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Background. Orthopaedic fractures are one of the common presentations among elderly patients at any primary care 
facility. While most researches have labelled osteoporosis as being responsible for these fractures in the elderly, vitamin D deficiency, 
despite being prevalent in all races, age groups and ethnic backgrounds, is given lesser importance.
Objectives. To assess vitamin D level and its relation with advancing age among older adults presenting with an orthopedic fracture.
Material and methods. A cross-sectional study was performed at one of the orthopaedic OPD, in tertiary care hospital from North 
India. The patients 45 years and above presenting with orthopaedic fracture were eligible and out of whom 102 were included in the 
study. For assessing vitamin D level, we measured serum 25(OH)D level, taking cut-off for deficiency, insufficiency and normal levels at 
< 10, 10–29 and 30 ng/ml or more respectively.
Results. Out of 102 elderly patients we selected, 59% were male and 41% were females, with the mean age of 61 ± 13.4 years. Majority 
of them (94.2%) had low serum vitamin D levels. We observed lower levels of vitamin D level to be significantly associated with higher 
age, menopausal females and no sunlight exposure.
Conclusions. With almost all older patients with fracture had low vitamin D levels and its high association with advancing age, we 
recommend to screen all people for vitamin D deficiency, starting middle age and proper management to prevent fracture in elderly.
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Background

As the population ages, patients with various chronic dis-
eases and impairments tend to burden primary care facilities. 
At the same time, primary care for this elderly population has 
become increasingly complex due to co-morbidities. With rela-
tive decreased nutrient intake and impending osteoporosis, 
the presentation of an orthopaedic fracture at these centres 
is higher than ever. Orthopaedic or trivial fractures occur as a 
result of minimal or no trauma. While most of research has la-
belled osteoporosis as being responsible for these fractures in 
the elderly [1], vitamin D, which is very important for muscu-
loskeletal health, as well as overall well-being, is given lesser 
importance. Apart from rickets in children and osteomalacia in 
adults, vitamin D deficiency has been associated with pain and 
muscle weakness [2–4]. Inadequate serum vitamin D is also as-
sociated with secondary hyperparathyroidism – leading to in-
creased bone turnover and bone loss – resulting in increased 
risk of fractures, especially in the elderly and postmenopausal 
women, even with minimal trauma [4–6]. Moreover, studies 
have documented the benefits of vitamin D supplementation 
in fracture reduction [7], as well as in fracture healing [8], while 

mixed results were obtained in a recent report by the Royal Os-
teoporosis Society [4].

Sources of vitamin D in the human body include diet and 
sunlight. Most North Indians are vegetarian, either because of 
their faith or due to affordability. Thus, the diet of the general 
population is often lacking fish and animal protein, which are 
important sources of vitamin D. Because of affordability, none 
of the food products available in the market – unlike western 
countries – are fortified with vitamin D or even calcium. This is 
further complicated by a few food toxins, like phytates, which 
are common in a vegetarian diet, preventing the absorption 
of calcium from the gut and thus disbalancing the vitamin  
D-calcium homeostasis in the body [9]. Studies among the Cau-
casian population have proposed that 10 minutes of exposure 
to sunlight overhead and on the arms three times a week would 
be adequate to prevent vitamin D deficiency [5], although the 
same cannot be said in reference to the Indian population, 
where most of the people are brown, having more melanin, 
which prevents the reaction of UV rays in sunlight with the vita-
min D precursor in the skin. Studies in Indian settings have docu-
mented larger contact period for the successful reaction [6].
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While South Asia is considered as one of the most deficient 
regions, studies from India have documented an even higher 
prevalence, ranging from 50–91% distributed among different 
populations and age groups [9–14]. The elderly population is 
especially at higher risk of vitamin D deficiency [5, 12]. This may 
be attributed to the fact that in old age, the skin and gut are 
less efficient in producing and absorbing vitamin D, respectively, 
while immobility among this population decrease the chances 
of going outdoors and exposure to sunlight [5]. Studies assess-
ing the role of vitamin D as a cause of fractures among the el-
derly and in the general population is lacking in India, barring a 
handful of studies among postmenopausal women [15]. Given 
the importance of vitamin D in overall wellbeing, as well as for 
musculoskeletal strength, data enlightening the prevalence of 
vitamin D deficiency in elderly patients could be of great value 
for policy makers and family physicians.

