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ASSOCIATION BETWEEN LIFESTYLE FACTORS AND OSTEOPOROSIS:  A CROSS-

SECTIONAL STUDY IN A ROMANIAN POPULATION (Abstract):  Osteoporosis is a ma-

jor public health problem characterized by reduced bone mass and increased fracture risk. 

Lifestyle factors play an important role in its development and prevention. This study exam-

ines the relationship between lifestyle factors and osteoporosis in an adult Romanian popul a-

tion, providing recommendations for prevention through adequate calcium and vitamin D in-

take and the promotion of a healthy lifestyle. Aim:  To evaluate the association between life-

style habits and the presence of osteoporosis. Materials and methods:  A cross-sectional 

study was conducted on 160 participants using an online questionnaire. Variables analyzed 

included age, sex, BMI, smoking status, physical activity, and supplement use. Statistical 

analysis was performed using chi-square tests, point-biserial correlations, and multivariate 

logistic regression (p<0.05). Results:  The prevalence of osteoporosis was 13.12%. Age was 

the only factor significantly associated with osteoporosis (r=0.453; p < 0.001) and remained 

an independent predictor in logistic regression (OR=1.15; 95% CI:  1.08-1.21; p<0.001). No 

significant associations were found for sex (p=0.19), BMI, smoking, or physical activity 

(p>0.05). Supplement use was statistically significant (p<0.001), but likely influenced by r e-

verse causality. Conclusions:  The study highlight the importance of screening and early 

prevention, contributing to a better understanding of osteoporosis epidemiology in Romania. 

Lifestyle habits significantly influence osteoporosis risk. Public health interventions focu s-

ing on prevention, education, and modifiable risk factors are essential for reducing the bur-

den of osteoporosis. Keywords: BONE DENSITY, OSTEOPOROSIS, BONE HEALTH, 

MENOPAUSE.  

INTRODUCTION 

Bone health depends on patients’ diet 

and lifestyle. Dietary intake of calcium, 

vitamin D, and proteins are essential fac-

tors for maintaining bone strength through-

out life, as well as for reducing bone densi-

ty loss, a phenomenon specific to aging. 

The risk of osteoporotic fractures re-

sults from a combination of factors that act 

mainly by reducing bone mineral density, 

but also from factors that are completely or 

partially independent of it. Numerous fac-

tors are associated with osteoporotic frac-

tures, such as:  reduced peak bone mass, 

hormonal factors, use of certain medica-

tions (e.g., glucocorticoids), smoking, low 

levels of physical activity, low dietary 

intake of calcium and vitamin D, race, 

small body constitution, as well as a per-

sonal or family history of osteoporosis or 

other associated conditions (1). 

Age is a major determining factor of os-
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teoporosis, with a marked increase in risk 

after the age of 61. Other factors have also 

been identified, such as higher BMI, which 

appears to have a protective effect due to 

mechanical loading and higher estrogen 

levels from adipose tissue; a vegetarian diet, 

which is associated with an increased risk of 

osteoporosis; and living environment-urban 

residents showed a slightly lower risk com-

pared to those in rural areas, although the 

difference was not statistically significant. 

Men have a lower risk compared to women, 

which can be explained by hormonal factors 

and body composition (2). 

Osteoporosis is a major public health 

problem, associated with bone fragility and 

an increased risk of fractures, and main-

taining an adequate intake of calcium and 

vitamin D represents the foundation of 

prevention and treatment interventions (3). 

 

MATERIALS AND METHODS 

The study aimed to evaluate the asso-

ciation between lifestyle habits and bone 

health status. A questionnaire was devel-

oped, including questions related to the 

assessment of bone health, the presence of 

bone disorders, patients’ lifestyle habits, 

and family history. The questionnaire was 

approved by the Ethics Committee of the 

Grigore T. Popa University of Medicine 

and Pharmacy in Iași, Romania and was 

administered online, with respondents’ 

confidentiality ensured. 

This cross-sectional study aimed to 

evaluate the association between lifestyle 

factors and osteoporosis in a Romanian 

adult population. Data were collected 

using a structured questionnaire that in-

cluded items on demographic characteris-

tics, bone health status, lifestyle habits 

(diet, physical activity, smoking, sun expo-

sure), supplement use, and family history 

of osteoporosis. 

