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Background: The associations between thyroid cancer and skeletal outcomes have not been thoroughly investigated. We aimed to
investigate the risk of osteoporotic fractures in patients with thyroid cancer compared to that in a matched control group.

Methods: This retrospective cohort study included 2,514 patients with thyroid cancer and 75,420 matched controls from the Korean
National Health Insurance Service-National Sample Cohort (NHIS-NSC, 2006-2019). The rates of osteoporotic fractures were ana-
lyzed, and associations with the levothyroxine dose were evaluated.

Results: Patients with thyroid cancer had a significantly lower risk of fracture than did the control group (hazard ratio [HR], 0.81;
95% confidence interval [CI], 0.69 to 0.94; P=0.006). Patients diagnosed with thyroid cancer after the age of 50 years (older cancer
group) had a significantly lower risk of fracture than did those in the control group (HR, 0.72; 95% CI, 0.6 to 0.85; P<0.001), espe-
cially those diagnosed with spinal fractures (HR, 0.66; 95% CI, 0.51 to 0.85; P=0.001). Patients in the older cancer group started os-
teoporosis treatment earlier than did those in the control group (65.5%7.5 years vs. 67.317.6 years, P<0.001). Additionally, a lower
dose of levothyroxine was associated with a reduced risk of fractures.

Conclusion: In the clinical setting, the risk of fracture in women diagnosed with thyroid cancer after the age of 50 years was lower
than that in the control group, which was caused by more proactive osteoporosis treatment in postmenopausal women with thyroid
cancer.

Keywords: Thyroid neoplasm; Osteoporosis; Fractures

Received: 13 July 2024, Revised: 22 October 2024, Accepted: 11 November 2024  Copyright © 2025 Korean Endocrine Society

This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original work is properly
cited.

Corresponding authors: Hwa Young Ahn

Department of Internal Medicine, Chung-Ang University College of Medicine,
102 Heukseok-ro, Dongjak-gu, Seoul 06973, Korea

Tel: +82-2-6299-3152, Fax: +82-2-6299-2017, E-mail: hyahnmd@cau.ac.kr

Eun Kyung Lee

Department of Internal Medicine, Center for Thyroid Cancer, National Cancer
Center, 323 Ilsan-ro, llsandong-gu, Goyang 10408, Korea

Tel: +82-31-920-1743, Fax: +82-31-920-2789, E-mail: waterfol@gmail.com

*These authors contributed equally to this work.

www.e-enm.org )95



EnM

INTRODUCTION

Until recently, the prevalence of thyroid cancer has been in-
creasing worldwide [1,2]. Although the survival rate depends on
factors such as the type and stage of cancer, the patient’s age
and overall health condition, and the type of treatment received,
the overall 5-year survival rate for thyroid cancer patients is
>95% [3]. The incidence of thyroid cancer is highest in young
and middle-aged adults, with most cases occurring between the
ages of 25 and 65 years [4]. Thyroid cancer is commonly diag-
nosed at a relatively young age, and its high survival rate has led
to an increasing number of survivors. Therefore, patients with
thyroid cancer could undergo longer follow-up and monitoring
and may be at greater risk of long-term complications, including
osteoporosis and cardiovascular disease, due to the need for
thyroid-stimulating hormone (TSH) suppression therapy [5,6].
Accordingly, long-term management for thyroid cancer survi-
vors is necessary not only to ensure the early detection of cancer
recurrence but also to monitor various diseases that could be in-
duced by cancer treatment [7,8].

Several meta-analyses have reported that TSH suppression in
patients with thyroid cancer causes a reduction in bone mineral
density (BMD) in postmenopausal women [7,9]. The results re-
vealed that postmenopausal women showed a decrease in BMD
at the lumbar spine and total hip, whereas premenopausal wom-
en with thyroid cancer exhibited an increase in BMD during
TSH suppression therapy [7]. These findings suggest that estro-
gen-related differences may affect changes in BMD, as support-
ed by other meta-analyses [10].