Objectives

The present study was conducted to assess Vitamin D defi-
ciency among older adults with an orthopaedic fracture and to 
identify its relationship with increasing age.

Material and methods 

Study design and setting 

A cross-sectional study was conducted over a period of 12 
months from January to December 2015 in Aligarh city, India 
(27.90 latitude, 78.07 longitude). The patients were selected 
from the Orthopaedic Out Patient Department, JN Medical 
College, Aligarh, India. Incidentally, Aligarh is one of the highly 
populated districts of the state of Uttar Pradesh, which in itself 
is the most populated state of the country, being the 5th highest 
populated place in the world, when treated as a country [16]. 
The Aligarh district, being a part of North India, receives daily 
sunlight for more than 10 hours throughout the year. The skin 
complexion of the population is brown in colour. Most of the 
rural population is involved in agriculture and are exposed to 
long durations of sunlight with minimal clothing. 

Study population

All patients presenting with trivial fractures to the hip and 
wrist to the Orthopaedic OPD, JN Medical College, Aligarh, India 
were eligible for the study. During the study period, we aimed 
to study 100 patients aged 45 years or more presenting with 
a trivial fracture. A trivial fracture may be defined as one that 
occurs as a result of minimal trauma, such as a fall from a stand-
ing or sitting position or one that occurs without any identifiable 
trauma. Patients with abnormal kidney function, abnormal thy-
roid function, liver disease, history of oesophageal disease, pep-
tic ulcer or cancer or those taking long-term therapy, like oes-
trogen replacement therapy/corticosteroids/anticonvulsants/  
/anticoagulants/glucocorticoid, were excluded from the study.

Study instruments and assessment of vitamin D 
status

A  pre-designed questionnaire covering various risk fac-
tors was used to collect data. All study subjects were adminis-
tered a questionnaire illustrating a detailed history, followed by 
a physical examination. For estimation of vitamin D levels, we 
measured pro-hormone 25-hydroxyvitamin D (25(OH)D) rather 
than the measurement of serum 1,25(OH)2D concentrations, 
as the former is considered a  better assessment of vitamin D 
deficiency [4]. After gaining consent from the patients, a blood 
sample (4 ml) was collected in ice-cooled syringes (0–4°C), 
maintaining a proper cold chain, while sending samples to the 

endocrinology lab (within 1–2 hours). Before being subjected to 
a hormonal assay, the samples were centrifugated at 1,200 rpm 
for 10 minutes, followed by collection of the serum from the 
top of the vial. We performed a direct competitive chemilumi-
nescence immunoassay (CLIA) for quantitative determination of 
total serum 25(OH)D. During this, a light signal is measured by 
a photomultiplier in relative light units (RLU), which is inversely 
proportional to the concentration of 25(OH)D present in the cal-
ibrators, controls or samples. The operating instructions for the 
test were strictly adhered to, ensuring accurate measurement 
of the 25(OH)D in the samples.

Definitions

Assessment of vitamin D status is based on the measure-
ment of serum 25(OH)D. While there is no generalised consen-
sus on optimal levels of serum 25(OH)D for deficiency and in-
sufficiency, most researchers consider more than 30 ng/ml as a 
sufficient level [6, 9, 17]. Lips classified vitamin D deficiency at 
a level of less than 20 ng/ml among Caucasian, but at the same 
time, they stressed that the cut-off for these levels should be 
based on population studies and the level which triggers sec-
ondary hyperparathyroidism [5, 18]. The Royal Osteoporosis 
Society uses a more stringent cut-off of deficiency at less than 
10 ng/mL [4]. For our study, we observed the following classi-
fication:

1) deficiency: < 10 ng/mL, 
2) insufficiency: 10–29 ng/mL,
3) sufficiency: 30–100 ng/mL.

