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Introduction 

Menopause, a natural phenomenon marking the cessation of menstrual 

periods in women, signifies a pivotal hormonal transition often 

associated with various health implications, notably bone diseases. It 

occurs typically between the ages of 48 and 52 years and is characterized 

by declining levels of estrogen and progesterone due to decreased 

ovarian function (1). Postmenopausal status, defined as the absence of 

menstruation for at least 12 consecutive months, represents a significant 

physiological shift, particularly impacting bone metabolism and calcium 

homeostasis (2,3). The pathophysiology is mostly due to an imbalance 

in bone turnover caused by a decrease in estrogen secretion. Ovarian 

function and estrogen levels decline in postmenopausal women, leading 

to decreased bone production and increased bone resorption during bone 

remodeling, which lowers bone mass, density, and fracture risk. 

Osteoporosis results from a number of factors, including hormonal 

changes and calcium and vitamin D insufficiency, and there is growing 

evidence that oxidative stress may also contribute to age-related bone 

loss by boosting osteoclast bone resorption (4-6). 

Parathyroid hormone (PTH), a crucial regulator of serum calcium 

levels, plays a central role in bone remodeling by influencing osteoclast 

activity and bone turnover (7,8). Imbalances in PTH secretion, such as 

hypo parathyroidism- or hyperparathyroidism, can disrupt calcium 

metabolism and contribute to bone diseases like osteoporosis (9). 

Additionally, vitamin D deficiency, often prevalent in postmenopausal 

women, further exacerbates bone health issues by impairing calcium 

absorption and mineralization (10,11). 

Bone-associated biomarkers, including alkaline phosphatase (ALP), 

inorganic phosphate, and uric acid, serve as indicators of bone turnover 

and remodeling processes. Dysregulation of these markers can signify 

abnormalities in bone metabolism and potential osteoporotic risk (12-

14). Despite advancements in understanding bone metabolism and the 

role of hormonal changes in menopause, there remains a gap in 

comprehensively elucidating the interplay between postmenopausal 

status, bone-associated biomarkers, and PTH levels. 

Therefore, this study aimed to investigate the correlative 

relationship between bone-associated biomarkers and PTH levels in 

postmenopausal women in Owo metropolis. By measuring the levels of 

PTH, vitamin D, uric acid, calcium, phosphorus, ALP, and estradiol, we 

aimed to provide insights into the bone health status of postmenopausal 

women and the potential implications for osteoporosis risk assessment. 
 

Methods 

Experimental design 

This cross-sectional study was conducted from January to July. A total 

of sixty postmenopausal subjects aged 48 to 60 were recruited for the 

study. Postmenopausal status was defined as the absence of menstrual 

flow for a minimum of 12 consecutive months, assuming participants 

had a uterus and were not pregnant or lactating (2). Additionally, twenty 

premenopausal women and twenty reproductive-age women, aged 30 to 

50 years, were included as control groups. Comprehensive medical 

histories and personal data were collected using a structured 

questionnaire following approval from the Ethics Committee of the 

Federal Medical Center, Owo (Ethics number: 

FMC/OW/380/VOL.CL/184). Informed consent was obtained from all 

participants.  

Sample size determination 

The sample size for this study was arrived at using the formula n = Z²p 

(1 - p)/d² as propounded by Daniel (15). According to Adewale et al., a 

prevalence of 3.5% for hip osteoarthritis in Black Nigerian women of 

ages 50 years and above was determined (16). In the formula, “n” 

represents the minimum sample size required; “Z” is the standard 

normal deviate set at 1.96 corresponding to the 95% confidence level; 

and “d” is the absolute precision level set as 5% or 0.05. Hence, the 

minimum sample size required was estimated at 52; nevertheless, 60 
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respondents were purposively selected to provide for missing data or 

non-responses in the study. 

Inclusion and exclusion criteria 

Inclusion criteria for postmenopausal women included informed 

consent and age between 48 to 60 years. Premenopausal and 

reproductive-age women were included as controls based on similar 

inclusion criteria. Exclusion criteria comprised subjects younger than 30 

years, the presence of serious or unstable medical disorders, and 

immunocompromised individuals. 

Samples collection and storage 

Blood samples were taken from each participant using standard 

protocols. 5 milliliters (5ml) of venous blood were drawn into sterile 

lithium heparin bottles. After gentle mixing, the samples were 

centrifuged at 4000 revolutions per minute (rpm) for 5 minutes to extract 

serum. Serum was kept at -20 °C until it was analyzed for PTH, vitamin 

D, uric acid, calcium, phosphorus, and alkaline phosphatase levels. 

