
Copyright © 2021 The Korean Association of Internal Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1226-3303
eISSN 2005-6648

http://www.kjim.org

ORIGINAL ARTICLE

Korean J Intern Med 2021;36(Suppl 1):S170-S179
https://doi.org/10.3904/kjim.2019.160

1Division of Endocrinology and 
Metabolism, Department of Internal 
Medicine, Seoul St. Mary’s Hospital, 
College of Medicine, The Catholic 
University of Korea, Seoul; 2Division 
of Endocrinology and Metabolism, 
Department of Internal Medicine, 
Eunpyeong St. Mary’s Hospital, 
College of Medicine, The Catholic 
University of Korea, Seoul, Korea

Background/Aims: Thyroid hormones are involved in wide range of glucose me-
tabolism functions. Overt thyroid dysfunctions are related to altered glucose ho-
meostasis. However, it is not conclusive as to whether subtle changes in thyroid 
hormones within normal ranges can induce alterations in glucose homeostasis. 
The aim of this study was to evaluate the association between thyroid hormone 
and glucose homeostasis parameters in subjects without overt thyroid dysfunc-
tion based on nationwide population data.
Methods: In the Sixth Korea National Health and Nutrition Examination Sur-
vey 2015 (n = 7,380), data were collected from subjects with insulin and thyroid 
function measurements who were older than 19-years-old. After the exclusion of 
5,837 subjects, a total of 1,543 patients were included in the analysis. Subjects were 
categorized into the quartiles of the free thyroxine (FT4). Fasting glucose, insulin, 
homeostatic model assessment of insulin resistance and hemoglobin A1c (HbA1c) 
levels were considered to be glucose homeostasis parameters.
Results: Subjects with the highest FT4 quartile showed significantly lower fasting 
insulin and HbA1c levels. A significant inverse correlation FT4 and HbA1c levels 
was observed (β = –0.261, p = 0.025). In the logistic regression analysis, the highest 
quartile of FT4 was demonstrated to lower the risk of HbA1c to a greater degree 
than the median by approximately 40%, after adjusting for confounders, com-
pared to the lowest quartile (p = 0.028).
Conclusions: We demonstrated subjects with a lower FT4 quartile exhibited high 
risk of HbA1c levels above the median value in a representative Korean popula-
tion. Subjects with the lowest FT4 quartile should be cautiously managed in terms 
of altered glucose homeostasis.

Keywords: Thyroid hormones; Blood glucose; Insulin resistance; Glycated hemo-
globin A 
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INTRODUCTION 

Glucose homeostasis reflects a balance between glucose 
production and peripheral glucose utilization. It refers 

to the process of maintaining blood glucose at a steady-
state level [1]. The maintenance of normal glucose ho-
meostasis requires a complex and highly integrated in-
teraction among the liver, muscles, adipocytes, pancreas, 
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neurotransmitters, and kidneys [2]. Several parameters 
reflect the status of glucose homeostasis. Fasting plasma 
glucose and insulin, which is a potent regulator of glu-
cose homeostasis [3], are basic reflectors of glucose ho-
meostasis. The homeostatic model assessment (HOMA) 
is a method for assessing β-cell function and insulin re-
sistance based on fasting glucose, insulin, or C-peptide 
concentrations. The HOMA of insulin resistance (HO-
MA-IR) yields estimates of insulin sensitivity from fast-
ing plasma glucose and insulin concentrations and is 
commonly used to evaluate insulin resistance and met-
abolic status [4]. Hemoglobin A1c (HbA1c) is well recog-
nized and widely used for assessing the glycaemic con-
trol status [5]. It represents a 2 to 3 month mean of serum 
glucose concentrations and is a useful screening tool for 
type 2 diabetes [6]. HbA1c is also a reliable marker for 
insulin resistance in normal, glucose tolerant adults [7]. 

