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Assessment for bone
health in patients with
differentiated thyroid
carcinoma after postoperative
thyroid-stimulating hormone
suppression therapy:
a new fracture risk
assessment algorithm

Huiran Jia1,2, Wei Qu2*, Xiaoting Cai1,2, Meiye Li2, Ying Qian2,
Zhaoshun Jiang2 and Zongjing Zhang2

1Endocrinology Department, Postgraduate Training Base of Jinzhou Medical University, Jinzhou,
Liaoning, China, 2Endocrinology Department, The 960th Hospital of the People’s Liberation Army
Joint Logistics Support Force, Jinan, China
Purpose: The fracture risk assessment tool (FRAX) is used to assess the 10-year

risk of major site and hip fractures; however, whether this tool can be applied to

patients receiving levothyroxine-based thyroid-stimulating hormone (TSH)

suppressive therapy for postoperative differentiated thyroid cancer (DTC)

patients is yet to be clarified.

Methods and design: A total of 64 patients with DTC following thyroidectomy

and oral levothyroxine for TSH suppression therapy and 30 gender- and age-

matched controls were collected. The fracture risk was compared between the

affected groups with different TSH levels. FRAX was used to calculate the fracture

risk with and without bone mineral density (BMD). The TSH level was converted

to an age-weighted score to estimate the fracture risk of postoperatively

differentiated thyroid cancer patients. The sensitivity, specificity, and area

under the AUC curve of the traditional FRAX and the new algorithm for

osteoporosis diagnosis were compared. The dual-energy X-ray bone mineral

density measurement T score was used as the gold standard to diagnose

osteoporosis.

Results: There were 24 patients in the T ≥ −1–2.5 group, 23 in the −2.5 < T < −1

group, and 17 in the T ≤ −2.5 group. The T score of BMD in the disease group was

significantly lower than that in the control group (p < 0.05). The risk of MOF and

hip fracture without a T score were significantly different under various TSH levels

(p < 0.05). The area under the curve (AUC) of FRAX without BMD for predicting

major osteoporotic fractures (PMOF) and major hip fractures (PHF) was 0.694

and 0.683, respectively. The cutoff values were 2.15% and 0.25%, respectively.

The AUC of FRAX with BMD for PMOF and PHF was 0.976 and 0.989,
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respectively, and the cutoff values were 4.15% and 1.1%, respectively. The AUC of

FRAX without BMD for PMOF and PHF was 0.708 and 0.72, respectively, and the

cutoff values were 5.5% and 1.55%, respectively.

Conclusions: FRAX is suitable for postoperative DTC patients after TSH

suppressive therapy. In the absence of BMD, TSH weighted by age can

improve the specificity of FRAX in the diagnosis of osteoporosis in this

population.
KEYWORDS

differentiated thyroid cancer, fracture risk assessment tool (FRAX), osteoporosis, TSH
suppression therapy, bone mineral density (BMD)
Introduction

Osteoporosis is a metabolic bone disease characterized by loss of

bone mass and microstructure destruction of bone tissue. It has a

negative impact on the lives of patients, causing disability, chronic

pain, and increased mortality (1, 2), and a specific impact on the

quality of life and the mental health of the elderly (3–5). The cost of

osteoporosis imposes a significant economic burden worldwide (6). A

2016 study revealed that the total cost of osteoporosis in Canada

exceeded $4.6 billion, an 83% increase from the 2008 estimate (7).

Secondary osteoporosis is diagnosed when bone fragility is caused by

a disease, drug, or nutritional deficiencies. The several causes of

secondary osteoporosis include diabetes, thyroid and parathyroid

disease, malabsorption, inflammatory bowel disease (IBD), irritable

bowel syndrome(IBS), nutritional causes, drugs, infection, anemia,

malignancy, inflammatory arthritis, systemic lupus erythematosus

(SLE), smoking, and genetic factors (8). The present study focused on

osteoporosis caused by TSH suppression therapy postoperatively.

