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Background: The detrimental effects of excessive thyroid hormone on glucose metabolism have been widely investigated. Howev-
er, the risk of diabetes in patients with long-standing hyperthyroidism, especially according to treatment modality, remains uncertain,
with few longitudinal studies.

Methods: The risk of diabetes in patients with Graves’ disease treated with antithyroid drugs (ATDs) for longer than the conventional
duration (=2 years) was compared with that in age-and sex-matched controls. The risk was further compared according to subsequent
treatment modalities after a 24-month course of ATD: continuation of ATD (ATD group) vs. radioactive iodine ablation (RIA) group.
Results: A total of 4,593 patients were included. Diabetes was diagnosed in 751 (16.3%) patients over a follow-up of 7.3 years. The
hazard ratio (HR) for diabetes, after adjusting for various known risk factors, was 1.18 (95% confidence interval [CI], 1.10 to 1.28)
in patients with hyperthyroidism. Among the treatment modality groups, the RIA group (n=102) had a higher risk of diabetes than
the ATD group (n=4,491) with HR of 1.56 (95% ClI, 1.01 to 2.42). Further, the risk of diabetes increased with an increase in the ATD
treatment duration (P for trend=0.019).

Conclusion: The risk of diabetes was significantly higher in patients with long-standing Graves’ disease than in the general popula-
tion, especially in patients who underwent RIA and prolonged ATD treatment. Special attention to hyperglycemia during follow-up
along with effective control of hyperthyroidism may be necessary to reduce the risk of diabetes in these patients.
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INTRODUCTION

Hyperthyroidism is a pathological condition characterized by
excessive synthesis and secretion of thyroid hormones [1]. The
most common cause of hyperthyroidism is Graves’ disease,
which is an autoimmune disease caused by autoantibodies tar-

geting thyrotropin receptors [2]. Antithyroid drugs (ATDs) are
currently used as the primary treatment for most patients with
Graves’ disease [3.,4]. Despite following the recommended 12
to 18 months of treatment, the remission rate with ATD use re-
mains as low as 30% to 40%, and the recurrence rate is as high
as 54% [5]. A considerable number of patients with Graves’ dis-
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ease require ATD therapy beyond the recommended treatment
period [6,7] and are thus subjected to an elevated risk of various
metabolic disturbances caused by excessive thyroid hormone
production.

The effects of thyroid hormones on glucose metabolism are
well recognized [8]. Thyroid dysfunction and diabetes mellitus
(DM) can often coexist in patients, with the prevalence of thy-
roid dysfunction in diabetic patients ranging from 10.8% to
13.4% [9-11]. The association between these two conditions lies
in the complex interplay of biochemical, genetic, and hormonal
malfunctions [12-14], wherein thyroid hormones have a direct
and indirect role in regulating insulin secretion, hepatic glucose
output, and glucose disposal in peripheral tissues [8,15]. Previ-
ous studies have examined the association between thyroid dys-
function and DM; however, most were cross-sectional studies
and lacked temporal relationships [9,16-21]. Moreover, these
studies, albeit controversial, primarily focused on the risk of
thyroid disease in patients with diabetes.

In contrast, the development of new-onset DM in patients with
thyroid dysfunction lacks sufficient data, especially in relation to
hyperthyroidism and its treatment modalities. Considering the
detrimental effect of elevated thyroid hormones on glucose ho-
meostasis and the protracted exposure to this condition in pa-
tients undergoing long-term ATD therapy for Graves’ disease,
our study aimed to assess the risk of DM in patients recently di-
agnosed with Graves’ disease who received ATDs for longer
than the conventional duration (=2 years). We also aimed to
evaluate and compare the risk of DM on the basis of different
treatment modalities after the conventional course of ATDs: con-
tinuing ATD or performing radioactive iodine ablation (RIA).

