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Abstract: 
Vitamin D deficiency is a major modifiable risk factor for osteoporosis and fragility fractures, yet its prevalence and clinical 
determinants among patients with osteoporotic fractures remain inadequately characterized. This prospective observational study 
enrolled 100 patients aged ≥ 50 years with radiologically confirmed osteoporotic fractures and assessed demographic, clinical, 
biochemical and serum 25-hydroxyvitamin D levels, with deficiency defined as <20 ng/mL. The mean age was 69.4±8.7 years, 68% 
were female and 72% had vitamin D deficiency, while hip fracture was significantly associated with deficiency (p=0.021); age ≥70 
years, low dietary calcium intake, previous fragility fracture, low body mass index and limited sunlight exposure were independently 
associated with deficiency. The high burden of vitamin D deficiency highlights the influence of nutritional, lifestyle and clinical 
factors among patients with osteoporotic fractures. These findings advance knowledge by identifying modifiable predictors of 
vitamin D deficiency and supporting targeted screening and preventive strategies among high-risk patients. 
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Background: 
Osteoporosis is a systemic, chronic disorder of bone that is 
associated with a decrease in bone mass, a loss of bone structure 
and a decrease in bone quality and strength leading to fragility 
fractures. These fractures tend to occur after a fall or minor 
trauma and are frequently found in the hip, vertebrae, distal 
radius and proximal humerus [1]. Osteoporosis is an important 
public health problem globally and is a leading cause of 
disability and loss of independence, extended hospitalization 
and death in older people, especially those living in rural 
populations [2]. The ageing of the population and increased life 
expectancy have also been a factor in the rate of occurrence of 
osteoporotic fractures, further highlighting the importance of 
early detection and prevention of those factors [3]. Vitamin D is 
closely involved with the skeleton and involves the regulation of 
calcium and phosphorous metabolism, calcium absorption in the 
intestine, bone mineralization and normal muscle function. 
Vitamin D deficiency contributes to worsening calcium 
absorption and to secondary hyperparathyroidism, increasing 
the rate of bone resorption, reducing bone mineral density, 
muscle weakness and increasing the risk of falling and fragility 
fracture incidence [4]. The fact that vitamin D deficiency could 
be termed a global health issue relevant to people of all ages and 
geographical locations, including in sunny, tropical nations, 
raised the matter regarding bone health and the prevention of 
fractures [3]. Further progress has shown that vitamin D has 
many skeletal and extra skeletal activities owing to its high 
levels of expression of vitamin D receptors in various tissues. 
Vitamin D also plays a role in maintaining bone integrity and in 
regulating muscles, the immune system, inflammation and 
fracture healing [5]. In addition to the maintenance of bone 
strength, Bouillon et al. discussed the importance of depletion 
therapy with vitamin D in order to avoid complications 
concerning the musculoskeletal system related to osteoporosis 
[6]. These ideas were reinforced by the Second International 
Conference on Controversies in Vitamin D, which agreed that 
vitamin D deficiency is a very common condition worldwide 
and should be diagnosed, supplemented and monitored using 
standard definitions and doses in at-risk groups [7, 8]. Many 
tropical countries have sufficient levels of sunlight and yet an 
adequate level of vitamin D deficiency is consistently high, with 

various possible reasons for this, including aging, the lack of 
vitamin D in our diets, darker skin pigmentation, low levels of 
vitamin D in the blood, chronic illnesses and a lack of sun 
exposure due to urban lifestyle or lack of movement. Amrein et 
al. called it "Vitamin D deficiency 2.0" because hypovitaminosis 
D continues to afflict a significant minority of the world's 
population and to be an important risk factor for osteoporosis 
and fragility fractures [9]. Osteoporosis is a significant risk factor 
for vitamin D deficiency, leading to increased fracture risk, 
slower functional recovery and poor long-term musculoskeletal 
outcomes. Vitamin D's role has come to light and guidelines for 
treating clinical vitamin D deficiency have been revised to 
include a more frequent evaluation of vitamin D status in 
persons with osteoporosis. According to the Endocrine Society's 
clinical practice guideline, vitamin D deficiency should be 
evaluated and corrected as part of the treatment for 
osteoporosis, especially in postmenopausal women and in 
elderly people with a high fracture risk [10]. Vitamin D has 
recently been emphasized in comprehensive fracture care in the 
orthopedic literature due to its potentially beneficial action in 
fracture healing and its effects on immune modulation, 
reduction in post-operative complications and recovery of 
functions after orthopedic trauma [11]. There are current 
international guidelines stressing the importance of systematic 
assessment and vitamin D replacement therapy in patients with 
fragility fractures. Assessment of vitamin D status, adequate 
calcium intake, lifestyle modification and pharmacologic 
treatment for vitamin D deficiency to prevent recurrent fractures 
and to improve long-term outcomes of patients with 
osteoporosis are recommended by the National Osteoporosis 
Guideline Group (NOGG) 2024 top five recommendations [12]. 
Therefore, it is of interest to evaluate the prevalence of vitamin D 
deficiency among the patients who were brought with 
osteoporotic fractures to a tertiary care hospital and its 
association with some demographic and clinical parameters. 
 
