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Risk Factors for Osteoporotic Vertebral Fractures in Postmenopausal
Women: A Cross-Sectional Study

Nishi Mishra', Vipin Kumar Mishra®, Saumya Tiwari', Nayan Silawat’

Learning Point of the Article:
Osteoporotic vertebral fractures are highly prevalent among postmenopausal women and are independently associated with advanced age,
prolonged duration since menopause, low BMI, reduced lumbar spine bone mineral density, vitamin D deficiency, and prior fragility fractures.

Introduction: Underdiagnosed osteoporotic vertebral fractures are a major cause of morbidity in postmenopausal women. For prompt
intervention and prevention, early detection of clinical, metabolic, and densitometric risk factors is essential. The purpose of this study was to
ascertain the frequency of vertebral fractures and the risk factors that are linked to them in a group of postmenopausal women.

Materials and Methods: 220 postmenopausal women participated in a cross-sectional study conducted in a hospital. We gathered information
on body mass index (BMI), previous fragility fractures, lifestyle factors, demographics, reproductive history, and serum vitamin D levels. Dual-
energy X-ray absorptiometry was used to measure the bone mineral density (BMD) at the femoral neck and lumbar spine. Lateral thoracolumbar
radiographs were used to assess vertebral fractures, which were then graded using a standardized semiquantitative method. Women with and
without vertebral fractures were compared, and independent predictors were found using multivariate logistic regression.

Results: The participants’ average age was 61.8 + 8.4 years. 76 women (34.5%) had vertebral fractures, which were classified as mild in 15.5%,
moderate in 11.8%, and severe in 7.3%. 44.5% had osteoporosis of the lumbar spine. Significantly older, longer postmenopausal duration, lower
BMI, lower lumbar spine T-scores, higher rates of vitamin D deficiency, increased physical inactivity, and more frequent fragility fractures were
all present in women with vertebral fractures (all P < 0.01). Age >65 years, time since menopause >15 years, BMI <20 kg/m2, lumbar spine
osteoporosis, vitamin D deficiency, and previous fragility fractures were found to be independent predictors of vertebral fractures by multivariate
analysis.

Conclusion: Osteoporotic vertebral fractures are common in postmenopausal women and are closely associated with advanced age, prolonged
menopause, low BMI, decreased lumbar spine BMD, vitamin D deficiency, and prior fragility fractures. A thorough evaluation of risk factors
beyond BMD is necessary for early detection and preventive measures.

Keywords: Postmenopausal women, osteoporosis, vertebral fractures, bone mineral density, vitamin D deficiency.

Introduction condition is particularly common in postmenopausal women

Reduced bone mass and disruption of bone microarchitecture [1]. Vertebral fractures are the most common type of

are hallmarks of osteoporosis, a generalized skeletal disorder that ©Steoporotic fractures and are linked to significant clinical
outcomes, such as chronic pain, diminished physical function, a

increases susceptibility to fragility fractures. Because of the
lower quality of life, and an increased risk of death [2]. Notably,

sudden drop in estrogen levels following menopause, this
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Table 1: Baseline demographic and clinical characteristics of
study participants
Age (years), mean+SD 61.8+8.4
Age >65 years, n (%) 96 (43.6)
Duration sinl(fe:rlzlsogause (years), 13.647.9
BMI (kg/nf), mean+SD 23.143.8
BMI <20 kg/mi, n (%) 58 (26.4)
Parity >3, n (%) 102 (46.4)
Age at menopause <45 years,n (%) 64 (29.1)
Previous fragility fracture,n (%) 52 (23.6)
Family history of osteoporosis,z (%) 41 (18.6)
Physically inactive lifestyle,n (%) 134 (60.9)
Low dietary calcium intake,n (%) 148 (67.3)
Vitamin D deficiency (<20 ng/mL)z (%) 136 (61.8)
SD: Standard deviation, BMI: Body mass index

women whose bone mineral density (BMD) does not fall
within the osteoporotic range may still experience vertebral
fractures, highlighting the fact that factors other than BMD also
affect fracturerisk [3].

