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Abstract 
This study explored the influence of age and menopausal status on the levels of osteoprotegerin (OPG) and 
osteocalcin in women, independent of thyroid function. Data from 287 participants were analyzed, revealing that 
OPG levels increased while osteocalcin levels decreased with advancing age and deeper menopausal transition. 
No significant correlation with thyroid function was observed. These findings suggest that hormonal changes 
associated with menopause and aging are critical determinants of bone metabolism markers, independent of 
thyroid influences. Monitoring and targeting these biomarkers could enhance strategies for managing bone 
health in aging women. 
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Introduction 

Osteoporosis and other bone-related diseases are 
prevalent health issues that disproportionately 
affect women, particularly as they age and undergo 
menopausal transitions [1]. Two critical biomarkers 
in bone metabolism—osteoprotegerin (OPG) and 
osteocalcin—are pivotal in understanding the 
dynamics of bone health [2]. OPG is a cytokine 
receptor involved in inhibiting osteoclast 
differentiation and activation, thus playing a 
protective role against excessive bone resorption. 
Conversely, osteocalcin, a protein synthesized by 
osteoblasts, is integral in bone formation and is 
considered a marker of bone turnover [3,4]. 

The interplay between age, menopausal status, and 
these biomarkers provides a complex picture of 
bone health in women. Menopause, characterized 
by a decline in estrogen levels, is known to 
exacerbate bone loss, increasing the risk of 
osteoporosis. This hormonal shift could potentially 
alter the levels of OPG and osteocalcin, thereby 
influencing bone density and overall skeletal 
integrity [5,6]. 

Furthermore, thyroid function has been recognized 
to influence bone metabolism, although its role is 
less straightforward [7]. Thyroid hormones are 
known to modulate bone turnover, but their 
interaction with menopausal changes and age-
related factors remains to be fully elucidated [8]. 
The impact of thyroid function on OPG and 
osteocalcin levels, particularly in the context of 
varying menopausal statuses and age groups, is an 
active research area [9]. 

This paper aims to dissect the relationships 
between age, menopausal status, and the levels of 
OPG and osteocalcin in women while considering 
thyroid function as a potential confounder. By 
clarifying these relationships, we can better 
understand the mechanisms of bone health 
deterioration in women and enhance strategies for 
preventing and treating bone-related diseases. 

Methodology: This study used a cross-sectional 
design to investigate the relationship between age, 
menopausal status, osteoprotegerin (OPG), and 
osteocalcin levels in women while accounting for 
the potential confounding effects of thyroid 
function. 

Participants: A total of 300 women were recruited 
from outpatient clinics and community centers. The 
inclusion criteria included women aged 30 to 80 
years, spanning pre-menopausal, peri-menopausal, 
and post-menopausal phases. Exclusion criteria 
included history of thyroid disease, use of bone 
metabolism-altering medications, and conditions 
known to affect bone density such as chronic renal 
failure or cancer. 

Data Collection: Participants provided informed 
consent before undergoing a detailed health and 
lifestyle questionnaire to collect demographic data, 
menopausal status, and medical history. Blood 
samples were collected between 8:00 AM and 
10:00 AM after an overnight fast. Serum levels of 
OPG, osteocalcin, and thyroid-stimulating hormone 
(TSH) were measured using enzyme-linked 
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immunosorbent assay (ELISA) kits according to 
the manufacturer's instructions. 

Statistical Analysis: Data were analyzed using 
SPSS software, version 25. Continuous variables 
were expressed as mean ± standard deviation and 
categorical variables were summarized as 
frequencies and percentages. The relationship 
between age, menopausal status, and biomarker 
levels was assessed using multiple linear regression 
models, adjusting for potential confounders 
including body mass index (BMI) and thyroid 
function. Statistical significance was set at a p-
value less than 0.05. 

Results 

The study successfully analyzed data from 287 
participants after excluding those who did not meet 
the inclusion criteria or had incomplete data sets. 
The average age of participants was 52 years, with 
a balanced distribution across pre-menopausal 
(33%), peri-menopausal (34%), and post-
menopausal (33%) groups. 

Biomarker Levels 

- Osteoprotegerin (OPG): Average levels of OPG 
increased with age and were significantly higher in 
post-menopausal women compared to pre-
menopausal and peri-menopausal women. The 
mean OPG levels were 3.2 pmol/L in pre-
menopausal, 4.5 pmol/L in peri-menopausal, and 
5.8 pmol/L in post-menopausal women. 

- Osteocalcin: Conversely, osteocalcin levels 
showed a decrease with advancing age and 
menopausal status. Average osteocalcin levels were 
highest in pre-menopausal women (22 ng/mL), 
followed by peri-menopausal (18 ng/mL), and 
lowest in post-menopausal women (15 ng/mL). 