Materials and Methods: 
Study design and setting: 
The proposed work was a Prospective observation based study 
in Department of Orthopaedics, Tertiary care teaching hospitals, 
with the approval of the institutional Ethics Committee. 
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Study duration and population: 

It lasted about 18 months and involved adult patients who 
presented at the outpatient department, emergency department 
or in-patient wards having a radiologically confirmed 
osteoporotic (fragility) fracture. 
 
Sample size: 
Patients were enrolled by consecutive sampling with a total of 
100. 
 
Inclusion criteria: 

[1] Patients aged ≥50 years. 
[2] Radiologically confirmed osteoporotic fracture by low 

energy fracture trauma. 
[3] Fractures that are diagnosed less than 14 days after an 

injury or fall. 
[4] Inform written consent given. 
 
Exclusion criteria: 

Patients with high energy trauma, pathological fracture 
secondary to malignancy, chronic liver disease (CLD), chronic 
kidney disease (stage IV/V), long-term corticosteroid therapy 
(>3 months), high dose vitamin D supplementation (within the 
previous 3 months), metabolic bone disease other than 
osteoporosis and those who refused to participate in the study 
were excluded. 
 
Data collection: 

Data on demographics (age, gender, residence, BMI, occupation, 
Socioeconomic status), clinical features such as type of fractures, 
previous fragility fractures, physical activity, dietary calcium 
intake, menopausal status, laboratory tests and radiological 
features were documented on a pre-designed case record form 
and were also recorded for smokers and alcohol consumers.  
 
Laboratory and radiological evaluation: 
Laboratory tests performed consisted of serum 25-
hydroxyvitamin D [25(OH)D] levels, calcium levels, phosphorus 
levels, alkaline phosphatase, albumin level, complete blood 
count, random blood sugar leveland parathyroid hormone, as 
appropriate. All fractures were taken on standard x-rays in both 
the anteroposterior and lateral views and bone mineral density 
(DEXA) reports were taken if available. 
 
Assessment of vitamin D status: 
Serum 25(OH)D was measured by a standardized 
chemiluminescent immunoassay and designated deficient (<20 
ng/mL), insufficient (20–29 ng/mL) and sufficient (≥30 ng/mL). 
 
Outcome measures: 

Vitamin D deficiency was the main outcome examined in the 
patients with osteoporotic fractures. Secondary outcomes were 
the associations with age, sex, fracture type, BMI, exposure to 
sunlight, dietary calcium intake, prior fragility fractures and 
selected biochemical parameters. 
 
Statistical analysis: 

The data were entered in Microsoft Excel programs and 
analyzed in IBM SPSS Statistics version 26.0 (IBM Corp., 
Armonk, NY, USA). Continuous variables are displayed in mean 
± standard deviation or median (IQR) and categorical variables’ 
findings are presented in frequencies and percentages. The Chi-
square test or Fisher's exact test was used for categorical data 
and the independent Student's t-test or Mann–Whitney U-test 
was used for continuous data, as appropriate, to display the 
association. Logistic regression analysis was run with only D 
factors retained in the model after excluding the non-significant 
independent variables to determine the independent factors 
associated with low vitamin D levels. A p value was deemed 
significant for <0.05. 
 
Results: 

