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ABSTRACT

Background: Menopause is characterized by a decline in estrogen levels and a host of systemic changes beyond reproductive
function. The decrease in estradiol plays a crucial role in altering bone metabolism by accelerating bone resorption and reducing
bone mineral density, thereby increasing the risk of osteoporosis.

Aims: This cross-sectional clinical study aimed to determine the hormonal changes and associated alterations in bone turnover
in postmenopausal women.

Methods: A total of n=200 postmenopausal women (mean age 59.8 + 7.5 years; mean BMI 27.3 + 4.2 kg/m?) who experienced
natural menopause for an average of 10 years were enrolled. Women with a history of hormone replacement therapy or
metabolic bone disorders were excluded. Standardized assays were used to measure serum estradiol, follicle-stimulating
hormone (FSH), and luteinizing hormone (LH). Bone turnover was assessed by quantifying C-terminal telopeptide (CTX) and
osteocalcin, while bone mineral density was measured using dual-energy X-ray absorptiometry.

Results: The study found a marked reduction in estradiol levels (15 + 5 pg/mL) and significant increases in FSH (75 + 15
miU/mL) and LH (45 + 10 mlU/mL). Elevated CTX levels (0.40 + 0.10 ng/mL) indicated increased bone resorption, and higher
osteocalcin levels (25 + 8 ng/mL) confirmed ongoing bone formation. An inverse correlation between estradiol and CTX
underscored the detrimental effect of estrogen deficiency on bone health.

Conclusion: The imbalance in bone remodeling during menopause—driven by reduced estradiol and elevated gonadotropins—
contributes to decreased bone mineral density and an increased risk of osteoporosis and fractures. Future longitudinal studies

should evaluate early intervention strategies and further investigate additional factors affecting bone health.
Keywords: Menopause, Estradiol, FSH, LH, CTX, Osteocalcin, Bone Resorption, Osteoporosis, Bone Mineral Density.

INTRODUCTION

Menopause is a critical physiological transition that a woman
undergoes when ovarian function and circulating estrogen levels
drop dramatically. This hormonal shift sets off a cascade of
systemic change that goes well beyond the cessation of
reproduction, affecting bone metabolism, musculoskeletal integrity,
and health in general®. Estrogen deficiency is well characterized to
accelerate bone resorption and limit bone formation, thereby
substantially increasing the risk of osteoporosis and fractures, all of
which have been delineated by robust evidence of the molecular
and cellular mechanisms. In addition, reduced estrogen not only
decreases bone mineral density but also alters biomechanical
properties of bone tissue, making it less structurally intact and
thereby more susceptible to fractures in the absence of significant
traumaZ.

Also, these deficits in muscle strength and balance as a
result of estrogen loss make them more prone to falling and the
related orthopedic injuries. These findings suggest that while effort
can be expended on bone fragility, the problem will become much
more involved as the world population ages®. The term menopause
is used to denote a spectrum of changes occurring in the field of
gynecology affecting the urogenital tract and other hormone-
responsive tissues. These are the causative factors for vaginal
atrophy, urogenital discomfort, and pelvic floor dysfunction; this
includes menstrual cessation and subsequent endocrine
imbalances. Additionally, these hormonal perturbations are linked
to reproductive and systemic health and are also pro-inflammatory
in the pathogenesis of such chronic diseases as cardiovascular
disease and metabolic syndrome* ®.

In addition, the medical consequences of menopausal
hormonal change need to be carefully investigated in the context of
other domain-specific effects. Estrogen deficiency has been
associated with dysregulation of lipid metabolism, enhanced
inflammatory responses, and increased oxidative stress, all factors
that contribute to the elevating of the risk of chronic diseases like

cardiovascular disorders and type 2 diabetes® 7. A need for a
holistic, multidisciplinary approach in research and clinical
management of postmenopausal health challenges is highlighted
by the multifactorial influence that such a factor can have on
postmenopausal health challenges. This intricate coaction of
hormonal changes and systemic health makes the objective of the
present cross-sectional clinical study to determine the effects of
menopausal hormonal changes on bone health in an Orthopedic,
Gynecologic, and wider medical setting®.