However, regarding the occurrence of osteoporotic fractures
in patients with thyroid cancer, a few large cohort studies have
found no significant difference in fracture rate when comparing
fractures in patients with thyroid cancer and control groups [11-
13]. Therefore, it is difficult to establish whether patients with
thyroid cancer are at high risk for developing osteoporotic frac-
tures.

The aim of this study was to investigate the risk of osteopo-
rotic fractures in patients with thyroid cancer compared to that
in a matched control group. We also sought to determine the as-
sociation between levothyroxine dose and osteoporotic fractures
in patients with thyroid cancer.

METHODS

Ethics approval
This study was conducted in accordance with the Helsinki Dec-
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laration and the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting standards. The
requirement for informed consent was waived because all Na-
tional Health Insurance Service (NHIS) data were anonymized
and deidentified before use (IRB No. DKUH 2021-10-029).

Data source

The NHIS-National Sample Cohort (NSC) was first established
in 2006 and was followed up until 2019. Retrospective data
from 1,137,861 individuals obtained from 2002 to 2005 were
combined with the original data. A total of 364,274 subjects
aged =40 years in 2006 who had undergone at least one health
examination were selected [14].

Thyroid cancer group

All patients with an incident diagnosis of thyroid cancer were
identified by the International Classification of Diseases, 10th
revision (ICD-10) codes for thyroid cancer (C73) at least twice
[15] between January 1, 2006, and December 31, 2019. The ex-
clusion criteria were as follows: (1) diagnosis of other malig-
nancies (C00—-C97, except C73) before the diagnosis of thyroid
cancer; (2) no thyroid surgery or thyroidectomy performed prior
to 2006; (3) missing baseline key information; (4) <40 years as
of 2006; (5) prescribed steroids for >90 days between 2002 and
2019; and (6) diagnosed with osteoporosis within 1 year of thy-
roid cancer diagnosis or 2 years before thyroidectomy (Fig. 1).
The date of the first thyroidectomy was considered the index
date for patients in the thyroid cancer group. Based on the age at
thyroid cancer diagnosis, the group diagnosed before age 50
years was defined as the younger cancer group, and the group
diagnosed after age 50 years was defined as the older cancer

group.

Control group

The control group was identified from the cohort based on the
following algorithm: first, individuals with any codes of malig-
nancies (C00—C97) between 2002 and 2019 were excluded;
second, we excluded individuals who had prescriptions for thy-
roid hormone or who had undergone thyroidectomy between
2002 and 2019; and third, we randomly assigned an index date
to each individual from the collection of index dates of patients
in the thyroid cancer group. Finally, we excluded individuals in
the control group if any of the following criteria were met at the
index date: (1) last follow-up on or before the index date; (2)
death on or before the index date; (3) missing baseline informa-
tion; (4) prescribed steroids for >90 days between 2002 and

Copyright © 2025 Korean Endocrine Society
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‘ 364,288 Subjects aged 40 or more in 2006 with health examination in NHIS ‘

\ 4
‘ 5,801 Diagnosed as having thyroid cancer

Excluded
908 Diagnosed as thyroid cancer between 2002-2005
414 Other cancer diagnosis prior to thyroid cancer
413 No thyroidectomy or thyroidectomy prior to 2006 <
696 Incomplete information
751 Steroid prescription more than 3 months
105 Osteoporosis diagnosis 1 year after thyroid

4

Propensity score

Excluded
45,409 Diagnosed as thyroid cancer between 2002-2005
14,631 Taking levothyroxine
> 298 Thyroidectomy
6,378 Index date after the endpoint
4,402 Osteoporosis diagnosis 2 years before the index date
43,243 Steroid prescription more than 3 months

\

‘ 2,514 Thyroid cancer patients ‘

‘ 75,420 Matched non-cancer subjects ‘

‘ 450 Lobectomy ‘

4

\

‘ 166 Osteoporosis fracture ‘

‘ 6,173 Osteoporosis fracture ‘

Fig. 1. Flowchart of the study population. NHIS, National Health Insurance Service.

2019; or (5) diagnosed with osteoporosis 2 years before the in-
dex date (Fig. 1).