Thyroid hormones serve an important role in regu-
lating glucose metabolism. The liver [8-10], adipose tis-
sue [8], skeletal muscle [11], and pancreas [12] are under 
the influence of thyroid hormone action. Many studies 
have elucidated the relationship between thyroid hor-
mones and glucose homeostasis [10,13-15]. It is gener-
ally accepted that thyroid hormones have significant 
effects on glucose homeostasis and insulin resistance 
[9]. An alteration in glucose homeostasis is associated 
with overt thyroid dysfunction [16]. However, data on 
how glucose homeostasis changes in response to sub-
tle thyroid hormone alterations are not yet consistent. 
Several studies have assessed the association between 
thyroid dysfunction and glucose homeostasis, but the 
data are conflicting [14,15,17]. Recently, Kim et al. [18] re-
ported that HbA1c levels were high in non-diabetic pa-
tients with overt hypothyroidism, but only 45 patients 
were analysed. Thus, we investigated whether changes 
in thyroid hormones within normal ranges could affect 
glucose homeostasis parameters based on data from the 
latest nationally representative epidemiological survey 
(the Sixth Korea National Health and Nutrition Exam-
ination Survey [KNHANES VI]). 

METHODS

Study population
The KNHANES VI was performed by the Korea Centers 

for Disease Control and Prevention (CDC) and com-
prised a health interview survey, a health examination 
survey, and a nutrition survey by using a stratified, mul-
tistage, probability sampling design. Informed written 
consent for participation was obtained from all of the 
study subjects. In addition, the study was approved by 
the Catholic University of Korea, Catholic Medical Cen-
ter, Seoul St. Mary's Hospital Institutional Review Board 
(KC20ZISI0409). Of the 7,380 Korean participants, 1,435 
individuals aged < 19 years were excluded. Subjects who 
were pregnant (n = 6), who had a history of treatment for 
either thyroid disease (n = 36) or diabetes (n=102), and for 
whom insufficient free thyroxine (FT4) data were avail-
able or FT4 was not within the normal range (n = 3,992) 
were also excluded. Additionally, subjects were excluded 
if they did not maintain a fasting state of more than 8 
hours before blood sampling (n = 46). Finally, 220 sub-
jects were excluded who did not complete all of the re-
quired tests that were presented by the CDC. Ultimately, 
1,543 participants were eligible for this study.

Measurements
All of the measurements and questionnaires were col-
lected by specially trained investigators. Detailed an-
thropometric measurements were performed accord-
ing to previous studies [19-21]. Height and body weight 
were measured as part of the health examination for 
each subject. Body mass index (BMI) was calculated 
from the measured height and weight values. The BMI 
values of subjects were categorized as underweight (< 
18.5 kg/m2), normal weight (≥ 18.5 and < 23 kg/m2), over-
weight (≥ 23 and < 25 kg/m2) or obese (≥ 25 kg/m2). Se-
rum creatinine, thyrotropin (TSH), FT4, anti-thyroid 
peroxidase antibody (TPO Ab), glucose, HbA1c, and 
insulin levels were measured from sampled blood that 
was collected after 8 hours of overnight fasting. TSH 
levels were measured by using an E-TSH kit (Roche 
Diagnostics, Basel, Switzerland), for which the ref-
erence range was 0.35 to 5.50 µIU/mL. FT4 levels were 
measured by using an E-Free T4 kit (Roche Diagnos-
tics, Basel, Switzerland) for which the reference range 
was 0.89 to 1.76 ng/mL. TPOAb levels were measured 
by using an E-Anti-TPO kit (Roche Diagnostics, Basel, 
Switzerland); the normal range for TPOAb in humans is  
< 34.0 IU/mL. Serum creatinine levels were measured by 
using a Hitachi Automatic Analyzer 7600-210 (Hitachi, 
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Tokyo, Japan), and the iodine intake status was evalu-
ated by using the urine iodine creatinine ratio (UICR) 
determined using inductively coupled plasma mass 
spec trometry (PerkinElmer; Waltham MA, USA). Insu-
lin levels were measured by using a gamma-counter 
(1470 WIZARD gamma-counter, PerkinElmer, Turku, 
Finland) with an immunoradiometric assay (INS-IR-
MA, Biosource, Nivelles, Belgium). Fasting plasma 
glucose levels were measured by using a Hitachi Au-
tomatic Analyser 7600. HbA1c levels were measured by 
using high-performance liquid chromatography (HLC-
723G7; Tosoh, Tokyo, Japan). The smoking statuses of 
subjects were classified as either non-smokers or cur-
rent smokers. Physical activity was categorized into two 
groups: the regular physical activity group (exercised for 
≥ 20 min/session, ≥ 5 sessions/week; moderate exercise 
for ≥ 30 min/session ≥ 5 sessions/week; or walking for 
≥ 30 min/session, ≥ 5 sessions/week) or the non-regular 
physical activity group. We calculated the HOMA-IR as 
(fasting serum insulin [µIU/mL] x fasting plasma glu-
cose [mmol/L] / 22.5) [22]. 