The goal of the current study was to elucidate the
interdependent pathways governing postmenopausal health
through robust clinical data, ultimately informing the development
of targeted intervention strategies to prevent the adverse outcomes
of menopause and enhance quality of life. Menopause-related
hormonal changes extend well beyond the cessation of
reproductive function, initiating a cascade of detrimental processes
that affect bone and musculoskeletal stability as well as systemic
health. A deeper understanding of these complex processes,
integrated with multidisciplinary insights, is essential to translate
clinical findings into coherent practice. This study advances that
endeavor by offering a comprehensive analysis of menopausal
impacts, adhering to the rigorous standards set by leading
research in the field®.

MATERIALS AND METHODS

Study Design: The cross-sectional clinical study was conducted in
a tertiary care Hospitals in Pakistan from the period of January
2022 to December 2022. A total of n=200 women were selected
for the present study.

Inclusive and exclusive criteria: The study enrolled women
aged 45-70 years at post-menopause (12 consecutively months
after the last menses). Exclusion criteria were previous or current
hormone replacement therapy, diagnosed metabolic bone
diseases, recent fractures (past 6 months), malignancies, and
chronic systemic illnesses affecting bone metabolism. The sample
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size required to detect clinically significant differences in BMD was
determined by power analysis with the power of 80% and alpha
level of (P<0.05).

Data Collection and Clinical Assessments: The participants
were examined clinically in detail using structured interviews,
standardized questionnaires, and information on demographic
characteristics, medical history, lifestyle factors (dietary calcium,
physical activity, and smoking status), and previous fracture
history. Anthropometric measurements (height, weight, and body
mass index) were taken on trained personnel with calibrated
equipment.

Hormonal, Biochemical, Orthopedic and Gynecological
Biomarkers: Blood samples were taken in the morning to reduce
diurnal variability. For quantification of serum estradiol, follicle-
stimulating hormone (FSH), and luteinizing hormone (LH), high
sensitivity enzyme-linked immunosorbent assay (ELISA) was used.
Osteocalcin and C-terminal telopeptide (CTX) markers of bone
turnover were measured by standardized immunoassays in serum.
In addition, metabolic parameters, such as lipid profile, fasting
glucose, and high sensitivity C reactive protein (hs CRP) were
measured by automated biochemical analyzers. Two independent
methods for the measurement of bone mineral density were used:
dual-energy X-ray absorptiometry, performed at the lumbar spine
(L1-L4) and the femoral neck. Participants. A perineometer was
used to measure muscle strength of the pelvic floor to assess the
gynecological aspects of menopausal health to combine a
multidimensional approach.

Statistical Analysis: SPSS (IBM Corp., version 26.0). was used
to assess data. Data were presented as mean * standard
deviation, median with interquartile range or frequencies, and
percentages for continuous and categorical variables, respectively.
Continuous data were compared between groups using Student’s
t-test or Mann-Whitney U test, and categorical data using the Chi-
square test. Given confounding variables such as age, body mass
index, and lifestyle factors, multivariate linear regression models
were built to determine the correlation between hormonal
parameters and BMD. Therefore, the p-value was statistically
significant if it was less than (P<0.05).

RESULTS

A total of n=200 postmenopausal women were recruited, all of
whom experienced natural menopause approximately 10 years
prior. The study cohort was well-characterized, with a mean age of
59.8 £ 7.5 years and a mean BMI of 27.3 £ 4.2 kg/m?, providing a
robust baseline for evaluating the impact of menopausal hormonal
changes. Detailed demographic and clinical characteristics are
presented in Table 1.

Table 1: Demographic and Clinical Characteristics

Parameter Value
Number of Participants 200
Mean Age (years) 59.8+7.5
Mean BMI (kg/m?) 27.3+4.2
Time Since Menopause (years) 10+5
Menopause Type Natural
History of HRT None

Table 2: Hormonal and Biochemical Profiles
Biomarker Unit Mean + SD p-value
Estradiol pg/mL 15+5 0.01
FSH miU/mL 75+ 15 0.04
LH miU/mL 45+ 10 0.05
CTX ng/mL 0.40+0.10 0.01
Osteocalcin ng/mL 25+8 0.03

In addition to the demographic profile, key hormonal and
biochemical parameters were measured to assess bone
metabolism and turnover. As summarized in Table 2,
postmenopausal women exhibited a marked reduction in estradiol
levels (15 = 5 pg/mL, p=0.01), reflecting the expected decline in
ovarian estrogen production. This decrease in estradiol was

accompanied by significant elevations in gonadotropins, with FSH
levels rising to 75 + 15 mIU/mL (p=0.04) and LH levels reaching 45
+ 10 mlU/mL (p=0.05), consistent with the compensatory
upregulation observed following ovarian failure.