One well-known, unchangeable factor influencing the risk of
vertebral fractures is getting older. The incidence of vertebral
fractures rises sharply with age, according to epidemiological
data, which is consistent with progressive age-related bone loss
and deteriorating bone strength [4]. In addition, a longer time
since menopause has been associated with an increased risk of
vertebral fractures, probably as a result of the cumulative effects
oflong-term estrogen deficiency on skeletal integrity and bone
remodeling[1,3].

Low BMD is still a major predictor of fracture risk, despite the
fact that many other factors also play a role.

and cumulative fracture risk, a history of previous fragility
fractures is also a strong predictor of future vertebral fractures
[3].

Considering the multifactorial etiology of osteoporotic
vertebral fractures, comprehensive evaluation of both
modifiable and non-modifiable risk factors is essential for
effective prevention and clinical management in
postmenopausal women. Although several studies have
explored osteoporosis-related risk factors, vertebral fractures
often remain clinically silent and underdiagnosed, particularly
when assessment relies solely on BMD. In addition, data on
radiographically detected vertebral fractures and their
association with clinical, metabolic, and lifestyle factors in
Indian postmenopausal women are limited. Therefore, this
study was conducted to estimate the prevalence of vertebral
fractures and to evaluate the demographic, clinical, and lifestyle
determinants associated with fracture risk in this population,
with the aim of enhancing risk stratification beyond BMD
alone.

Materials and Methods
Ethical considerations

The study protocol was approved by the Institutional Ethics
Committee, and written informed consent was obtained from
all patients before inclusion in the study. This research was
conducted ethically in accordance with the World Medical
Association Declaration of Helsinki. All clinical, radiological,
and laboratory investigations performed for the purpose of the
study were provided free of cost to the participants, and no
additional expenseswere borne by them.

Study designand setting

This research was a cross-sectional observational study
conducted ata tertiary care teaching hospital in India.

Reduced BMD at the hip and spine is strongly
linked to a higher risk of osteoporotic fractures, findings
including vertebral fractures, according to
population-based studies [1, 4]. Furthermore, a

number of clinical and lifestyle factors have been

BMD category

Table 2: Bone mineral density distribution based on DEXA

Femoral neck,n
(%)

Lumbar spine,n
(%)

found to be significant contributors in Normal 44 (20.0) 56 (25.5)
postmenopausal women, such as low body mass -

index (BMI), little physical activity, and vitamin Osteopenia 78 (35.5) 92 (41.8)
D deficiency. Inadequate vitamin D reduces Osteoporosis 98 (44.5) 72 (32.7)
calcium metabolism and may hasten bone loss, | Mean T-score+SD —2.4+0.9 -2.1+0.8

both of which raise the risk of fracture [ 5, 6]. Low
BMI s linked to less mechanical loading on bone.

Because it indicates underlying skeletal fragility

DEXA: X-ray absorptiometry, BMD: Bone mineral density,
SD: Standard deviation
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- replacement therapy within the preceding year
Table 3: Prevalence and severity of vertebral fractures | .. ¢ inal surgery or congenital spinal
(n=220) abnormalities.
Vertebral fracture status Number (%)
Data collection
No vertebral fracture 144 (65.5) S _
Demographic, clinical, and lifestyle-related data
Any vertebral fracture 76 (345) were systematically gathered utilizing a pre-
Mild fracture 34 (15.5) established structured pro forma. The variables
documented encompassed age, duration post-
Moderate fracture 26 (11.8) menopause, BMI, parity, age at which
Severe fracture 16 (7.3) menopause occurred, prior fragility fractures,

Study population

Postmenopausal women visiting the outpatient and inpatient
orthopedic departments during the study period were
evaluated for their eligibility. Postmenopause was characterized
by the lack of menstrual periods for at least 12 continuous
months, which is not due to any pathological or physiological
factors apart from menopause.