Study outcomes

The primary outcome was the risk of osteoporotic fractures, in-
cluding those of the spine, hip, humerus, and wrist [16,17]. Os-
teoporotic fracture is defined as a fracture in these areas that oc-
curs without significant trauma. In cases where the subject had
multiple fractures, the earliest fracture was used for analysis.
The definition of osteoporosis treatment was based on the ICD-
10 codes for osteoporosis (M80-MS82) and the use of oral osteo-
porosis treatment for =6 months or at least one prescription of
injectable osteoporosis treatment. The osteoporosis medication
and diagnostic codes for fractures are summarized (Supplemen-
tal Table S1). Patients were followed from the index date until
the date of fracture, loss to follow-up, or December 31, 2019,
whichever came first.

Covariates

Demographic characteristics, including age at the index date,
sex, income (lower, 40%; middle, 30%; and upper, 30%), body
mass index (BMI), smoking status (none, ex-, or current smok-
er), alcohol consumption (none; mild to moderate as 1-5 times
a week and <7 drinks on any day per week; or heavy as >6
times a week or =7 drinks on any day per week), systolic blood
pressure (SBP), diastolic blood pressure (DBP), fasting plasma

Copyright © 2025 Korean Endocrine Society

glucose (FPG), and total cholesterol at the index date, were as-
sessed based on a health examination. The history of diabetes,
hypertension, hyperlipidemia, cerebrovascular disease, and
ischemic heart disease at the index date was assessed based on
claims using ICD-10 codes prior to the index date.

For patients with thyroid cancer, the levothyroxine doses
were assessed using electronic prescription records for levothy-
roxine sodium. The daily doses and prescription durations were
obtained for each prescription. If subsequent prescriptions were
issued before or at the end of a previous prescription, the previ-
ous prescription was replaced by the new prescription. To ac-
count for time-varying levothyroxine doses during follow-up,
the average daily levothyroxine dose (pg/kg/day) was defined
as the cumulative levothyroxine dose divided by the total num-
ber of days of levothyroxine use per year and body weight and
was assessed each year during the follow-up period. Calcium
and vitamin D supplements were calculated by dividing the cu-
mulative doses by the total number of days of prescription. This
evaluation was performed exclusively in the thyroid cancer
group because the claims data for calcium and vitamin D sup-
plements may have been less accurate in the control group.

Statistical analysis

The baseline demographics, clinical characteristics, and medical
history are presented as medians (interquartile ranges) for con-
tinuous data and frequencies (percentages) for categorical data.
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Propensity score matching with a matching ratio of 30:1 was
performed to balance the distribution of covariates between the
thyroid cancer and control groups. The propensity scores were
estimated using a logistic regression model that included the in-
dex date (formatted as ‘year-month’), age at the index date, sex,
income, BMI, smoking status, alcohol consumption, SBP, DBP,
FPG, total cholesterol, and history of diabetes, hypertension,
hyperlipidemia, cerebrovascular disease, and ischemic heart
disease at the index date. The covariate balance between the
thyroid cancer and control groups was assessed using standard

mean differences (SMDs), where an SMD of <10% indicates
good balance.

Crude incidence rates per 1,000 person-years were calculated
for the occurrence of osteoporotic fractures and treatment. The
risk of osteoporotic fracture by location was evaluated using
competing risk analysis, where death and spine, hip, humerus,
and wrist fractures were considered competing events. Kaplan—
Meier estimates were used to estimate the survival probability
for patients with osteoporotic fractures. Cumulative incidence
estimates for the occurrence of osteoporotic fractures by loca-