Statistical analysis was performed using 

SPSS version 30 and JASP software. De-

scriptive statistics were calculated for all 

variables. Associations between categorical 

variables were assessed using the chi-

square test, while relationships between 

continuous and dichotomous variables were 

evaluated using point-biserial correlation 

coefficients. 

To identify independent predictors of 

osteoporosis, a multivariate logistic regres-

sion analysis was conducted. Osteoporosis 

diagnosis was included as the dependent 

variable, while age, sex, BMI (Body Mass 

Index), smoking status, physical activity, 

and dietary supplement use were entered as 

independent variables. Odds ratios (OR) 

with 95% confidence intervals (CI) were 

calculated. A p-value < 0.05 was consid-

ered statistically significant. 

 

RESULTS 

A total of 160 participants were includ-

ed in the analysis. Osteoporosis diagnosis 

was self-reported and recorded as a dichot-

omous variable (yes/no). Independent vari-

ables included age (continuous), sex 

(male/female), body mass index (BMI, 

continuous), smoking status (yes/no), phys-

ical activity (categorical), and dietary sup-

plement use (yes/no). 

Data regarding patients’ age (21-84 

years), gender, body mass index (BMI) 

(17.6-38.2 kg/m
2
), and living environment 

are presented in table I. 

Within the group of respondents, retir-

ees predominate (43.10%), followed by 

teachers (20.0%). 160 participants com-

pleted the questionnaire, of whom 21 

(13.12%) reported a diagnosis of osteopo-

rosis, while 139 (86.88%) reported no such 

diagnosis. 
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TABLE I. 

Characteristics of the respondent group 

 Number Mean ± SD 

Age 160 51.72 ± 14.82 

BMI 160 26.98 ± 4.43 

Gender:  Female 

          Male 

135 

25 

84.4% 

15.6% 

Living environment:  Urban 

                               Rural 

128 

32 

80% 

20% 

 

Descriptive and bivariate analyses 

showed that most variables, including sex, 

BMI, lifestyle factors, and place of resi-

dence, were not significantly associated 

with osteoporosis. Age was the only varia-

ble demonstrating a statistically significant 

positive association with osteoporosis, as 

indicated by point-biserial correlation anal-

ysis (rp.bis = .453, p < 0.001). 

To further evaluate independent associ-

ations, a multivariate logistic regression 

analysis was performed. The results 

showed that age was significantly associat-

ed with osteoporosis (OR = 1.15, 95% CI:  

1.08–1.21, p < 0.001), indicating that the 

risk of osteoporosis increases with advanc-

ing age. No statistically significant associa-

tions were found for sex (p = 0.19), BMI (p 

> 0.05), smoking status (p = 0.37), or phys-

ical activity (p > 0.05). 

Dietary supplement use was significant-

ly associated with osteoporosis (OR ≈ 0.00, 

95% CI:  very wide, p < 0.001). However, 

this association is likely explained by re-

verse causation, as individuals diagnosed 

with osteoporosis are more likely to use 

supplements following medical advice. 

Out of the 160 respondents, 21 

(13.12%) reported having been diagnosed 

with osteo-porosis, while 139 (86.88%) 

reported no such diagnosis. Among those 

without a diagnosis, most had not under-

gone medical evaluation for osteoporosis 

(tab. II). 

 

TABLE II. 

Association between osteoporosis diagnosis and biological gender 

 No Yes Woman Men 

Diagnosis 139 (86,9%) 21 (13,1%) 20 (14,81%) 1 (4%) 

 

Regarding the association between an 

osteoporosis diagnosis and biological sex, 

based on the questionnaire responses, it 

was observed that the majority of respond-

ents had not been diagnosed with osteopo-

rosis, and among those who were diag-

nosed, most were women. The small num-

ber of respondents does not allow the re-

sults to be generalized to the overall popu-

lation, and for many patients, according to 

their own statements, bone mineral density 

assessment is not a routine evaluation. 

Therefore, in the analyzed sample, no asso-

ciation was observed between biological 

sex and the presence or absence of osteopo-

rosis (CC = .116, χ²(1) = 2.16, p = .141), 
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and the difference between the two sexes 

was not statistically significant (d = .108, 

95% CI [.018, .206]). 

