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Abstract. Leptin has been recognized as a critical factor in regulating 
energy expenditure and bone cell function. The role of Leptin in regulating 
osteocyte function within the adipocyte population has been widely 
recognized. Leptin stimulates bone cell proliferation and plays a role in 
developing many skeletal disorders, regulatory mechanisms and mode of 
action of Leptin. This suggests that levels of Leptin are linked to obesity 
(BMI). The primary aim of this study was to examine the potential 
relationship between circulating leptin levels and BMI, as well as specific 
indices such as t-score and biomarkers in postmenopausal women. Blood 
samples were collected from (90) postmenopausal women, (35) who were 
diagnosed with Osteoporosis, (25) samples who were diagnosed with 
Osteopenia, and (30) samples as a control group. Patients were diagnosed as 
osteoporotic and controls as usual by measuring bone mineral density 
(BMD) using dual-energy X-ray absorptiometry (DEXA). The results of 
bone turnover markers, which included Leptin hormone in the sera of 
Osteoporotic patients, was 211.30± 65.24 (pg/mL) less than it was in the 
sera of control women mean of 283.20 ±106.15 (pg/mL), indicating a 
significant increase for the comparison is 0.002. The study showed that low 
levels of Leptin lead to low bone density, which leads to Osteoporosis. 

1 Introduction  
Osteoporosis is a skeletal disease that involves the degradation of bone tissue and the loss of 
bone mass. Osteoporosis, characterized by porous bones, leads to an elevated risk of bone 
fragility and fracture susceptibility. Osteoporosis can affect both men and women, but it is 
more prevalent and tends to start sooner in women. Typically, Osteoporosis does not cause 
any symptoms until a bone fracture occurs [1]. Thereeare two types of Osteoporosis: primary 
and secondary. Primary Osteoporosis can strike people of any age in both sexes, although it 
typically strikes women after menopause and males later in life [2]. On the other hand, the 
use of medications like steroids leads to secondary Osteoporosis. Other examples of diseases 
or disorders are hypogonadism and celiac disease [3]. Osteoporosis diagnosis entails 
evaluating bone mineral density using dual-energy X-ray absorptiometry (DEXA) scanning. 
Osteoporosis is defined by the World Health Organization (WHO) using the T-score, which 
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compares an individual's bone mineral density (BMD) to that of a reference sample of young 
adults. An individual with a T-score of -2.5 or below is diagnosed with Osteoporosis, but a 
T-score ranging from -1.0 to -2.5 indicates low bone mass or Osteopenia. Accurate diagnosis 
requires both clinical evaluation and consideration of other risk factors [4]. Risk Factors 
Several factors contribute to the development of Osteoporosis  :Age: The risk of Osteoporosis 
grows with advancing Age. As individuals age, particularly wwomen after menopause, their 
bones tend to undergo a processss of thinning and weakening [5]. Sex: Females have males. 
Menopause can expedite bonee loss due to hormonal changes, including a decline in estrogen 
levels [6]. Hormonal changes: Besidess menopause, other hormonal imbalances can 
contribute to Osteoporosis. Low levelsss of testosteroneee in men and overactive thyroid 
conditions (hyperthyroidism) can also lead to bone loss. Lack of ccalcium and vitaminn D: 
Calcium and vitamin D are necessary for preserving bone health. Insufficient consumption 
of certain nutrients can elevate the likelihood of developingg osteoporosis. Consuming foods 
that are high in calcium, such as dairy products and leafy greens, is essential. Additionally, it 
is important to expose oneselff to sunlight in order to synthesize vitamin D [7]. Leptin is a 
protein hormone that is mostly produced by adipocytes, or fat cells, and it probably plays a 
major role in controlling the long-term energy balance [8, 9]. Leptin levels, one of the primary 
indicators of energy status, have an impact on motivated behaviors such as feeding and 
foraging that are aimed at maintaining energy stores as well as hunger and satiety. The 
quantity of energy reserves, primarily triglycerides kept in adipose tissue, is correlated with 
the level of Leptin in the blood. The brain interprets high leptin levels as high energy reserves, 
while low leptin levels imply that energy [10]. Leptin has been demonstrated to promote the 
development of osteoblasts from marrow stromal cells and hinder the activity of osteoclasts. 
Neuroendocrine pathways and neurotransmitters are crucial in regulating bone remodeling 
[11]. Changes in body weight in adult women are linked to concurrent alterations in 
circulating levels of A recent in vitro study has shown that Leptin affects the differentiation 
of human marrow stromal cells into osteoblasts, suggesting its potential role in bone mass 
regulation.  