METHODS

Data source

This retrospective cohort study used data from the Korean Na-
tional Health Insurance Service (NHIS) database run by the Ko-
rean government [22]. Covering up to 98% of the entire national
population, the NHIS contains information on anonymized per-
sonal data, health examination details, demographics, diagnoses
based on International Classification of Diseases Tenth Revision
(ICD-10) codes, inpatient and outpatient claims data, and medi-
cal treatments. In addition, all participants enrolled in the NHIS
are recommended to undergo general health examinations at
least biannually. The results of general health examinations and
questionnaires on lifestyle and behavior from this screening are
registered in the National Health Screening Database. The study
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protocol was approved by the Institutional Review Board of
Korea University (IRB file number 2020GR0206). A waiver for
the requirement of informed consent was granted by the IRB as
the data provided by the Korean NHIS to the researchers was
de-identified and only used anonymous identification numbers.

Study design and population

Subjects diagnosed with hyperthyroidism (ICD-10 codes:
E05.0, E05.8, and E05.9) between 2005 and 2012, who began
ATD treatment within 90 days of diagnosis were initially
screened (Fig. 1). To select patients with newly diagnosed hy-
perthyroidism, a 3-year washout period from 2002 to 2004 was
applied. As a 12 to 18-month period is regarded as the upper
limit for ATD treatment duration for managing Graves’ disease,
and administration of ATD over 18 to 24 months may not be
beneficial according to the current guidelines [5,6,23], patients
treated with ATD for =24 months after the diagnosis of hyper-
thyroidism were defined as having long-standing Graves’ dis-
ease. Among the patients with long-standing Graves’ disease,
those who underwent at least one National Health Screening
Examination between 2010 and 2012 (index year) and were on
active treatment for Graves’ disease (ATD or RIA) during this
period were ultimately selected for our study. Subjects aged
<18 years, who had already been diagnosed with DM (ICD-10
codes: E10-E14), had a history of thyroid cancer (ICD-10 code:
C73), or died before the index year, were excluded. Controls
were selected from among subjects without hyperthyroidism,
DM, or thyroid cancer and who had undergone at least one Na-
tional Health Screening Examination between 2010 and 2012.
These were 1:10 matched to the case subjects per age and sex.

Subgrouping

Patients were classified into two groups according to subse-
quent treatment modalities following the initial 24-month ATD
course: patients who continued ATD for at least 12 more months
without RIA treatment (ATD group) and those who underwent
RIA at any point after the initial ATD course (RIA group). Fur-
thermore, to assess the risk of DM on the basis of ATD treat-
ment duration, patients were categorized as follows: ATD treat-
ment for 2 to 3 years, 3 to 4 years, and =4 years. The duration
of ATD treatment was calculated as the sum of the total admin-
istration period of ATD from the initial prescription of ATD to
the discontinuation of ATD for patients in the ATD group, re-
gardless of the ATD type (propylthiouracil, methimazole, or
carbimazole). For patients in the RIA group, the duration of
ATD treatment was calculated as the sum of the total adminis-
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Patients aged =18 years and newly diagnosed with
hyperthyroidism between 2005-2012 without history of hyperthyroidism
(2002-2004), DM (2002-2012), thyroid cancer (2002—2012)
(n=96,449)

Underwent at least one health exam between 2010—2012
(n=69,657)

Received ATD for =24 months
(n=13,036)

Long-standing Graves’ disease group
Subsequently continued ATD for =12 months or received RIA

1:10 matching

Control group
Age and sex matched controls who underwent at least one health

and were on active treatment between 2010—2012
(n=4,593)

DM (n=751)

exam between 2010—2012 with identical exclusion criteria applied
(n=45,930)

DM (n=6,424)

Fig. 1. Flowchart of the study. DM, diabetes mellitus; ATD, antithyroid drug; RIA, radioactive iodine ablation.

tration period of ATD from the initiation of ATD therapy to the
date of ablation.

