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ABSTRACT: Estrogen deficiency following
menopause is associated with adverse metabolic and
vascular changes that accelerate atherosclerosis and
increase  cardiovascular risk. While serum
Lipoprotein(a), insulin, and homocysteine have each
been identified as independent non-conventional
cardiovascular risk markers, limited data are
available regarding their combined evaluation and
interrelationship in apparently healthy
postmenopausal women. The present study was
undertaken to assess these biomarkers and explore
their correlation in this population.

The study has been done to evaluate the serum levels
of Lipoprotein(a), insulin, and homocysteine and to
determine their correlation as non-conventional
atherogenic risk markers in postmenopausal women.
This comparative cross-sectional study was
conducted in the Department of Biochemistry, of a
tertiary-care center in Jodhpur, India. Fifty apparently
healthy postmenopausal women and twenty-five
healthy women of reproductive age were enrolled as
the study and control groups, respectively. Fasting
blood glucose, serum insulin, Lipoprotein(a), and
homocysteine were estimated using standard
automated laboratory methods. Insulin resistance was
calculated using the Homeostatic Model Assessment
for Insulin Resistance (HOMA-IR). Statistical
analysis was performed using Student's ¢-test, and
Pearson's correlation coefficient was used to assess
the relationship among the biomarkers. A p-value of
<0.05 was considered statistically significant.
Postmenopausal women exhibited significantly
higher mean fasting blood glucose, serum insulin,
HOMA-IR, Lipoprotein(a), and homocysteine levels
compared with healthy controls (all p<0.001). Mean
serum Lipoprotein(a) and homocysteine
concentrations were 20.07 £ 6.97 mg/dL and 23.50 +
6.93 umol/L, respectively, compared with 12.94 +
2.50 mg/dL and 13.97 £ 1.71 pumol/L in controls.
Positive correlations were observed between serum
insulin and Lipoprotein(a) (r=0.28), serum insulin

and homocysteine (»=0.13), and Lipoprotein(a) and
homocysteine (=0.17).

Postmenopausal women demonstrated significantly
elevated levels of serum Lipoprotein(a), insulin,
homocysteine, and insulin resistance compared with
premenopausal controls. The observed positive
correlations among these biomarkers suggest that
their combined assessment may provide additional
information for identifying women at increased risk
of atherosclerotic cardiovascular disease. Further
large-scale prospective studies are warranted to
validate these findings.

KEYWORDS: Postmenopausal women;
Lipoprotein(a); Homocysteine; Insulin, HOMA-IR;
Atherosclerosis; Cardiovascular disease.

LINTRODUCTION

Cardiovascular disease (CVD) is the leading
cause of morbidity and mortality among women
worldwide, with its incidence increasing markedly
after menopause, and the menopausal transition is
recognized as a critical period during which
cardiovascular risk accelerates beyond the effects of
chronological aging due to the decline in endogenous
estrogen.[1,2] Estrogen exerts several
cardioprotective actions by favorably regulating lipid
metabolism, preserving endothelial function,
enhancing nitric oxide bioavailability, reducing
oxidative  stress, and suppressing vascular
inflammation, thereby delaying the development of
atherosclerosis during the reproductive years.[1,3]
Following menopause, the loss of these protective
effects contributes to endothelial dysfunction, arterial
stiffness, central adiposity, insulin resistance,
dyslipidemia, and a pro-inflammatory state, all of
which  collectively  promote  atherosclerotic
cardiovascular disease.[1,3] Although conventional
cardiovascular risk factors such as hypertension,
diabetes mellitus, obesity, and dyslipidemia become
increasingly prevalent after menopause, they do not
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completely explain the heightened cardiovascular
risk observed in postmenopausal women.[2,4]
Consequently, there has been increasing interest in
identifying novel biomarkers that can improve early
cardiovascular risk prediction and facilitate timely
preventive  interventions.[4,5] Among these,
lipoprotein(a) [Lp(a)], homocysteine, inflammatory
markers, and indices of insulin resistance have
emerged as promising biomarkers because they
reflect multiple pathogenic pathways involved in
atherogenesis beyond conventional lipid
abnormalities.[2,3] Elevated levels of these
biomarkers have been independently associated with
an increased risk of cardiovascular events, although
their precise clinical utility during the menopausal
transition continues to be actively investigated.[2,3]
Therefore, understanding the relationship between
menopause and these emerging cardiovascular risk
markers may enhance cardiovascular risk
assessment, enable earlier identification of high-risk
postmenopausal ~women, and support the
development of more effective preventive strategies
before the onset of overt cardiovascular disease.[5]