DTC is one of the most common endocrine tumors (9). Patients with

DTC who underwent thyroidectomy or iodine ablation need TSH

suppression therapy (serum TSH level < 0.5 mIU/L) with

levothyroxine to minimize TSH-mediated tumor growth and

recurrence (10). TSH suppression significantly increased the risk of

postoperative osteoporosis in patients with low- to moderate-risk

DTC but did not change tumor recurrence (11). Lin et al. showed a

high risk of osteoporosis in differentiated thyroid cancer patients

treated with levothyroxine. The cumulative duration of levothyroxine

use for > 2,751 days (equivalent to 7.53 years) was associated with a

3.34-fold high risk of osteoporosis (12).

FRAX is a fracture risk assessment tool launched by the World

Health Organization (WHO) in 2008. Fracture risk factors, such as

gender, age, and height, are included in calculating the 10-year risk

of hip and major fractures (13). FRAX has been widely used and

included in the osteoporosis assessment guidelines in many

countries, and FRAX with BMD has been proven to be more

effective than BMD alone in identifying high-risk individuals

(14, 15).

However, the risk factors for TSH suppression following

thyroidectomy were not included in the FRAX system. The
02
present study aimed to evaluate the changes in BMD in patients

with differentiated thyroid cancer after TSH suppression therapy,

the applicability of FRAX in this population, and develop a new,

more convenient, and faster FRAX algorithm for this population

instead of BMD measurement.
Materials and methods

Study design and population

A total of 64 patients with DTC following thyroidectomy and

oral levothyroxine for TSH suppression therapy in the 960th

Hospital of the People’s Liberation Army from October 2021 to

May 2022 were collected retrospectively. In addition, 30 cases

comprising the control group were matched by age, sex, and

major concomitant disease (for example, diabetes) by

approximately 2:1. All patients were > 20 years old, and their

BMD of the hip and lumbar spine was measured. Inclusion

criteria were as follows (1): patients with postoperative TSH

suppression therapy for at least 6 months (2); unable to carry out

normal activities and adhere to follow-up. Patients with diseases

affecting bone metabolisms, such as thyroid and parathyroid

dysfunction and other neoplastic diseases, using drugs affecting

bone metabolism, such as calcitonin and bisphosphonates, and

being unwilling to cooperate, were excluded from the study.

Those who were currently pregnant or planning to become

pregnant were also excluded. Patients’ general information,

including gender, age, height, weight, operation time, history of

brittle fracture, rheumatoid arthritis, medical history, parent history

of hip fractures, smoking, drinking, hormone use, secondary

osteoporosis, and history of thyroid and parathyroid dysfunction,

was collected using a questionnaire survey. The fracture risk was

compared between the affected group and the control group and

between the affected group with different TSH levels. The

sensitivity, specificity, and area under the AUC curve of the

traditional FRAX and the new algorithm for osteoporosis

diagnosis were compared. This study was approved with

informed consent by the Ethics Committee of the Hospital.
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BMD and FRAX