Primary outcome and follow-up

The primary outcome was new-onset DM, which was deter-
mined by recording the ICD-10 code for DM (codes E10-E14)
or determining the fasting blood glucose (FBG) to be =126 mg/
dL. Follow-up was continued until development of the outcome,
death, or December 2019, whichever was earlier.

Covariates

Data on baseline characteristics including body mass index
(BMI), blood pressure (BP), cholesterol levels, FBG, smoking
status (never, past, or current), alcohol consumption, and exer-
cise status were obtained for both case subjects and controls
from the National Health Screening Examination performed be-
tween 2010 and 2012. Heavy alcohol consumption was defined
as an average daily alcohol intake of =30 g, and regular exer-
cise was defined as moderate to strenuous physical activity =3
times/week. The latest data were used if subjects had undergone
health screening examinations more than once during this peri-
od. Comorbidities were defined as the presence of recording a
minimum of two ICD-10 codes for each diagnosis within 2
years before the latest health screening examination: codes 110—
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13 or I15 for hypertension and E78 for dyslipidemia.

Statistical analysis

Data were analyzed using the SAS software version 9.4 (SAS
Institute Inc., Cary, NC, USA). Continuous variables are pre-
sented as medians with interquartile ranges or means with stan-
dard deviations, analyzed using the Mann—Whitney U test or
Student’s  test, respectively. Categorical variables are presented
as counts with percentages and were compared using Pearson’s
chi-square test. The Kaplan—Meier method was used to con-
struct the curves for cumulative incidence of DM, and the log-
rank test was used to compare the incidence between the groups.
The hazard ratio (HR) and 95% confidence interval (CI) for DM
were calculated using the Cox proportional hazard model by ad-
justing for various confounding factors using the following
steps: Model 1 adjusted for age and sex; Model 2 adjusted for
age, sex, BMI, smoking status, alcohol consumption, regular
exercise, comorbidities (hypertension and dyslipidemia); and
Model 3 additionally adjusted for systolic BP, low-density lipo-
protein, and FBG. In addition, subgroup analyses were per-
formed to evaluate the potential effect modification by age, sex,
BMI, smoking status, alcohol consumption, and presence of co-
morbidities (hypertension and dyslipidemia), and P values for
interactions were calculated.
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Fig. 2. Kaplan—-Meier curves for cumulative incidence of new-onset diabetes (A) in total long-standing Graves’ patients and (B) among the
treatment modality groups compared to the controls. ATD, antithyroid drug; RIA, radioactive iodine ablation.

RESULTS

Baseline characteristics

A total of 4,593 patients with long-standing Graves’ disease and
45,930 controls were included in the study (Fig. 1). The base-
line characteristics are summarized in Table 1. The median age
was 48 years, and women accounted for 65% of the patients in
each group. FBG was lower at baseline in subjects in the hyper-
thyroidism group than those in the control group (92.9 mg/dL
vs. 93.4 mg/dL, P=0.004). The mean duration of ATD treat-
ment was 3.8+£0.8 years.

Among the 4,593 patients with long-standing Graves’ disease,
4,491 (97.8%) were in the ATD group and 102 (2.2%) were in
the RIA group (Supplemental Table S1). The patients in the
ATD group were older than those in the RIA group (median 48
years vs. 40.1 years, P<0.001) and had a higher proportion of
female patients (65.3% vs. 50.0%, P=0.001). Metabolic param-
eters were similar between the two groups except for BMI,
which was significantly higher in the RIA group than in the
ATD group (24 kg/m? vs. 23.3 kg/m?, P=0.025). The mean du-
ration of ATD treatment was 3.7£0.8 years in ATD group and
4.7+2.2 years in RIA group (P<0.001).