Data management and statistics 

Statistical analysis was performed using the Statistical Pack-
age for Social Sciences (SPSS) Version 20 [19]. The categorical 
variables were represented as percentage (%) along with a 95% 
confidence interval, and continuous variables were expressed 
as a mean with standard deviation. The statistical significance 
was tested by either correlation analysis between two continu-
ous variables or by unpaired T tests for independence, as well 
as the Analysis of Variance (ANOVA), wherever applicable, with 
the Bonferroni test for post-hoc assessments to identify groups 
that are homogenous with respect to mean. All tests were two 
tailed, and a p-value of ≤ 0.05 was considered significant. 

Ethical consideration

The study was approved by the board of studies and the 
Institutional Ethics and Research Advisory Committee, JN Medi-
cal College, AMU, Aligarh. Informed consent was obtained from 
each participant prior to the study. Appropriate health educa-
tion and adequate counselling was provided to all the patients.

Results

Socio-demographic and clinical characteri-
stics

During the study period, we included 102 patients in the 
study, 2 more than what we aimed to include. Out of them, 60 
patients (58.8%) were male, while the remaining 42 (41.2%) 
were female. The mean age of the patients was 60.8 ± 13.4 
years, ranging from 45 to 92 years, with the mean age of males 
being 60.1 ± 13.7 years, while that of females was 61.6 ± 13.1 
years. Among them, 54.9% were urban residents, while 45.1% 
were living in rural area. The majority of the population was 
married (83.3%) and Muslim by religion (59.8%). None of the 
participants had ever used sunscreen. Among the presenting 
complaints, 34 patients presented with intertrochanteric frac-
tures, 66 with fracture neck of the femur, while only 2 patients 
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presented with a C olle’s fracture. None of the patients were 
investigated for vitamin D level or had received treatment for 
osteoporosis in the past. 

Prevalence

In our study population, the mean level of serum 25(OH)D 
was 15.82 ± 5.88 ng/mL. Out of 102 cases included in the study, 
only 6 (5.8%) patients were in the sufficient range (> 30 ng/mL), 
while the remaining 94.2% were classified as either at a defi-
cient or insufficient level. 80 patients (78.4%) were insufficient 
(between 10–30 ng/mL), and 16 patients (15.6%) were deficient 
in serum 25(OH)D (< 10 ng/mL). Thus, 94.2% of the patients 
were classified as having a low level of vitamin D (Table 1 and 
Figure 1). 

Table 1. Status of vitamin D levels in the study population
Serum Vitamin D 
status

Frequency % 95% CI

Deficiency  
(< 10 ng/mL) 

16 15.7 9.8–24.1

Insufficiency  
(10–29 ng/mL) 

80 78.4 69.4–85.4

Sufficiency  
(30–100 ng/mL) 

6 5.9 2.5–12.5

 < 20 ng/mL* 77 75.5 66.3–82.7
 < 12 ng/mL# 35 34.3 25.8–44.0

* Deficient according to Lips [4], # deficient according to the National 
Osteoporosis Society.

Figure 1. Distribution of patients according to vitamin D status

Associated factors

To find out the effect of age and vitamin D levels, first we 
analysed the correlation of age with vitamin D levels and found 
that they are highly and negatively correlated (r = -0.641, p < 
0.001). We also analysed the effect of age on vitamin D status, 
taking it as a dependent variable and the age of the patients as 
an independent variable. We found that the mean age in the 

deficient group (72.9 ± 8.9) was higher than the insufficient 
group (59.4 ± 12.9) and the normal group (45.8 ± 2.0), and this 
was statistically significant (F = 13.352, df 2, p < 0.001). On post- 
-hoc analysis using the Bonferroni test, a significant difference 
was found between the mean age of the deficient group and 
the insufficient group (mean difference = 13.5, p < 0.001), the 
deficient group and the normal group (mean difference = 27.1,  
p < 0.001), as well as the insufficient group and the normal 
group (mean difference = 13.6, p = 0.026). Thus, a higher age 
was significantly associated with vitamin D deficiency, as well as 
insufficiency levels (Table 2 and Figure 2).