Although, from a descriptive perspec-

tive, most individuals diagnosed with oste-

oporosis were women and it might appear 

that there is a statistically significant asso-

ciation, the statistical analysis did not iden-

tify a statistically significant association 

between biological sex and the presence of 

osteoporosis in the analyzed sample (χ²(1) 

= 2.16, p = .141 > .05). The observed dif-

ference may be explained by the small 

sample size and the low number of diag-

nosed cases.  

Of the 21 respondents who reported hav-

ing been diagnosed with osteoporosis, 3 live 

in rural areas (14.28%) and 18 (75.72%) in 

urban areas. The higher proportion of pa-

tients diagnosed with osteoporosis in urban 

areas does not necessarily indicate a higher 

risk associated with the place of residence, 

but may be correlated with easier access to 

medical evaluation services for patients 

living in urban areas of Romania compared 

to those in rural areas. 

Place of residence was not associated 

with the presence or absence of osteoporo-

sis (CC = .055, χ²(1) = 0.49, p = .482), 

even though 11.3% of those diagnosed with 

osteoporosis live in urban areas and only 

1.9% live in rural areas. The difference 

between the two proportions of individuals 

from urban and rural areas was not statisti-

cally significant (d = .047, 95% CI [−.070, 

.164]). Although, at a descriptive level, 

there appears to be a difference between 

urban and rural environments among indi-

viduals with osteoporosis, the inferential 

analysis conducted on the subgroup of 21 

participants does not indicate a statistically 

significant association. 

The high p-value (p = .482), the very 

small contingency coefficient (CC = .055), 

and the confidence interval including zero 

suggest that the observed difference is 

likely the result of random variation, ampli-

fied by the small sample size. Thus, place 

of residence was not significantly associat-

ed with the presence or absence of osteopo-

rosis, χ²(1) = 0.49, p = .482, CC = .055. 

Although, descriptively, a higher propor-

tion of individuals diagnosed with osteopo-

rosis comes from urban areas compared to 

rural areas, this difference is not supported 

by inferential analysis. The difference be-

tween the two proportions is not statistical-

ly significant and this result can be ex-

plained, at least in part, by the small size of 

the analyzed subgroup (n = 160), which 

limits the statistical power of the test and 

makes the observed percentage differences 

susceptible to random variation. 

Figure 1 highlights the relationship be-

tween body mass index (BMI) and the 

presence or absence of osteoporosis. The 

scatterplot and trend line show a slight 

downward tendency, but without a clear 

separation between the two categories, 

suggesting no obvious association between 

BMI and osteoporotic status. 

Regarding the association between the 

presence/absence of osteoporosis (a dichot-

omous variable-i.e., a variable that can take 

only two mutually exclusive values, usually 

coded as 0 and 1) and body mass index 

(BMI, a continuous variable), the null hy-

pothesis was tested. The null hypothesis is 

a statistical statement assuming no relation-

ship, difference, or effect between the ana-

lyzed variables. In statistical testing, the 

null hypothesis is accepted until the data 

provide sufficient evidence to reject it. 

The point-biserial correlation between 

BMI and osteoporosis was not statistically 

significant in the analyzed group, and our 
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data do not provide sufficient evidence to 

reject the null hypothesis (rp.bis = –0.036, 

df = 158, p = .650, 95% CI [–0.190, 

0.120]). 

 

 
Fig. 1. Association between the presence/absence of osteoporosis and Body Mass Index 

(On the X-axis are the BMI values, on the Y-axis is the binary osteoporosis variable  

(0 = absence, 1 = presence). The line represents the estimated probability of osteoporosis, 

which decreases from about 15% at BMI ≈ 20 to about 10% at BMI ≈ 35,  

and the gray area indicates the confidence interval of the estimate.)  

 

To evaluate the association between the 

presence/absence of osteoporosis (dichot-

omous variable) and BMI (continuous vari-

able), the point-biserial correlation coeffi-

cient was used. The null hypothesis as-

sumed no association between the two 

variables, i.e., a correlation coefficient of 

zero (H0:  rp.bis = 0). The analysis indicat-

ed a very weak and statistically non-

significant correlation between BMI and 

osteoporosis (rp.bis = –0.036, df = 158, p = 

.650, 95% CI [–0.190, 0.120]). Therefore, 

the data do not provide sufficient evidence 

to reject the null hypothesis, suggesting the 

absence of a significant association be-

tween BMI and the presence of osteoporo-

sis in the analyzed group. 