Table 1. Characteristics of Patients with Thyroid Cancer and Matched Controls

. . Total thyroid cancer
Baseline variable Y

1:30 Matched control Standardized difference after

(n=2,514) (n=75,420) matching, %
Age, yr 54 (50-60) 54 (50-61) 2.3
Sex 1.5
Women 2,065 (82.1) 62,394 (82.7)
Men 449 (17.9) 13,026 (17.3)
BMLI, kg/m? 24 (22.2-26.1) 23.9(22-26.1) 45
Body weight, kg 60 (54-67) 59 (54-66) 6.3
Income 4.2
Low 724 (28.8) 22,739 (30.1)
Middle 610 (24.3) 18,824 (25)
High 1,180 (46.9) 33,857 (44.9)
Smoking 0.8
None 2,173 (86.4) 65,352 (86.7)
Ex-smoker 180 (7.2) 5,246 (7)
Current 161 (6.4) 4,822 (6.4)
Alcohol consumption 0.7
None 1,856 (73.8) 55,589 (73.7)
Mild to moderate 487 (19.4) 14,783 (19.6)
Heavy 171 (6.8) 5,048 (6.7)
Clinical data
SBP, mm Hg 123 (112.25-132) 121 (111-132) 2.1
DBP, mm Hg 78 (70-82) 78 (70-82) 2.8
FPG, mg/dL 95 (87-105) 94 (87-104) 0.8
TC, mg/dL 199 (175-224) 199 (175-225) 0.1
Comorbidities
Diabetes 619 (24.6) 17,577 (23.3) 3.1
Hypertension 1,083 (43.1) 30,949 (41) 4.1
Hyperlipidemia 1,181 (47) 32,858 (43.6) 6.9
Cerebrovascular disease 249 (9.9) 7,490 (9.9) 0.1
Cardiovascular disease 299 (11.9) 8,914 (11.8) 0.2

Values are expressed as median (interquartile range) or number (%). Household income information was grouped into categories based on the following
percentages: lower, 40%; middle, 30%; and upper, 30%. The alcohol consumption categories were as follows: none, mild to moderate (15 times a week
and <7 drinks on any day per week), and heavy (>6 times a week or =7 drinks on any day per week).

BMLI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TC, total cholesterol.
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tion were obtained using Aalen—Johansen estimates.

Using propensity score-matched data, Cox proportional haz-
ard regression models were used to estimate the hazard ratio
(HR) and its robust standard error for each osteoporosis out-
come, considering the correlation between observations within
matching pairs. For the thyroid cancer group, subgroup analyses
were performed to evaluate the effect of levothyroxine dose, vi-
tamin D intake, and calcium intake on each osteoporosis out-
come using a multivariate Cox regression model with time-
varying exposures.

Dose-response analyses were conducted to examine the over-
all or non-linear relationship between levothyroxine dose and
osteoporotic fractures in levothyroxine users. To characterize
the relationship between the dose of levothyroxine and the inci-
dence of osteoporotic fractures, the levothyroxine dose was
treated as a continuous variable and analyzed using restricted
cubic spline analysis, with five knots located at the 5th, 25th,
50th, 75th, and 95th percentiles of the levothyroxine dose. The
reference dose of levothyroxine was 1.60 pg/kg/day. All the sta-
tistical analyses were conducted using SAS software version 9.4
(SAS Institute Inc., Cary, NC, USA), with P values <0.05 indi-
cating statistical significance.

RESULTS

Characteristics of the thyroid cancer patients and controls
After propensity score matching at a ratio of 1:30, a total of
2,514 patients with thyroid cancer and 75,420 matched controls
were selected from the cohort (Fig. 1). We found no significant
differences in clinical characteristics, including age, sex, income
level, smoking and alcohol history, anthropometric measures,
laboratory values, or underlying diseases, between the thyroid
cancer patients and control participants (Table 1). The median
age of the subjects was in the mid-50s, women accounted for

more than 80% of the population, and the median BMI was 24
kg/m?. Among all patients with thyroid cancer, 2,064 (82.1%)
underwent total thyroidectomy, and 450 (17.9%) underwent lo-
bectomy. The proportion of men was slightly greater in the lo-
bectomy group (21.1% vs. 17.2%, P=0.055), and the ratio of
smokers and drinkers was greater in the lobectomy group (P=
0.024 and P=0.031, respectively) (Supplemental Table S2).