BMD was measured at the hip using dual-energy X-ray

absorptiometry (Lunar-Prodigy, GE, USA). Herein, we used three

methods to calculate the risk of fracture in the postoperative

population for DTC, yielding three datasets. First, the Chinese

mainland model was selected from https://www.sheffield.ac.uk/

FRAX/tool, and the relevant information (including age, gender,

low BMD, low body mass index (BMI) ≤ 19 kg/m2, previous

fragility fracture history, parental hip fracture history,

glucocorticoid treatment history, smoking, excessive alcohol

consumption, and rheumatoid arthritis) was entered as

demanded. The predictive value of 10-year major osteoporotic

fracture (PMOF without BMD) and hip fracture (PHF without

BMD) was calculated. Second, in addition to the above information,

we entered the T score to recalculate the fracture risk of this

population (PMOF with BMD and PHF with BMD). For the

third group of data, the age information was added according to

the TSH-weighted scoring method while entering the basic

information, and the BMD was not entered, while the other

information was the same as before. According to the different

levels of TSH, the age information was added extra based on the age

of the patient. The age of TSH of < 0.008 µIU/mL (less than the

detectable value) was increased by 20 years, the age of TSH of < 0.1

µIU/mL was increased by 15 years, 0.1 µIU/mL < TSH ≤ 0.2 µIU/

mL was increased by 10 years, and 0.2 µIU/mL < TSH ≤ 0.3 µIU/mL

was increased by 8 years. 0.3 µIU/mL < TSH ≤ 0.4 µIU/mL plus 6

years, 0.4 µIU/mL < TSH ≤ 0.5 µIU/mL plus 4 years, 0.5 µIU/mL <

TSH ≤ 2 µIU/mL plus 2 years, and TSH > 2 µIU/mL years were

included in the patients’ age.
Statistical analyses

All analyses were performed using SPSS 26.0 statistical software.

The descriptive statistics included baseline clinical information,

clinical risk factors, FRAX scores, and other outcomes of interest.

The data were tested for normal distribution. Continuous variables

were presented as mean ± standard deviation and were compared

by analysis of variance (ANOVA) between the groups. Categorical

variables were presented as frequency and percentage and

compared with the chi-square test. To compare the baseline

characteristics between adult patients with postoperative DTC

and control groups, we used the Mann–Whitney U test for

continuous variables and the Chi-squared test or the Fisher’s

exact test for categorical variables. The test method of grouping

according to TSH level is the same as above. For the prediction of

osteoporosis (BMD T score ≤ 2.5 was used as the gold standard), the

receiver operating characteristic curve (ROC) of the FRAX score

was employed to determine the optimal cutoff values using the

Youden index. All statistical data are presented as the mean (95%

confidence interval (CI)). P < 0.05 indicates statistically significant.
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Results

Baseline characteristics

In a population of 64 patients with TSH suppression, according

to the T score, the patients were divided into three groups, including

24 (37.5%) individuals with normal bone mass (T score of ≥ −1), 23

(35.9%) individuals with osteopenia (T score of −2.5~−1), and 17

(26.6%) individuals with osteoporosis (T score of ≤ −2.5).

Compared to individuals with a T score of ≥ −1, those with a T

score of ≤ −2.5 tend to have a higher risk of fracture and were more

likely to be older (54.35 years vs. 44.38 years, p = 0.021), men

(76.47% vs. 41.67%, p = 0.028), and underweight (76.47% vs.

41.67%, p = 0.038). Individuals with a T score of < 2.5 had longer

postoperative time than those with a T score of > −1 (3.22 years vs.

2.76 years, p = 0.646) (Table 1).

In the case of matched sex ratio, age, and BMI between the

disease (64 people) and control (30 people) groups, the T score of

the disease group was significantly lower than that of the control

group (−1.36 vs. −1.09; p = 0.030). Compared to the control group,

the probability of MOF from FRAX and the probability of hip

fracture from FRAX (with T score and with TSH) in the

postoperative population of differentiated thyroid cancer is higher

than that of the control group (2.40 vs. 1.60, p = 0.001; 2.80 vs. 2.00,

p = 0.029; 0.30 vs. 0.15, p = 0.037; 0.50 vs. 0.25, p = 0.029; Table 2).
Comparison of fracture risk at different
TSH levels

Herein, we compared the fracture risk from FRAX according to

various algorithms and T scores among patients receiving L-

thyroxine suppressive therapy for DTC with TSH of < 0.01 µIU/

mL, 0.1–2 µIU/mL, and > 2 µIU/mL. There were nine patients in the

TSH of < 0.1 µIU/mL group, 46 in the TSH of 0.1–2 µIU/mL group,

and nine in the TSH of > 2 µIU/mL group. The results showed that

the risk of MOF and hip fracture without a T score was significantly

different under various TSH levels (p < 0.05). The risk of MOF and

hip fracture with a T score was similar among the three groups.