The same analytical method was used to 

examine the association between the pres-

ence/absence of osteoporosis (dichotomous 

variable) and participants' age (continuous 

variable), using the point-biserial correla-

tion coefficient. The null hypothesis as-

sumed no association between age and 

osteoporosis (H0:  rp.bis = 0). The point-

biserial correlation coefficient between age 

and osteoporosis was found to be statisti-

cally significantly greater than zero at the 

population level. The results indicated a 

statistically significant, positive correlation 

of moderate-to-high strength between age 

and the presence of osteoporosis (rp.bis = 

.453, df = 158, p < .001, 95% CI [.343, 

.553]). Consequently, the null hypothesis 

was rejected, providing statistical evidence 

that the risk of developing osteoporosis 

increases with age. Age accounts for ap-

proximately 20.53% of the variance in the 

presence/absence of osteoporosis. 

Fig. 2 illustrates the relationship be-

tween age and the presence/absence of 

osteoporosis, showing an upward trend in 
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the likelihood of osteoporosis occurrence 

as age increases, as suggested by the trend 

line, without implying a deterministic rela-

tionship at the individual level. 

 

 
 

Fig. 2. Association between the presence/absence of osteoporosis and age (On the X-axis, 

the participants’ age is shown, and on the Y-axis, the binary variable for osteoporosis  (0 = 

absence, 1 = presence). The black line indicates the estimated probability of osteoporosis 

as a function of age, which increases from nearly 0% around ages 35–40 to about 45% at 

age 80.  The gray area represents the confidence interval of the estimate.)  

 

Our data indicate that the null hypothesis 

can be rejected; therefore, there is evidence 

to state that the risk of developing osteopo-

rosis increases with age (rp.bis = .453, df = 

158, p < .001, 95% CI [.100, .343]), with a 

strong effect, as approximately 20.53% of 

the variance in the presence and absence of 

osteoporosis is explained by age. 

Regarding the association between a 

family history of osteoporosis and the pres-

ence or absence of an osteoporosis diagno-

sis, our data do not indicate a statistically 

significant association different from zero 

at the population level (CC = .028, χ²(1) = 

0.13, p = .721). Among the 21 respondents 

who reported being diagnosed with osteo-

porosis, 14 (66.66%) had no family mem-

bers diagnosed with the condition, while 7 

(33.34%) reported having relatives diag-

nosed with osteoporosis. The difference 

between the two proportions of individuals 

with and without a family history of osteo-

porosis is not statistically significant (d = 

.021, 95% CI [-.096, .138]). 

Analysis of the association between the 

presence or absence of osteoporosis and the 

age at menopause onset shows a marginal 

significance (rp.bis = .153, df = 81, p = 

.084, 95% CI [-.030, .100]). The null hy-

pothesis H0:  The point-biserial correlation 

coefficient between age at menopause onset 

and osteoporosis is statistically significant-

ly greater than zero at the population level 

cannot be rejected. However, it is possible 

that the effect manifests at the population 

level, as the analysis has low power, being 

conducted on 81 cases. 

Regarding the relationship between the 
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age at menopause onset and the pres-

ence/absence of osteoporosis, a trend is 

observed suggesting an increasing proba-

bility of osteoporosis with later menopause 

onset, although this does not imply a defi-

nite causal relationship (fig. 3). 

 

 
Fig. 3. Association between the presence/absence of osteoporosis and the menopause onset 

age (On the X-axis is the age at onset of menopause, and on the Y-axis the binary variable 

of osteoporosis (0 = absence, 1 = presence). The black line indicates the estimated prob a-

bility of osteoporosis, which increases from about 8–10% for early menopause (~40 years) 

to about 35% for late menopause (~55–57 years). The gray area represents the confidence 

interval of the estimate.) 

 

Our data seem to associate the presence 

of osteoporosis with older ages at meno-

pause onset; however, this observation does 

not result from statistical analysis. The 

analysis of the association between the 

presence/absence of osteoporosis and the 

age at menopause onset indicates a weak 

positive trend, but it is not statistically 

significant, as the p-value is not less than 

0.05 (rₚᵦ = .153, df = 81, p = .084). The 

95% confidence interval includes zero, 

suggesting that the observed association 

may be due to random variation in the 

sample. 