Risk of osteoporotic fracture in patients with thyroid cancer
During the study period, 166 (6.6%) and 6,173 (8.2%) patients
with osteoporotic fractures were identified in each group (Table
2). The incidence of osteoporotic fractures was 9.0 and 11.2 per
1,000 person-years in the thyroid cancer and control groups, re-
spectively (Table 2). The HR of thyroid cancer for osteoporotic
fractures was 0.81 (95% confidence interval [CI], 0.69 to 0.94;
P=0.006). Additionally, there was no significant difference in
fractures between the thyroid cancer group and the control group
in men, whereas in women, the incidence of fractures was sig-
nificantly lower in the thyroid cancer group (HR, 0.81; 95% CI,
0.7 t0 0.95; P=0.01).

Because fractures were mainly identified in women, we per-
formed an analysis by dividing women according to whether
they were younger or older than 50 years at the time of thyroid
cancer diagnosis. There was no significant difference in the oc-
currence of fractures between women who were diagnosed with
thyroid cancer when they were younger than 50 years (younger
cancer group) and women who were not (Table 2). However,
women who were diagnosed with thyroid cancer when they were
older than 50 years (older cancer group) had a significantly re-
duced risk of fracture (HR, 0.72; 95% CI, 0.6 to 0.85; P<0.001).

Timing and effect of osteoporosis treatment in patients
with thyroid cancer
During the study period, 281 (11.2%) patients with thyroid can-

Table 2. Risk of Osteoporotic Fractures in Patients with Thyroid Cancer
Total thyroid cancer Control
Outcome HR (95% CI) P value
No. of events (%)* Incidence rate, /1,000 PY No. of events (%)* Incidence rate, /1,000 PY
Overall 166 (6.6) 9.03 (7.76-10.51) 6,173 (8.2) 11.17 (10.90-11.45) 0.81 (0.69-0.94) 0.006
Men 9(2.0) 2.81 (1.46-5.40) 384 (2.9) 3.97 (3.59-4.39) 0.71 (0.37-1.37) 0.306
Women 157 (7.6) 10.34 (8.84-12.09) 5,789 (9.3) 12.7 (12.38-13.03) 0.81(0.70-0.95) 0.010
Age <50 years” 27(5.3) 6.98 (4.84-5.60) 723 (3.9) 5.21 (4.84-5.60) 1.33 (0.91-1.96) 0.143
Age =50 years® 130 (6.5) 11.49 (9.68-13.65) 5,066 (8.9) 15.98 (15.55-16.43) 0.72 (0.60-0.85) <0.001
PY, person-year; HR, hazard ratio; CI, confidence interval.
“Percentage of events of all participants; "Age at diagnosis of thyroid cancer or inclusion in the study.

Copyright © 2025 Korean Endocrine Society

www.e-enm.org




N EM I

Table 3. Status and Timing of Osteoporosis Treatment in Patients with Thyroid Cancer

