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Summary: Dyslipidemia, marked by abnormal lipid levels, contributes to cardiovascular disease risk and affects bone health,
particularly in postmenopausal women. Hormonal changes during menopause disrupt lipid and bone metabolism, increasing
the likelihood of cardiovascular and bone-related disorders. This study explores the relationship between dyslipidemia and
bone-related markers in postmenopausal women to understand its implications for bone and cardiovascular health. A cross-
sectional study was conducted on 100 women: 60 postmenopausal (PMP), 20 premenopausal (PRM), and 20 reproductive-
age (RWA) women. Fasting blood samples were collected and analyzed for lipid profile, alkaline phosphatase (ALP),
inorganic phosphate, calcium, and vitamin D using standard laboratory techniques. Statistical analysis was performed using
ANOVA and posthoc tests. Postmenopausal women showed significantly elevated levels of total cholesterol, LDL-C, and
triglycerides, along with higher ALP and inorganic phosphate levels compared to premenopausal and reproductive-age
women (p<0.05). Calcium and vitamin D levels were lower in the PMP group. Dyslipidemia in postmenopausal women is
associated with disrupted bone metabolism, indicating an increased risk of cardiovascular and bone-related disorders.
Comprehensive health assessments are recommended for early intervention.
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INTRODUCTION oophorectomy, or medical treatments for conditions like
endometriosis or breast cancer, can induce menopause
prematurely (Sarmento et al., 2021).

Dyslipidemia, characterized by an imbalance in
cholesterol and lipid levels, poses a risk factor for
cardiovascular diseases. In Nigeria, dyslipidemia has
become an increasingly prevalent health issue, reflecting the
global rise in non-communicable diseases. Urbanization,
changes in dietary habits, and sedentary lifestyles have
contributed to the growing incidence of lipid disorders.
Recent studies have shown that dyslipidemia affects
approximately 20-40% of adults in Nigeria, with a higher
prevalence in urban areas compared to rural settings (Ayogu
et al., 2021; Ekpenyong et al., 2012). Factors contributing
to dyslipidemia include diet, tobacco use, genetics, and
hormonal changes, such as those occurring during
menopause (Kopin & Lowenstein, 2017). Additionally,

Menopause, defined as the cessation of menstruation for 12
consecutive months due to estrogen deficiency, marks a
significant physiological transition in women's lives. It
typically occurs between the ages of 48 and 52, primarily
influenced by genetic factors rather than socio-economic
status or previous ovulation history (Araujo et al., 2023;
Pardhe et al., 2017; Soares, 2019). Beyond its reproductive
implications, menopause impacts various bodily systems,
including urogenital, psychogenic, and cardiovascular
functions. The transition encompasses perimenopause,
menopause, and postmenopause, each characterized by
hormonal shifts and physiological changes (Soares, 2019;
Achie et al., 2021).

During menopause, ovarian follicles decline in humber,
accompanied by a reduction in granulosa cell activity, the

primary producers of estrogen and inhibin. Decreased
estrogen and inhibin levels lead to elevated follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)
production, disrupting the hypothalamic-pituitary-ovarian
axis and causing irregular menstrual cycles until cessation
(Faulds et al., 2012). Additionally, menopause triggers
significant changes in vaginal tissue, marked by mucosal
atrophy due to decreased estrogen levels, resulting in
dryness and fragility (Sarmento et al., 2021). Surgical
procedures, such as hysterectomy with bilateral

menopause has been identified as a significant factor
contributing to dyslipidemia in Nigerian women,
exacerbating their risk of cardiovascular diseases (Igweh et
al., 2005; Nie et al., 2022). The increasing prevalence of
dyslipidemia highlights the need for targeted public health
interventions and lifestyle modifications to mitigate the risk
of cardiovascular complications. Contrary to the perception
of bones as static structures, they function dynamically as
organs, playing crucial roles in mobility, organ protection,
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and hematopoiesis. Bone remodeling, a continuous process
influenced by hormonal regulation, involves the resorption
and formation of bone tissue. Bone markers, detectable in
blood and urine, serve as indicators of bone turnover and can
aid in diagnosing bone disorders like osteoporosis and
Paget's disease (Song et al., 2023; Schini et al., 2023).
Postmenopausal women face heightened risks of bone
disorders and low serum calcium levels, with dyslipidemia
potentially exacerbating these risks.

