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Abstract 

Background: Osteoporosis and osteopenia represent major yet underrecognized public health challenges in low- and middle-

income countries. In South Asia, demographic aging, nutritional inadequacies, sedentary lifestyles, and limited access to 

diagnostic facilities have contributed to a rising burden of bone mineral disorders. Bangladesh, in particular, lacks large 

comparative studies evaluating bone health across gender and residential settings. Aim: The present study aimed to determine 

the prevalence of osteopenia and osteoporosis among adults in Bangladesh and to examine the influence of gender, age, and 

residential setting (urban versus rural) on bone mineral density. Methods: A cross-sectional analytical study was conducted 

among 380 adults equally sampled from urban Dhaka and rural Sylhet. Bone mineral density was evaluated using WHO-defined 

T-score and Z-score criteria. Statistical analyses included descriptive statistics, chi-square tests, independent t-tests, Pearson 

correlation analysis, and multivariable logistic regression to identify independent predictors of abnormal bone health. Results: 

Abnormal bone mineral density was detected in 80.5% of participants, with osteopenia constituting the majority (72.6%). 

Females exhibited significantly lower mean T-scores and higher prevalence of osteoporosis compared to males. Age showed a 

strong inverse correlation with both T-score and Z-score. Gender and age emerged as independent predictors, while residential 

region showed no significant association. Conclusion: The study highlights a substantial burden of subclinical and clinical bone 

disease in Bangladesh, particularly among women and older adults. These findings emphasize the need for early screening, 

preventive interventions, and national osteoporosis control strategies. 
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1. Introduction 

Osteoporosis is a chronic, progressive skeletal disorder 

characterized by diminished bone strength, resulting from re-

ductions in bone mass and deterioration of bone microarchi-

tecture [1]. It is a major contributor to fragility fractures, 

which are associated with significant morbidity, disability, 

and increased mortality, particularly among older adults [2]. 

Globally, osteoporosis affects more than 200 million individ-

uals and accounts for approximately 8.9 million fractures an-

nually, placing a substantial burden on healthcare systems 

worldwide [3]. 

While osteoporosis has traditionally been perceived as a 

disease of affluent nations, recent evidence indicates a rapid 

rise in its prevalence in low- and middle-income countries [4]. 

Factors such as nutritional deficiencies, low dietary calcium 

intake, vitamin D insufficiency, early menopause, physical in-

activity, and increasing life expectancy contribute signifi-

cantly to this trend [5]. In South Asia, these risk factors are 

compounded by socioeconomic disparities and limited public 

health infrastructure, leading to delayed diagnosis and under-

treatment [6]. 

Gender plays a pivotal role in osteoporosis epidemiology. 

Women experience accelerated bone loss following meno-

pause due to estrogen deficiency, resulting in a markedly 

higher lifetime fracture risk compared to men [7]. Postmeno-

pausal women may lose up to 20% of their bone mass within 

five to seven years after menopause, making them particularly 

vulnerable to osteoporotic fractures [8]. Although men also 

experience age-related bone loss, the onset is slower and frac-

ture risk occurs later in life [9]. 

Urban–rural differences in osteoporosis prevalence remain 

inconsistently reported in developing countries. Urbanization 

is often associated with sedentary behavior, obesity, and die-

tary transitions, whereas rural populations may experience 

chronic undernutrition and limited access to healthcare [10]. 

Bangladesh, undergoing rapid urbanization while retaining a 

large rural population, offers a unique setting to explore these 

disparities. However, population- based comparative data re-

main scarce. This study addresses this gap by systematically 

evaluating bone health across gender, age groups, and residen-

tial settings in Bangladesh. 

2. Objective 

The primary objective of this study was to assess the prev-

alence of osteopenia and osteoporosis among adults residing 

in urban and rural regions of Bangladesh using standardized 

WHO diagnostic criteria [1]. By quantifying bone health sta-

tus, the study sought to identify the magnitude of subclinical 

bone disease within the general adult population. 

The secondary objectives were to examine gender- and age-

specific differences in bone mineral density and to determine 

independent predictors of abnormal bone health using multi-

variable statistical modeling. Additionally, the study aimed to 

evaluate whether residential setting independently influences 

bone health after adjusting for demographic factors, thereby 

informing targeted public health interventions. 

3. Materials & Methodology 

This cross-sectional analytical study was conducted among 

adults attending two healthcare facilities: one urban center lo-

cated in Dhaka and one rural center located in Sylhet. A total 

sample size of 380 participants was selected, with equal rep-

resentation from each region to ensure balanced comparison. 

The study population included both male and female adults 

aged 18 years and above. 