Osteoporosis Total thyroid cancer Control HR (95% C) Pvalue
treatment No. (%) Treatment rate, /1,000 PY No. (%) Treatment rate, /1,000 PY
Overall 281 (11.2) 15.64 (13.91-17.58) 7,411 (9.8) 13.39 (13.09-13.70) 1.17 (1.04-1.31) 0.010
Men 3(0.1) 0.93 (0.30-2.88) 47 (0.06) 0.48 (0.36-0.64) 1.95(0.60-6.31) 0.267
Women 278 (11.1) 18.86 (16.77-21.22) 7,364 (9.8) 16.16 (15.80-16.54) 1.16 (1.03-1.31) 0.012
Age <50 years 31(1.2) 7.95 (5.59-11.30) 622 (0.8) 4.43 (4.09-4.79) 1.78 (1.24-2.56) 0.002
Age =50 years® 247 (9.8) 22.79 (20.12-25.85) 6,742 (8.9) 21.40(20.89-21.91) 1.06 (0.93-1.20) 0.387
Age at starting osteoporosis
treatment, yr
Age <50 years® 54.6%3.0 54.6+2.8 0.896
Age =50 years” 65.5+£7.5 67.317.6 <0.001
Time from index date to
osteoporotic fracture, mo
Age <50 years” 73.0+42.1 71.5+37.6 0.833
Age =50 years® 63.4+32.5 50.8+33.9 <0.001
Values are expressed as mean= standard deviation unless otherwise indicated.
PY, person-year; HR, hazard ratio; CI, confidence interval.
“Percentage of events of all participants; *Age at diagnosis of thyroid cancer or inclusion in the study.
Table 4. Risk of Osteoporotic Fracture by Site
Total thyroid cancer Control
Cumulative Cumulative
No. of Incidencerate,  incidence at 10 No. of Incidence rate,  incidence at 10 HR (95% CI) P value
events (%) 1,000 PY years, % events (%) 1,000 PY years, %
(95% CI) (95% CI)
Total
Spine 58(35.0) 3.16(2.44-4.08) 3.70(2.70-4.90) 2,659 (43.1) 4.84(4.63-4.99) 4.50(4.40-4.70) 0.66 (0.51-0.85) 0.001
Hip 15(9.0) 0.82(0.49-1.35) 0.88(0.50-1.40) 495(8.0)  0.90(0.82-0.98) 0.86(0.78-0.95) 0.91 (0.55-1.52) 0.722
Humerus 18(10.8)  0.98(0.62-1.55) 1.00(0.59-1.70) 511(8.3)  0.92(0.85-1.01) 0.88(0.8-0.97) 1.06 (0.66-1.69) 0.814
Wrist 75(45.2) 4.08(3.25-5.12) 3.80(2.90-4.80) 2,508 (40.6) 4.54(4.36-4.72) 4.30(4.10-4.40) 0.90(0.72-1.13) 0.365
Age <50 years®
Spine 12(41.4) 2.54(1.444.47) 2.60(1.30-4.80) 306(38.0) 1.76(1.57-1.97) 1.70(1.50-1.90) 1.44(0.81-2.57) 0.213
Hip 1(3.4) 0.21 (0.03-1.50) 0.20 (0.02-1.10) 43(53) 0.25(0.18-0.33) 0.27 (0.19-0.37) 0.86 (0.12-6.22) 0.878
Humerus 4(13.8) 0.85(0.32-2.26) 0.95(0.30-2.40) 84 (10.4) 0.48(0.39-0.60) 0.47(0.37-0.59) 1.75(0.64-4.78) 0.275
Wrist 12(41.4) 2.54(1.444.47) 2.30(1.10-4.00) 374(46.3) 2.15(1.94-2.38) 2.10(1.90-2.40) 1.18(0.66-2.10) 0.575
Age =50 years”
Spine 46 (33.6) 3.37(2.52-4.50) 4.20(2.90-5.70) 2,353 (43.8) 6.22(5.97-6.47) 5.90 (5.60-6.20) 0.54(0.40-0.72) <0.001
Hip 14(10.2)  1.02(0.61-1.73) 1.10(0.64-1.90) 452(8.4) 1.19(1.09-1.31) 1.10(1.00-1.30) 0.86 (0.50-1.45) 0.562
Humerus 14(10.2)  1.02(0.61-1.73) 1.10(0.56-2.00) 427(8.0)  1.13(1.03-1.24) 1.10(0.96-1.20) 0.90 (0.53-1.54) 0.713
Wrist 63(46.0) 4.61(3.60-5.90) 4.30(3.20-5.50) 2,134 (39.8) 5.64(5.40-5.88) 5.20(4.90-5.40) 0.82 (0.64-1.05) 0.119

PY, person-year; CI, confidence interval; HR, hazard ratio.
“Percentage of all fractures; "Age at diagnosis of thyroid cancer or inclusion in the study.
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cer and 7,411 (9.8%) controls were treated for osteoporosis. Pa-
tients with thyroid cancer received more osteoporosis treatment
than controls did (HR, 1.17; 95% CI, 1.04 to 1.31; P<0.001)
(Table 3). The older patients in the cancer group were signifi-
cantly younger at the start of osteoporosis treatment than were
those in the control group (65.5+7.5 years vs. 67.317.6 years,
P<0.001). Additionally, the time from enrollment to fracture
onset was significantly longer in the older cancer group than in
the control group (63.4%32.5 months vs. 50.84+33.9 months,
P<0.001). However, there was no significant difference in the
age at which osteoporosis treatment was initiated between the
younger cancer group and the control group (54.6+3.0 vs.
54.61+2.8, P=0.896), nor was there a significant difference in
the time from enrollment to fracture occurrence (73.0£42.1
months vs. 71.5+37.6 months, P=0.833).