Thyroid Function: Thyroid function, as indicated 
by TSH levels, did not significantly correlate with 
changes in OPG or osteocalcin levels when 
adjusted for age and menopausal status in the 
regression models. 

Statistical Analysis 

- The multiple regression analysis revealed that age 
and menopausal status were significant predictors 
of OPG and osteocalcin levels (p < 0.01 for both). 
Menopausal status had a more pronounced effect 
on OPG levels, with post-menopausal status 
associated with an increase in OPG levels 
independent of age. 

- For osteocalcin, both age and menopausal status 
negatively influenced the levels, suggesting a 
decrease in bone formation activities with aging 
and hormonal changes associated with menopause. 

Interactions: No significant interactions were 
found between thyroid function and either 
menopausal status or age in predicting OPG and 
osteocalcin levels, confirming the primary 
hypothesis that the effects of menopausal status and 
age on these biomarkers operate independently of 
thyroid function. 

 
This table summarizes the average age, levels of OPG, osteocalcin, and TSH for each menopausal group. 

 
 
Discussion 

The findings of this study shed light on the intricate 
interplay between age, menopausal status, and bone 
metabolism markers in women, independent of 
thyroid function. The increase in osteoprotegerin 
(OPG) levels and decrease in osteocalcin levels 
observed with advancing age and progressing 
menopausal status underscore the dynamic changes 
in bone remodeling processes that occur during 
these transitions [10,11]. 

The significant increase in OPG levels among post-
menopausal women can be attributed to the 
reduction in estrogen levels, which is known to 
influence the regulation of bone resorption [12]. 
Estrogen deficiency has been linked to an 
upregulation of RANKL (receptor activator of 

nuclear factor kappa-Β ligand), a cytokine essential 
for the formation, function, and survival of 
osteoclasts [13]. OPG, being a decoy receptor for 
RANKL, may be upregulated as a compensatory 
response to increased RANKL activity, aiming to 
mitigate bone loss. However, despite the increase 
in OPG, the continued bone resorption indicated by 
decreasing osteocalcin levels suggests that this 
compensatory mechanism may not fully 
counterbalance the enhanced bone breakdown 
during menopause [14,15]. 

Age-related changes in bone metabolism are further 
complicated by decreased bone formation, as 
indicated by the reduction in osteocalcin levels 
across the age spectrum. This reduction may reflect 
a decline in osteoblastic activity and overall bone 
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turnover, which is consistent with the known 
decrease in bone regenerative capacity with age 
[16]. The aging process itself, irrespective of 
menopausal status, thus plays a critical role in the 
alteration of bone metabolic markers. The lack of 
significant correlation between thyroid function 
and bone markers in our analysis suggests that 
while thyroid hormones are pivotal in bone health, 
their effect may be overshadowed or independent 
of the changes brought about by menopausal status 
and aging in this cohort. This finding indicates that 
the primary drivers of changes in OPG and 
osteocalcin levels in this population are likely 
related to estrogen deficiency and aging rather than 
thyroid hormone fluctuations [17]. 

These results highlight the need for targeted 
strategies in the management of bone health in 
aging women, particularly around the time of 
menopause. Monitoring OPG and osteocalcin 
levels could provide valuable insights into the risk 
of osteoporosis and fractures and guide therapeutic 
interventions [18]. Furthermore, the findings 
suggest that while thyroid function is an important 
consideration in bone health, it may not be a 
significant factor in the menopausal changes 
affecting bone markers. The study's cross-sectional 
design limits the ability to infer causality. 
Longitudinal studies are needed to track changes in 
bone markers over time concerning menopausal 
transition and aging processes. Additionally, 
further research should explore the role of other 
potential confounders such as vitamin D levels, 
calcium intake, and physical activity, which were 
not accounted for in this study [19,20]. 

The study underscores the profound impact of 
aging and menopausal status on key bone 
metabolism markers, independent of thyroid 
function, providing a clearer understanding of the 
biological underpinnings that contribute to the 
increased risk of osteoporosis in women as they 
age. 

Conclusion 

The study conclusively demonstrates that age and 
menopausal status significantly affect the levels of 
osteoprotegerin (OPG) and osteocalcin in women, 
highlighting the complex interplay between 
hormonal changes and bone metabolism. We 
observed that OPG levels increase while 
osteocalcin levels decrease with advancing age and 
deeper into the menopausal transition, independent 
of thyroid function. These findings emphasize the 
critical need for monitoring bone health in women, 
particularly during and after menopausal 
transitions, to better predict and manage the risk of 
osteoporosis and related conditions. The results 
also suggest that interventions tailored to these life 
stages could be vital in mitigating the adverse 

effects on bone health, underscoring the importance 
of a targeted approach in clinical settings. 
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