Statistical analysis
Statistical analyses were performed by using SAS ver-
sion 9.3 (SAS Institute, Cary, NC, USA). A p values < 0.05 
were considered to be statistically significant. Continu-
ous variables are expressed as numbers and percentag-
es or as means ± standard deviations and compared by  
t tests. Discrete variables are presented as number (%) 
and compared by Rao-Scott chi-squared tests. Multi-
variable adjusted logistic regression analysis was con-
ducted to determine odds ratios (ORs) and 95% confi-
dence intervals (CIs). In a logistic regression analysis, 
Model 1 was the age and sex adjusted model, whereas 
Model 2 was the model that was adjusted by age, sex, 
BMI, smoking status, physical activity, anti-TPO Ab lev-
els, TSH levels, and urine iodine levels. Because of the 
complex sampling design, a sampling weight method 
was used to assign the participants as being representa-
tive of the Korean population for the analysis of the data. 
The detailed characteristics of the statistical analysis of 
the KNHANES have been previously reported [19-21]. 

RESULTS

Baseline characteristics according to the FT4 quar-
tiles
The baseline characteristics of the 1,543 participants 
were analysed, as were age, sex, BMI, smoking status, 
physical activity, income, TPOAb levels, and UICR quar-
tiles according to FT4 quartile (Table 1). With lower FT4 
quartiles, higher ages and BMIs were observed (p for the 
trend < 0.001 and p for the trend = 0.027, respectively). 
The proportion of males was observed to be higher in 
the highest FT4 quartiles. Subjects with the lowest FT4 
quartiles exhibited higher TPOAb positivity (≥ 34 IU/
mL) than other subjects. With lower FT4 quartiles, it 
was observed that more subjects belonged to the higher 
UICR quartiles (p < 0.001). No differences in smoking 
status or physical activity were observed by FT4 quartile. 

The association of FT4 with variables related to glu-
cose homeostasis 
In the study population, the median values for fasting 
glucose, fasting insulin, HOMA-IR, and HbA1c levels 
were 92.88 mg/dL, 6.27 µIU/mL, 1.47, and 5.39%, respec-
tively (Supplementary Table 1). As shown in Table 2, 
fasting insulin levels were significantly decreased with 
increasing FT4 quartiles. HbA1c levels were also signifi-
cantly lowered with increasing FT4 quartiles. Subjects 
with HbA1c levels less than the median value became 
more prevalent as the FT4 quartile increased (Table 2). 
In addition, it was observed that the risks of exceed-
ing the median value of HbA1c (5.39%) significantly 
decreased as the FT4 quartile increased (Table 3). In a 
regression analysis, only the HbA1c levels exhibited a 
significant inverse correlation with FT4 (β = –0.261, p 
= 0.025) (Supplementary Table 2). The OR (95% CI) for 
HbA1c levels above the median value were 0.75 (0.50 to 
1.12) in Q2, 0.69 (0.46 to 1.03) in Q3, and 0.61 (0.40 to 0.95) 
in Q4 (p for the trend < 0.001). However, in the analysis 
of fasting glucose, fasting insulin, and HOMA-IR levels, 
no significant risk increases according to FT4 quartile 
were observed.