Samplessize estimation

The sample size was calculated based on previously
documented prevalence rates of osteoporotic vertebral
fractures in postmenopausal women from Indian and other
Asian demographics, which vary from 20% to 30%. With an
anticipated prevalence of 25% [7], 2 95% confidence level, and
an absolute precision of 6%, the required minimum sample size
came out to be 200 participants. To account for potential non-
response or incomplete data, a total of 220 postmenopausal
women were recruited using a consecutive sampling method.

Inclusion criteria
« Women who're past menopause and are 45 years or older
« Provision of informed written consent

« Willingness to undergo clinical, radiological, and laboratory

familial predisposition to osteoporosis, tobacco
use, alcohol consumption, levels of physical activity, and dietary
calciumintake.

Anthropometric evaluations were conducted in accordance
with standardized protocols. The BMI was computed as weight
(kg) divided by the square of height (m2) and classified in
alignment with the guidelines provided by the World Health
Organization.

Assessment of BMD

BMD was assessed using dual-energy X-ray absorptiometry
(DEXA) at the lumbar spine (L1-L4) and femoral neck. Results
were expressed as T-scores and categorized as normal,
osteopenia, or osteoporosis based on established diagnostic
criteria.

Radiological assessment of vertebral fractures

It was carried out through lateral radiographs of the thoracicand
lumbar spine for all participants. Vertebral fractures were
detected and categorized utilizing a standardized
semiquantitative approach predicated on the reductions
observed in vertebral height. The fractures were classified as
mild, moderate, or severe, contingent upon the degree ofloss in
anterior, middle, or posterior height. All radiographic
evaluations were executed independently by a seasoned

evaluation.

Table 4: Comparison of risk factors in patients with and without vertebral fractures

Exclusion criteria

No fracture
(n=144)

Fracture present

Variable P-value

(n=76)

« History of high-energy spinal trauma

o Presence of secondary causes of osteoporosis,

including chronic kidney disease, hyperthyroidism,

Cushing’s syndrome, or malignancy

« Long-term use of medications known to influence

bone metabolism, such as systemic corticosteroids,

Age (years), mean+SD 66.247.5 59.448.1 <0.001
Duration since menopause (years), 17.846.9 113474 <0.001
mean+SD
BMI (kg/nf), mean+SD 21.4+3.2 24.043.7 <0.001
Lumbar spine T-score —3.0£0.7 —2.0£0.8 <0.001
Vitamin D deficiency,n (%) 58 (76.3) 78 (54.2) 0.002
Previous fragility fracture,n (%) 32(42.1) 20 (13.9) <0.001
Physically inactive, n (%) 56 (73.7) 78 (54.2) 0.006

anticonvulsants, bisphosphonates, or hormone

SD: Standard deviation, BMI: Body mass index
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. e 1 0 .
Table 5: Multivariate logistic regression analysis of risk factors for 1der'1t'1f1ed in 61.8% of the' studY. Populatlon. In
vertebral fractures addition, 23.6% reported a prior fragility fracture, and
Adjusted odds 95% confidence 18.6% had a family history of osteoporosis.
Risk factor . . P-value . .
ratio interval Based on DEXA findings, osteoporosis at the lumbar
Age 65 years 234 1.28-4.26 0.005 spine was present in 44.5% of participants, while
Durat1on>i1;1ce rmenopause 2.71 1.49-4.91 0.001 35.5% had osteopenia and 20.0% had normal BMD.
>15 years . -

BMI <20 kg/d 203 L 12-3.86 0.021 At the fen.loral noeck, 32.7% V\'rere Zlasaft)edh a;

Lumbear spine osteoporosis 3.94 2.01-7.72 <0.001 osteoporotic, 41.8% as osteopenic, and 25.5% ha
Vitamin D deficiency 1.96 1.05-3.64 0.034 normal bone density. The mean T-scores were —2.4 =
Previous fragility fracture 3.12 1.61-6.03 0.001 0.9 at the lumbar spine and —2.1 + 0.8 at the femoral

SD: Standard deviation, BMI: Body mass index neck (Table 2).

radiologist who remained blinded to both clinical and BMD
findings.

