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Effects of Levothyroxine and thyroid stimulating hormone on bone 
loss in patients with primary hypothyroidism
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ABSTRACT

Objective: Previous studies on bone mineral density (BMD) abnormalities associated with 
hypothyroidism are scarce and not conclusive. The effect of thyroid hormone therapy on 
BMD has shown mixed results.  The aim of the present study was to determine the severities 
of osteoporosis in female patients with hypothyroidism in comparison to healthy women.
Methods: This cross‑sectional descriptive study was performed on 150 women aged 
over 50 years. Totally, 100 patients with primary hypothyroidism and 50 healthy subjects were 
enrolled in this study and divided into three groups. Group A, which consisted the patients who had 
been recently diagnosed with primary hypothyroidism.  The second group of patients diagnosed 
with primary hypothyroidism for at least 2 years and was treated with levothyroxine (Group B). 
The third group of healthy individuals was selected as a control group (Group C). Blood samples 
were taken for the measurements of thyroid stimulating hormone (TSH), and bone densitometry 
was performed to determine the BMD reported as T‑score in order to measure the severity 
of osteoporosis.  T‑score of the lumbar vertebra (L2‑L4) and femoral neck were measured with 
dual energy X‑ray absorptiometry and were compared between the three groups. Data were 
analyzed by SPSS using regression analysis and Mann–Whitney, Kruskal–Wallis, or analysis of 
variances statistical tests.  The statistical significance was set at a P < 0.05.
Findings: The average age of patients and baseline serum TSH levels in Group B was 
significantly different from the other two groups (P < 0.001). T‑score of the lumbar 
spine (L2‑L4) in Group B was significantly lower than the other groups (P = 0.01).  The 
linear regression between serum TSH levels and BMD categories were not clearly associated. 
However, after removing the effect of the baseline TSH level in Group B, bone loss was 
significantly greater than the other two groups (P = 0.01).
Conclusion: According to the present study, it seems that the treatment of hypothyroidism 
with thyroid hormones reduces both serum levels of TSH and bone density. Hence, proper 
control of this risk factor can be an effective way in prevention of osteoporosis.
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INTRODUCTION

The relationship between thyroid function and 
bone metabolism was first reported at 1891 

by Von Recklinghausen, which explained a 
patient with hyperthyroidism and multiple bone 
fractures.[1] Hypothyroidism is a common disease 
affecting up to 1% of the population.[2] Several 
studies have investigated the relationship between 
hyperthyroidism and osteoporosis.[3‑6] How thyroid 
hormone or thyroid stimulating hormone (TSH) 
abnormalities affect the physiology and molecular 
characteristics, and metabolic disorders of bone is still 
controversial. The main problem of osteoporosis is 
an imbalance between bone harvest, which included 
the removal and replacement of old bone with new 
bone.[7] According to World Health Organization 
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definition, T‑score ≤−2.5 standard deviation of 
mean bone mineral density (BMD) in young adults 
is considered as osteoporosis, T‑score between 
0 and −1 is considered as normal BMD, T‑score 
between −1 and −2.5 is considered as osteopenia, and 
T‑score ≤ −2.5 plus a history of fracture, is considered 
as a sever establish osteoporosis.[8]

Several studies have shown that in patients with 
uncontrolled hyperthyroidism, bone regeneration time 
are reduced significantly so that the negative balance 
between bone formation and bone resorption occurs.[9] 
In these patients, the intestinal absorption of calcium 
and phosphorus decreased.[10] There is growing 
evidence for an association between low TSH, low 
BMD, and increased bone turnover in hyperthyroidism. 
The risk of vertebral and non‑vertebral fractures 
increases 4.5‑ and 3.2‑fold, respectively, with serum 
TSH levels of 0.1 IU/L or less.[11]