DISCUSSION

In this population-based study, we observed a signifi-
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cant negative correlation between FT4 and HbA1c lev-
els. However, no significant associations of FT4 with 
other glucose homeostasis parameters, such as fasting 
glucose, insulin, and HOMA-IR levels, were observed. 
As the study aimed to evaluate the association of thy-
roid hormone and glucose metabolism, subjects with 
diabetes, who may have multiple factors influencing 
glucose homeostasis, were excluded. Additionally, sub-
jects with overt thyroid dysfunctions, which could lead 
to pathologic alterations in metabolism were excluded. 
Thus, relatively healthy subjects were included in the 
study. Our results may demonstrate the summation of 

the complex effects of thyroid hormone on glucose ho-
meostasis, which were revealed at the molecular level in 
healthy subjects. 

Thyroid hormones are important determinants of glu-
cose and lipid metabolism [13,23]. Thyroid hormones act 
on glucose homeostasis in various peripheral organs par-
ticularly the pancreas, muscle, adipose tissue, and liver 
[24], and thyroid hormones also exert central effects [25]. 
In particular, the roles of thyroid hormones in peripher-
al tissues have been extensively studied at the molecular 
level. For example, thyroid hormones regulate several 
key molecules in gluconeogenesis, such as phosphoe-

Table 1. Baseline characteristics of study subjects 

Characteristic
FT4 quartilesa

p value
p for 
trendQ 1 (n = 351) Q 2 (n = 411) Q 3 (n = 377) Q 4 (n = 404)

Age, yr 49.43 ± 0.67 45.36 ± 0.80 43.79 ± 0.84 39.98 ± 0.84 < 0.001 < 0.001

Female sex 220 (61.4) 224 (53.0) 204 (54.0) 119 (28.9) < 0.001

BMI, kg/m2 24.24 ± 0.22 24.23 ± 0.20 23.68 ± 0.21 23.67 ± 0.21 0.117 0.027

FT4, ng/mL 1.04 ± 0.003 1.18 ± 0.001 1.29 ± 0.001 1.46 ± 0.006 < 0.001 < 0.001

TSH, µIU/mL 2.98 ± 0.11 2.57 ± 0.08 2.43 ± 0.08 2.36 ± 0.08 < 0.001 < 0.001

Fasting glucose, mg/dL 96.84 ± 0.91 96.11 ± 0.78 94.39 ± 0.83 96.78 ± 1.13 0.205 0.716

Fasting insulin, uIU/mL 8.09 ± 0.41 8.54 ± 0.47 8.02 ± 0.45 7.30 ± 0.24 0.049 0.048

HOMA-IR, mmol/L 1.98 ± 0.10 2.09 ± 0.12 1.92 ± 0.12 1.80 ± 0.08 0.157 0.068

HbA1c, % 5.59 ± 0.03 5.50 ± 0.02 5.48 ± 0.03 5.46 ± 0.04 0.021 0.004

Smoking 0.138

No 295 (82.6) 324 (79.7) 299 (79.3) 299 (74.7)

Yes 56 (17.4) 87 (20.3) 78 (20.7) 105 (25.3)

Physical activity 0.094

No 174 (47.4) 216 (53.8) 176 (44.4) 176 (44.2)

Yes 177 (52.6) 195 (46.2) 201 (55.6) 228 (55.8)

Anti-TPO Ab 45.83 ± 14.53 34.97 ± 9.74 20.38 ± 3.22 20.45 ± 5.95 0.215 0.067

< 34 IU/mL 313 (88.9) 383 (94.0) 348 (93.0) 385 (95.9) 0.003

≥ 34 IU/mL 38 (11.1) 28 (6.0) 29 (7.0) 19 (4.1)

UICRa < 0.001

Q 1 72 (19.1) 89 (20.6) 98 (23.7) 143 (35.7)

Q 2 73 (18.5) 99 (23.7) 106 (29.4) 113 (27.9)

Q 3 100 (31.5) 104 (26.3) 90 (24.0) 80 (18.9)

Q 4 106 (30.9) 119 (29.5) 83 (22.8) 68 (17.5)