However, the risk of MOF and hip fracture after age-weighted score

of TSH increased significantly with decreasing TSH levels (p <

0.05) (Table 3).
Optimal cutoff value of FRAX score for
predicting osteoporosis

A ROC curve analysis was carried out to determine the optimal

cutoff values of the FRAX score for major osteoporotic or hip

fractures (Figure 1). In the FRAX without BMD, the area under the

curve (AUC) values of major osteoporotic or hip fractures were

0.694 (95% CI = 32.5–54.8) and 0.683 (95% CI = 28.4–50.1),
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respectively (Figures 1A, B), and the cutoff values for predicting

major osteoporotic fracture and hip fracture were 2.15% and 0.25%,

respectively, with a sensitivity, specificity, positive predictive value

(PPV), and negative predictive value (NPV) of 0.765 and 0.706,

0.638 and 0.596, 0.433 and 0.387, and 0.882 and 0.848, respectively.

Similarly, in the FRAX with BMD, the AUC values of major

osteoporotic or hip fractures were 0.976 (95% CI = 63.9–94.1)

and 0.989 (95% CI = 65.5–94.4), respectively (Figures 1C, D), and

the cutoff values were 4.15% and 1.1%, respectively, with the

sensitivity, specificity PPV, and NPV as 0.941 and 1, 0.936 and

0.936, 0.842 and 0.85, and 0.978 and 1, respectively. Finally, in the

FRAX with TSH, the AUC values of major osteoporotic or hip

fractures were 0.708 (95% CI = 40.5–88.9) and 0.72 (95% CI = 40.8–

85.3), respectively (Figures 1E, F). The cutoff values were 5.5% and

1.55%, respectively, with the sensitivity, specificity, PPV, and NPV

at 0.412 and 0.471, 0.936 and 0.915, 0.7 and 0.667, and 0.815 and

0.827, respectively (Table 4).
Discussion

The present study demonstrated that patients treated with TSH

suppression following thyroidectomy had a 0.27-fold decline in
Frontiers in Endocrinology 04
BMD T score and a higher fracture risk compared to the matched

controls. Both PMOF with BMD and PMOF after TSH assignment

increased by 0.8%. These results suggested that TSH suppression

has adverse effects on BMD and fracture risk in postoperative DTC

patients. When the patients were grouped according to TSH level,

the lower the TSH level, the higher the fracture risk without BMD,

and the higher the TSH level. The ROC operating curve indicated

that the FRAX score with TSH level also improved the diagnostic

efficiency of osteoporosis compared to the fracture risk without

BMD. The FRAX by TSH weighted is convenient and quick, making

it ideal for rapid clinical assessment of a patient’s risk of

osteoporotic fracture without waiting for BMD results in order to

facilitate early intervention treatment of osteoporotic fractures in a

cost-effective manner.

The current findings provide additional evidence of the

association between TSH suppressive therapy and osteoporosis.

The study by Lin et al. showed a strong dose–response and

duration–response correlation between levothyroxine use and

osteoporosis risk in patients with differentiated thyroid cancer

(12). Moreover, Heijckmann et al. showed that patients with well-

differentiated thyroid cancer do not have an increased risk of low

bone mass or an increased incidence of vertebral fractures, at least

when they were treated with relatively low doses of levothyroxine
TABLE 1 Characteristics of the study population.

Baseline ALL
(n = 64)

T ≥ −1
(n = 24)

−2.5 < T < −1
(n = 23)

T ≤ −2.5
(n = 17)

p-value

Sex (male) 40 (62.5%) 10 (41.7%) 17 (73.9%) 13 (76.5%) 0.028 (< 0.05)

Age 48.86 ± 11.57 44.38 ± 10.38 49.48 ± 12.47 54.35 ± 9.76 0.021 (< 0.05)

Body mass index (kg/m2) 25.12 ± 3.82 26.62 ± 4.19 23.85 ± 3.62 24.79 ± 2.88 0.038 (< 0.05)

