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Purpose

The objective of this study was to evaluate the association between thyroid hormone and bone mineral density (BMD) among euthyroid adults.



Methods

This cross-sectional study researched the information from the National Health and Nutrition Examination Survey 2007–2010. We included 3,759 euthyroid participants finally. We used multivariate linear regression models to evaluate the linear relationship between the thyroid hormone profile and BMD. Subgroup analyses stratified by gender and age were further performed. Moreover, the nonlinear relationship was characterized by fitted smoothing curves and generalized additive models, and logistic regression models were used to determine the association of thyroid-stimulating hormone (TSH) and thyroxine (T4) with previous fractures.



Results

The weighted multivariable linear regression models showed no association between TSH and BMD. Free thyroxine (FT4), T4, free triiodothyronine (FT3), and total triiodothyronine (T3) were negatively associated with the total femur BMD and the total spine BMD after adjusting for all covariates. Subgroup analyses demonstrated that all groups had a negative association between T4 and BMD, even in patients with osteopenia/osteoporosis. The nonlinear relationship characterized by smooth curve fittings and generalized additive models suggested that an obvious U-shaped, an inverted U -shaped, and an L - shaped curve was exhibited between thyroid hormone and BMD in the different subgroups. In addition, normal high-level T4 was associated with an increased prevalence of previous fractures than normal low-level T4.



Conclusions

In this sample of euthyroid adults, T4 exhibits a negative correlation with BMD, regardless of age and gender, in subjects with either normal or lowered BMD. Moreover, high-normal FT4 was associated with an increased prevalence of previous fractures. TSH was not associated with variations of BMD and the fracture risk.
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1 Introduction

As the number of osteoporosis individuals increases worldwide, the rate of osteoporotic fracture is rising, resulting in high healthcare costs and tremendous pressure on public health systems (1). The commonly used parameter for bone health evaluation is bone mineral density (BMD). Osteoporosis is accompanied by a decrease in BMD (2, 3). Therefore, it is essential to find out the risk factors for decreased BMD for osteoporosis care and control (4).

The thyroid function, including thyroid -stimulating hormone (TSH), free thyroxine (FT4), total thyroxine (T4), free triiodothyronine (FT3), and total triiodothyronine (T3), has an important impact on skeletal development and bone metabolism. Thyroid dysfunction has detrimental effects on bone structures (5). It is well known that overt hyperthyroidism has a detrimental effect on bone mass and fragility fractures due to a high bone turnover as documented by a shortened bone remodeling cycle, together with an increase in biochemical markers of bone resorption and bone formation (6). In a meta-analysis with 70,298 participants, the patients with subclinical hyperthyroidism were associated with an increased risk of up to 36% of fractures compared to normal people (7). It has been reported that TSH is the negative regulator of bone remodeling by activating the TSH receptors on osteoclast and osteoblast precursors (8, 9). However, due to the different designs and characteristics of the studies, there is a controversy as to the association between TSH and BMD in the euthyroid population (10–13). Acar et al. (14) observed a positive correlation between TSH and BMD among postmenopausal women. However, Zantut-Wittmann et al. (15) found that the thyroid hormone profile was not associated with variations in BMD among euthyroid healthy women who were either normal weight or overweight.

To investigate the influence of thyroid function on BMD among euthyroid adults, we included and analyzed data from the 2007 –2010 cycle of the National Health and Nutrition Examination Survey (NHANES) database to investigate correlates of the thyroid hormone profile (TSH, FT4, T4, FT3, and T3) and BMD in euthyroid adults and determine which of them is more appropriate in studying bone health.



2 Materials and methods


2.1 Study population

The NHANES is a national survey designed to capture nationally representative statistics of US residents and is updated annually. Briefly, a series of sampled household interviews and standardized physical examinations in designated mobile examination centers were arranged across the country. The present study’s data were from two circles of NHANES, from 2007 to 2010. There were 20,686 individuals with laboratory data of the thyroid profile. We defined that the normal ranges for TSH and FT4 were 0.34 –5.60 mIU/L and 0.6 –1.6 ng/dl, respectively (16). There were 4,442 euthyroid adults aged over 20 years with complete data on TSH, FT4, T4, FT3, T3, total femur BMD, and total spine BMD. We excluded all subjects who use female hormones (n = 415), who have thyroid problems (n = 137), who have tumors or malignancy (n = 2), and who use prednisone or cortisone daily (n = 129). Finally, the study population was limited to 3,759 (Figure 1). Detailed information on the ethics application and written informed consent is provided on the NHANES website.