Table 2. Association of vitamin D levels with the age of patients
Freq. Age of 

patients
df F p

Mean SD
Vitamin D 
status

deficient 16 72.95 8.91 2 13.352  < 0.001
insufficient 80 59.44 12.86
sufficient 6 45.83 2.04

Figure 2. Relationship of age of patients and serum vitamin D levels

In our study population, males had a higher mean of vita-
min D level (17.43 ± 6.39) compared to females (13.50 ± 4.14), 
and this was found to be statistically significant (t = 3.766, df = 
99.492, p < 0.001). When the presence of menopause among 
females and vitamin D levels were analysed, it was found that 
females who had not reached menopause had a  significantly 
higher mean of vitamin D level (17.41 ± 3.22) than those who 
had reached menopause (12.58 ± 3.81) (t = 3.311, df = 40,  
p = 0.002). Thus, females, especially those who have reached 
menopause, were found to be significantly associated with low-
er vitamin D levels (Table 3). When we compared the religion 
and residence of patients with vitamin D levels, we did not find 
any significant relationship. The patients who reported a history 
of daily sunlight exposure of 15 min or more had higher vita-
min D levels (16.45 ± 6.06) in comparison to those who did not 
(12.60 ± 3.55), and this difference was statistically significant  
(t = -3.8471, df = 37.599, p = 0.001) (Table 3).
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Table 3. Association of vitamin D levels with various variables

Variables Freq. Vitamin D level t df p 
Mean SD

Gender male 60 17.43 6.39 3.766 99.5  < 0.001
female 42 13.50 4.14

Menopause not attained 8 17.41 3.22 3.311 40 0.002
attained 34 12.58 3.81

Religion Hindu 41 16.84 4.87 1.461 98.5 0.126
Muslim 61 15.11 6.42
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Discussion

We observed a very high prevalence (94.1%) of hypovita-
minosis D, with insufficiency among 78.4% and deficiency among 
15.6% of the cases. Although most epidemiological research on 
fracture patients are from western countries, our findings repli-
cate these studies, exposing low serum 25(OH)D concentrations 
among the elderly population with fractures. Studies have re-
ported the prevalence of hypovitaminosis D (< 30 ng/mL) among 
fracture patients to be on a lower side, with 89% in Germany [20], 
94% in Brazil [21], 97% in the US [22] and up  to 100% in Russia 
[23]. A study from Poland observed this among 85% of elderly pa-
tients without fractures [24]. A few Indian studies among hip frac-
ture patients found the prevalence of vitamin D deficiency (taken 
as < 20 ng/mL) ranging between 74% to 76.7% [11, 15], similar 
to our study finding (75.5%, at < 20 ng/mL). A study from South 
India among patients presenting with an orthopaedic trauma also 
found hypovitaminosis at a level of 95% [10]. We also conducted 
a comparative analysis of the serum vitamin D level of our study 
participants with levels among various populations and settings in 
India, as presented in the review article [6]. We found that mean 
vitamin D levels were lower in our elderly patients with fractures 
in comparison to the general population. These studies, as well as 
our findings, bring us to the conclusion that hypovitaminosis is a 
major reason behind trivial trauma resulting in a fracture, which 
needs to be further studied in a larger multicentric study.

Studies have shown that when serum 25(OH) D levels fall 
below 30 ng/mL, calcium absorption decreases, and this leads 
to secondary hyperparathyroidism, resulting in resorption of 
the calcium from bone in order to maintain serum calcium with-
in a normal range [6]. This secondary hyperparathyroidism may 
lead to weak and fragile bones, and subsequently to fractures 
from trivial trauma. This is the same reason why studies have 
recognised serum 25(OH) D < 30 ng/mL as the cut-off value for 
vitamin D insufficiency [5, 6]. More than 90% of fractures occur 
as a result of a fall, and the likelihood of falls rises with age as 
muscle strength and function decrease [25]. Vitamin D supple-
ments, specially along with calcium, would help in resisting frac-
tures, not only by strengthening the bone to survive a trivial fall, 
but also in averting the chances of falls by strengthening the 
proximal muscles [7, 26]. A few studies have also documented 
the role of vitamin D supplements in the healing of fractures [8]. 
Thus, we were in consensus that oral vitamin D supplements 
would be beneficial to all elderly Indians with or without a frac-
ture at presentation. 