Analytical methods 

Using reagents provided by Randox Laboratories Ltd. (UK), standard 

enzymatic methods were used to determine plasma levels of ALP, 

phosphorus, uric acid, and calcium. An ELISA kit from Melsin Medical 

Company, USA, was used to assess the serum levels of vitamin D, PTH 

and estradiol. Every participant had their height and weight measured, 

and their body mass index (BMI) was calculated using the guidelines 

provided by Atere et al. (17).  

Statistical analysis 

The data were analyzed using the Statistical Package for the Social 

Sciences (SPSS) version 25.0 0 (SPSS Inc., Chicago, IL, USA). 

Normality was assessed using the Shapiro-Wilk test, and homogeneity 

of variances with Levene’s test. One-way ANOVA was used for 

comparing group means; non-parametric alternatives were applied 

where assumptions were violated. Spearman’s correlation coefficients 

were used to assess relationships between PTH and bone-associated 

biomarkers based on data distribution. Receiver operating characteristic 

(ROC) analysis determined the diagnostic accuracy of biomarkers. 

Results were reported as mean ± standard deviation (SD), with a 

significant level of 0.05 (p = 0.05) considered statistically significant. 
 

Results 

Anthropometric characteristics were assessed across three distinct 

groups: pre-menopausal, reproductive-aged, and post-menopausal 

women, with the former two serving as controls for the latter 

experimental group. ANOVA results indicated statistically significant 

differences in age and systolic blood pressure among the groups (p 

<0.001). However, there were no notable statistical differences in body 

mass index (BMI) and diastolic blood pressure (Figure 1). 

Table 1 compares the bone-associated biomarkers of the groups. The 

reproductive age group had considerably greater levels of biomarkers, 

including ALP, uric acid, calcium, PTH, vitamin D, and estradiol, while 

the post-menopausal group had lower levels (p <0.001). Figure 2 

displays the connection of biomarkers with PTH in postmenopausal 

women. It was observed that ALP and phosphorus had a significant 

negative correlation with PTH, while calcium, vitamin D, and estradiol 

showed a significant positive correlation with PTH. Figure 3 illustrates 

how biomarkers correlate with PTH in premenopausal women. Only 

phosphorus had a significant positive correlation with PTH (p <0.05), 

while uric acid, estradiol, and calcium had a statistically insignificant 

negative link with PTH. 

Figure 4 depicts the ROC curve for the sensitivity and specificity of 

the PTH and bone-associated biomarkers. Alkaline phosphatase, 

phosphorus, and uric acid all have good sensitivity and specificity, as 

evidenced by their ROC curves. Calcium, PTH, and vitamin D have 

lower sensitivity and specificity as evidenced by their ROC curves, but 

estradiol has no suggested specificity or sensitivity as indicated by the 

absence of a curve line and an area under curve (AUC) value of zero. 

 

Figure 1. Anthropometric Characteristics of the Recruited Subjects 

Key: BMI = Body Mass Index, SBP = Systolic Blood Pressure, DBP = Diastolic Blood Pressure, PMP = Postmenopausal women, PRM = Premenopausal 

women; RWA = Reproductive Women Age 
 

Table 1. Comparison of bone-related biomarkers among post-menopausal, pre-menopausal, and reproductive age women 

Parameter (Unit) PMP (n=60) PRM (n= 20) RWA (n= 20) P-Value 

ALP (U/L) 330.47 ± 68.45c 187.37 ± 49.80b 138.90 ± 36.74a < 0.001* 

Phosphorus (mmol/L) 4.41 ± 0.84b 3.65 ± 0.54a 3.31 ± 0.63a < 0.001* 

Uric Acid (mg/dl) 2.77 ± 0.36c 3.51 ± 0.99b 5.07 ± 1.08c < 0.001* 

Calcium (mg/dl) 6.75 ± 0.88a 7.88 ± 0.76b 10.33 ± 1.29c < 0.001* 

PTH (pg/mL) 86.38 ± 8.43a 98.09 ± 6.98b 104.61 ± 8.45c < 0.001* 

Vitamin D (ng/mL) 13. 96 ± 3.18a 22.34 ± 4.18b 30.40 ± 10.03c < 0.001* 

Estradiol (pg/mL) 12.10 ± 0.73a 49.83 ± 4.19b 60.08 ± 2.84c < 0.001* 

* Significant level=0.05 

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

*Values were represented with Mean±SD. Mean values were compared using one-way ANOVA with a level of significance of 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, ALP = Alkaline Phosphatase, PTH = Parathyroid Hormone, PMP = Postmenopausal women, PRM = Premenopausal women; RWA = 