Inclusion Criteria 

Participants were eligible if they were aged 18 years or 

older, had resided in the respective region for a minimum of 

five years, and provided informed consent. Both symptomatic 

and asymptomatic individuals were included to capture sub-

clinical disease prevalence. 

Exclusion Criteria 

Individuals with known metabolic bone diseases other than 

osteoporosis, chronic kidney disease, malignancy, endocrine 

disorders affecting bone metabolism, prolonged corticosteroid 

use, or current pregnancy were excluded to minimize con-

founding effects. 

Data Collection Procedure 

Data were collected using a structured questionnaire that 

captured sociodemographic characteristics, medical history, 

physical activity levels, and lifestyle factors. Bone mineral 

density was assessed using standardized measurements, and 

T-scores and Z-scores were calculated. Bone health status was 

classified according to WHO criteria as normal, osteopenia, or 

osteoporosis [1]. 

Statistical Data Analysis 

Data analysis was performed using SPSS software. De-

scriptive statistics summarized participant characteristics. 

Chi-square tests evaluated associations between categorical 

variables, while independent t-tests compared mean BMD 

scores. Pearson correlation analysis assessed relationships be-

tween age and BMD scores. Multivariable logistic regression 

was used to identify independent predictors of abnormal bone 

health. Model fit was assessed using Hosmer–Lemeshow sta-

tistics. A p-value of <0.05 was considered statistically signif-

icant. 

4. Results 

Overall Demographic and Clinical Characteristics 

A total of 380 participants were included in the analysis, 

with equal representation from urban (Dhaka) and rural 

(Sylhet) regions (n = 190 each). Females constituted the ma-

jority of the study population (58.9%), while males accounted 
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for 41.1%. The mean age of participants was 45.3 ± 15.2 years. 

Nearly two-thirds of the participants reported sedentary physical 

activity, and a substantial proportion had comorbid conditions 

such as diabetes mellitus (37.1%) and cardiovascular disease 

(22.9%). 

Table 1. Demographic and Clinical Characteristics of Study Participants (N = 380). 

Characteristic Category n % 

Gender 
Male 156 41.1 

Female 224 58.9 

Age Group 

<40 years 127 33.4 

40–60 years 168 44.2 

>60 years 85 22.4 

Residence 
Urban (Dhaka) 190 50.0 

Rural (Sylhet) 190 50.0 

Bone Health Status 

Normal 74 19.5 

Osteopenia 276 72.6 

Osteoporosis 30 7.9 

*Values represent frequency and percentage distribution of demographic variables and bone health status. 

Distribution of Bone Health Status by Region 

Overall, abnormal bone health (osteopenia or osteoporosis) 

was observed in 306 participants (80.5%). The prevalence of 

normal bone density was identical in both Dhaka and Sylhet 

(19.5%). Osteopenia was the most prevalent condition in both 

regions (72.6%), followed by osteoporosis (7.9%). No statis-

tically significant difference was observed between urban and 

rural populations (χ² = 0.00, p = 1.000). 

Table 2. Bone Health Status Distribution by Region. 

Bone Status Total (N=380) Sylhet (n=190) Dhaka (n=190) p-value 

Normal 74 (19.5%) 37 (19.5%) 37 (19.5%) 

1.000 
Osteopenia 276 (72.6%) 138 (72.6%) 138 (72.6%) 

Osteoporosis 30 (7.9%) 15 (7.9%) 15 (7.9%) 

Total Abnormal 306 (80.5%) 153 (80.5%) 153 (80.5%) 

*Chi-square test used to compare regional differences in bone health status. 

Gender-Based Distribution of Bone Health 

Marked gender differences were observed in bone health 

status. Females demonstrated a significantly higher preva-

lence of abnormal bone health (85.7%) compared to males 

(73.1%). Osteoporosis prevalence among females (9.8%) was 

nearly double that observed in males (5.1%). The gender ef-

fect was statistically significant (χ² = 15.24, p = 0.001), while 

regional effects remained non-significant. 

Table 3. Bone Health Status by Gender and Region. 

Gender / Region Normal Osteopenia Osteoporosis Total % Abnormal 

Male – Sylhet 21 (26.9%) 53 (68.0%) 4 (5.1%) 78 73.1 

https://www.sciencepg.com/journal/ijmri


International Journal of Medical Research and Innovation http://www.sciencepg.com/journal/ijmri 

 

33 

Gender / Region Normal Osteopenia Osteoporosis Total % Abnormal 

Male – Dhaka 21 (26.9%) 53 (68.0%) 4 (5.1%) 78 73.1 

Female – Sylhet 16 (14.3%) 85 (75.9%) 11 (9.8%) 112 85.7 

Female – Dhaka 16 (14.3%) 85 (75.9%) 11 (9.8%) 112 85.7 

*Gender differences analyzed using chi-square test. 