Prior fracture 7 (10.9%) 5 (20.8%) 1 (4.4%) 1 (5.9%) 0.150

Parental hip fracture 3 (4.7%) 2 (8.3%) 1 (4.4%) 0 (0%) 0.329

Current smoking behavior 8 (12.5%) 5 (20.8%) 2 (8.7%) 1 (5.9%) 0.291

Rheumatoid arthritis 2 (3.1%) 1 (4.2%) 0 (0%) 1 (5.9%) 0.391

secondary osteoporosis 6 (9.4%) 1 (4.2%) 2 (8.7%) 3 (17.7%) 0.354

Consume ≥ 3 units of alcohol/day 5 (7.8%) 3 (12.5%) 1 (4.4%) 1 (5.9%) 0.556

Hypertension 16 (25.0%) 5 (20.8%) 6(26.1%) 5 (29.4%) 0.812

Diabetes 10 (15.6%) 4 (16.7%) 4(17.4%) 2 (11.8%) 0.870

Coronary heart disease 4 (6.3%) 2 (8.3%) 1 (4.4%) 1 (5.9%) 0.850

Postoperative time (years) 2.70 ± 3.22 2.76 ± 3.50 2.25 ± 2.75 3.22 ± 3.51 0.646

TSH 0.22 (0.02 to 1.07) 0.26 (0.05 to 1.27) 0.25 (0.01 to 0.83) 0.04 (0.01 to 0.71) 0.760

FRAX predicted probability of MOF (without BMD) 2 (1.40 to 2.78) 1.8 (1.23 to 2.40) 2 (1.30 to 3.70) 2.5 (1.95 to 4.55) 0.036 (< 0.05)

FRAX predicted probability of MOF (with BMD) 2.4 (1.60 to 4.63) 1.6 (1.25 to 1.98) 2.4 (1.80 to 3.50) 12 (4.75 to 15.00) 0 (< 0.05)

FRAX predicted probability of MOF (with TSH) 2.8 (1.80 to 4.18) 1.95 (1.58 to 3.35) 2.9 (1.70 to 4.10) 4 (2.55 to 6.70) 0.015 (< 0.05)

FRAX predicted probability of hip fracture (without BMD) 0.2 (0.10 to 0.48) 0.2 (0.10 to 0.30) 0.2 (0.10 to 0.80) 0.3 (0.20 to 1.20) 0.022 (< 0.05)

FRAX predicted probability of hip fracture (with BMD) 0.3 (0.10 to 2.00) 0.1 (0 to 0.10) 0.6 (0.20 to 0.80) 7.7 (2.40 to 12.5) 0 (< 0.05)

FRAX predicted probability of hip fracture (with TSH) 0.5 (0.20 to 1.10) 0.2 (0.10 to 0.68) 0.6 (0.10 to 1.10) 1.1 (0.35 to 2.75) 0.007 (< 0.05)
Description of the basic information about the disease group. Data are presented as n (%), mean ± SD. FRAX without BMDmeans no BMD and no age scoring. FRAX with BMD represents the
entry of BMD without age assignment. FRAX with TSH represents the fracture risk calculated without the inclusion of BMD but with age assignment.
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(16). Our data proved that DTC patients treated with levothyroxine

had an increased risk of osteoporosis, and the postoperative time

was 2.70 years ± 3.22 years. However, T scores were not affected by

TSH, no significant difference was detected in the hazard ratio

among TSH groups, and no linear trend was observed, based on the

association between the dosage and duration of medication, i.e.,

TSH suppression therapy. However, the fracture risk calculated by

the TSH-weighted FRAX score was significantly higher than that

calculated by the other two methods.

In addition to the risk factors currently included in FRAX,

previous studies have shown that type 2 diabetes mellitus and

previous falls should be considered independent risk factors in

predicting MOF and HF (17–20). The present study consisted of

concomitant diabetes in each group of patients, which may have

some effects on BMD; however, we have tried to control the

duration of diabetes in patients within 1 year to reduce the error.

To date, no study has shown whether the TSH level of postoperative

patients with differentiated thyroid cancer can be included in the

risk factors of the FRAX tool. To date, whether the TSH level of

postoperative patients with DTC can be included in the risk factors

of the FRAX tool needs further study. A previous study has shown

that high levels of TSH are positively correlated with BMD of the

femoral neck and lumbar spine (21). Similarly, some clinical studies
Frontiers in Endocrinology 05
suggested that low-normal TSH is independently associated with

bone mass loss, increased bone turnover, and decreased BMD in

both men and postmenopausal women (22–24). The direct effects of

TSH on bone remodeling, osteoblast bone formation, and osteoclast

bone resorption are mediated by the TSH receptor (TSHR) in

osteoblasts and osteoclast precursors (25, 26). This phenomenon

has also been demonstrated in animal experiments, wherein TSH

from the anterior pituitary inhibits bone resorption by osteoclasts.