Reproductive Women Age 
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Figure 2. Line graph showing the correlation of bone-associated biomarkers with PTH in postmenopausal women 

 

 

 

Figure 3. Line graph showing the correlation of bone-associated biomarkers with PTH in Premenopausal women 

 

Figure 4. ROC curve for bone-associated biomarkers against specificity 
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Discussion 

The findings of this study shed light on the intricate relationship between 

menopausal status, bone-associated biomarkers, and PTH levels in 

postmenopausal women. Understanding these associations is crucial for 

elucidating osteoporosis risk factors and implementing effective 

strategies for bone health maintenance in this vulnerable population. 

Anthropometric characteristics, including BMI and blood pressure, are 

significant determinants of overall health status and are often influenced 

by hormonal changes associated with menopause. Consistent with 

previous research (18,19), our study revealed a notable increase in BMI 

among postmenopausal women compared to premenopausal and 

reproductive-age counterparts. The rise in obesity rates may be 

attributed to menopause-induced alterations in adiposity and fat 

distribution, emphasizing the importance of targeted interventions to 

mitigate obesity-related health risks in postmenopausal women. 

The comparative analysis of bone-associated biomarkers across 

reproductive life stages revealed noteworthy variations in serum levels, 

underscoring the impact of hormonal fluctuations on bone metabolism. 

Postmenopausal women exhibited significantly lower serum calcium 

and estradiol levels compared to premenopausal and reproductive-age 

groups, consistent with prior findings (20-22). The decline in calcium 

and estradiol levels indicates the increased risk of bone mineral density 

loss and osteoporosis in postmenopausal women, necessitating 

proactive measures such as calcium supplementation and hormone 

replacement therapy to mitigate bone health deterioration. 

Interestingly, postmenopausal women demonstrated elevated 

plasma phosphorus and alkaline phosphatase levels compared to their 

younger counterparts. These findings are in line with existing literature 

(23) and suggest increased bone turnover and remodeling processes 

characteristic of osteoporosis. Moreover, the significant positive 

correlation between PTH and calcium, vitamin D, and estradiol levels 

in postmenopausal women highlights the regulatory role of PTH in 

calcium homeostasis and bone metabolism, corroborating previous 

research findings (19,24). 

The observed association between menopausal status and plasma 

vitamin D levels highlights the heightened risk of vitamin D deficiency 

among postmenopausal women, predisposing them to impaired calcium 

absorption and compromised bone health. Consistent with previous 

studies (11,25), our findings highlight the relevance of vitamin D 

supplementation in maintaining optimal bone mineral density and 

reducing osteoporosis risk in postmenopausal women. 

In the study, the reproductive age group exhibited significantly 

higher levels of biomarkers, including ALP, uric acid, calcium, PTH, 

vitamin D, and estradiol, compared to the post-menopausal group (p 

<0.001). Blood uric acid (sUA) may play a beneficial role in bone 

metabolism due to its antioxidant properties in postmenopausal women. 

Osteoporosis development is closely linked to oxidative stress, and 

sUA, being the end product of purine metabolism, possesses 

extracellular antioxidant properties that are believed to protect bone 

metabolism (26,27). This relationship explains why uric acid levels are 

lower in post-menopausal women. 

However, the study has some limitations, such as a small sample 

size of participants, which restricts the generalizability of the findings. 

Longitudinal biomarker data and ethnic, regional, and demographic 

variability investigations are also lacking. To overcome these 

constraints, future studies that focus on longitudinal biomarker trends 

over time should be conducted. Generalizability can be improved by 

including larger, more diverse populations in the research. It would also 

be beneficial to explore how factors like lifestyle interventions, genetics, 

and comorbidities influence the risk of osteoporosis in postmenopausal 

women to gain a more comprehensive understanding of bone health. 
 

Conclusion 

This study provides valuable insights into the complex interplay 

between menopausal status, bone-associated biomarkers, and PTH 

levels in postmenopausal women. Our findings highlight the increased 

risk of osteoporosis and bone health deterioration in postmenopausal 

women, characterized by dysregulated plasma levels of calcium, 

vitamin D, estradiol, phosphorus, alkaline phosphatase, and uric acid. 

The observed correlations between PTH and various bone-associated 

biomarkers highlight the pivotal role of PTH in modulating bone 

metabolism and calcium homeostasis. 
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