Risk of new-onset diabetes

During the mean follow-up duration of 7.3 years, DM was diag-
nosed in 751 (16.3%) patients with long-standing Graves’ dis-
ease and 6,424 (14.0%) subjects in the control group. Fig. 2A
shows the cumulative incidence of DM, with a significant dif-
ference observed between the two groups (log-rank £<0.001).
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With the control group as reference, the HR for DM was 1.18
(95% CI, 1.1 to 1.28; P<0.001) in patients with hyperthyroid-
ism after complete adjustment by Model 3 (Table 2).

Further analyses were performed for groups based on the
treatment modalities. As shown in Fig. 2B, the cumulative inci-
dence of DM differed significantly among the three groups (log-
rank P<0.001). The HR for DM was 1.17 (95% CI, 1.08 to
1.27; P<0.001) in the ATD group and 1.88 (95% CI, 1.22 to
2.88; P=0.004) in the RIA group after complete adjustment
(Table 3). Notably, with the ATD group as a reference, the RIA
group had an increased risk of DM with HR 1.56 (95% CI, 1.01
to 2.42; P=0.045). When stratified according to the duration of
ATD treatment (2—3, 3—4, and =4 years), the risk of diabetes in-
creased with the increase in duration of the ATD treatment (P
for trend=0.019).

Subgroup analyses

Subgroup analyses were performed based on the subgroups strat-
ified by age (<55 years vs. =55 years), sex, BMI (<25 kg/m? vs.
=25 kg/m?), smoking status, heavy alcohol consumption, pres-
ence of hypertension, and presence of dyslipidemia and are
plotted in Fig. 3. In comparison to the control group, the in-
creased risk of DM in the hyperthyroidism group was more
prominent in individuals with BMI <25 kg/m? (P for interac-
tion=0.009) and those without underlying dyslipidemia (P for
interaction=0.004). No effect modification was observed ac-
cording to age, sex, smoking status, alcohol consumption, and
presence of hypertension.
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Table 1. Baseline Characteristics
Characteristic (I’]S(:‘l;t;o:"lo) L0ng-stan;i]inzgzl(’}srs;;:s’ patients Pvalue
Age, yr 48 (40-56) 48 (40-56) 0.056
Sex 1.000
Male 16,070 (35.0) 1,607 (35.0)
Female 29,860 (65.0) 2,986 (65.0)
Smoking <0.001
Never smoker 33,312 (72.5) 3,114 (67.8)
Ex-smoker 4,430 (9.6) 590 (12.8)
Current smoker 8,188 (17.8) 889 (19.4)
Heavy alcohol consumption 2,524 (5.5) 128 (2.8) <0.001
Regular exercise 10,695 (23.3) 1,080 (23.5) 0.727
Body mass index, kg/m? 234432 23343.1 0.098
Systolic BP, mm Hg 120.0£15.0 121.1+14.6 <0.001
Diastolic BP, mm Hg 75.0+£10.1 75.01£9.5 0.883
Total cholesterol, mg/dL 196.4+36.6 190.64+35.8 <0.001
HDL-C, mg/dL 57.1+£18.9 57.5+£13.6 0.129
LDL-C, mg/dL 116.0£39.0 11144355 <0.001
Fasting glucose, mg/dL 93.4+14.1 929+12.4 0.004
Comorbidities
Hypertension 2,526 (5.5) 257 (5.6) 0.786
Dyslipidemia 4,907 (10.7) 647 (14.1) <0.001
Duration of antithyroid drug treatment, yr - 3.8+0.8 -
RIA® 102 (2.2) -
Antithyroid drugs® -
Methimazole - 3,240 (70.5)
Carbimazole - 544 (11.8)
PTU - 3,280 (71.4)
Values are expressed as median (interquartile range), number (%), or mean = standard deviation.
BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RIA, radioactive iodine ablation; PTU,
propylthiouracil.
“Subsequent RIA after the initial 24-month course of antithyroid drug treatment; "The frequency of drug use was calculated in duplicate when more than
one type of drug was used for one patient.