Risk of osteoporotic fractures by site
The wrist was the most common fracture site in the thyroid can-
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2362(2)  2071(8)

51,355(360) 31,582 (441)
1,680 (12) 1,082 (15)

15,742 (485)
537(17)

cer group, followed by the spine, humerus, and hip, whereas the
spine was the most common site in the control group, followed
by the wrist, humerus, and hip. The thyroid cancer group had a
significantly lower HR than the control group for spine fractures
only (HR, 0.66; 95% CI, 0.51 to 0.85; P=0.001) (Table 4, Fig.
2), while no significant differences were found for other sites,
which was mainly observed in the older cancer group (HR,
0.54; 95% CI, 0.4 to 0.72; P<0.001).

Effect of levothyroxine, vitamin D, and calcium dose on
osteoporotic fractures in patients with thyroid cancer

The HR for osteoporotic fractures according to daily levothy-
roxine dose was plotted as a cubic curve using a restrictive cu-
bic spline curve. The relationship between levothyroxine dose
and fracture risk does not exhibit a significant non-linear associ-
ation (Fig. 3). In patients with thyroid cancer, the dosages of vi-
tamin D and calcium were not significantly associated with the
risk of fracture (Supplemental Table S3).
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Fig. 2. Survival curve for fracture by site. (A) Spine fracture, (B) hip fracture, (C) forearm fracture, and (D) wrist fracture.
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Levothyroxine dose per weight (ng/kg)

Fig. 3. Hazard ratios of osteoporotic fracture according to the daily
dose of levothyroxine in patients with thyroid cancer by restricted
cubic spline Cox regression analysis. Estimates were adjusted for
index date, age at index date, sex, income, body mass index, drink-
ing status, smoking status, blood pressure, fasting glucose level,
cholesterol, diabetes, hypertension, hyperlipidemia, cerebrovascu-
lar disease, and cardiovascular disease. CI, confidence interval.

DISCUSSION

In this retrospective cohort study, we found that the risk of frac-
ture, particularly spinal fracture, in women diagnosed with thy-
roid cancer after the age of 50 years was significantly lower than
that in the control group. Moreover, in the older cancer group,
osteoporosis treatment started earlier, and fractures occurred lat-
er in the cancer group than in the control group. These findings
provide new insights into the association between thyroid cancer
and osteoporosis-related complications, which may influence
clinical decision making for patients with thyroid cancer.
Traditionally, osteoporosis occurs more frequently among
postmenopausal women and older men (>70 years) who re-
ceive TSH suppression treatment because of thyroid cancer
[18]. Patients undergoing treatment for thyroid cancer, particu-
larly with TSH suppression therapy, may experience a reduction
in BMD, which could predispose them to earlier initiation of
osteoporosis treatment and a longer duration to fracture onset.
In our study, it can be assumed that osteoporosis was diagnosed
more often in the thyroid cancer group because patients with
thyroid cancer were prescribed more osteoporosis treatments.
Therefore, treatment for thyroid cancer can be a risk factor for
developing osteoporosis. However, although fractures are a
well-known complication of osteoporosis, the incidence of frac-
tures decreased in the older thyroid cancer group in our study.

www.e-enm.org

This finding is probably explained by a greater probability of
treating patients with thyroid cancer at an older age, as recom-
mended by the current guidelines. The American Thyroid Asso-
ciation and the Korean Thyroid Association recommended the
surveillance of bone mass during TSH suppression in patients
with thyroid cancer, as well as a tailored approach to TSH sup-
pression based on the risk and benefit [18,19]. Additionally, pa-
tients with thyroid cancer demonstrate a greater likelihood of
hospital visits and more frequent health check-ups than does the
general population. Moreover, within the framework of Korea’s
health insurance system, patients with thyroid cancer are predis-
posed to receive more cost-effective osteoporosis treatment.