Lipoprotein(a) [Lp(a)] is a genetically
determined low-density lipoprotein-like particle
consisting of an LDL particle linked to
apolipoprotein(a), possessing both proatherogenic
and prothrombotic properties that make it an
independent risk factor for cardiovascular
disease.[10,12] Although Lp(a) concentrations are
primarily  genetically  determined,  estrogen
deficiency during menopause has been associated
with increased Lp(a) levels, which may contribute to
the heightened cardiovascular risk observed in
postmenopausal women, while menopausal hormone
therapy has been shown to reduce circulating Lp(a)
concentrations.[6,9] Recent evidence suggests that
elevated Lp(a) 1is associated with adverse
cardiovascular outcomes in postmenopausal women,
supporting its role as a valuable adjunct to traditional
lipid  parameters for  cardiovascular  risk
assessment.[7,8] Consequently, current expert
consensus statements recommend consideration of
Lp(a) measurement in cardiovascular risk
stratification, particularly in women at increased risk
of atherosclerotic cardiovascular disease.[10,11]

Insulin resistance (IR) is a metabolic
condition characterized by a reduced cellular
response to insulin, leading to compensatory
hyperinsulinemia and impaired glucose metabolism.
It is a key pathogenic factor in metabolic syndrome,
type 2 diabetes mellitus, dyslipidemia, hypertension,

and atherosclerotic cardiovascular disease. [13,14].
The decline in estrogen during menopause promotes
visceral fat accumulation and reduces insulin
sensitivity, thereby increasing the prevalence of
insulin resistance in postmenopausal women. These
metabolic alterations contribute to endothelial
dysfunction, chronic inflammation, and accelerated
atherosclerosis, ultimately increasing cardiovascular
risk [15,16].

Homocysteine is a sulfur-containing, non-
proteinogenic amino acid formed as an intermediate
during methionine metabolism. Under normal
physiological conditions, it is rapidly metabolized
through remethylation or transsulfuration pathways,
preventing its accumulation in circulation.[17,23]
Elevated plasma homocysteine
(hyperhomocysteinemia) has been recognized as an
independent risk factor for cardiovascular disease
since McCully first proposed its association with
premature vascular pathology.[17] Subsequent
studies have demonstrated that increased
homocysteine levels promote endothelial
dysfunction, oxidative stress, inflammation, vascular
smooth muscle proliferation, and thrombogenesis,
thereby accelerating atherosclerosis.[18,20] Meta-
analyses have further confirmed the association
between elevated homocysteine concentrations and
an increased risk of coronary artery disease and other
cardiovascular events.[19] The measurement of
plasma total homocysteine has therefore been
recommended as a useful adjunct biomarker for
assessing cardiovascular risk, particularly in
individuals with multiple metabolic risk factors.
[21,22]

Atherosclerosis is a chronic inflammatory
disease characterized by endothelial dysfunction,
lipid accumulation, and persistent vascular
inflammation, ultimately leading to plaque formation
and cardiovascular events.[24,25] Traditional
cardiovascular risk factors such as dyslipidemia,
hypertension, diabetes mellitus, obesity, and
smoking, together with emerging biomarkers
including lipoprotein(a), insulin resistance, and
homocysteine, contribute to the initiation and
progression of atherosclerosis.[26] Given the rising
global burden of cardiovascular disease, early
identification of both conventional and novel risk
factors is essential for effective risk stratification and
prevention, particularly among postmenopausal
women who experience a substantial increase in
cardiovascular risk following menopause.[27]
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II.METHODS
Study design and participants

This analytical cross-sectional study was conducted
at the Department of Biochemistry of a tertiary-care
center at Jodhpur, India. The study protocol received
approval from the Institutional Ethical Committee
and all participants provided written informed
consent before enrolment. Healthy post-menopausal
women without receiving any hormonal replacement
therapy, also not having any metabolic disorder were
eligible for recruitment. Patients with underlying
history or symptoms of diabetes mellitus or
cardiovascular diseases and also, patients receiving
any hormonal therapy, hypolipidemic drugs or any
other drug known to modify lipid metabolism were
excluded from the study.