Likewise, euthyroid women with serum TSH levels in 
the lowest tertile of the normal range have a higher 
incidence of vertebral fractures, independent of thyroid 
hormone levels.[12] However, studies have shown 
that TSH has a negative regulatory effect on bone 
turnover.[13] However, TSH in hypothyroid patients 
is still unclear whether increasing or decreasing, or 
whether it is effective in causing bone loss. In patients 
with congenital hypothyroidism, bone growth has 
been shown to be slow or halted.[14,15] Furthermore, 
initial treatment with thyroid hormone improves 
growth and BMD in children.[16,17] In three studies in 
patients with thyroidectomy, TSH was inhibited by 
levothyroxine hormone therapy and no reduction in 
the rate of BMD was observed.[18‑20] Previous studies 
on BMD abnormalities associated with hypothyroidism 
are scarce and not conclusive. The effect of thyroid 
hormone therapy on BMD has shown mixed 
results.[21‑31] In one study it was shown that the risk 
of bone fractures were increased in patients with a 
high TSH; and patients with a suppressed TSH, when 
compared to patients with a TSH in the laboratory 
reference range; so patients with a high or suppressed 
TSH had an increased risk of fractures, but patients with 
a low, but unsuppressed TSH did not.[24] In patients 
with untreated hypothyroidism, the mean thickness of 
the cortical bone was reduced and following treatment 
increases.[32‑34] Given the importance of bone loss in 
hypothyroid patients and knowing its relationship 
with TSH levels, this study was conducted to evaluate 
the relationship between osteoporosis and osteopenia 
with primary hypothyroidism in women.

METHODS

This cross‑sectional study was conducted in Isfahan, 
Iran, from February 2010 to December 2013. 

The study population included over‑50 years’ old 
hypothyroid and healthy women, who had referred 
to the rheumatology and endocrinology clinic of the 
Alzahra hospital for the diagnosis and treatment 
of osteoporosis. A total of 150 women aged over 
50 years were assigned to one of three study groups: 
Group A consisted 50 patients who had been 
recently diagnosed with primary hypothyroidism. 
The second groups of 50 patients diagnosed with 
primary hypothyroidism for at least 2 years and 
were treated with levothyroxine (Group B). The third 
group of 50 healthy individuals was selected as a 
control group (Group C); these people were selected 
from the women with the same age who had not 
any symptoms of hypothyroidism, and their serum 
TSH was in the normal range. Hypothyroidism was 
defined as FreeT4 <8 Picomol/L and TSH higher than 
10 μIU/ml. Having a normal calcium, phosphorus, 
albumin, Vitamin D and alkaline phosphatase were 
the other necessary criteria for being included in the 
study. The cases were dropped out of the study if 
they had a history of alcohol abuse, asthma, cancer, 
liver failure, renal failure, hyperparathyroidism, 
hypercalcemia, glucocorticoid consumption, prosthetic 
fracture at L2‑L4 vertebrae and femur,  cardiac 
disease, chronic gastric problems (malabsorption, 
chronic diarrhea and crohn’s disease), treatment with 
calcium or vitamin D supplementary, anticonvulsants, 
heparin, lithium, cyclosporine, bisphosphonates, 
calcitonin or replacement hormones, ovariectomy, 
rheumatoid arthritis or other rheumatic‑inflammatory 
diseases, smoking and lack of patient cooperation.

The bone density based on the T‑score of femoral 
neck and lumbar vertebrae were compared between 
three groups. For densitometry, dual‑energy X‑ray 
absorptiometry was used to measure the bone 
density in lumbar vertebrae (L2‑L4, anterior‑posterior 
measurements) and femoral neck. The measurement 
was performed by an expert technician using 
the Explorer™‑Hologic’s bone densitometer 
manufactured in USA (Hologic QDR 2000).

Patients with hypothyroid symptoms and somehow 
similarity in terms of height and weight who were 
willing to participate in the study were selected. 
A 10 ml of blood were taken and sent to the 
laboratory on ice within 30 min. Serum was kept at 
a temperature of −20°C for further testing. TSH was 
measured through ELFA (electro Luminofleurecent 
assay) technique. TSH normal range was considered 
as 0.5‑5.5 μIU/ml according to detecting kit data. If 
the TSH was above 10, FreeT4 level of the serum 
were measured considering the normal range of 
9‑20 Picomol/L. If FreeT4 was <8 Picomol/L and 
TSH was higher than 10 μIU/ml, then primary 
hypothyroidism was confirmed, and the patient 
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was a candidate for treatment with levothyroxine. 
Before the treatment, subjects underwent bone 
densitometry.

