.nlm.nih.gov/pubmed/17596198
https://doi.org/10.1001/jama.2010.1361
https://doi.org/10.1001/jama.2010.1361
http://www.ncbi.nlm.nih.gov/pubmed/20858880
https://doi.org/10.1210/jc.2003-031669
https://doi.org/10.1210/jc.2003-031669
http://www.ncbi.nlm.nih.gov/pubmed/15126526
https://doi.org/10.1089/1050725041692891
https://doi.org/10.1089/1050725041692891
http://www.ncbi.nlm.nih.gov/pubmed/15320973
https://doi.org/10.1210/jc.2003-031028
https://doi.org/10.1210/jc.2003-031028
http://www.ncbi.nlm.nih.gov/pubmed/15126533
https://doi.org/10.1210/jc.2016-2226
http://www.ncbi.nlm.nih.gov/pubmed/27571183
https://doi.org/10.1089/thy.2011.0366
http://www.ncbi.nlm.nih.gov/pubmed/22870927
https://doi.org/10.1001/jamainternmed.2015.0930
http://www.ncbi.nlm.nih.gov/pubmed/25893284
https://doi.org/10.1210/jc.2011-3047
https://doi.org/10.1210/jc.2011-3047
http://www.ncbi.nlm.nih.gov/pubmed/22438233
https://doi.org/10.1210/jc.2014-1761
http://www.ncbi.nlm.nih.gov/pubmed/24840815
https://doi.org/10.1210/jc.2012-2180
https://doi.org/10.1210/jc.2012-2180
http://www.ncbi.nlm.nih.gov/pubmed/23162099
https://doi.org/10.1371/journal.pone.0182090