Laboratory measurements and calculated
parameters

Serum insulin was estimated by chemiluminescence
immunoassay analyzer (Vitros 3600), fasting blood
glucose, Lipoprotein(a) and homocysteine was
estimated by automatic chemistry analyzer (Sys
2000), following the manufacturer’s protocols.

Statistical analysis

Data were entered into Microsoft Excel and analysed
using GraphPad Prism version 11.0.2 (GraphPad
Software, Boston, MA, USA). Continuous variables

were expressed as mean + standard deviation (SD).
Comparisons between healthy controls and
postmenopausal women were performed using the
unpaired Student's #-test. For each comparison, the
mean difference, 95% confidence interval (95%
CI) of the mean difference, # statistic, and two-tailed
p value were calculated and reported. Correlations
between fasting blood glucose, serum insulin,
HOMA-IR, lipoprotein(a) and homocysteine were
assessed using the Pearson product-moment
correlation coefficient (). Correlation coefficients
were interpreted as negligible (<0.20), weak (0.20—
0.39), moderate (0.40—0.59), strong (0.60—0.79) and
very strong (>0.80). A two-tailed p value <0.05 was
considered statistically significant.

HIL.RESULTS

Baseline characteristics of the study population

A total of 75 women were enrolled in the study,
including 25 healthy premenopausal controls and
50 postmenopausal women. The Dbaseline
demographic characteristics are summarized in Table
1. As expected, the postmenopausal group was older
than the healthy control group, with a mean age of
51.48 £3.98 years compared with 35.84 +3.77 years
in controls. The mean age difference between the two
groups was 15.64 years (95% CI: 13.75-17.53; ¢ =
16.62; df = 50.45), and this difference was highly
statistically significant (p < 0.0001).

Table 1:
Characteristics Healthy Controls Post-menopausal t-value p-value
(n=25) women (n=50)
(mean = S.D.) (mean + S.D.)
Age (in years) 35.84+£3.77 51.48 +£3.98 16.62 <0.0001

Evidence of Insulin Resistance

Table 2: Comparison of fasting plasma glucose, fasting serum insulin, and HOMA-IR between healthy controls
and postmenopausal women.

Parameters Healthy Controls Post-menopausal women t-value p-value
(n=25) (n=50)
(mean + S.D.) (mean + S.D.)
Fasting Glucose 92.52+£6.32 114.26 £ 13.48 9.50 <0.0001
Fasting Insulin 11.14+2.15 27.92+£5.49 18.91 <0.0001
HOMA-IR 2.56 £0.51 7.84+2.10 16.81 <0.0001

Postmenopausal women exhibited significantly
higher fasting plasma glucose, fasting serum insulin,
and HOMA-IR wvalues compared with healthy
premenopausal controls. The mean fasting glucose
level was significantly higher in postmenopausal
women (114.26 + 13.48 mg/dL) than in controls
(92.52 + 6.32 mg/dL), with a mean difference of

21.74 mg/dL (95% CI: 17.18-26.30; t = 9.50, p <
0.0001). Similarly, fasting serum insulin was
markedly elevated in postmenopausal women (27.92
+ 5.49 plU/mL) compared with controls (11.14 +
2.15 plU/mL), yielding a mean difference of 16.78
plU/mL (95% CI: 15.01-18.55; ¢t = 1891, p <
0.0001). HOMA-IR was also significantly increased
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in the postmenopausal group (7.84 £+ 2.10 vs. 2.56 +
0.51), with a mean difference of 5.28 (95% CI: 4.65—
5.91; t=16.81, p <0.0001), indicating substantially

Evidence of Increased Atherogenic Burden

greater insulin resistance among postmenopausal
women.