Accumulating evidence indicated that TSH is closely related to

osteoporosis. Based on our results, clinicians assessing the risk of

fracture in postoperative DTC patients should adopt TSH-weighed

age in FRAX calculation according to our estimation method (when

BMD is unknown) to account for the independent effect of TSH on

MOF and HF. Nonetheless, larger studies are needed to examine

whether TSH is an independent factor in improving FRAX

prediction of fracture risk.

Interestingly, our study has crucial clinical implications. We

speculated that the FRAX score could be applied to guide

physicians’ treatment decisions in the treatment of osteoporotic

patients with DTC after postoperative TSH suppression therapy.

Due to the differences in national conditions and epidemiology, the

intervention thresholds based on the cost-efficiency of FRAX score

differ across countries (27–31). However, a few studies on the FRAX-
TABLE 2 Diseased group and control group.

Diseased group (n = 64) Control group person (n = 30) p-value

Sex (female) 40 (62.5%) 18 (60.0%) 0.816

Age 48.86 ± 11.57 46.10 ± 14.17 0.318

BMI 25.14 ± 3. 82 25.96 ± 3.69 0.326

Probability of MOF from FRAX without BMD 2.00 (1.40 to 2.78) 2.00 (1.40 to 3.23) 0.884

Probability of MOF from FRAX with BMD 2.40 (1.60 to 4.63) 1.60 (1.18 to 2.40) 0.001 (<0.05)

Probability of MOF from FRAX with TSH 2.80 (1.80 to 4.18) 2.00 (1.40 to 3.23) 0.029 (<0.05)

Probability of hip fracture from FRAX without BMD 0.20 (0.10 to 0.48) 0.25 (0.10 to 0.73) 0.905

Probability of hip fracture from FRAX with BMD 0.30 (0.10 to 2.00) 0.15 (0.10 to 0.33) 0.037 (< 0.05)

Probability of hip fracture from FRAX with TSH 0.50 (0.20 to 1.10) 0.25 (0.10 to 0.73) 0.029 (<0.05)

T score −1.36 (−2.50 to −4.45) −1.09 (−1.45 to −0.14) 0.030 (< (0.05)
The diseased group includes patients with differentiated thyroid cancer following a thyroidectomy. The control group comprised the population without thyroid cancer. Fracture risk comparison
between patients and controls. Data are presented as n (%), mean ± SD, or median (interquartile range).
TABLE 3 Gradient of risk for incident fractures in groups stratified by TSH.

HR (95% CI) TSH < 0.1 (n = 9) TSH 0.1–2 (n = 46) TSH > 2 (n = 9) p-value

Probability of MOF from FRAX without BMD 2.70 (2.30 to 6.20) 1.90 (1.30 to 2.60) 1.90 (1.45 to 4.10) 0.031 (< 0.05)

Probability of MOF from FRAX with BMD 3.80 (2.15 to 7.95) 2.10 (1.50 to 3.93) 4.30 (1.50 to 9.55) 0.286

Probability of MOF from FRAX with TSH 6.00 (3.10 to 7.70) 2.70 (1.80 to 4.00) 1.90 (1.45 to 4.10) 0.030 (< 0.05)

Probability of hip fracture from FRAX without BMD 0.40 (0.25 to 3.15) 0.20 (0.10 to 0.33) 0.20 (0.15 to 1.25) 0.014 (< 0.05)

Probability of hip fracture from FRAX with BMD 1.00 (0.10 to 5.10) 0.3 (0.10 to 1.05 1.40 (0.10 to 5.4) 0.581