Laboratoryinvestigations

Baseline biochemical evaluations included serum calcium,
phosphate, alkaline phosphatase, and 25-hydroxyvitamin D
levels to assess bone metabolic status and to rule out secondary
causes of boneloss.

Outcome measures

The primary outcome was the existence of osteoporotic
vertebral fractures. Among the key explanatory variables
included age, duration since menopause, BMI, BMD, Vitamin
D status, lifestyle factors, and reproductive characteristics.

Statistical analysis

The data were entered and analyzed using standard statistical
software. Continuous variables were summed as the mean and
standard deviation, while categorical variables were expressed
as frequencies and percentages. Comparison of participants
with and without vertebral fractures was analyzed using the
independent t-test for continuous variables and the Chi-square
test for categorical variables. After adjustment for potential
confounding factors multivariate logistic regression analysis
was performed to identify independent predictors of
osteoporotic vertebral fractures. A statistically significant P-
value was considered 0.0S.

Results

Actotal 0f 220 postmenopausal women were analyzed (Table 1).
The mean age was 61.8 + 8.4 years, and 43.6% were aged 65
years or older. The average time since menopause was 13.6 £7.9
years, while the mean BMI was 23.1 £ 3.8 kg/m2. Low BMI
(<20 kg/m2) was observed in 26.4% of participants. A
sedentary lifestyle was reported by 60.9% of women, and 67.3%
had low dietary calcium intake. Vitamin D deficiency was

Radiographic assessment demonstrated that 76
women (34.5%) had at least one vertebral fracture. Of these,
15.5% were classified as mild, 11.8% as moderate, and 7.3% as
severe fractures. The remaining 65.5% of participants showed
noradiological evidence of vertebral fracture (Table 3).

Participants with vertebral fractures were significantly older
than those without fractures (66.2 £ 7.5 vs. 59.4 + 8.1 years; P <
0.001) and had a longer duration since menopause (17.8 + 6.9
vs. 11.3 £ 7.4 years; P < 0.001). Mean BMI was significantly
lower in the fracture group (21.4 £ 3.2 kg/m2) compared with
the non-fracture group (24.0 + 3.7 kg/m2; P < 0.001). Lumbar
spine BMD was also substantially reduced among women with
fractures, with a mean T-score of =3.0 + 0.7 versus —2.0 £ 0.8 in
those without fractures (P < 0.001) (Table4).

Vitamin D deficiency was more prevalent among women with
vertebral fractures than among those without fractures (76.3%
vs. 54.2%; P = 0.002). A history of prior fragility fracture was
strongly associated with present vertebral fractures (42.1% vs.
13.9%; P <0.001). Physical inactivity was also more common in
the fracture group (73.7%) compared to the non-fracture group
(54.2%; P=0.006) (Table 4).

Multivariate logistic regression analysis identified several
independent predictors of vertebral fractures, including age >65
years (adjusted oddsratio [AOR] 2.34; 95% confidence interval
[CI]: 1.28-4.26), duration since menopause >15 years (AOR
2.71; 95% CI: 1.49-4.91), BMI <20 kg/m2 (AOR 2.08; 95%
CI: 1.12-3.86), and lumbar spine osteoporosis (AOR 3.94;
95% CI: 2.01-7.72). Vitamin D deficiency (AOR 1.96; 95% CIL:
1.05-3.64) and a previous fragility fracture (AOR 3.12; 95%
CI: 1.61-6.03) remained significantly associated with vertebral
fractures after adjustment for potential confounders (Table S).