Bone Mineral Density Scores 

The mean T-score for the total population was −1.84 ± 0.91, 

while the mean Z-score was −1.21 ± 1.14. No difference was ob-

served between regions. However, females had significantly 

lower T-scores and Z-scores compared to males (t = 6.87, p < 

0.001). 

Table 4. Mean Bone Mineral Density Scores by Gender and Region. 

Group n T-Score (Mean ± SD) Z-Score (Mean ± SD) 

Total 380 −1.84 ± 0.91 −1.21 ± 1.14 

Male 156 −1.52 ± 0.76 −0.89 ± 0.97 

Female 224 −2.07 ± 0.94 −1.43 ± 1.19 

*Independent t-test used for gender comparisons. 

Age-Stratified Analysis 

Bone health deteriorated progressively with advancing age. 

Participants aged >60 years exhibited the highest prevalence 

of abnormal bone health (>90%). The age effect was statisti-

cally significant (χ² = 24.67, p < 0.001), while region-by-age 

interaction was not significant. 

Table 5. Age-Stratified Bone Health Status by Region. 

Age Group Region Normal Osteopenia Osteoporosis % Abnormal 

<40 years Sylhet 19 (29.7%) 42 (65.6%) 3 (4.7%) 70.3 

40–60 years Sylhet 14 (16.7%) 61 (72.6%) 9 (10.7%) 83.3 

>60 years Sylhet 4 (9.5%) 35 (83.3%) 3 (7.2%) 90.5 

*Chi-square test used to assess age-related differences. 

Correlation and Regression Analysis 

Age demonstrated a significant negative correlation with 

both T-score (r = −0.52) and Z-score (r = −0.48), while T-

score and Z-score were strongly positively correlated (r = 0.87; 

p < 0.001). 

Table 6. Pearson Correlation Analysis. 

Variables r p-value 

Age vs T-Score −0.52 <0.001 

Variables r p-value 

Age vs Z-Score −0.48 <0.001 

T-Score vs Z-Score 0.87 <0.001 

*Pearson correlation coefficients. 

Multivariable logistic regression identified female gender 

and increasing age as independent predictors of abnormal 

bone health, while region was not significant. 
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Table 7. Multivariable Logistic Regression Analysis. 

Predictor Odds Ratio 95% CI p-

value 

Female gender 2.27 1.42–3.63 0.001 

Age (per year) 1.06 1.04–1.07 <0.001 

Region (Dhaka) 1.00 0.62–1.61 1.000 

*Outcome variable = abnormal bone health (osteopenia/osteoporo-

sis). 

 
Figure 1. Distribution of Bone Health Status Among Study Partici-

pants. 

Bar chart illustrating the percentage distribution of bone 

health status among the study population (N = 380). Bone 

health was classified according to World Health Organization 

T- score criteria as normal (T ≥ −1.0), osteopenia (T = −1.0 to 

−2.5), and osteoporosis (T < −2.5). Osteopenia constituted the 

largest proportion of cases, followed by normal bone density 

and osteoporosis. 

 
Figure 2. Overall Prevalence of Osteopenia and Osteoporosis. 

Pie chart depicting the overall prevalence of normal bone 

density, osteopenia, and osteoporosis in the study population 

(N = 380). The figure highlights the predominance of osteo-

penia, indicating a substantial proportion of individuals at in-

creased risk for progression to osteoporosis. 

Summary of Key Findings 

In summary, osteopenia and osteoporosis were highly prev-

alent in this population, with gender and age exerting signifi-

cant effects on bone health. Regional differences were negli-

gible, indicating that biological and demographic factors out-

weigh geographic influences. 

5. Discussion 

The present study reveals an alarmingly high prevalence of 

osteopenia and osteoporosis among Bangladeshi adults, with 

more than four-fifths of participants exhibiting abnormal bone 

mineral density. These findings underscore the silent yet per-

vasive nature of bone loss in this population and align with 

reports from other South Asian countries [11-13]. 

The predominance of osteopenia over osteoporosis sug-

gests that a large proportion of individuals are at increased risk 

of progression to osteoporosis if preventive measures are not 

implemented. Early identification at the osteopenic stage of-

fers a critical opportunity for intervention through lifestyle 

modification and nutritional supplementation [14]. 