Probability of hip fracture from FRAX with TSH 2.50 (0.50 to 4.55) 0.45 (0.18 to 0.93) 0.20 (0.15 to 1.25) 0.048 (< 0.05)

T score −1.82 (−3.58 to −0.81) −1.22 (−2.25 to −0.39) −1.86 (-3.13 to 0.04) 0.439
Fracture risk according to TSH level. Data are presented as median (interquartile range).
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based osteoporosis intervention threshold have been conducted in

China. A prospective cohort study of postmenopausal women at

Peking Union Medical College Hospital, Chinese Academy of

Medical Sciences, Beijing, China, showed that for Chinese

postmenopausal women, maximal clinical and economic benefits

could be achieved when the FRAX intervention threshold is set at 7%

(32). The ROC curve revealed that the specificity of the FRAX after

TSH weighting (without BMD) was higher than that of the FRAX
Frontiers in Endocrinology 06
without a score (PMOF: 0.936 vs. 0.638, PHF: 0.915 vs. 0.596), which

was close to the FRAX with only BMD (PMOF: 0.936, PHF: 0.936),

but the sensitivity was slightly low (PMOF: 0.412, PHF: 0.471). The

FRAX cutoff value after TSH scoring was also the highest among the

three groups; therefore, when used as the diagnostic criteria of

osteoporosis, it will reduce the rate of misdiagnosis. The FRAX

improved the accuracy and specificity of predicting fracture risk

without BMD and provided a foundation for subsequent intervention
B

C D

E
F

A

FIGURE 1

ROC curves of FRAX with different algorithms. The ROC curve was used to analyze the efficiency of FRAX score in predicting sarcopenia. We plotted
the curves using T < 2.5 as the gold standard for the diagnosis of osteoporosis. FRAX without BMD indicates no BMD and no age scoring (A, B). FRAX
with BMD represents the entry of BMD without age assignment (C, D). FRAX with TSH represents the fracture risk calculated without the inclusion of
BMD but with age assignment (E, F).
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and FRAX-based intervention thresholds for maximum clinical

benefit in the DTC population.

In summary, our findings provide additional evidence that TSH

suppression therapy decreases BMD in postoperative patients with

DTC. The FRAX tool is suitable for postoperative DTC patients

receiving TSH suppression therapy, and the TSH-weighed FRAX

can improve the accuracy of osteoporosis diagnosis without BMD.

Nevertheless, the present study has some limitations. Some patients

have a brief medication duration (< 1 year) and a short duration of

TSH suppression therapy, but there is no significant impact on bone

density; however, they may reach a high bone density. The

treatment of DTC patients with osteoporosis using active vitamin

D, bisphosphonate, calcitonin, estrogen, vitamin K, recombinant

human parathyroid hormone, and deslizumab needs further

investigation. Whether TSH can be included in FRAX as an

independent risk factor for 10-year fracture risk needs

further research.
Scope statement

Through investigation, we learned that the frontiers of the

Journal of Endocrinology’s main research areas include all areas

of endocrinology, including thyroid disease in the field of

endocrinology. The field of thyroid mainly includes the latest

research in the field of thyroid diseases and thyroid cancer.

We further confirmed the relationship between the level of TSH

suppression and the risk of osteoporosis and fracture in patients

treated with TSH suppression after thyroid cancer surgery.

Secondly, the purpose of our study is to develop a more suitable

osteoporosis assessment tool for the TSH-suppressed in

postoperative patients with thyroid cancer. Through the

exploration of different levels of TSH values, the age-weighted

scoring method of the FRAX tool (a fracture risk assessment tool)

is used to more accurately evaluate the long-term risk of

osteoporosis in this population. Your journal also contains many

studies on thyroid cancer, but there are few studies on the

relationship between thyroid cancer and osteoporosis. In our

study, after many attempts, a FRAX cardiac model with high

specificity was finally selected to provide greater guiding

significance for the subsequent treatment of osteoporosis in

patients with thyroid cancer after TSH suppression therapy.
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TABLE 4 Comparison of forecast parameters of different calculation methods.