Consequently, the null hypothesis, 

which states that there is no association 

between age at menopause onset and the 

presence of osteoporosis, cannot be reject-

ed. Although the direction of the coeffi-

cient suggests that osteoporosis tends to be 

associated with later menopause onset, this 

trend is not statistically supported in the 

present sample. 

The lack of statistical significance may 

be influenced by the low power of the 

analysis, due to the relatively small sample 

size (N = 81). Therefore, the results should 

be interpreted with caution, and further 

studies with larger samples are needed to 

clarify the nature of this relationship. 

Regarding fractures, 69.4% reported no 

fractures. Among those who did, 10.6% 

occurred in the forearm, 8.1% in the hip, 

3.1% in the ribs, 2.5% in the spine, and 

1.3% in the pelvis. 

Analyzing the association between the 
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presence or absence of fractures and dairy 

consumption, our data do not indicate a 

statistically significant association different 

from zero at the population level (CC = 

.001, χ²(1) = 0.00, p = .991). 

Among subjects who reported regular 

dairy consumption, 30.58% had a history of 

fractures, while among those who do not 

consume dairy, 30.66% had fractures. The 

difference between the two groups was not 

significant. Considering that osteoporosis 

and fracture risk are influenced by multiple 

factors, we cannot assert that dairy con-

sumption alone determines fracture risk in 

the study group. To avoid misinterpretation 

of the results and to clarify the causal link 

between low dairy consumption and frac-

ture risk, it is necessary to increase the 

number of subjects included in the study 

and to evaluate the cause of fractures while 

excluding accidental traumatic fractures. 

 

DISCUSSION 

Overall, the multivariate analysis con-

firmed that age remains the main independ-

ent factor associated with osteoporosis in 

the studied population, while other lifestyle 

variables did not show significant inde-

pendent effects. 

A decrease in bone density is a patho-

logical phenomenon more frequently ob-

served in women than in men. Regardless 

of sex, the prevalence of osteoporosis in-

creases significantly with age, being ob-

served in 50% of men and 80% of women 

over the age of 65 (1, 4). 

The data presented in this study high-

light the need for much more careful as-

sessment of bone density in patients, as in 

our study many of the 160 individuals who 

completed the questionnaire had not under-

gone a bone density evaluation. Such eval-

uation is necessary because other studies 

have shown that one in two women and one 

in four men will experience, during their 

lifetime, a fracture caused by osteoporosis 

(2, 5). 

The environment in which patients live 

can influence the rate of osteoporosis diag-

nosis. For instance, a study conducted in 

Spain, which included postmenopausal 

women showed a higher incidence of oste-

oporosis among women from rural areas. 

Specifically, 36.5% of rural women were 

diagnosed with osteoporosis, compared to 

28.7% of urban women. Women from rural 

areas were generally older, shorter, and had 

a higher BMI compared to those from ur-

ban areas (6). 

Similarly, a study conducted in China 

observed that among menopausal women, 

26.83% of those living in urban areas and 

32.53% of those in rural areas had osteopo-

rosis. Studies on the general population 

reported a prevalence of osteoporosis of 

10.33% in rural areas and 5.52% in urban 

areas (7). 

The prevalence of osteoporosis depends 

on BMI and is inversely proportional to it. 

Multivariate analyses (which consider mul-

tiple factors simultaneously), adjusted for 

factors associated with osteoporosis, 

showed that underweight individuals had a 

significantly higher risk of osteoporosis 

compared to those with normal weight. In 

contrast, overweight and obese individuals 

had a lower risk of osteoporosis compared 

to those with normal weight (8, 9). 

Underweight individuals with a BMI < 

20 kg/m² had high risk for fracture com-

pared with those with a BMI of 25 kg/m² 

(10). 

A study conducted in China reported a 

prevalence of osteoporosis of 4% among 

men aged 50–59 years, 7.2% in those aged 

60–69 years, 15.1% in the 70–79 age 
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group, and 26.7% in those over 80. For the 

same age groups, women showed a preva-

lence of 15.2%, 36.5%, 62.7%, and 85.8%, 

respectively. The onset age of osteoporosis 

was observed as follows:  femoral neck 

osteoporosis began at 55 years in women 

and at 60 years in men (11). 