DISCUSSION

This nationwide cohort study evaluated the risk of DM in pa-
tients with long-standing Graves’ disease following an initial
24-month course of ATD therapy. Findings from this study
showed that patients had 1.18 times higher risk of developing
DM than age- and sex-matched controls did, independent of
known risk factors for DM. Notably, a difference in the risk of
DM was observed according to subsequent treatment modali-
ties. While patients continuing ATD treatment had 1.17 times

Copyright © 2021 Korean Endocrine Society

DM risk, those who underwent RIA had 1.88 times higher risk
of DM than controls did. Furthermore, the risk of diabetes in-
creased with the increase in the ATD treatment duration. To the
best of our knowledge, this longitudinal study is the first to as-
sess the incidence of diabetes in a unique dataset of patients
with Graves’ disease treated with ATDs for 24 months. Given
that patients with long-standing Graves’ disease were clearly
more prone to diabetes than the general population, special at-
tention needs to be given during follow-up to check for the de-
velopment of DM in these patients, particularly those exposed
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N £M

HR (95% CI) P-value
Age < 55 years —o—or1 1.21 (1.10-1.34) 0.555
Age >55 years —o— 1.15 (1.02-1.29)
Male —o— 1.16 (1.02-1.31) 0.934
Female —— 1.19 (1.08-1.32)
BMI < 25 kg/m? —oc—1 1.28 (1.16-1.41) 0.009
BMI > 25 kg/m? H—e— 1.07 (0.95-1.22)
Non-smoker —o— 1.16 (1.06-1.28) 0.566
Smoker p————i 1.25 (1.10-1.42)
Non-drinker —o—1 1.21 (1.12-1.30) 0.660
Drinker L - i 1.16 (0.79-1.71)
HTN (no) —e—i1 1.19 (1.10-1.29) 0.516
HTN (yes) —t— 1.04 (0.82-1.32)
Dyslipidemia (no) —e— 1.25 (1.15-1.36) 0.004
Dyslipidemia (yes) ——t— 0.93 (0.79-1.11)
L) L) 1
0.5 1.0 1.5 2.0

Fig. 3. Subgroup analysis comparing the hazard ratios (HRs) for developing diabetes between long-lasting graves’ patients and matched
control group. The HRs were determined by conducting a multivariate Cox proportional hazards regression analysis adjusting for age, sex,
body mass index, smoking status, alcohol consumption, regular exercise, hypertension (HTN), dyslipidemia, systolic blood pressure, low-
density lipoprotein, and fasting glucose. BMI, body mass index; CI, confidence interval.

Table 2. Hazard Ratios and 95% Confidence Intervals for Dia-
betes Incidence

Control group

Treatment group

(n=45,930) (n=4,593)
Unadjusted 1 (reference) 1.17 (1.09-1.27)
Model 1 1 (reference) 1.17 (1.09-1.26)
Model 2 1 (reference) 1.15(1.07-1.24)
Model 3 1 (reference) 1.18 (1.10-1.25)

Model 1: age, sex, body mass index (BMI); Model 2: age, sex, BMI,
smoking status, alcohol consumption, regular exercise, hypertension,
and dyslipidemia; Model 3: age, sex, BMI, smoking status, alcohol con-
sumption, regular exercise, hypertension, dyslipidemia, systolic blood
pressure, low-density lipoprotein, and fasting glucose.

to prolonged hyperthyroidism.

Recognition of the association between hyperthyroidism and
DM dates back to 1927, when Coller and Huggins [24] present-
ed a case series of 12 patients with coexisting hyperthyroidism
and DM. They observed that hyperglycemia worsened owing to
hyperthyroidism in these patients, and dramatic improvement in
glycemic control was achieved after thyroidectomy. Hereafter,
the deleterious effects of excessive thyroid hormone on glucose
metabolism have been widely investigated and are now consid-
ered evident [25-28]. However, the risk of developing new-on-
set DM in patients with hyperthyroidism in clinical practice re-
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Table 3. Hazard Ratios and 95% Confidence Intervals for Dia-
betes According to Treatment Modality