Table 3: Comparison of Atherogenic Biomarkers - Serum Lipoprotein(a) and Homocysteine Levels Between
Healthy Controls and Postmenopausal Women

Parameters Healthy Controls Post-menopausal women | t-value p-value
(n=25) (n=50)
(mean = S.D.) (mean = S.D.)
Lipoprotein(a) 12.94 £2.50 20.07 £ 6.97 6.45 <0.0001
Homocysteine 13.97+1.71 23.50+£6.93 9.18 <0.0001
Serum lipoprotein(a) and homocysteine homocysteine levels were significantly elevated in

concentrations were significantly higher in
postmenopausal women compared with healthy
controls. The mean serum lipoprotein(a) level was
20.07 £ 6.97 mg/dL in postmenopausal women
versus 12.94 £ 2.50 mg/dL in controls, corresponding
to a mean difference of 7.13 mg/dL (95% CI: 4.92—
9.33; t = 645, p < 0.0001). Similarly, serum

Interrelationship Between Biomarkers

the postmenopausal group (23.50 £ 6.93 pumol/L)
compared with healthy controls (13.97 + 1.71
pmol/L), with a mean difference of 9.53 pumol/L
(95% CI: 7.45-11.60; ¢t = 9.18, p < 0.0001). These
findings indicate a significantly greater atherogenic
burden among postmenopausal women.

Table 4: Pearson's Correlation Analysis Between Insulin Resistance Indices and Atherogenic Biomarkers in

Postmenopausal Women

Variable Pair Pearson’s r t- value p- value
Fasting glucose vs. Lipoprotein(a) 0.031 0.216 0.8302
Fasting glucose vs. Homocysteine -0.107 -0.747 0.4588
Fasting insulin vs. Lipoprotein(a) 0.281 2.031 0.047
Fasting insulin vs. Homocysteine -0.075 -0.518 0.6071
HOMA-IR vs. Lipoprotein(a) 0.210 1.491 0.1426
HOMA-IR vs. Homocysteine -0.103 -0.719 0.4755
Lipoprotein(a) vs. Homocysteine 0.038 0.262 0.7944

Pearson's correlation analysis was performed
to evaluate the relationship between insulin
resistance indices and atherogenic biomarkers in
postmenopausal women (Table 4). Fasting insulin
demonstrated a weak but statistically significant
positive correlation with serum lipoprotein(a) (» =
0.281, t =2.031, p = 0.0478), suggesting that higher
fasting insulin levels were associated with higher
serum lipoprotein(a) concentrations. In contrast,
fasting glucose showed no significant correlation
with either serum lipoprotein(a) (» = 0.031, p =
0.8302) or homocysteine (» = —0.107, p = 0.4588).
Similarly, HOMA-IR was not significantly correlated
with serum lipoprotein(a) (» = 0.210, p = 0.1426) or
homocysteine (» = —0.103, p = 0.4755). No
significant correlation was observed between fasting

insulin and homocysteine (»=-0.075, p =0.6071) or
between serum lipoprotein(a) and homocysteine (r =
0.038, p = 0.7944). Overall, the findings indicate that
although  postmenopausal ~women  exhibited
significantly elevated insulin resistance and
atherogenic biomarkers compared with healthy
controls, only a weak positive association between
fasting insulin and serum lipoprotein(a) was observed
within the postmenopausal group.

Although insulin resistance, lipoprotein(a),
and homocysteine were all significantly elevated in
postmenopausal women, the absence of strong
correlations among these biomarkers suggests that
they may represent distinct but complementary
pathophysiological pathways contributing to
cardiovascular risk after menopause.
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Graphical Representation of Correlation Analysis
Figure 1. Correlation between fasting insulin and serum lipoprotein(a).
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Scatter plot showing the correlation between fasting insulin and serum lipoprotein(a) in postmenopausal women.
A weak but statistically significant positive correlation was observed (» = 0.281, p = 0.0478).

Figure 2. Correlation between HOMA-IR and serum lipoprotein(a).
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Scatter plot showing the correlation between HOMA-IR and serum lipoprotein(a) in postmenopausal women. A

weak positive correlation was observed; however, the association was not statistically significant (» = 0.210, p =
0.1426).
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Figure 3. Correlation between HOMA-IR and serum homocysteine.
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Scatter plot showing the correlation between HOMA-IR and serum homocysteine in postmenopausal women. A
weak negative correlation was observed; however, the association was not statistically significant (r=—0.103, p
=0.4755).