2 Materials and methods 

2.1 Ethical issues 

This study was approved by the Institutional Research Ethics Committee of the Department 
of Life Sciences, College of Science, University of Kufa, Iraq. 

2.2 Patients 

This study was conducted in DEXA (dual-energy X-ray absorptiometry) at Al-Sadr Teaching 
Hospital in Najaf Governorate / Iraq in the period (of February 2024– March 2024). In 
postmenopausal Iraqi women, Ninety females. Female 90 have the number of patients (35 
osteoporosis and 25 osteopenia) contributed at present. According to the sstudy, their ages 
ranged betweenn 45 and 75 years. These patients were registered as osteoporosis patients in 
the Medical Rehabilitation Center of Al-Sadr Teaching Hospital in Najaf Governorate - Iraq. 
Dual-e.nergy X-ray absorptiometry (DEXA) technology has been used to diagnose 
individuals with osteoporosis or osteopenia. In order to determine whether there were any 
systemic disorders that would have an impact on the parameters under study, the complete 
medical history of the patients was evaluated  .  Control group: Thirty women over 45 years 
old - that is, reaching menopause - were selected to form the control group. These people had 

no physical or emotional health problems, and were in excellent condition. They were found 
to not have osteoporosis, a diagnosis that was further supported by a DEXA scan . 

2.3 Statistical analysis  

Statistical analysis was done according to percentages to compare between samples using 
SPSS V.9 computer software [12, 13].  

3 Result  

3.1 Demographic and clinical characteristics in Postmenopausal Osteoporotic 
Women and the Control Group 

The findings of the current study in Table 1. show variables of demographic and clinical 
characteristics in 90 postmenopausal women, including 60 osteoporotic women, compared 
with 30 without Osteoporosis  

Mean Age 56.71±8.47 years and distribution with percentages for osteoporotic patients 
compared with the control group mean Age about 53.53±6.43 years, there is no statistically 
significant difference p-value is 0.074. 