Values are presented as mean ± SD or number (%). Statistics were carried out using Rao-Scott chi-square test and t test.
FT4, free thyroxine; BMI, body mass index; TSH, thyrotropin; HOMA-IR, homeostasis model assessment of insulin resis-
tance; HbA1c, hemoglobin A1c; TPO Ab, anti-thyroid peroxidase antibody; UICR, urine iodine creatinine ratio (iodine intake 
status was evaluated by urine iodine creatinine ratio). 
aQ1: ≤ 1.125 ng/mL; Q2: > Q1 and ≤ 1.232 ng/mL; Q3: > Q2 and ≤ 1.344 ng/mL; Q4: > Q3.
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nolpyruvate carboxykinase [26] and glucose-6-phospha-
tase [27]. Alanine transport and its conversion to glucose 
in the liver were observed to be increased by thyroid hor-
mones [28]. These hormones also contribute to hepatic 
insulin resistance, mainly via carbohydrate-response el-
ement-binding protein (ChREBP) [29]. Conversely, it also 
exerts effects on glucose consumption. T3 was observed 
to increase the glycolytic capacity via the regulation of 
the expression levels of several proteins, such as glucose 
transporter type 4 (GLUT-4) [30] and nicotinamide ade-
nine dinucleotide phosphate (NADP)-dependent malic 
enzyme [31] in skeletal muscles. As physiological levels 
of thyroid hormone have been observed to exert pro-
tective effects on pancreas islets [32], thyroid hormones 
may favourable roles, in terms of lowering glucose lev-
els. Alterations in glucose homeostasis in hyper- and 
hypothyroidism have been well summarized in a previ-
ous review article [16]. As suggested in many molecular 
studies, it has been definitively proven that thyroid hor-
mones are associated with glucose homeostasis. How-
ever, as thyroid hormones serve important roles in both 
glucose production and consumption, it is difficult to 
expect whether high or low normal ranges of thyroid 
hormones are associated, or not associated, with favour-

able glucose homeostasis.
Overt thyroid dysfunction is associated with athero-

sclerotic cardiovascular disease, and it has been exten-
sively reviewed [33-35]. In hyperthyroidism, impaired 
glucose tolerance may be the result of hepatic insulin 
resistance, whereas hypothyroidism may be the result 
of insulin resistance of peripheral tissues [9]. Hyperthy-
roidism is one of several reversible causes of hypergly-
caemia and is recognized to be associated with increased 
gluconeogenesis, increased rates of glucose absorption, 
and a decreased insulin half-life [35-37]. Maratou et al. 
[38] suggested that patients with overt hypothyroidism 
present with decreased levels of insulin-stimulated glu-
cose transport in monocytes due to the disrupted trans-
location of the glucose transporter 4, which is responsi-
ble for glucose utilization. The development of insulin 
resistance in hypothyroidism is also associated with a 
decreased rate of blood flow in peripheral tissues, as 
Dimitriadis et al. [39] has previously described. 

Subclinical thyroid dysfunction is associated with 
changes in glucose homeostasis [9]. HOMA-IR lev-
els were significantly higher and a positive correlation 
between TSH and HOMA-IR levels was observed in a 
subject with subclinical hypothyroidism [40]. Al Sayed 

Table 2. The relevance of FT4 quartiles to parameters related to glucose homeostasis

Variable 
FT4 quartilesa

p value
p for 
trendQ 1 (n = 351) Q 2 (n = 411) Q 3 (n = 377) Q 4 (n = 404)

Fasting glucose, mg/dL 96.84 ± 0.91 96.11 ± 0.78 94.39 ± 0.83 96.78 ± 1.13 0.205 0.716

< Medianb 153 (42.9) 192 (45.1) 190 (50.5) 200 (46.9) 0.354

≥ Median 198 (57.1) 219 (54.9) 187 (49.5) 204 (53.1)

Fasting insulin, uIU/mL 8.09 ± 0.41 8.54 ± 0.47 8.02 ± 0.45 7.30 ± 0.24 0.049 0.048

< Medianb 169 (49.1) 192 (47.1) 189 (49.8) 206 (50.3) 0.864

≥ Median 182 (50.9) 219 (52.9) 188 (50.2) 198 (49.7)