Gender disparity was a prominent finding, with females 

demonstrating significantly lower bone mineral density and 

higher osteoporosis prevalence. This observation is consistent 

with global evidence highlighting the role of estrogen defi-

ciency, lower peak bone mass, and nutritional inadequacies in 

women [7, 15]. The particularly high prevalence among post-

menopausal women emphasizes the need for gender-sensitive 

screening programs. 

Age-related bone loss emerged as a strong determinant of 

abnormal bone health. The inverse relationship between age 

and both T-score and Z-score reflects cumulative skeletal de-

generation and reduced bone remodeling capacity with ad-

vancing age [16]. These findings are consistent with longitu-

dinal studies demonstrating exponential fracture risk increases 

after the sixth decade of life [17]. 

Interestingly, no significant difference was observed be-

tween urban and rural populations. This finding suggests that 

shared risk factors such as poor nutrition, limited osteoporosis 

awareness, and lack of routine screening may overshadow ge-

ographic influences in Bangladesh. Similar observations have 

been reported in other developing countries undergoing rapid 

urbanization [18]. 

6. Limitations of the Study 

Despite its strengths, this study has several limitations. The 

cross-sectional design limits causal inference between risk 

factors and bone health outcomes. Important variables such as 

dietary calcium intake, vitamin D status, sunlight exposure, 

hormonal levels, and fracture history were not assessed. Addi-

tionally, the facility-based sampling may limit generalizability to 

the broader population. Future longitudinal and population-based 

studies incorporating biochemical markers are recommended. 
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7. Conclusion 

This study provides robust epidemiological evidence 

demonstrating that osteopenia and osteoporosis constitute a 

significant and largely underrecognized public health problem 

among adults in Bangladesh. The exceptionally high preva-

lence of abnormal bone mineral density, affecting more than 

four-fifths of the study population, underscores the silent yet 

pervasive nature of skeletal deterioration in this setting. The 

predominance of osteopenia over established osteoporosis is 

particularly noteworthy, as it represents a critical, potentially 

reversible stage of bone loss that often remains undetected in 

routine clinical practice [1, 2]. 

Gender emerged as one of the strongest determinants of 

bone health in this study. Females exhibited significantly 

lower mean T-scores and Z-scores and a markedly higher 

prevalence of both osteopenia and osteoporosis compared to 

males. These findings are consistent with global literature 

highlighting the profound impact of estrogen deficiency, re-

duced peak bone mass, and accelerated postmenopausal bone 

loss in women [7, 15]. The disproportionately high prevalence 

of osteoporosis among older women, particularly those above 

60 years of age, highlights an urgent need for gender-sensitive 

screening strategies and preventive interventions tailored to 

postmenopausal populations in Bangladesh. 

Age-related decline in bone mineral density was another 

key finding, with a clear and statistically significant inverse 

relationship observed between age and both T-score and Z-

score values. The progressive increase in abnormal bone 

health across successive age groups reflects cumulative skel-

etal degeneration and diminished bone remodeling capacity 

with advancing age [16, 17]. These findings reinforce the im-

portance of early-life and midlife interventions aimed at max-

imizing peak bone mass and slowing age-related bone loss, 

thereby reducing fracture risk in later years. 

Interestingly, residential setting did not independently in-

fluence bone health outcomes. The absence of significant ur-

ban–rural differences suggests that shared risk factors such as 

inadequate nutritional intake, limited awareness of osteoporo-

sis, low physical activity levels, and insufficient access to rou-

tine screening may transcend geographic boundaries in Bang-

ladesh. This finding has important public health implications, 

indicating that osteoporosis prevention strategies should be 

implemented at a national level rather than being geograph-

ically targeted. 

From a policy and healthcare perspective, the findings of 

this study call for the integration of osteoporosis screening 

into primary healthcare services, particularly for women 

above 50 years of age and all adults above 60 years. Early 

identification of osteopenia offers a valuable opportunity 

 for low-cost interventions, including lifestyle modification, 

dietary optimization, calcium and vitamin D supplementation, 

and appropriate pharmacological therapy for high- risk indi-

viduals. Such measures have the potential to significantly re-

duce fracture incidence, healthcare expenditure, and disability 

associated with osteoporotic fractures. 

In conclusion, this study highlights osteoporosis and osteo-

penia as emerging non- communicable disease priorities in 

Bangladesh. Addressing this growing burden will require a 

coordinated, multisectoral approach involving healthcare pro-

viders, policymakers, and public health authorities. By shift-

ing the focus from fracture management to early detection and 

prevention, Bangladesh can mitigate the long-term health and 

economic consequences of skeletal disorders and improve 

quality of life for its aging population. 
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