The present study is a prospective observational study of 100 
patients with radiologically confirmed osteoporotic (fragility) 
fractures. All the enrolled participants were clinically evaluated, 
subjected to biochemical investigations and plasma estimation of 
25-hydroxy vitamin D. The prevalence of vitamin D deficiency 
and the relations with demographic and clinical parameters 
were analysed. Multivariable logistic regression was then re-run 
against the variables found to be clinically relevant to visualize 
which variables were independent predictors of vitamin D 
status. Among the 100 study participants, the majority (36%) of 
the participants belonged to the 70–79 year-old age group, 
followed by 60–69-year-olds making up 31%. 68% of the study 
population were female. Overall, it was found that 72% of all the 
patients were vitamin D deficient and only 8% had adequate 
vitamin D levels. The age was statistically significant with 
vitamin D deficiency (p=0.018); on the other hand, the 
distribution of gender did not show a statistically significant 
association (p=0.094) (Table 1). The highest percentages of 
osteoporotic fractures (45%) were in women with a hip fracture; 
77.8% of whom had vitamin D deficiency. Deficiency was also 
extremely prevalent for vertebral fractures (69.2%). Vitamin D 
status was associated with fracture type as statistically 
significant (p=0.021), suggesting that skeletal fractures involving 
large bone stresses may be more prevalent in those that were 
vitamin D deficient (Table 2). The bivariate frequency of 
inadequate sunlight exposure, low dietary calcium intake, 
previous fragility fracture and low BMI were significantly 
elevated in patients with vitamin D deficiency vs. non-deficiency 
patients (all P<0.05). There were no statistically significant 
relationships between diabetes mellitus or hypertension and 
vitamin D deficiency (Table 3). Multivariate logistic regression 
identified, poor sunlight exposure exhibited the highest 
associated odds ratio (AOR=4.87; 95% CI: 2.01–11.82; p<0.001) 
for being vitamin D deficient. Those aged ≥70 years were nearly 
2.5 times more likely to be vitamin D deficient compared to the 
younger (AOR=2.48; p=0.024). Previous fragility fracture 
(AOR=2.43; p=0.047) was also independently associated with 
vitamin D deficiency along with low BMI (AOR=2.31; p=0.041) 
and inadequate dietary calcium (AOR=2.94; p=0.010) intake. 
Females compared to males were found to have higher odds of 
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advancing into state of deficit (AOR=1.52), however it was not 
statistically significant (p=0.319) (Table 4). 
 
Table 1: Demographic characteristics and serum vitamin d status of the study 
population (n = 100) 

Variable Number Percentage (%) p value 

Age Group   0.018* 
50–59 years 18 18.0  
60–69 years 31 31.0  
70–79 years 36 36.0  
≥80 years 15 15.0  
Gender   0.094 
Male 32 32.0  
Female 68 68.0  
Vitamin D Status    
Deficient (<20 ng/mL) 72 72.0  
Insufficient (20–29 ng/mL) 20 20.0  
Sufficient (≥30 ng/mL) 8 8.0  
Mean age (years) 69.4 ± 8.7 —  
Mean serum 25(OH)D (ng/mL) 17.9 ± 6.4 —  

 
Table 2: Distribution of vitamin D status according to osteoporotic fracture type 

Fracture 
Type 

Deficient Insufficient Sufficient Total p 
value 

Hip fracture 35 7 3 45  
Vertebral fracture 18 6 2 26  
Distal radius 
fracture 

11 4 2 17  

Proximal humerus 
fracture 

8 3 1 12  

Total 72 20 8 100 0.021* 

 
Table 3: Association between clinical variables and vitamin D deficiency 

Clinical  
Variable 

Vitamin D  
Deficient (n=72) 

Non- 
deficient (n=28) 

p  
value 

Poor sunlight exposure 54 (75.0%) 11 (39.3%) <0.001* 

Low dietary calcium intake 49 (68.1%) 10 (35.7%) 0.004* 
Previous fragility fracture 24 (33.3%) 4 (14.3%) 0.048* 
BMI <22 kg/m² 38 (52.8%) 8 (28.6%) 0.031* 
Diabetes mellitus 21 (29.2%) 6 (21.4%) 0.421 
Hypertension 33 (45.8%) 11 (39.3%) 0.548 

 
Table 4: Multivariable logistic regression analysis for independent predictors of 
vitamin D deficiency 

Variable Adjusted 
 Odds Ratio 
(AOR) 

95% 
Confidence 
 Interval 

p  
value 

Age ≥70 years 2.48 1.12–5.51 0.024* 
Female sex 1.52 0.66–3.47 0.319 
BMI <22 kg/m² 2.31 1.03–5.16 0.041* 
Poor sunlight exposure 4.87 2.01–11.82 <0.001* 
Low dietary calcium 
intake 

2.94 1.29–6.71 0.010* 

Previous fragility fracture 2.43 1.01–5.86 0.047* 

 
Discussion: 
The frequency of vitamin D deficiency patients with osteoporotic 
fracture was high in the present study and 72% of the patients 
had serum 25 (OH) D levels less than 20 ng/mL, while 20% of 
them had vitamin D insufficiency. Therefore, the prevalence of 
hypovitaminosis D and fragility fracture were very close, with 
almost 92% of the study population having sub-optimal vitamin 
D status. In vitamin D deficiency, calcium levels are disturbed 
leading to disturbances of bone mineralization, muscle strength 
and balance, with an elevated fall and fracture risk. These results 
correspond to available international guidelines that recommend 