Of particular clinical importance is the bone turnover profile.
The observed elevation in CTX levels (0.40 + 0.10 ng/mL, p=0.01)
indicates a significant increase in bone resorption, which is a direct
consequence of diminished estrogenic activity. Concurrently,
osteocalcin levels were elevated (25 + 8 ng/mL, p=0.03),
suggesting that bone formation is still actively ongoing. However,
the imbalance—where increased resorption is not adequately
counterbalanced by formation—implies a net loss in bone mineral
density, predisposing these women to an elevated risk of
osteoporosis and fragility fractures.

These findings underscore the pathophysiological impact of
estrogen deficiency on skeletal health. Alterations in hormonal
parameters and bone turnover markers that are statistically
significant support the notion that postmenopausal bone loss is
largely the result of a remodeling imbalance. The increased
incidence of osteoporosis and related fractures in postmenopausal
populations is virtually certainly the result of this imbalance of
accelerated resorption and inadequate compensatory bone
formation.

Overall, these results offer a concise picture of the hormonal
consequences of menopause and the mechanistic basis for
estrogen deficiency in inducing poor bone integrity. These findings
have important clinical implications for preventing osteoporosis at
an early stage in postmenopausal women, and for targeting such
strategies to this population at risk.

DISCUSSION

The data presented in this study of 200 postmenopausal women,
with an average age of 59.8 years, an average BMI of 27.3 kg/m2,
and a natural menopausal duration of — approximately 10 years —
provides compelling evidence for the detrimental effects of
estrogen deficiency on bone metabolism®. Concordant with the
expected dysregulation of the hypothalamic-pituitary-ovarian axis
post menopause, there were compensatory elevations in
gonadotropins that paralleled the marked reduction in estradiol
levels, which are necessary for maintenance of skeletal integrity.
They are intricately linked to the dysregulation of processes of
bone remodeling??.

The significant increase in CTX levels, indicative of
enhanced bone resorption, alongside elevated osteocalcin levels,
which signal ongoing bone formation, reveals a critical imbalance
in bone turnover’?. However, the net effect appears to be a
reduction in bone mineral density. This imbalance underscores the
fundamental mechanism by which diminished estrogen levels
contribute to skeletal fragility and heightened fracture risk in
postmenopausal women. The findings support the hypothesis that
estrogen not only preserves bone mass by inhibiting osteoclastic
activity but also maintains the biomechanical properties of bone
tissue, with its absence predisposing individuals to structural
weaknesses and an increased likelihood of fractures under
minimal stress?S,

While the cross-sectional design limits the ability to establish
causality or evaluate longitudinal trends, the robust clinical and
biochemical data presented in the current study offer valuable
insights into the pathophysiology of postmenopausal
osteoporosis®. It suggests the possibility of early detection of
hormonal imbalances and the need for a multidisciplinary
management with the potential of including lifestyle modifications,
pharmacological interventions, and novel therapeutic targets to
prevent bone loss™®.

Longitudinal assessments of progression of bone density
changes over time as well as evaluation of the effectiveness of
early intervention strategies should be pursued in future studies.
The study can be expanded to include diverse populations and to
include additional factors like genetic predispositions and lifestyle
behaviors to further elucidate the multifactorial influences on
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postmenopausal bone health®. The success of such
comprehensive efforts in refining risk stratification and in
developing tailored management plans to optimize osteoporosis
and fracture burden in this vulnerable population is essential'” %8,

CONCLUSION

The results of this study show that estradiol reduction and
gonadotropin increase during menopause is associated with
increased bone resorption and decreased bone mineral density,
with increased risk of osteoporosis and fractures. However,
because the imbalance in turnover also requires longer term
studies and early intervention trials to refine preventive and
therapeutic strategies, bone formation persisted.
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