HOMA-IR, % 1.98 ± 0.10 2.09 ± 0.12 1.92 ± 0.12 1.80 ± 0.08 0.157 0.068

< Medianb 167 (49.3) 198 (48.0) 192 (50.8) 214 (51.8) 0.790

≥ Median 184 (50.7) 213 (52.0) 185 (49.2) 190 (48.2)

HbA1c, % 5.59 ± 0.03 5.50 ± 0.02 5.48 ± 0.03 5.46 ± 0.04 0.021 0.004

< Medianb 110 (29.0) 163 (38.0) 161 (42.5) 194 (48.3) < 0.001

≥ Median 241 (71.0) 248 (62.0) 216 (57.5) 210 (51.7)

Values are presented as mean ± SD or number (%). Statistics were carried out using Rao-Scott chi-square test and t test. 
FT4, free thyroxine; HOMA-IR, homeostasis model assessment of insulin resistance; HbA1c, hemoglobin A1c.
aQ1: ≤ 1.125 ng/mL; Q2: > Q1 and ≤ 1.232 ng/mL; Q3: > Q2 and ≤ 1.344 ng/mL; Q4: > Q3. 
b Median values for fasting glucose, fasting insulin, HOMA-IR, and HbA1c were 92.88 mg/dL, 6.27 uIU/mL, 1.47, and 5.39%,  
respectively.  
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et al. [41] reported that increased insulin resistance was 
evident in subclinical hypothyroidism, but HOMA-IR 
levels were not significantly different from those of eu-
thyroid subjects. Maratou et al. [42] suggested that this 
effect was attributed to the impaired translocation of 
GLUT-4 transporters in adipose tissue and muscle. In-
sulin resistance and impaired glucose tolerance are also 
observed in case of subclinical hyperthyroidism [38,43]. 
The sensitivity of glucose metabolism to insulin in a pa-
tient with subclinical hyperthyroidism was demonstrat-
ed to be lower than the sensitivity of glucose metabolism 
in a euthyroid subject [38]. Rezzonico et al. [43] reported 
that both exogenous and endogenous subclinical hyper-
thyroidism can lead to increased insulin resistance. The 
mechanism involved in this underlying pathophysiolo-
gy is not yet known.

Whether subtle changes in FT4 levels within the eu-
thyroid range alter glucose homeostasis has not yet been 
fully elucidated. Previously, Roos et al. [14] have demon-
strated that fasting glucose and insulin levels were sig-
nificantly related to lower FT4 levels in the analysis of 
2,703 euthyroid subjects. In contrast to our study, Roos 
et al. [14] reported that HOMA-IR levels were correlat-
ed with low FT4 levels. This contrasting result may be 
explained by the fact that age was not adjusted for in 
their analysis. Serum FT4 levels generally tend to de-
crease with age [44]; therefore, the correction for age is 
important. In the Iranian study by Mehran et al. [45], FT4 
levels in the euthyroid range were negatively correlated 
with HOMA-IR levels even after adjusting for age; how-
ever, the baseline BMI values of subjects were higher 
than those in our study. It was assumed that insulin re-
sistance was slightly higher in the baseline subjects. In 
the Turkish study by Tarcin et al. [46], HOMA-IR levels 
were not correlated with FT4 levels, which was consis-
tent with our results. The results cannot be generalized 
because there may be differences between the studies, 
depending on ethnicities and areas of residency. In the 
Chinese study by Lin et al. [47], BMI values and triglycer-
ide levels were negatively correlated with FT4 levels in 
euthyroid subjects; however, no analyses of HOMA-IR 
and HbA1c levels were made. Kim et al. [48] analysed 
44,196 Korean population individuals and reported that 
fasting glucose levels were positively correlated with 
FT4 levels. This is different from our results, which is 
possibly due to the different exclusion criteria that were 

used between the two studies. In the present study, we 
excluded subjects with known case of diabetes mellitus 
(n = 102). Moreover, there was no analysis related to in-
sulin resistance in the study by Kim et al. [48].