Figure 1 | Flow chart of participant selection. NHANES, National Health and Nutrition Examination Survey; BMD, bone mineral density.





2.2 Thyroid stimulating hormone (TSH), free thyroxine (FT4), total thyroxine (T4), free triiodothyronine (FT3), and total triiodothyronine (T3)

TSH was quantified with the Access HYPERsensitive human TSH assay, a third-generation two-site immunoenzymatic (“sandwich”) assay. FT4 was quantified with the Access Free T4 assay, a two-step enzyme immunoassay. A competitive binding immunoenzymatic assay was used for T3, FT3, and T4.



2.3 Dual X-ray absorptiometry BMD

The BMD was evaluated using the dual-energy X-ray absorptiometry technique [QDR 4500A fan-beam densitometers (Hologic Inc.)] and software version Apex 3.2. The left hip was routinely scanned unless the participant self-reported a fractured left hip, a left hip replacement, or a pin in the left hip to report the total femur BMD. The lumbar spine (L1–L4) was scanned to measure the total spine BMD.



2.4 Osteopenia/osteoporosis and fracture history

According to previous studies (17, 18), in women, osteopenia was defined as the total femur BMD value between 0.64 and 0.82 g/cm2, and osteoporosis was described as the total femur BMD value < 0.64 g/cm2. In men, osteopenia was defined as the total femur BMD value between 0.68 and 0.90 g/cm2, and osteoporosis was described as the total femur BMD value < 0.68 g/cm2. To determine the self-reported occurrence of osteoporotic fractures, participants were asked, “Has a doctor ever told you that you had a broken or fractured hip/wrist/spine?” and “Has a doctor ever told you that you had broken or fractured any other bone after 20 years of age?”; “yes” answers were recorded as positive.



2.5 Other covariates

The following covariates were included in the study: demographic data (gender, age, education, race, and ratio of family income to poverty), hypertension (ever been told you have high blood pressure), diabetes (fasting blood glucose level ≥ 126 mg/dl, a glycated hemoglobin concentration ≥ 6.5%, with prior diagnosis or medical treatment), body mass index (BMI), smoking status, alcohol intake, serum creatine, serum triglyceride, serum total calcium, alkaline phosphatase (ALP), and serum aspartate transaminase (AST). The detailed acquisition process and measuring method of each variable are available at www.cdc.gov/nchs/nhanes.



2.6 Statistical analysis

All continuous variables were described as mean (± standard deviation) and categorical variables as percentages (frequency). We checked up dependent variables and residuals with normal tests and homogeneity tests for variance. We analyzed the linear relationship between the thyroid hormone profile (TSH, FT4, T4, FT3, and T3) and BMD of the total femur and spine using weighted multiple regression and their 95% confidence intervals (CIs) among all patients and the patients with osteopenia and osteoporosis. We constructed two distinct models using weighted univariate and multivariate linear regression models, including the unadjusted model (no covariate was adjusted) and the adjusted model (adjusted for gender, age, education, race, ratio of family income to poverty, hypertension, diabetes, BMI, smoking status, alcohol intake, serum creatine, serum triglyceride, serum total calcium, ALP, and AST). Moreover, the nonlinear relationships between the thyroid hormone profile and BMD of the total femur and spine were described by smooth curve fittings and generalized additive models. Subgroup analysis was performed to evaluate relationships in diverse populations by stratifying gender and age (age < 50 years or age ≥ 50 years). We used two-piecewise linear regression models to calculate the inflection point. P values < 0.05 (two-sided) were considered statistically significant. Moreover, logistic regression models were used to determine the association of TSH and T4 (TSH and T4 were divided into a normal low-level group and a normal high-level group by the medians, respectively) with previous fractures. Modeling was performed with the R software v.4.0.3 (Vienna, Austria: R Foundation for Statistical Computing, 2016) and EmpowerStats (version: 2.0; X&Y Solutions, Inc., Boston, MA, USA; http://www.empowerstats.com).