Discussion

Vertebral fractures were also identified to be considerably
linked to advanced age, decreased BMI, extended
postmenopausal years, reduced bone mineral level, vitamin D
lack, and old history of fragility fractures in the present cross-
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sectional study of postmenopausal women. The latter findings
are consistent with currently available epidemiological data that
show that the risk of fracture increases with age due to the
cumulative effect of bone loss and worsening bone
microarchitecture. Age has always been an effective predictor of
vertebral fractures in postmenopausal women, and meta-
analyses have demonstrated that age is independently
contributing to the risk of fractures in postmenopausal women
[8].

The correlation between the BMI and vertebral fractures seems
to be multifactorial. Past research indicates that both
underweight and overweight bone mass index can have a
different effect on the risk of fracture based on skeletal location
and demographic. Although there are a few meta-analyses that
have reported that obese postmenopausal women are at
increased risk of skeletal fragility due to higher adiposity, other
cross-sectional studies have also indicated that low BMI and
lean and fat mass depletion are both related to the increased risk
of vertebral fractures [9,10]. The findings indicate that, poor
mechanicalloading, body composition changes, as well as bone
quality changes may all contribute to higher levels of fracture
risk.

Vitamin D deficiency has now become a significant and
possibly alterable risk factor of vertebral fractures. Reduced
serum levels of 25-hydroxyvitamin D have been negatively
related with the likelihood and the morbidity of vertebral
fractures despite controlling by BMD and other confounders
[11,2]. Since vitamin D plays a vital role in the body, especially
when it comes to taking in calcium and bone mineralization, as
well as bone remodeling, deficiency can further decrease
skeletal fragility and weaken the vertebrae in postmenopausal
women.

Estrogen deficiency causes also contribute to the risk of
fractures as well as the length of estrogen deficiency after
menopause. The longer postmenopausal period is linked with
continuous high bone turnover and rapid loss of trabecular
bone, which preferentially impacts on vertebral integrity. This
observation is in line with experimental and clinical studies that
have revealed the negative impact of chronic estrogen
deficiency on bone remodeling and fracture vulnerability
[13,14]. Furthermore, a history of fragility fracture in the past s
a good indicator of vertebral fracture in the future, as it is a

reflection of systemic skeletal weakness and a combination of
numerousrisk factors [13].

Although the BMD is still a major predictor of fracture, the
present results emphasize the need to take a wider scope of
clinical and lifestyle risk factors into consideration. Combining
age, body composition, Vitamin D status and fracture history
with BMD measurement would facilitate a better risk
stratification and thereby facilitate more effective prevention
and management measures of vertebral fracture in
postmenopausal women.

Conclusion

This cross-sectional review shows that osteoporotic vertebral
fractures are a clinically important and common issue in
postmenopausal women. The analysis revealed that increasing
age, prolonged post menopause duration, low BMI, and low
lumbar spine BMD were the most relevant independent risk
factors of vertebral fractures. Further, the lack of vitamin D and
the previous fragility fracture were linked to the high risk of
fracture, which is the joint effect of the metabolic and clinical
factors on skeletal fragility. The findings highlight the
importance of early identification of women at high risk by
conducting proper clinical examination, bone density testing,
and addressing the modifiable factors, such as low BMI,
sedentary living, and vitamin D deficiency. Routine screening
and specific preventive measures could be used to reduce
occurrence and morbidity of vertebral fractures in this
vulnerable population.

Clinical Message

A substantial proportion of postmenopausal women harbor
vertebral fractures that may remain clinically unrecognized. Reliance
on BMD alone is insufficient, as multiple clinical and metabolic
factors significantly influence fracture risk. Comprehensive risk
assessment incorporating age, menopausal duration, BMI, vitamin
D status, and history of fragility fractures is essential for early
identification of high-risk individuals. Timely screening and
correction of modifiable risk factors can play a pivotal role in
reducing fracture burden and related morbidity in this population.
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