HbA1c levels have been widely used as an indicator of 
insulin resistance and for monitoring the degree of glu-
cose control. They are also used as a surrogate marker of 
metabolic syndrome [49,50]. As with other indicators re-
flecting metabolic status, changes in HbA1c levels have 
also been reported to be associated with overt thyroid 
dysfunction. Overt hypothyroidism was associated with 
higher HbA1c levels in non-diabetic patients, but only 
45 subjects were analysed [18]. Christy et al. [51] found 
that HbA1c levels to be higher in patients with hypothy-
roidism, but this study included patients with anaemia. 
Other population-based studies have demonstrated the 
association between dysglycaemia and FT4 levels, but 
not with HbA1c levels [44,52]. Our study is the first com-
munity-based study that investigated the association of 
HbA1c levels with FT4 levels in euthyroid healthy sub-
jects. As HbA1c levels reflect the current glucose metab-
olism status regardless of different underlying mech-
anisms of disruptions in glucose homeostasis, it is a 
good clinical surrogate marker to initiate interventions 
for glucose control. Previous studies have demonstrated 
that low FT4 levels are associated with several metabol-
ic components in the euthyroid state. In addition, our 
study confirms that low FT4 levels are associated with 
higher HbA1c levels. In this regard, it is thought that a 
preliminary prediction of glucose metabolism is possi-
ble by confirming HbA1c levels when lower FT4 levels 
and metabolic syndrome are accompanied in euthyroid 
subjects.

A limitation of this study was its cross-sectional de-
sign, which indicates that causality cannot be proven. 
The use of medications, the detailed histories of treat-
ments, and the presence of medical illnesses, including 
thyroid disease or other illnesses were self-reported. 
However, the KNHANES is a confidence study, and this 
study is credible because specially trained investigators 
participated in the interviews. Another limitation was re-
lated to the interpretation of HbA1c levels. HbA1c levels 
may be measured at either falsely high or falsely low de-
gree when the erythrocyte life span is changing. HbA1c 
levels would be more accurately interpreted if the eryth-
rocyte span was reflected. However, when considering 
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the domestic overall prevalence of haematologic malig-
nancies [53], the effect of erythrocyte condition is not ex-
pected to be significant in this healthy study population.  
In conclusion, we demonstrated subjects with a lower 
FT4 quartile exhibited high risk of HbA1c levels above 
the median value in a representative Korean population. 
In contrast, each parameter that is known to be involved 
in glucose homeostasis, such as fasting glucose, insulin, 
or HOMA-IR levels was not significantly related to FT4 
quartile. Together with previous findings, lower FT4 lev-
els in the euthyroid range may be associated with altered 
or adverse glucose homeostasis. These findings are also 
related to increased cardiovascular risk in overt hypo-
thyroidism or subclinical hypothyroidism. Future large 
cohort studies are needed, with sufficient follow-up 
periods, to determine the effects of thyroid hormones 
on the development of unfavourable clinical outcomes, 
such as cardiovascular or metabolic diseases. 
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Supplementary Table 1. The quartile value of each variables 

Variable Q1 Q2 (median) Q3

TSH, uIU/mL 1.501 2.251 3.248

FT4, ng/dL 1.125 1.232 1.344

Urine iodine creatinine ratio 99.121 170.586 399.300

Fasting glucose, mg/dL 92.883

Fasting insulin, uIU/mL 6.267

HOMA-IR 1.466

HbA1c, % 5.385

TSH, thyrotropin; FT4, free thyroxine; HOMA-IR, homeostasis model assessment of insulin resistance; HbA1c, hemoglobin 
A1c.
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Supplementary Table 2. The result of standardized beta 
coefficient for each variable related to free thyroxine 

Variable β Coefficient p value

Fasting glucose 0.329 0.921

Fasting insulin –1.627 0.076

HOMA-IR –0.400 0.098

HbA1c –0.261 0.025

Age –21.269 < 0.001

Urine iodine –407.778 0.349

HOMA-IR, homeostasis model assessment of insulin resis-
tance; HbA1c, hemoglobin A1c.
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