3 Results


3.1 Patients and baseline characteristics

Overall, we analyzed 3,759 participants [mean age, 44.5 (± 16.2) years; 2,173 (57.8%) men and 1,586 (42.2%) women] in this study. The main education level was above high school [1,737 (46.2%)]. The majority of individuals were non- Hispanic white (43.8%). The ratio of family income to poverty was 2.5 (± 1.6), and the mean BMI was 27.9 (± 5.5) kg/m2. Participants with hypertension, diabetes, smoking, and alcohol drinking accounted for 970 (25.8%), 461 (12.3%), 1,728 (46.0%), and 892 (23.7%), respectively. Moreover, the mean of the serum creatine, serum triglyceride, serum total calcium, ALP, and AST was 0.9 (± 0.3) mg/dl, 1.6 ( ± 1.5) mg/dl, 9.4 (± 0.4) mg/dl, 68.3 (± 23.7) U/L, and 26.8 (± 23.2) U/L, respectively. The mean of the thyroid hormone profile (TSH, FT4, T4, FT3, and T3) was 1.7 (± 1.0) mIU/L, 0.8 (± 0.1) ng/dl, 7.8 (± 1.5) µg/dl, 3.2 (± 0.6) pg/ml, and 115.2 (± 22.4) ng/dl, respectively. The mean of total femur BMD among all participants was 1.0 (± 0.16), and the mean of total spine BMD was 1.0 (± 0.15). The detailed results are presented in Table 1.


Table 1 | Characteristics of the participants.





3.2 Associations with the total femur BMD and the thyroid hormone profile


3.2.1 Total analysis

In the unadjusted model, TSH, FT4, and T4 showed a negative association with the total femur BMD, and FT3 and T3 showed a positive association with the total femur BMD. When adjusting for covariates, FT4, T4, FT3, and T3 still showed a negative association with the total femur BMD. The relationship between TSH and the total femur BMD was not present. Moreover, while smooth curve fittings and generalized additive models were used to characterize the nonlinear relationship, TSH did not show a significant association with the total femur BMD. A negative association was still presented between the other four hormones (FT4, T4, FT3, and T3) and the total femur BMD. The detailed results were shown in Table 2 and Figure 2.


Table 2 | Association of the thyroid hormone profile with BMD in NHANES, 2007–2010.






Figure 2 | Association between the thyroid hormone profile and BMD. (A–E) TSH, FT4, T4, FT3, and T3 with the total femur BMD. (F–J) TSH, FT4, T4, FT3, and T3 with the total spine BMD. Solid rad line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit. Gender, age, education, race, ratio of family income to poverty, hypertension, diabetes, BMI, smoking status, alcohol intake, serum creatine, serum triglyceride, serum total calcium, ALP, and AST were adjusted.





3.2.2 Subgroup analysis

In subgroup analyses stratified by gender and age, the results showed that there was no association between TSH and the total femur BMD. T4 displayed a negative association with the total femur BMD among all groups.

For men, FT4, T4, FT3, and T3 showed a negative association with the total femur BMD in the adjusted model (Table 3). As for women, only FT4 and T4 displayed a negative association with the total femur BMD after adjusting for covariates (Table 4). In addition, when the nonlinear relationship was characterized by smooth curve fittings and generalized additive models (Figure 3), those negative correlations still survived in most groups. The association between T4 and the total femur BMD was an obvious U-shaped curve among men. The point of inflection identified using a two-piecewise linear regression model was 9.6 µg/dl. A significant negative relationship existed between T4 and the total femur BMD when T4 < 9.6 µg/dl. While the correlation was not significant when T4 > 9.6 µg/dl (Supplementary Table S1).


Table 3 | Association of the thyroid hormone profile with BMD in men.




Table 4 | Association of the thyroid hormone profile with BMD in women.






Figure 3 | Association between the thyroid hormone profile and BMD stratified by gender. (A–E) TSH, FT4, T4, FT3, and T3 with the total femur BMD. (F–J) TSH, FT4, T4, FT3, and T3 with the total spine BMD. Solid rad line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit. Gender, age, education, race, ratio of family income to poverty, hypertension, diabetes, BMI, smoking status, alcohol intake, serum creatine, serum triglyceride, serum total calcium, ALP, and AST were adjusted.