Finally, a complete set of data was collected for 
each patient. These include: Patient’s age, history of 
hypothyroidism or other chronic diseases, weight, 
height, body mass index (BMI), T‑score data of 
lumbar, and femoral neck densitometry, calcium, 
phosphorus, alkaline phosphatase, Vitamin D and 
TSH levels and duration of hypothyroidism. The 
Ethics Committee of the Isfahan University of Medical 
Sciences approved this study, and written informed 
consent was obtained from all study participants.

Data of 150 individuals was analyzed by SPSS 
version 13 (SPSS, Inc., Chicago, IL, USA) using 
the regression analysis (for assessing any probable 
correlation between hypothyroidism and bone loss), 
analysis of variances (ANOVA) (ANOVA, for comparing 
the means of data between three study groups), 
Krusskal–Wallis (for comparing differences between the 
study groups regarding the category of BMD data) and 
Mann–Whitney (for non‑parametric quantitative data) 
tests. P < 0.05 was considered statistically significant.

RESULTS

Demographic characteristics and related clinical 
variables of the study population are depicted 
in Table 1. As noted, there were no statistically 
significant differences of BMI, femoral neck T‑score 
and menopausal age between the three groups. 
The mean age in Group B was lower than the other 
groups (P < 0.001); however, Mann–Whitney test 
showed no significant difference between Groups A 
and C with this regard (P = 0.94). Baseline serum 
TSH levels were significantly different among three 
groups (P < 0.001). Serum TSH in Group A was higher 
than the other groups; while serum TSH in Group B 
was lower than Group C (P < 0.001).

This study showed that the femoral neck T‑score was 
not significantly different between the three groups; 
however, the T‑score at lumbar spine L2‑L4 regions 
were significantly different (P = 0.01). Prevalence of 
osteoporosis was 56% in Group B that was higher 
than other groups. ANOVA test showed that the 
mean T‑score at lumbar spine L2‑L4 region between 
Groups B and C (P = 0.027) and between Groups A 
and B (P = 0.034) were significantly different. Mean 
serum TSH levels and mean T‑score at lumbar spine 
L2‑L4 region in Group B was lower than the other two 
groups. Regression analysis (data not shown) has not 
shown any correlation between serum TSH levels and 
T‑score at femoral neck and lumbar spine (P > 0.05); 
however, after removing the effect of the baseline 

TSH level in Group B, a significant difference in the 
prevalence of osteoporosis at the lumbar spine were 
found between groups (P = 0.01). BMD categories 
of three study groups are summarized in Table 2. 
Krusskal–Wallis test showed significant differences 
in bone density of the lumbar spine among the study 
groups.

DISCUSSION

Osteoporosis is a major cause of disability in human, 
while it is actually treatable. Thyroid disorders are one 
of the major common disorders which may affect the 
bone density. It has been shown that hyperthyroidism 
is a major cause of secondary osteoporosis.[35‑36] 
Initial studies showed that after 1 year treatment 
of hyperthyroidism, significant improvement in 
osteoporotic patients has been occurred.[35‑36] However, 
hypothyroidism and its association with osteoporosis is 
questionable since a few studies have been conducted 

Table 1: Baseline characteristics of the study 
population
Variable Group (n=50) P*

A B C
Age (year) 59.46±6.25 54.88±4.37 59.86±6.43 <0.001
BMI (kg/m2) 30.60±4.14 31.63±4.07 29.55±4.68 0.057
Menopausal 
age (year)

49.28±3.10 48.25±3.95 49.75±2.94 0.089

TSH 11.1 (3.7‑23) 0.6 (0.1‑2.1) 2.2 (1.1‑6.7) 0.001
BMD (T score)

Lumbar 
vertebrae (L2‑L4)