Figure 4. Correlation between serum lipoprotein(a) and homocysteine.
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Scatter plot showing the correlation between serum
lipoprotein(a) and homocysteine in postmenopausal
women. A weak positive correlation was observed;
however, the association was not statistically
significant (» = 0.038, p = 0.7944).

IV.DISCUSSION

The present study evaluated serum fasting
glucose, fasting insulin, HOMA-IR, lipoprotein(a)
[Lp(a)], and homocysteine concentrations in
apparently healthy postmenopausal women and
compared them with healthy premenopausal controls.
The study demonstrated significantly higher fasting
blood glucose, fasting insulin, HOMA-IR, serum

Lp(a), and homocysteine concentrations among
postmenopausal women. In addition, Pearson's
correlation analysis revealed only a weak positive
correlation between fasting insulin and serum Lp(a),
whereas the remaining biomarkers did not
demonstrate statistically significant correlations.
These findings suggest that menopause is associated
with multiple independent metabolic abnormalities
that collectively increase atherogenic risk rather than
representing a single interconnected pathological
pathway.

One of the important observations of the
present study was the significantly higher fasting
blood glucose concentration in postmenopausal
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women (114.26 + 13.48 mg/dL) compared with
healthy controls (92.52 = 6.32 mg/dL; p <0.0001).
This finding indicates impaired glucose homeostasis
following menopause and is consistent with the well-
recognized decline in insulin sensitivity associated
with estrogen deficiency. Estrogen plays a crucial
role in maintaining glucose metabolism by enhancing
insulin-mediated glucose uptake, reducing visceral
adiposity, and preserving pancreatic p-cell function.
Following menopause, these protective effects
diminish, resulting in impaired glucose utilization
and increased cardiovascular risk.  Similar
observations have been reported by El Khoudary et
al., who identified menopause as an independent
determinant of metabolic dysfunction and
cardiovascular risk beyond chronological aging [28].
Likewise, Muka et al. demonstrated that
postmenopausal women exhibit significantly higher
cardiometabolic risk compared with premenopausal
women, largely attributable to hormonal changes
accompanying menopause [29]. Mendelsohn and
Karas further emphasized that loss of estrogen-
mediated vascular protection contributes
significantly to endothelial dysfunction and
progression of atherosclerosis [30]

The present study further demonstrated a
marked elevation in fasting serum insulin and
HOMA-IR among postmenopausal women,
indicating substantial insulin resistance. The mean
fasting insulin concentration increased from 11.14 +
2.15 pIU/mL in controls to 27.92 + 5.49 plU/mL in
postmenopausal women, while HOMA-IR increased
more than three-fold (7.84 + 2.10 vs. 2.56 £ 0.51; p
<0.0001). These findings indicate that insulin
resistance develops early during the postmenopausal
period even in apparently healthy women and may
contribute substantially to future cardiovascular
disease. Reaven first proposed insulin resistance as
the central mechanism linking hyperinsulinemia,
hypertension,  dyslipidaemia, and accelerated
atherosclerosis [34] Subsequently, DeFronzo and
Ferrannini emphasized that insulin resistance
represents a multifactorial metabolic abnormality
underlying type 2 diabetes mellitus and
cardiovascular disease [35]. The elevated insulin
resistance observed in our study therefore supports
the concept that metabolic alterations associated with
menopause substantially contribute to cardiovascular
risk.

Serum lipoprotein(a) concentrations were
also significantly higher in postmenopausal women
than in healthy controls (20.07 £ 6.97 vs. 12.94 +2.50
mg/dL; p <0.0001). Lp(a) is increasingly recognized
as an independent causal risk factor for

atherosclerotic cardiovascular disease because of its
unique proatherogenic and prothrombotic properties.
Although plasma Lp(a) concentrations are largely
genetically determined, estrogen deficiency has been
shown to increase circulating Lp(a) concentrations,
thereby augmenting cardiovascular risk after
menopause. Our findings are consistent with those of
Anagnostis et al., who reported significantly higher
Lp(a) levels in postmenopausal women and
emphasized the role of estrogen deficiency in
mediating this increase [31]. Similarly, Tsimikas
described Lp(a) as an important contributor to
residual cardiovascular risk independent of LDL
cholesterol and other conventional lipid parameters
[32]. Kamstrup et al. further demonstrated that
genetically elevated Lp(a) concentrations are
associated with a significantly increased risk of
myocardial infarction, supporting its role as an
independent predictor of cardiovascular disease [33].
The significantly elevated Lp(a) observed in the
present study therefore reinforces the value of
incorporating Lp(a) measurement into cardiovascular
risk assessment among postmenopausal women.