For participants aged 20 –50 years, a negative association was present between T4 and the total femur BMD, but not TSH, FT4, FT3, and T3 (Table 5). For participants aged >50 years, FT4 and T4 displayed a negative association with the total femur BMD, and FT3 displayed a positive association with the total femur BMD (Table 6). In the smooth curve fittings and generalized additive models (Figure 4), FT3 and T3 displayed an inverted U - shaped relationship with the total femur BMD among participants aged from 20 to 50 years with an inflection point of 3 pg/ml and 111 ng/dl, respectively. T4 exhibited an L - shaped relationship with the total femur BMD among participants aged >50 years. In addition, the two-piecewise linear regression models demonstrated that the total femur BMD declined gradually as the T4 level rose (T4 < 6 µg/dl), while no statistical significance was observed when T4 was > 6 µg/dl (Supplementary Table S2). FT3 exhibited an inverted U - shaped association with the total femur among participants aged >50 years. The two-piecewise linear regression models demonstrated that the total femur BMD rose gradually with the rising FT3 level (FT3 < 3.37 pg/ml); the total femur BMD declined gradually with the rising FT3 level (FT3 > 3.37 pg/ml).


Table 5 | Association of the thyroid hormone profile with BMD in participants aged 20 –50 years.




Table 6 | Association of the thyroid hormone profile with BMD in participants aged >50 years.






Figure 4 | Association between the thyroid hormone profile and BMD stratified by age. (A–E) TSH, FT4, T4, FT3, and T3 with the total femur BMD. (F–J) TSH, FT4, T4, FT3, and T3 with the total spine BMD. Solid rad line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit. Gender, age, education, race, ratio of family income to poverty, hypertension, diabetes, BMI, smoking status, alcohol intake, serum creatine, serum triglyceride, serum total calcium, ALP, and AST were adjusted.






3.3 Associations with the total spine BMD and the thyroid hormone profile


3.3.1 Total analysis

As shown in Table 2, TSH, FT4, T4, and T3 showed a negative association with the total spine BMD in the unadjusted model; however, the association between TSH and the total spine BMD did not present after adjusting all covariates. FT4, T4, FT3, and T3 displayed a negative association with the total spine BMD in the adjusted model. The fitted curve is demonstrated in Figure 2. FT4, T4, FT3, and T3 showed a negative association with the total spine BMD, but not TSH.



3.3.2 Subgroup analysis

In subgroup analyses, the negative association between the thyroid hormone profile and the total spine BMD was mainly present between T4 and the total spine BMD among all groups after adjusting all covariates. There was no association between TSH and the total spine BMD among all groups.

For men, a negative association between FT4, T4, FT3, and T3 with the total spine BMD was displayed after adjusting for all covariates (Table 3). As for women, when all covariates were adjusted, only T4 displayed a negative association with the total spine BMD (Table 4). When smooth curve fittings and generalized additive models were used to characterize the nonlinear relationship between the thyroid hormone profile and the total spine BMD, those negative associations were still present (Figure 3). Moreover, the association between T3 and the total spine BMD was an L - shaped relationship among women. The inflection point was 116 ng/dl. The two-piecewise linear regression models demonstrated that the BMD decreased gradually as the T3 level rose (T3 < 116 ng/dl), while no clear downward trend was observed when T3 > 116 ng/dl (Supplementary Table S3).

For participants aged 20 –50 years, a negative association was present between T4 and the total spine BMD, but not TSH, FT4, FT3, and T3 (Table 5). For participants aged >50 years, T4, FT3, and T3 displayed a negative association with the total spine BMD (Table 6). Moreover, when the nonlinear relationship was characterized by smooth curve fittings and generalized additive models (Figure 4), FT3 and T3 displayed an L - shaped relationship with the total spine BMD among participants aged from 20 to 50 years with an inflection point of 3.49 pg/ml and 133 ng/dl, respectively (Table 4).




3.4 Osteopenia/osteoporosis and fractures

There were 48 participants with osteopenia and 668 participants with osteoporosis. The associations with BMD and the thyroid hormone profile were shown in Table 7. T4 displayed a negative association with both the total femur BMD and the spine BMD in the adjusted model. No association between TSH and BMD was observed in both the unadjusted model and the adjusted model.


Table 7 | Association of the thyroid hormone profile with BMD in participants with osteopenia/osteoporosis.