AUC Cutoff value Sensitivity Specificity PPV NPV

Probability of MOF from FRAX without BMD 0.694 2.15 0.765 0.638 0.433 0.882

Probability of MOF from FRAX with BMD 0.976 4.15 0.941 0.936 0.842 0.978

Probability of MOF from FRAX with TSH 0.708 5.5 0.412 0.936 0.7 0.815

Probability of hip fracture from FRAX without BMD 0.683 0.25 0.706 0.596 0.387 0.848

Probability of hip fracture from FRAX with BMD 0.989 1.1 1 0.936 0.85 1

Probability of hip fracture from FRAX with TSH 0.72 1.55 0.471 0.915 0.667 0.827
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30. Marques A, Lourenço Ó, Ortsäter G, Borgström F, Kanis JA, da Silva JA. Cost-
effectiveness of intervention thresholds for the treatment of osteoporosis based on
FRAX(®) in Portugal. Calcif Tissue Int (2016) 99:131–41. doi: 10.1007/s00223-016-
0132-8

31. Tosteson AN, Melton LJ 3rd, Dawson-Hughes B, Baim S, Favus MJ, Khosla S,
et al. Cost-effective osteoporosis treatment thresholds: the United States perspective.
Osteoporos Int (2008) 19:437–47. doi: 10.1007/s00198-007-0550-6

32. Cui L, He T, Jiang Y, Li M, Wang O, Jiajue R, et al. Predicting the intervention
threshold for initiating osteoporosis treatment among postmenopausal women in
China: a cost-effectiveness analysis based on real-world data. Osteoporos Int (2020)
31:307–16. doi: 10.1007/s00198-019-05173-6
frontiersin.org

https://doi.org/10.1056/NEJMcp1513724
https://doi.org/10.1007/s00198-019-05176-3
https://doi.org/10.1007/s00198-019-05176-3
https://doi.org/10.1186/s12877-016-0259-5
https://doi.org/10.1007/s00198-016-3648-x
https://doi.org/10.1007/s00198-012-2240-2
https://doi.org/10.34171/mjiri.34.154
https://doi.org/10.1007/s00198-016-3631-6
https://doi.org/10.3390/jcm11092382
https://doi.org/10.1016/s0140-6736(16)30172-6
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1089/thy.2014.0287
https://doi.org/10.1080/03007995.2017.1378174
https://doi.org/10.1007/s11657-018-0510-0
https://doi.org/10.1007/s11657-016-0278-z
https://doi.org/10.1007/s11657-013-0166-8
https://doi.org/10.1530/eje.1.01933
https://doi.org/10.1007/s00198-018-4650-2
https://doi.org/10.1002/jbmr.2239
https://doi.org/10.1359/jbmr.080227
https://doi.org/10.1002/jbmr.3556
https://doi.org/10.2174/1871530320666200810144506
https://doi.org/10.1111/j.1365-2265.2010.03818.x
https://doi.org/10.1016/j.ijgo.2015.11.025
https://doi.org/10.1196/annals.1346.033
https://doi.org/10.3389/fendo.2017.00252
https://doi.org/10.1016/s0092-8674(03)00771-2
https://doi.org/10.1007/s00198-008-0712-1
https://doi.org/10.1007/s00198-008-0712-1
https://doi.org/10.1007/s00198-011-1869-6
https://doi.org/10.1007/s00198-015-3055-8
https://doi.org/10.1007/s00223-016-0132-8
https://doi.org/10.1007/s00223-016-0132-8
https://doi.org/10.1007/s00198-007-0550-6
https://doi.org/10.1007/s00198-019-05173-6
https://doi.org/10.3389/fendo.2023.1286947
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Assessment for bone health in patients with differentiated thyroid carcinoma after postoperative thyroid-stimulating hormone suppression therapy: a new fracture risk assessment algorithm
	Introduction
	Materials and methods
	Study design and population
	BMD and FRAX
	Statistical analyses

	Results
	Baseline characteristics
	Comparison of fracture risk at different TSH levels
	Optimal cutoff value of FRAX score for predicting osteoporosis

	Discussion
	Scope statement

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