Additionally, age distribution recorded 48.3% (29 out of total) of women patients were 
aged 45 - 54 years. 18(30%) were age range 55 - 64 years, and 13(21.7%) of osteoporotic 
patients older than 66 years. Age distribution analysis out of the total osteoporotic patients, 
25(42%) were aged between 45-54 years, compared to 19(63%) in the control group, also 
19(32%) of osteoporotic patients age range of 55-64 years, while only 8(27%) of the control 
group fell within this age range, moreover older osteoporotic patients 66 years 16(26%) were 
compared to only 3(10%) in the Control group. The mean BMI of osteoporotic women is 
21.10±3.65 kg/m2, which increased in Underweight patients 32(53%) more than patients with 
normal weight 21(35%), overweight 5(8%), and obese 2(4%), revealed to significant (p-value 
0.001) decrease when compared to the mean BMI of the control group is 25.58±3.88 kg/m2, 
which involved, 15(50%) with normal weight, more than 3(10%) Underweight, 10(33%) 
Overweight, and 6(20%) obese women, respectively. Statistical significance (p<0.05) 
decrease in the T-score of osteoporotic patients is -2.48 ± 0.77, as compared with the control 
group is 1.12 ± 0.71, p=0.001. The results show that the osteoporotic women significantly 
elevated in mean ESR of 41.90 ± 10.18 mm/hr. To compare with the groups of control mean 
of 11.57 ± 4.63 mm/hr., the p-value is 0.001.  The results of Leptin hormone indicating a 
significant decrease (p=0.002) in the sera of Osteoporotic patients were 211.30± 65.24 
(pg/mL) lower than the control women mean of 283.20 ±106.15 (pg/mL). Meanwhile, Figure 
1. designed levels of leptin hormone in Osteoporosis and Osteopenia have a significant 
decrease (p<0.05) in means leptin (pg/mL) of 209.75±63.23 and 213.47±69.21 compared to 
the control group. Vitamin D (V.D.) levels show a significant lowest in osteoporotic 
postmenopausal at 15.21 ± 8.03 ng/mL, less than 22.89 ± 8.48 ng/mL in the control group, 
p-value of 0.001. Levels of serum minerals such as calcium, magnesium, and sodium 
documented that women of osteoporotic postmenopausal have a significant (p<0.05) 
decrease in Ca (mg/mL) mean of (7.91 ± 0.80 vs. 9.19 ± 0.96, p-value 0.001), Mg (mg/mL) 
level of 1.71 ± 0.27 vs. 1.93 ± 0.30, a p-value of 0.002), and Na (pmol/mL) level of 127.39 
± 22.38 vs. 138.37 ± 3.61, the p-value is 0.009) is compared with the control women. Serum 
U.A. (mg/dL) level explained a statistically significant increase in women Osteoporotic 
patients of 7.78 ± 1.66, compared with 4.65 ± 1.38 in the control group, p-value 0.001. 
Therefore, levels of Alb (mg/dL) recorded a significant decline in these patients as compared 
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to the control group mean of (2.50 ± 0.58 vs. 3.84 ± 1.00), with the p-value for the comparison 
being 0.001. 

Table 1. Demographic and clinical characteristics in Postmenopausal Osteoporotic Women and the 
Control Group 

Variables Osteoporotic 
patients n=60 

Control 
n=30 

p-value 

Age (year) 55.87±8.18 52.89±5.79 0.078 ns 
45-54 29(48.3%) 20(66.7%) 

 

55-64 18(30%) 8(26.7%) 
 

>66 13(21.7%) 2(6.6%) 
 

T-score -2.48±0.77 1.12±0.71 0.001* 
BMI (kg/m^2) 21.76±2.50 25.53±3.09 0.001* 
Underweight 

Normal weight 
Overweight 

29(48%) 
29(48%) 

2(4%) 

14(47%) 
13(43%) 
3(10%) 

 
  

ESR (mm/hr.) 41.90±10.18 11.57±4.63 0.001* 
VD (ng/mL) 15.21±8.03 22.89±8.48 0.001* 
Deficiency 
Insufficient 
Sufficient 

46(77%) 
9(15%) 
5(8%) 

10(33%) 
12(40%) 
8(27%) 

 
  

Leptin (pg/mL) 211.30±65.24 283.20±106.15 0.002* 
Ca (mg/mL) 7.91±0.80 9.19±0.96 0.001* 

U.A. (mg/dL) 7.78±1.66 4.65±1.38 0.001* 
Mg (mg/mL) 1.71±0.27 1.93±0.30 0.002* 

Na (pmol/mL) 127.39±22.38 138.37±3.61 0.009* 
Alb (mg/dL) 2.50±0.58 3.84±1.00 0.001* 

Significant differences at *p<0.05. Independent T-test.  

 
Fig. 1. Serum Leptin levels in postmenopausal osteoporotic women compared with the control group. 
Significant differences at p-value *<0.05, **<0.01. 