When logistic regression models were used to determine the association of TSH and T4 with previous fractures, the results showed that TSH was not associated with previous fractures in both the unadjusted analysis [odds ratio (OR) 0.911 (95% CI, 0.788–1.054); P = 0.210] and the multivariate-adjusted analysis [OR 1.097 (95% CI, 0.935–1.287); P = 0.254]. However, in the unadjusted analysis, normal high-level T4 was associated with an increased prevalence of fractures [OR 1.284 (95% CI, 1.109–1.487); P < 0.001]. With the multivariate adjustment, there was still a statistically significant association between normal high-level T4 and previous fracture [OR 1.192 (95% CI, 1.017–1.397); P = 0.031].




4 Discussion

In this cross-sectional study, we used the NHANES 2007–2010 database to examine the association between the thyroid hormone profile and BMD (the total femur BMD and the total spine BMD) among euthyroid adults in the US population. We found that there was no obvious association between TSH and BMD. T4 displayed a negative correlation with the total femur BMD and the total spine BMD among all groups. Moreover, a change in the nonlinear relationship between the thyroid hormone profile (FT4, T4, FT3, and T3) and BMD was observed among the different groups.

The human thyroid gland synthesizes, stores, and secretes thyroid hormones, which mainly include 3,5,3′,5′-L-tetraiodothyronine (T4) and a smaller fraction of 3,5,3′-triiodo-l-thyroxine (T3). TSH can bind to its G-protein-coupled receptor in the thyroid stimulation this produces (19). The TSH receptor also expresses in osteoblast (20, 21). T3 and T4 are secreted into the plasma, and most of them are bound to specific proteins. Only a lesser proportion of them exist as the unbound free forms (FT3, FT4) with biological activity and exhibit specific functions at target organs (22). T4 can be converted into T3 with more activity (23). T3 can enter the nucleus and activate either thyroid hormone receptor α or β (TRα, TRβ). TRα is the main receptor expressed in the skeleton (24).

A large number of studies investigating the influence of thyroid disease on the adult skeleton show that thyroid diseases can influence bone health (7, 25, 26). Hyperthyroidism causes high bone turnover with accelerated bone loss and leads to osteoporosis (27). When BMD was evaluated in geriatric patients with toxic nodular goiter, both women and men had a significantly decreased BMD compared to the control (28). Vestergaard and Mosekilde (29) also found that BMD was decreased in untreated patients with hyperthyroidism, with an increased risk of hip fracture, which increases significantly with age. Studies reported that exogenous L-thyroxine, in an inappropriate replacement dose of T4, has a negative effect on bone metabolism (30, 31). Hypothyroidism also can change bone metabolism, resulting in bone mineralization (5). Early histomorphometry analysis demonstrated that hypothyroidism results in low bone turnover with decreased osteoblastic bone formation and reduced osteoclastic bone resorption (24). Some studies suggested that the thyroid status is related to bone health even within the euthyroid reference range, although those results are conflicting (32–35). In the study by Aubert et al. (36), they found that lower TSH and higher FT4 within the reference range were associated with an increased risk of hip fractures. However, van Vliet et al. (37) demonstrated no evidence of a causal effect of circulating TSH on BMD. Van Vliet et al. (37) suggested that in this sample of euthyroid healthy women who were either normal weight or overweight, the thyroid hormone profile was not associated with variations in BMD after a 1-year follow-up. Still, it is a study of a small number of women. In summary, the conclusions remain controversial largely because of heterogeneity, especially with regard to the age and gender of cohorts and differences in study size.

In our study, we used the NHANES database with a representative variety of people and a huge sample size. Considering that previous studies pay more attention to TSH, we analyzed all compositions of thyroid hormones, including FT4, T4, FT3, and T3. After adjusting for variables that might potentially influence BMD, we found that the association between TSH and BMD was not statistically significant, which was consistent with the study of Zantut-Wittmann et al. (15) and Grimnes et al. (33), but in contrast to findings by Lee et al. (38). In the study by Lee et al. (38), they analyzed data from the Korean Urban Rural Elderly (KURE) study and found that the femoral neck and total hip BMD were significantly lower in women with lower normal TSH levels. However, they only focused on older people >65 years old. The differences in ethnicity also could possibly explain part of the discrepancy. The expression of the TSH receptor was discovered in both osteoblasts and osteoclasts, and the receptor activation could regulate cell function (9, 21). It has been reported that subclinical hyperthyroidism (defined as a low TSH level with normal FT4 and FT3 levels) was associated with increased femoral neck bone loss. This may be attributed to the metrological dependence of TSH’s effect on cellular function, which is not evident within the normal range.