Aging and the onset of osteoporosis are 

closely related (11). The overall decline in 

bone strength is due to reductions in both 

trabecular and cortical bone density, thin-

ning of cortical bone, and a marked in-

crease in its porosity. Loss of spongy (tra-

becular) bone mass in humans begins 

around the age of 30, while cortical bone 

density starts to decrease after the age of 

50. In women, bone loss accelerates after 

menopause, so estrogen deficiency nega-

tively affects bone mass and accelerates the 

deterioration of the skeletal system with 

age (12). 

Osteoporosis has a high degree of herit-

ability, but genetic factors alone are not 

sufficient to explain fracture occurrence in 

offspring, especially in adulthood (13). 

The Geelong Osteoporosis Study con-

ducted in Australia showed that a mother’s 

fracture was associated with a higher like-

lihood of early fractures in daughters. Con-

versely, a father’s fracture was associated 

with an increased risk of early fractures in 

sons, but not in daughters. Therefore, pa-

rental fracture history appears to be associ-

ated with the risk of early fractures in chil-

dren in a sex-specific manner (14). 

A questionnaire-based study conducted 

in the United States, including 8,073 wom-

en over the age of 20, showed a significant 

correlation between family history of oste-

oporosis and osteoporosis risk. The preva-

lence of family history was 34.8% among 

women with osteoporosis and 18.5% 

among those without the condition. Women 

who reported that their mother had osteo-

porosis had a higher risk than those who 

did not report this (15). 

Studies on families and twins indicate 

that 50–85% of variations in bone mineral 

density are genetically determined. To 

reduce fracture risk, treatment for women 

with a family history of fractures can be 

initiated at a less strict bone density thresh-

old, potentially improving patient compli-

ance with subsequent interventions (16-18). 

Large-scale genomic studies have iden-

tified several genetic variants that may 

contribute to the determination of bone 

mass and fracture risk, each having a mod-

erate effect (19). 

The process of bone density reduction 

begins one year before menopause, contin-

ues intensely for three more years, then 

slows slightly but continues at a moderate 

pace for another 4–8 years. On average, 

bone density decreases by approximately 

10% during the menopausal period. In some 

women, loss can reach up to 20% over the 

5–7 years surrounding menopause (20). 

A study conducted in Sweden between 

1977 and 2011 showed that at the age of 

77, 56% of women with early menopause 

had osteoporosis, compared to only 30% of 

those with late menopause, indicating an 

almost twofold increased risk (1.83 times 

higher) of osteoporosis for women with 

early menopause. Women with early men-

opause had a higher incidence of fractures 

compared to those with late menopause, 

corresponding to a 1.68 times higher risk of 

experiencing such fractures (21, 22). 

Milk and dairy represent an important 

source of protein, calcium, and other essen-

tial nutrients, and their consumption should 

not be discouraged in at-risk populations 

(23). According to a study from Sweden, 

consumption of fermented milk products 



Luana Opariuc-Dan, Cornelia Mircea 

380 

(yogurt, kefir) was associated with a lower 

risk of fractures, and when combined with 

fruit intake, it increased the rate of antioxi-

dant protection (24). 

The Age, Gene/Environment Suscepti-

bility-Reykjavik (AGES-Reykjavik) study 

in Iceland reported a positive association 

between milk consumption and volumetric 

bone density at baseline, with an adjusted 

sex- and age-specific difference of 8.95 ± 

2.5 mg/cm³ between the highest and lowest 

milk consumption categories (25). The 

regular lifelong milk consumption, from 

adolescence to old age, is associated with 

higher bone density in later life (26). 

 

CONCLUSIONS 

In this Romanian adult population, age 

was the primary factor associated with 

osteoporosis, while most lifestyle factors 

assessed through self-reported data were 

not significantly related to the condition. 

The findings emphasize the importance of 

age-based screening and clinical evaluation 

for osteoporosis. Larger population-based 

studies using objective measurements of 

bone mineral density are needed to better 

clarify the contribution of lifestyle factors 

to osteoporosis risk in this population. 
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