Imbalances in bone resorption and formation, detectable
through bone markers, are associated with various diseases.
Postmenopausal women represent a group that is especially
susceptible to bone-related disorders as a result of hormonal
changes (Faulds et al., 2012; Adewole et al., 2021). Despite
previous research on bone markers and metabolic bone
diseases, gaps persist in understanding the relationship
between post-menopause, bone markers, and dyslipidemia.
Existing literature has explored the utility of bone-
associated biomarkers in diagnosing and monitoring bone
disorders. However, gaps remain regarding the interplay
between bone markers, dyslipidemia, and postmenopausal
status. Given the increased risk of bone disorders and
dyslipidemia in postmenopausal women, elucidating these
correlations is crucial for preventive and therapeutic
interventions. Therefore, this study aims to explore the
relationship between dyslipidemia and bone-related markers
in postmenopausal women to better understand the
implications for bone and cardiovascular health.

MATERIALS AND METHODS

Experimental Design: A cross-sectional study was
undertaken involving 100 women aged 50 years and above,
selected randomly from the Owo metropolis, Ondo State,
Nigeria. The research spanned from January to August
2022. Among the participants, 60 were PMP aged between
50 and 60 years, while 40 were tagged controls, comprising
20 PRM and 20 RWA. Data collection involved obtaining
medical histories and personal information through a
comprehensive questionnaire, following approval from the
hospital's ethical committee. All participants provided
informed consent prior to inclusion in the study.

Consent and Ethical Clearance: All participants in this
study received detailed explanations of the research
protocols at the clinic, followed by the requirement to sign
written consent forms. Ethical clearance, bearing reference
number FMC/OW/380/VOL.CL/200, was obtained from
the Ethical Review Committee of the Federal Medical
Center, Owo, and ensuring adherence to ethical standards
throughout the study.

Inclusion and Exclusion Criteria: The study included
women aged 50 years and above categorized as
postmenopausal women, while women aged 30 to 50 years
were considered either premenopausal or within the
reproductive age range. Participation required informed
consent from the participants. Participants with known
comorbidities including hypertension, HIV, hepatitis,
cancer, or those undergoing oral anticoagulant treatment,
with bleeding tendencies, and breastfeeding mothers were
excluded from the study. Additionally, individuals who did
not provide consent were also excluded.

Samples Collection and Storage: Blood samples were
collected from each participant following standard
procedures. 5 milliliters (5ml) of fasting blood samples were
collected into sterile lithium heparin bottles. After gentle
mixing, samples were centrifuged at 4000 revolutions per
minute (rpm) for 5 minutes to obtain serum. Serum was
stored at -20°C until analysis for vitamin D, calcium, uric
acid, lipid profile, inorganic phosphate, and alkaline
phosphatase (ALP).

Analytical Methods: Using reagents provided by Randox
Laboratories Ltd. (UK), standard enzymatic methods were
used to determine serum levels of total cholesterol (TC),
triglycerides (TG), and high-density lipoprotein cholesterol
(HDL-C), as well as fasting plasma glucose, ALP,
phosphorus, uric acid, calcium (Ca2+). Low-density
lipoprotein cholesterol (LDL-C) was calculated using the
Friedwald equation (Friedwald et al., 1972). Additionally,
ELISA kit from Melsin Medical Company, USA, was used
to assess the serum levels of vitamin D. Every participant
had their height and weight measured, and their body mass
index (BMI) was calculated using the guidelines provided
by Atere et al. (2020).