Moreover, we found a negative association between thyroid hormones (FT4, T4, FT3, and T3) and BMD. The subgroup analyses, stratified by gender and age, showed that the negative association between T4 and BMD stably existed in different groups. Although the correlation coefficients were small, the inverse association of T4 with BMD was statistically significant in all subgroup analyses and even reached a significance of 0.001 in some analyses. This suggests that there is indeed a weak correlation between T4 and BMD. We think it could be because T4 is the initially synthesized thyroid hormone and the most thyroid hormone in serum, accompanied by an extensive variation range, making it more responsive to the number of thyroid hormones. Thus, T4 could be the most appropriate thyroid function indicator when researching bone and thyroid function among euthyroid adults. We also found consistent results when we investigated patients with osteopenia/osteoporosis. Furthermore, we ran a further exploratory analysis on the associations of TSH and T4 with the history of fractures and found that subjects with normal high-level T4 were more likely to experience fractures. A similar relationship was not found for TSH.

In addition, this study has some limitations. First, this study had a cross-sectional design and only the relationship between thyroid hormone profile and BMD was explored. We could not get a causal inference for the associations between the thyroid hormone profile and bone health or provide any long-term data on the participants. Second, we did not evaluate the direct influence of thyroid hormones on osteoporosis due to the proportion of the osteoporosis participants being too small. Finally, there could be some recall bias in the part of the questionnaires, which might impact the covariates.



5 Conclusion

Results of this cross-sectional study demonstrated that in this sample of euthyroid adults, T4 exhibits a negative correlation with BMD, regardless of age and gender, in subjects with either normal or lowered BMD. Moreover, high-normal FT4 was associated with an increased prevalence of previous fractures. TSH was not associated with variations of BMD and the fracture risk. T4 could be a more appropriate indicator than TSH when studying bone and thyroid function. Considering the cross-sectional design of the current study, further prospective and experimental studies are worth conducting to verify our findings and clarify the underlying biological mechanism.
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BMD, bone mineral density; TSH, thyroid -stimulating hormone; FT4, free thyroxine; T4, total thyroxine; FT3, free triiodothyronine; T3, total triiodothyronine.

*Adjusted for gender, age, education, race, ratio of family income to poverty, hypertension, diabetes, BMI, smoking status, alcohol intake, serum creatine, serum triglyceride, serum total
calcium, ALP, and AST.

P values less than 0.05 are shown in bold.
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*Adjusted for gender, age, education, race, ratio of family income to poverty, hypertension, diabetes, BMI, smoking status, alcohol intake, serum creatine, serum triglyceride, serum total
calcium, ALP, and AST.

P values less than 0.05 are shown bold.
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*Adjusted for gender, age, education, race, ratio of family income to poverty, hypertension, diabetes, BMI, smoking status, alcohol intake, serum creatine, serum triglyceride, serum total
calcium, ALP, and AST.

P values less than 0.05 are shown in bold.
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calcium, ALP, and AST.

P values less than 0.05 are shown in bold.
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BMD, bone mineral density; TSH, thyroid -stimulating hormone; FT4, free thyroxine; T4, total thyroxine; FT3, free triiodothyronine; T3, total triiodothyronine.

*Adjusted for gender, age, education, race, ratio of family income to poverty, hypertension, diabetes, BMI, smoking status, alcohol intake, serum creatine, serum triglyceride, serum total
calcium, ALP, and AST.

P values less than 0.05 are shown in bold.
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BMI, body mass index; ALP, alkaline phosphatase; AST, aspartate aminotransferase; TSH, thyroid -stimulating hormone; FT4, free thyroxine; T4, total thyroxines FI3, free

triiodothyronine; T3, total triiodothyronine; BMD, bone mineral density.
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P values less than 0.05 are shown in bold.





OEBPS/Images/fendo-13-1039079-g001.jpg
NHANES 2005 - 2010
(n = 20686)

Participants with complete thyroid data
(n = 8584)

Participants with complete BMD data
(n =6037)

Participants with biochemically
euthyroid (n=5660)

Participants age over 20 years
(n =4442)

Final participants (n = 37359)

Participants who are pregnant now (n=0)
who use female hormones (n= 415)
who have thyroid problem (n = 137)

who have tumors or malignancy (n=2)
who use prednisone or cortisone daily

(n=129)