Control group ATD group RIA group
(n=45,930) (n=4,491) (n=102)
Unadjusted 1 (reference) 1.17(1.08-1.26)  1.56 (1.01-2.38)
Model 1 1 (reference) 1.16 (1.07-1.25)  1.83 (1.19-2.81)
Model 2 1 (reference)  1.15(1.05-1.23)  1.79(1.17-2.75)
Model 3 1 (reference) 1.17(1.08-1.27)  1.88(1.22-2.88)
Unadjusted - 1 (reference) 1.33 (0.86-2.05)
Model 1 - 1 (reference) 1.55(1.10-2.39)
Model 2 - 1 (reference) 1.54 (0.99-2.38)
Model 3 - 1 (reference) 1.56 (1.01-2.42)

Model 1: age, sex, body mass index (BMI); Model 2: age, sex, BMI,
smoking status, alcohol consumption, regular exercise, hypertension,
and dyslipidemia; Model 3: age, sex, BMI, smoking status, alcohol con-
sumption, regular exercise, hypertension, dyslipidemia, systolic blood
pressure, low-density lipoprotein, and fasting glucose.

ATD, antithyroid drug; RIA, radioactive iodine ablation.

mains elusive, and current guidelines for the management of
hyperthyroidism do not mention practices for monitoring serum
glucose levels or screening for diabetes in patients with hyper-
thyroidism [29-31]. Moreover, only a few longitudinal studies
have assessed the risk of DM in patients with thyroid dysfunc-
tion [32-35], with the majority reporting an association with hy-

Copyright © 2021 Korean Endocrine Society
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pothyroidism. Only one study was relevant to hyperthyroidism
and reported an HR of 1.46 (95% CI, 1.16 to 1.84) for DM di-
agnosis after hyperthyroidism onset [32]. However, this study
was a registry-based study that lacked information on baseline
metabolic parameters and type of treatment that the patients re-
ceived. In addition, the HR of the cited study was only adjusted
for the degree of comorbidity preceding the diagnosis of hyper-
thyroidism using the Charlson score. Lastly, the risk of DM was
not compared based on the treatment methods for hyperthyroid-
ism. Meanwhile, our study adjusted for various confounding
factors related to DM and observed that patients with long-
standing Graves’ disease pose a higher risk of DM with an HR
of 1.18. Given the high prevalence of diabetes in the general
population, the implication of this additional 18% absolute risk
could be very significant and may raise the necessity for glucose
testing of hyperthyroid patients. Interestingly, in our subgroup
analyses, the risk of diabetes was particularly prominent in pa-
tients with relatively low BMI and those without dyslipidemia.
Traditionally, high BMI and the presence of dyslipidemia are
regarded as major risk factors for DM [36-38]. Thus, our find-
ings that patients without these risk factors are at a higher risk
of diabetes imply that the detrimental effect of hyperthyroidism
may be more pronounced in patients in the absence of conven-
tional risk factors and should be monitored more carefully.
Notably, in the present study, patients who underwent RIA
had 1.6 times higher risk of DM than patients treated with ATD
alone. Though the exact reason for this observation is unclear, it
may partially be explained by the difference in disease severity
between the two groups; patients in the RIA group in our study
could have had a more severe degree of hyperthyroidism. In
Korea, the use of RIA is very limited, even in cases with recur-
rence of hyperthyroidism after ATD treatment [39], as observed
in our study cohort in which only 2.2% of patients with long-
standing Graves’ disease underwent RIA. Clinicians in Korea
tend to maintain ATD treatment for years [40,41]; therefore, pa-
tients in the RIA group in our study may represent those who
had highly uncontrolled or severe hyperthyroidism that could
not be managed with ATDs alone. In fact, the duration of ATD
treatment was longer for patients who underwent RIA than for
those who continued ATD treatment (4.7 years vs. 3.7 years).
Eventually, patients in the RIA group were at a significantly
higher risk of diabetes, and taken together, it may be inferred
that those with uncontrolled hyperthyroidism are at an increased
risk of diabetes. This is supported by the fact that the longer the
ATD treatment, the higher the risk of DM as observed in our
study. We can readily assume that patients who required to be