Statistical Analysis: The data were analyzed using the
Statistical Package for the Social Sciences (SPSS) version
25.0 0 (SPSS Inc., Chicago, IL, USA). One-way analysis of
variance (ANOVA) was employed to compare variables
within the groups, while correlation analysis was used to
assess associations between variables. Quantitative values
were presented as mean + standard deviation (mean = SD).
The level of significance was set at a 95% confidence
interval, with p-values < 0.05 considered statistically
significant.

RESULTS

Figure 1 depicts the demographics of the subjects
investigated. The results showed that the mean age (years)
of RWA was 33.9£2.0, PRM was 44.4+2.2, and PMP was
57.8+7.4. The subjects’ age, BMI, and SBP showed
significant differences (p<0.05). Table 1 compares
atherogenic indices and bone-related biomarkers in
premenopausal and postmenopausal women  with
reproductive age. PMP and PRM individuals had
significantly higher mean TC, HDL-C, and LDL-C levels
than the RWA group (p<0.05). PMP and PRM participants
had considerably greater mean values of ALP, inorganic
phosphate, and uric acid compared to the RWA group.
However, FBS, calcium (Ca?*), and vitamin D were
significantly lower (p<0.05). The PMP group had
significantly greater mean levels of ALP, inorganic
phosphate, and uric acid compared to the PRM group
(p<0.05). However, Ca?*, FBS, and vitamin D levels were
lower. Additionally, bone-associated markers (ALP,
inorganic phosphate, Ca2+, and Vitamin D) linked with
atherogenic indices (TC, TG, and LDL-C) in
postmenopausal women. Inorganic phosphate had a
statistically significant positive correlation with TC, TG,
and LDL-C, however vitamin D had a negative link with
TC. Finally, TG showed significant positive correlation with
inorganic phosphate only among premenopausal women
(Figure 3).
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Figure 1:

Demographic Characteristics of the Participants

Key: RWA= Reproductive women age, PRM = Premenopausal, PMP= Postmenopausal, DBP= diastolic blood pressure, SBP= systolic blood pressure,
BMI= body mass index

Table 1:
Comparison of atherogenic indices and bone related markers in postmenopausal women, premenopausal women and
reproductive women age

Parameters RWA PRM PMP p-value
(n=20) (n=20) (n=60)
HDL-C (mg/dl) 40.10+£10.10° 50.12+11.10° 50.49+10.59¢ 0.000*
LDL-C (mg/dl) 100.25+30.30? 110.15+34.15° 157.93+19.47°¢ 0.000*
TG (mg/dl) 60.14+20.31% 45,56+14.92° 83.99+19.53¢ 0.000*
TC (mg/dl) 170.22+40.442 180.36+35.40° 208.22+21.25°¢ 0.001*
FBG (mg/dl) 77.24+7.132 87.24+20.30° 102.49+18.73¢ 0.001*
ALP (U/L) 330.47 + 68.45° 187.37 + 49.80° 138.90 + 36.742 0.000*
Inorganic phosphate (mmol/L)  4.41 + 0.84° 3.65 + 0.54° 3.31+0.63? 0.000*
Uric Acid (mg/dl) 5.07 +1.08¢ 3.561+0.99° 2.77 £ 0.36° 0.000*
Calcium (mg/dl) 6.75 + 0.88? 7.88 £0.76° 10.33 +1.29¢ 0.000*
Vitamin D (ng/mL) 13.96 +3.18° 22.34 +4.18° 30.40 + 10.03¢ 0.000*

* Significant at p<0.05

a = postmenopausal women; b = premenopausal women; ¢ = reproductive age women

*Values were represented with Mean+ SD. Mean values were compared using one-way ANOVA with level of significance set at p<0.05.
Values in the same column with the same superscript are not statistically different at p<0.05 using the Post-Hoc test.