−1.85±0.86 −2.49±1.40 −1.87±1.16 0.01

Femoral neck −0.89±1.14 −0.66±0.91 −0.99±1.12 0.28

Data are presented as mean±SD, or median (range) of TSH due to 
not‑normally distributed data. BMI=body mass index, TSH=thyroid 
stimulating hormone, BMD=bone mineral density, SD=standard 
deviation, ANOVA=Analysis of variances. Groups – Group A=new 
primary hypothyroidism patient, Group B=patients with 2 years primary 
hypothyroidism diagnosis and treatment, Group C=healthy people. *ANOVA 
or Mann‑Whitney test

Table 2: BMD category of three study groups
BMD category Group (n=50) P*

A B C
Lumbar vertebrae (L2‑L4) 0.01

Normal 9 (18) 6 (12) 15 (30)
Osteopenia 27 (54) 16 (32) 18 (36)
Osteoporosis 14 (28) 28 (56) 17 (34)

Femoral neck 0.12
Normal 26 (52) 33 (66) 22 (44)
Osteopenia 21 (42) 16 (33) 22 (44)
Osteoporosis 3 (6) 1 (2) 6 (12)

Data are presented as N (%) of patients in each category. BMD=Bone 
mineral density. Groups: Group A=New primary hypothyroidism patient, 
Group B=Patients with 2 years primary hypothyroidism diagnosis and 
treatment, Group C=Healthy people. *Krusskal‑Wallis test
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for this subject. The purpose of this study was to 
investigate this relationship.

In our study, in untreated hypothyroid patients 
(Group A), osteoporosis was not frequently evident. 
However, in those who received treatment and 
had significantly reduced TSH, the incidence of 
osteoporosis was higher than others. Linear regression 
test showed that there was no significant association 
in the rate of osteoporosis between groups, which may 
indicate a weak role of TSH.

Pedro j. et al. observed a high prevalence of 
bone loss in patients treated with thyroxin.[37] 
Vestergaard and Mosekilde studied 11,776 patients 
with hyperthyroidism and 4473 patients with 
hypothyroidism in terms of bone fracture. In 
hyperthyroid patients, the fracture risk was 
significantly increased only at the time of diagnosis, 
but after the diagnosis and treatment, fracture risk 
was reduced. Surgical treatment of hyperthyroidism 
reduces the risk of bone fractures, but fracture risk in 
hypothyroid patients both before and after diagnosis 
was significantly increased. They concluded that the 
risk of bone fractures in both hyperthyroidism and 
hypothyroidism are high.[31] It seems that in adult 
patients with hypothyroidism, bone density increases 
but bone quality is poor, thus this may cause 
increased fracture risk in these patients. The present 
study also showed that at the time of diagnosis of 
hypothyroidism, BMD was not significantly different 
from normal subjects. Interestingly, the patients 
that received 2 years of levothyroxine replacement 
therapy had lower bone density. Thus, simultaneous 
treatment of hypothyroidism and bone loss seems to 
be necessary.

Grimnes et al. reported that femoral neck bone 
density in postmenopausal women with elevated TSH 
levels was 5.97% higher than in women with normal 
TSH.[38] The present study shows that high TSH levels 
in hypothyroid patients does not significantly effect on 
BMD of spine and pelvic. However, it has been shown 
in children with congenital hypothyroidism that bone 
density is lower than normal children.[39] In children 
with subclinical hypothyroidism, bone qualities by 
using of quantitative ultrasound were studied. The 
results showed that with increasing concentrations 
of TSH, calculated osteo sono‑assessment index is 
reduced.[40] This study showed that the hypothyroidism 
affects the bone structure.

The role of thyroid on hormone homeostasis and BMD 
is important. Hence, in case of osteoporosis, a thyroid 
disorder should be thought as a cause of secondary 
osteoporosis.[41,42] The present study showed that 
hypothyroid patients that were treated with thyroid 
hormone for more than 2 years had no improvement 

in bone density despite normal TSH, while their bone 
density in the spine was significantly lower than 
healthy subjects or patients with a new diagnosis of 
hypothyroidism. According to the present study, it 
seems that the treatment of hypothyroidism with 
thyroid hormones reduces serum levels of TSH and 
bone density. Hence, proper control of this risk factor 
can be an effective way in prevention of osteoporosis.
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