3.2 Correlations of Leptin hormone with clinical parameters in 
postmenopausal osteoporotic women 

The results are in Table 2. Revealed that Age was a statistically significant negative moderate 
strength correlation with leptin levels (r = -0.293, p = 0.023). There is a highly statistically 

significant positive correlation with BMI (r = 0.488, p = 0.0001) and moderate strength of 
correlation with T-score (r = 0.368, p = 0.004), respectively. The relationship of Leptin with 
ESR and U.A. showed a significant negative correlation (r = -0.274, p = 0.034) and (r = -
0.389, p=0.002), while strong strength positive correlated with V.D. (r = 0.351, p = 0.006), 
and moderate strength of correlation Ca (r = 0.289, p=0.025). Moreover, serum levels of Mg 
(p = 0.323), Na (p = 0.767), and Alb (p = 0.568) do not appear to have a significant association 
with leptin levels 

Table 2. Correlations of Leptin hormone with clinical parameters in postmenopausal osteoporotic 
women 

 
Leptin (pg/mL)  

r p-value 

Age (year) -0.293* 0.023 
BMI (kg/m^2) 0.488** 0.0001 

T-score 0.368** 0.004 
ESR (mm/hr.) -0.274* 0.034 

VD (ng/mL) 0.351** 0.006 
Ca (mg/mL) 0.289* 0.025 

U.A. (mg/dL) -0.389** 0.002 

Mg (mg/mL) 0.130 0.323 
Na (pmol/mL) 0.039 0.767 

Alb (mg/dL) -0.075 0.568 

Linear regression results are in Table 3. Indicated to that predictor variables as risk factors in 
osteoporotic in postmenopausal women.  Leptin hormones showed that Age was not 
statistically significant as a predictor (B: -0.643, p-value: 0.524; 95.0% C.I.: -2.653 to 1.367). 
A positive relationship with BMI (B: 8.017; p-value: 0.001; 95.0% C.I: 3.359 to 12.675). 
And T-scores (B: 31.066; p-value: 0.004; 95.0% C.I: 3.359 to 12.675). A statistically 
significant predictor of osteoporotic severity. Also, V.D. was a predictor relationship with 
osteoporotic postmenopausal women (B:2.258; p-value: 0.038; 95.0% C.I: 0.132 to 4.383). 
Moreover, the U.A. was a predictor of osteoporotic severity, negatively related to Leptin 
hormone was statistically significant (B: -12.886; p-value: 0.014; 95.0% C.I: -23.014 to 
2.759). The results indicate that ESR (p=0.192), Ca (p=0.147), Mg (p=0.621), Na (p=0.773) 
and Alb (p=0.742) were no significant predictors of Leptin hormone in osteoporotic 
postmenopausal women respectively. 

Table 3. Linear regression analysis of Leptin to available marker in Osteoporotic Severity 

Predictors Unstandardized Coefficients t Sig. 95.0% Confidence 
Interval for B 

B Std. Error Lower 
Bound 

Upper 
Bound 

Age (year) -0.643 1.004 -0.640 0.524 -2.653 1.367 
BMI 

(kg/m^2) 
8.017 2.326 3.446 0.001* 3.359 12.675 

T-score 31.066 10.300 3.016 0.004* 10.448 51.684 
ESR 

(mm/hr) 
-1.111 0.842 -1.320 0.192 -2.798 0.575 
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VD (ng/mL) 2.258 1.061 2.127 0.038* 0.132 4.383 

Ca (mg/mL) 15.713 10.687 1.470 0.147 -5.714 37.140 

U.A. 
(mg/dL) 

-12.886 5.051 -2.551 0.014* -23.014 -2.759 

Mg (mg/mL) 15.399 30.944 0.498 0.621 -46.640 77.437 

Na 
(pmol/mL) 

0.110 0.380 0.290 0.773 -0.652 0.873 

Alb (mg/dL) -4.884 14.747 -0.331 0.742 -34.449 24.681 

a. Independent Variable: Leptin hormone 
Significant differences at p-value *<0.05. B: (Effect size). 95%C. I: 95%Confidence Interval 

3.3 ROC and AUC Analysis of Leptin hormone for discrimination 
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