We observed significantly lower levels of vitamin D with ad-
vancing age, among females, especially those who have reached 
menopause, and among those with inadequate exposure to 
sunlight. Studies have documented elderly and postmenopausal 
women as a risk factor for fractures, and supplementation of 
vitamin D to this group decreases the risk of fractures [5, 7]. 
Our study depicts a strong negative association between the 
advancing age of fracture patients and serum vitamin D levels, 
supporting the findings of prior studies [13]; while Marwaha et 
al., in their study among healthy adults, did not find any rela-

tion [12]. Although few studies found cases of hypovitaminosis 
irrespective of gender, the majority were of the notion that this 
is more common among menopausal females [12, 17]. Females, 
especially from the north Indian population, by virtue of various 
customs and culture, often stay at home, and if they go outside, 
they are fully or maximally covered, decreasing the chance of 
exposure to sunlight. The application of sunscreen – which is 
common among females – may also reduce the chances of ad-
equate penetration of UV rays to the skin, although none of our 
participants reported a history of ever using sunscreen. India 
is located between the 8.4 and 37.61N latitude, which receives 
ample sunlight throughout the year. Studies have proposed that 
at least 30 minutes of exposure to sunlight daily is required for 
adequate production of vitamin D [6]; although this was even 
less in our study population. We observed that daily exposure 
of 15 min or more of sunlight is significantly associated with  
a higher level of serum vitamin D. A significant correlation of the 
degree of exposure to sunlight with vitamin D levels has also 
been documented by others in India [13, 15]. 

We did not observe residence and religion to have any sig-
nificant effect on serum vitamin D levels in our study popula-
tion comprised of older patients with a trivial trauma fracture. 
Both rural and urban populations, as well as Hindus and Mus-
lims, respectively, had almost similar mean serum vitamin D lev-
els, although all were in the insufficient range, confirming the 
wide prevalence of vitamin D deficiency among various socio-
economic groups, different ethnicities, rural or urban areas and 
different professions, as others have measured [6]. Therefore, 
all elderly people, irrespective of their ethnicity, residence or 
professions, need to be monitored for hypovitaminosis D.

Conclusions 

We conducted this study to assess the level of vitamin D 
among elderly patients presenting with fractures after a trivial 
trauma and to find out its association with advancing age. Our 
results demonstrated that almost all population with fractures 
have low vitamin D levels. This prevalence of hypovitaminosis 
among patients with fractures is quite high when compared to 
other studies among various population/settings in India, which 
bring us to the conclusion that low vitamin D levels could be 
a  major risk factor for trivial fractures among the elderly. We 
also documented a high negative correlation of serum vitamin 
D levels with increasing age, post-menopause females and in-
adequate exposure to sunlight. Thus, public health measure 
for reducing fractures among the elderly population can be 
sought by increasing serum vitamin D levels, through regular 
screening and oral vitamin D supplements to the deficient/ 
/insufficient group, along with counselling for wholesome com-
prehensive dietary intake and adapting a healthy lifestyle with 
outdoor activities and increasing exposure to sunlight among all 
the elderly. Given the high prevalence of vitamin D deficiency 
among the elderly Indian population with fractures and the po-
tential role of vitamin D in the healing of fractures, we advocate 
the supplementation of vitamin D in all elderly patients.

Table 3. Association of vitamin D levels with various variables

Variables Freq. Vitamin D level t df p 
Mean SD

Residence rural 46 16.43 5.60 0.962 100 0.338
urban 56 15.30 6.11

Exposure to sunlight  
(< 15 min/day)

inadequate 17 12.60 3.55 -3.550 37.6 0.001
adequate 85 16.45 6.06
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