Key: n=sample size, HDL-C= High density lipoprotein Cholesterol, LDL-C= Low density lipoprotein, TG= Triglycerides, TC= Total
Cholesterol, FBG- Fasting blood glucose, RWA= Reproductive women age, PRM = Premenopausal, PMP= Postmenopausal
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Figure 2:
Correlation of mean Bone associated-markers (ALP, Inorganic phosphate, Ca?*, Vitamin D) with atherogenic indices (TC, TG and LDL-
C) in Postmenopausal Subjects
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Figure 3:

Correlation of mean Bone associated-markers (ALP, Inorganic phosphate, Ca?*, Vitamin D) with atherogenic indices (TC, TG and LDL-

C) in Pre-menopausal Subjects

DISCUSSION

Menopause represents a significant physiological milestone
in a woman's life, marked by profound hormonal changes
and associated physiological alterations. The decline in
estrogen levels during menopause plays a pivotal role in
various metabolic and biochemical shifts, particularly
affecting bone mineral metabolism (Faulds et al., 2012;
Araujo et al., 2023). This study highlights the multifaceted
impact of menopause on lipid metabolism, bone health, and
associated biomarkers.

Consistent with existing literature, our findings
demonstrate a transition towards a more atherogenic lipid
profile during menopause, characterized by elevated plasma
levels of TC, LDL-C, and TG, coupled with decreased levels
of HDL-C (Fernandez & Murillo, 2016; Otsuki et al., 2017;
Nandhini et al., 2022). The observed alterations in lipid
parameters highlight the metabolic consequences of
estrogen deficiency post-menopause, predisposing women
to increased cardiovascular risk.

Moreover, our results shed light on the intricate
relationship between menopause, bone-related biomarkers,
and dyslipidemia. Postmenopausal women exhibited
significantly higher levels of bone turnover markers,
including ALP, inorganic phosphate, and uric acid,
compared to their counterparts and reproductive-age
women. Concurrently, lower levels of Ca2+, FBG, and
vitamin D were observed among PMP women, indicating
potential disruptions in bone homeostasis and metabolic
regulation (Black & Rosen, 2016; Pardhe et al., 2017).

The correlation analysis further elucidates the interplay
between bone-associated markers and atherogenic indices
among postmenopausal women. Inorganic phosphate levels
exhibited significant positive correlations with TC, TG, and
LDL-C, underscoring the potential influence of bone
metabolism on lipid homeostasis. Conversely, vitamin D
levels displayed a negative correlation with total
cholesterol, suggesting a possible protective role against
dyslipidemia in postmenopausal women (Manninen et al.,
1992; Kim et al., 2022; Romandini et al., 2023). Vitamin D
may enhance lipid metabolism by promoting calcium
absorption and regulating adipocyte function, thereby

reducing total cholesterol levels. Its anti-inflammatory
properties can also mitigate dyslipidemia, highlighting its
potential protective role against cardiovascular risk in
postmenopausal women through improved lipid profiles
(Kim et al., 2022; Romandini et al., 2023).

These findings emphasize the importance of comprehensive
metabolic  evaluation in  postmenopausal women,
considering the complex interrelationships between bone
health, lipid metabolism, and cardiovascular risk. Strategies
aimed at mitigating dyslipidemia and preserving bone health
post-menopause warrant further exploration, encompassing
lifestyle modifications, pharmacological interventions, and
targeted therapeutic approaches (Libby & Theroux, 2005;
Suresh & Naidu, 2006; Bristow et al., 2019).

In conclusion, this study highlights the significant
interplay between dyslipidemia and bone-related markers in
postmenopausal women. The observed alterations in lipid
profiles, characterized by elevated total cholesterol and
LDL-C levels, alongside disrupted bone metabolism,
emphasize the increased risk of cardiovascular and bone
disorders. These findings highlight the need for
comprehensive  health  assessments and targeted
interventions to mitigate dyslipidemia and enhance bone
health in postmenopausal women. Future research should
focus on developing specific therapeutic strategies to
address the unique metabolic challenges faced by this
population.
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