Another important finding of the present
study was the marked elevation in serum
homocysteine concentration among postmenopausal
women (23.50 £ 6.93 pumol/L) compared with
healthy controls (13.97 + 1.71 umol/L; p <0.0001).
Elevated homocysteine is known to promote
endothelial dysfunction by increasing oxidative
stress, impairing nitric oxide synthesis, stimulating
vascular smooth muscle proliferation, and enhancing
thrombogenesis. These mechanisms accelerate
atherosclerotic plaque formation and increase
cardiovascular risk. Our findings agree with those
reported by Humphrey et al., whose meta-analysis
demonstrated a significant association between
elevated plasma homocysteine and coronary heart
disease [36]. Similarly, Wald et al. concluded that
hyperhomocysteinemia s an  independent
cardiovascular risk factor, particularly when
accompanied by other metabolic abnormalities [37].
Thus, the elevated homocysteine concentrations
observed in our study further support the concept that
multiple emerging biomarkers contribute
simultaneously to  cardiovascular risk  in
postmenopausal women.

The correlation analysis performed in the
present study yielded an interesting observation.
Although all biomarkers were significantly elevated
in postmenopausal women, only fasting insulin
demonstrated a weak but statistically significant
positive correlation with serum Lp(a) (r =0.281, p =
0.0478). This finding may indicate that worsening
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hyperinsulinemia is associated with a modest
increase in circulating Lp(a), possibly through
indirect effects on hepatic lipoprotein metabolism.
However, because Lp(a) concentrations are
predominantly genetically regulated, only weak
correlations with metabolic parameters are generally
expected. Tsimikas reported that Lp(a) behaves
largely independently of traditional cardiovascular
risk factors and should therefore be considered a
distinct cardiovascular risk marker rather than a
component of metabolic syndrome [32]. Similarly,
Nordestgaard and Langsted concluded that elevated
Lp(a) confers cardiovascular risk regardless of
conventional metabolic abnormalities, including
diabetes and dyslipidemia [38].

Interestingly, no statistically significant
correlations were observed between fasting glucose
and Lp(a), fasting glucose and homocysteine,
HOMA-IR and Lp(a), HOMA-IR and homocysteine,
fasting insulin and homocysteine, or Lp(a) and
homocysteine. Rather than weakening the
importance of these biomarkers, these findings
suggest that each biomarker reflects a different aspect
of the atherosclerotic process. Insulin resistance
primarily  represents metabolic  dysfunction,
homocysteine reflects endothelial injury and
oxidative stress, whereas Lp(a) predominantly
reflects genetically determined proatherogenic and
prothrombotic mechanisms. Consequently, their
simultaneous elevation in postmenopausal women is
likely to provide complementary rather than
overlapping information regarding cardiovascular
risk.

Overall, the present study demonstrates that
apparently healthy postmenopausal women exhibit
significant abnormalities in glucose metabolism,
insulin  resistance, serum lipoprotein(a), and
homocysteine  concentrations compared  with
premenopausal controls. The absence of strong
correlations among most biomarkers indicates that
these parameters may represent independent
biological pathways contributing to atherosclerosis.
Therefore, simultaneous assessment of fasting
glucose, HOMA-IR, serum Lp(a), and homocysteine
may improve identification of postmenopausal
women at increased cardiovascular risk and facilitate
earlier ~preventive interventions before the
development of overt cardiovascular disease.