taking routine biochemical evaluation for vitamin D levels in 
osteoporosis care patients with fragility fracture [13, 14]. 
Agarwal et al. reported vitamin D deficiency in 51.66% and 
vitamin D insufficiency in 30% of elderly patients presenting 
with fractures in Assam, with 81.66% having suboptimal vitamin 
D status. The higher prevalence observed in the present study 
may reflect differences in patient characteristics, fracture profile 
and study setting [15]. Most of participants in the present study 
were aged 70–79 years and age ≥ 70 years was an independent 
predictor of vitamin D deficiency (AOR = 2.48, p = 0.024) when 
adjusted for the other variables. Increased age is linked to a 
decrease in vitamin D production in skin, in the ability of 
kidneys to activate it, a decline in its consumption in the diet and 
a decrease in calcium absorption, all these factors increase 
osteoporosis and fracture risk with age. The results are in line 
with the new Taiwan clinical practice guideline that suggests 
routine measurement of serum vitamin D should be performed 
in elderly patients as age is among the most important risk 
factors for fragility fractures [16]. Dietary calcium deficiency 
significantly was related with Vitamin D deficiency and it was 
an independent factor in multivariable analysis (AOR: 2.94, p: 
0.010). Patients with previous fragility fracture also showed 
significantly increased risk of vitamin D deficiency (AOR = 2.43, 
p = 0.047), which suggests continued suboptimal bone 
metabolism and secondary fracture prevention. It is 
recommended that good calcium provides and vitamin D 
supplementations are the basis for the prevention and treatment 
of osteoporosis, while Qaseem et al., Ek et al. and Dakkak et al. 
mentioned the lack of use of osteoporosis therapy after fragility 
fracture is continuing [14, 17 and 18]. The most frequent 
osteoporotic fractures were hip fractures (45%) and the majority 
of patients with hip fracture were deficient in vitamin D (nearly 
78%). Similarly, Raj et al. reported a 68.3% prevalence of vitamin 
D deficiency among 120 patients with osteoporotic hip fractures, 
with deficiency being more common among older patients and a 
significant association between advancing age and vitamin D 
deficiency (p<0.05) [19]. These findings further support the 
importance of vitamin D assessment among elderly patients 
presenting with osteoporotic fractures. A strong correlation 
between fracture type and vitamin D status was found which 
indicates that fractures at weight bearing skeletal sites may be 
associated with severe vitamin D deficiency. Hip fractures still 
are the most devastating event after osteoporosis due to their 
impact on length of hospital stay, loss of independence and 
mortality. Greco and Perisano said sufficient vitamin D levels 
would allow for better management of musculoskeletal function 
and should be an essential part of osteoporosis therapy [13]. The 
combined effect of poor sunlight exposure was the most 
influential single factor on vitamin D deficiency (AOR = 4.87, p < 
0.001). Around 75% of vitamin D deficient cases indicated that 
they had poor sun exposure. Even in the highly sun-exposed 
areas, middle-aged and older people may limit their outdoor 
activity due to fragility, debilitating health conditions, or 
inability to move to get to the outdoors, leading to sub-optimal 
production of vitamin D. The results confirm the existing 
indications which call for ―optimal‖ sun exposure and 
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nutritional optimization and supplementation [20]. Low BMI 
was also an independent risk factor for vitamin D deficiency, 
with vitamin D deficiency seen to increase the risk of low BMI 
(AOR 2.31, p 0.041), indicating that low nutritional status also 
leads to poor bone health. There were 68% female, but sex of 
female was not an independent risk marker of vitamin D 
deficiency after adjustment for the confounding factors. This 
suggests that the prevalence of vitamin D insufficiency is still 
very common in both men and women with osteoporosis, 
consistent with the current global policy of screening high-risk 
adults, irrespective of gender [21]. More recently, Arcidiacono et 
al., in a prospective cohort of 934 patients with hip fractures, 
reported vitamin D deficiency in 53.6% of patients. Vitamin D 
deficiency was associated with higher mortality in unadjusted 
analysis, although this association was attenuated after 
adjustment for age, sex and comorbidity burden, highlighting 
the importance of considering vitamin D deficiency within the 
broader clinical and comorbidity profile of patients with fragility 
fractures [22]. In general, the results of this study justify the 
general screening of serum 25-hydroxyvitamin D for 
osteoporosis in patients who receive a diagnosis of frailty 
fracture. Repairing VDD early and judiciously and ensuring 
adequate calcium help improve fracture repair, decrease 
fractures and provide better long-term results coupled with anti-
osteoporotic medications, fall prevention and rehabilitation. 
Such observations are in line with the current International 
recommendations supporting a multimodal strategy for 
osteoporosis and fragility fracture prevention and management 
[23]. 
 
Conclusion: 
Deficiency of vitamin D was also very common in individuals 
with osteoporotic fractures; in fact, almost three-quarters of the 
subjects in the study were vitamin D deficient. Old age, low 
dietary calcium intake, low BMI, low vitamin D exposure from 
sun and prior fragility fracture were shown to be significant 
predictors of the presence of vitamin D deficiency. Optimal 
maintenance of vitamin D status and the initial supplement dose 
schedule, as well as a standing-order for full osteoporosis 
management, could be used to help cut down on repeat fracture 
and optimize patient outcomes. 
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