Copyright © 2021 Korean Endocrine Society

treated with ATD for a longer duration are those with persistent
and/or uncontrolled Graves’ disease. However, as thyroid func-
tion test (TFT) data were not available in our dataset, we could
not validate whether the difference in the risk of DM according
to treatment methods resulted from the difference in disease se-
verity. Meanwhile, RIA itself may have a negative effect on
glycemic control. For instance, a few studies have reported the
development of hyperglycemia after RIA for hyperthyroidism
[42,43]. The pancreas expresses the sodium—iodine symporter
(NIS) [44] and can take up radioactive iodine via NIS, which
may lead to damage in pancreatic beta-cells by producing reac-
tive oxygen species [45,46] or directly damaging the DNA
[46,47]. Though further studies are needed to clarify the reason
why the RIA group had a higher risk of DM than the ATD
group, our results suggest that the effective control of hyperthy-
roidism is paramount in reducing the risk of diabetes.

Several mechanisms have been identified regarding the ef-
fects of thyroid hormones on glucose metabolism. Excess thy-
roid hormones promote hyperglycemia mainly by increasing
hepatic glucose output [12]. Thyroid hormones elevate the con-
centrations of glucose transporter 2, the main glucose transport-
er in the liver, particularly in the hepatocyte plasma membrane,
which leads to increased hepatic glucose output [48,49]. Excess
thyroid hormone also enhances catecholamine-induced lipoly-
sis, and a subsequent increase in free fatty acids stimulates he-
patic gluconeogenesis [50]. Furthermore, a reduction in the half-
life of insulin due to enhanced degradation and an increased re-
lease of biologically inactive insulin precursors [51,52] also in-
duces hyperglycemia. Another mechanism for hyperthyroidism-
mediated hyperglycemia may be owing to the increase in gut
absorption of glucose [53,54]. These observations provide a ro-
bust basis for the results from our study that patients with long-
standing Graves’ disease are at a higher risk for DM than those
without hyperthyroidism. In the long-term, coexistence of hy-
perthyroidism and DM can mutually exacerbate the risk of car-
diovascular risk in each condition [55], which highlights the
need for the early detection of dysglycemic states in hyperthy-
roidism patients.

This study has some limitations. First, this study was designed
retrospectively; thus, selection bias and clinicians’ preference
for choosing treatment modality could not be completely elimi-
nated. Second, there is a lack of information on TFTs. This lim-
ited the evaluation of the severity of hyperthyroidism at diagno-
sis and the comparison between the groups. Third, the diagnosis
was based on ICD-10 codes, and an accurate diagnosis of
Graves’ disease was unavailable. However, Graves’ disease ac-
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counts for the majority (82.7%) of hyperthyroidism cases in
Korea, with toxic adenoma accounting for less than 1% [39];
thus, it can be inferred that patients using ATD for =24 months
would most likely be those with Graves’ disease. Despite these
limitations, the strength of this study lies in its longitudinal de-
sign using a large sample size cohort to assess the risk of diabe-
tes in patients initially treated with ATDs for 24 months, repre-
senting the real-world clinical setting where ATD is globally
used as primary treatment in more than half of Graves’ disease
cases [3,39].

In conclusion, patients with long-standing Graves’ disease
have a significantly higher risk of DM than the general popula-
tion, and the risk increases with increased treatment duration of
Graves’ disease. A systematic approach to glucose monitoring
in patients with Graves’ disease during follow-up, along with
effective control of hyperthyroidism, may be reasonable to re-
duce the risk of developing DM in these patients.
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