V.STRENGTH OF THE STUDY
The present study provides a comprehensive
evaluation of metabolic and atherogenic risk in
postmenopausal women and possesses several
methodological and  clinical  strengths. It

simultaneously  evaluated multiple emerging
atherogenic biomarkers, namely fasting serum
insulin, HOMA-IR, serum lipoprotein(a), and
homocysteine, in apparently healthy postmenopausal
women, thereby providing a comprehensive
assessment of metabolic and cardiovascular risk.
While previous studies have predominantly focused
on individual biomarkers, the present study examined
their combined profile and interrelationship within
the same study population. Second, the inclusion of a
healthy premenopausal control group enabled direct
comparison of metabolic alterations attributable to
menopause rather than age alone. Third, all
biochemical parameters were analyzed using
standardized automated laboratory methods under
uniform laboratory conditions, minimizing analytical
variability and enhancing the reliability of the
findings. Finally, the study evaluated not only
differences in biomarker concentrations but also their
correlations, providing additional insight into the
complex pathophysiological mechanisms
contributing to cardiovascular risk following
menopause.

VL.LIMITATIONS OF THE STUDY

The present study has certain limitations. It
was a single-center study with a relatively small
sample size, which may limit the generalizability of
the findings. The cross-sectional design precludes
establishing a causal relationship between
menopause and the observed alterations in the
biomarkers. In addition, long-term cardiovascular
outcomes were not evaluated; therefore, the
predictive value of these biomarkers for future
cardiovascular events could not be determined.
Further multicenter prospective studies with larger
sample sizes are warranted to validate the present
findings.

VILNOVELTY OF THE STUDY

The novelty of the present study lies in the
integrated evaluation of serum lipoprotein(a),
homocysteine, fasting insulin, and HOMA-IR as
complementary emerging biomarkers of
cardiovascular risk in  apparently = healthy
postmenopausal women. Although each of these
biomarkers has individually been associated with
cardiovascular disease, studies simultaneously
assessing all these parameters and exploring their
interrelationship in the Indian postmenopausal
population remain limited. The present study
demonstrated that despite significant elevation of all
biomarkers in postmenopausal women, only fasting
insulin showed a weak positive correlation with
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serum lipoprotein(a), whereas the remaining
biomarkers appeared to function independently.
These findings suggest that the increased
cardiovascular risk observed after menopause is
multifactorial and involves distinct biological
pathways rather than a single common metabolic
mechanism. This integrated approach provides
additional evidence supporting the combined use of
emerging biomarkers for early cardiovascular risk
assessment in postmenopausal women.

VIILTRANSLATIONAL SIGNIFICANCE

The present study highlights the potential
value of incorporating serum lipoprotein(a),
homocysteine, fasting insulin, and HOMA-IR into
the cardiovascular risk assessment of
postmenopausal women. The significant elevation of
these biomarkers suggests that metabolic and
vascular abnormalities may be present before the
development of overt cardiovascular disease. Early
identification of women with elevated insulin
resistance or homocysteine may facilitate timely
lifestyle modification, optimization of metabolic risk
factors, and evaluation of vitamin B12 and folate
status where clinically indicated. Similarly,
recognition of elevated lipoprotein(a) may warrant
more intensive management of modifiable
cardiovascular risk factors and closer clinical follow-
up. Although therapeutic interventions were not
evaluated in the present study, the combined
assessment of these biomarkers may aid in
identifying  high-risk women and support
individualized preventive strategies aimed at
reducing future atherosclerotic cardiovascular
disease.

IX.CONCLUSION

The present study demonstrated that
apparently healthy postmenopausal women had
significantly higher fasting blood glucose, fasting
insulin, HOMA-IR, serum lipoprotein(a), and
homocysteine  concentrations  than  healthy
premenopausal controls, indicating an increased
burden of metabolic and atherogenic risk. Although
only a weak positive correlation was observed
between fasting insulin and serum lipoprotein(a), the
absence of significant associations among the
remaining biomarkers suggests that they represent
distinct yet complementary pathophysiological
mechanisms contributing to cardiovascular risk after
menopause. These findings support the combined
assessment  of  insulin  resistance,  serum
lipoprotein(a), and homocysteine as adjunctive

biomarkers for identifying postmenopausal women at
increased risk of atherosclerotic cardiovascular
disease. Further large-scale prospective multicenter
studies are warranted to validate these findings and
establish their role in routine cardiovascular risk
stratification.
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