The fact that only spinal fractures were significantly reduced
in the thyroid cancer group is thought to be because the effec-
tiveness of anti-osteoporotic medication varies by bone site. Be-
cause excess thyroid hormone suppresses TSH and causes high
bone turnover osteoporosis, antiresorptive agents are recom-
mended for the treatment of osteoporosis in patients with thy-
roid cancer [20,21]. Patients with thyroid cancer are mainly pre-
scribed bisphosphonate or denosumab, which are known to pre-
vent approximately 42% and 68% of spinal fractures and 28%
and 43% of hip fractures, respectively [22,23]. Although post-
menopausal patients with thyroid cancer have a high risk of os-
teoporosis of the spine and hip [12,24], it is likely that the risk
of spine fractures in the patients with thyroid cancer included in
our study was reduced by active osteoporosis treatment.

Our results suggest that lower daily doses of levothyroxine
are associated with a decreased risk of osteoporotic fractures.
We conducted an analysis of the effect of levothyroxine dose
adjusted for body weight to account for volume distribution.
Our findings demonstrated that patients receiving lower doses
of levothyroxine had a lower risk of fracture than those receiv-
ing higher doses. When the levothyroxine dosage exceeded 1.6
ng/kg/day, the risk of fracture tended to increase with increasing
dosage per body weight. According to a recently published
study, the dose of levothyroxine required to achieve mild sup-
pression of TSH (0.1 to 0.5 mIU/L) in thyroid cancer patients
after total thyroidectomy is approximately 1.71 or 1.86 pg/kg,
depending on BMI [25]. Therefore, it is assumed that daily dos-
es of levothyroxine exceeding 1.6 pg/kg are likely to have
caused TSH suppression.

This study has several strengths, including a large sample size
and robust statistical analysis, but it also has limitations. One
such limitation is that the database did not provide information
on supplementary health-related data or medical costs related to
routine check-ups, particularly those not covered by the national
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insurance system [26]. Given that the current national health
screening for BMD in Korea is conducted only twice at 12-year
intervals (at ages 54 and 66 years for women), it is necessary to
consider cases where women receive bone densitometry tests
that are not covered by health insurance [27]. Additionally, cer-
tain potential confounding factors, such as dietary habits (e.g.,
intake of calcium and vitamin D supplements), compliance with
levothyroxine, and physical activity levels, were not considered.
Specifically, simply multiplying the drug dosage does not ac-
count for the patient’s drug compliance, and therefore may not
accurately represent the actual level of TSH suppression. More-
over, the potential effect of postsurgical hypoparathyroidism
was not accounted for in this study. Previous studies have re-
ported inconsistent results regarding postsurgical hypoparathy-
roidism and its potential association with osteoporosis and os-
teoporotic fractures after thyroidectomy. Bollerslev et al. [28]
reported no significant difference in BMD between patients
with permanent postsurgical hypoparathyroidism and a control
group. In contrast, Kim et al. [29] reported that patients with
postsurgical hypoparathyroidism had a greater risk of osteopo-
rosis. Recently, Ahn et al. [30] reported that thyroid cancer pa-
tients with postoperative hypoparathyroidism had a significantly
lower risk of spinal fracture compared to thyroid cancer patients
without postoperative hypoparathyroidism. Therefore, further
research is needed to elucidate the relationships among postsur-
gical hypoparathyroidism, calcium supplementation, and bone
health outcomes.

In conclusion, this study underscores the importance of bone
health in patients with thyroid cancer, particularly women and
younger patients. Our results suggest that while patients with
thyroid cancer may be more prone to osteoporosis, paradoxical-
ly, they may be at a reduced risk of osteoporotic fractures, espe-
cially spinal fractures. Our findings underscore the need for per-
sonalized, comprehensive strategies to manage bone health in
patients with thyroid cancer, as well as the need to investigate
the complex interplay between thyroid cancer, its treatments,
and bone health.
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