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Abstract

Background: Despite the reported high prevalence of osteoporosis in India, there have been no previous studies
examining the risk factors for hip fracture in the Indian population.

Methods: We carried out a case control investigation comprising 100 case subjects (57 women and 43 men)
admitted with a first hip fracture into one of three hospitals across New Delhi. The 100 controls were age and sex
matched subjects who were either healthy visitors not related to the case patients or hospital staff. Information
from all subjects was obtained through a questionnaire based interview.

Results: There was a significant increase in the number of cases of hip fracture with increasing age. There were
significantly more women (57%) than men (43%). Univariate analysis identified protective effects for increased
activity, exercise, calcium and vitamin supplements, almonds, fish, paneer (cottage cheese), curd (plain yogurt), and
milk. However, tea and other caffeinated beverages were significant risk factors. In women, hormone/estrogen
therapy appeared to have a marginal protective effect. For all cases, decreased agility, visual impairment, long term
medications, chronic illnesses increased the risk of hip fracture. The multivariate analysis confirmed a protective
effect of increased activity and also showed a decrease in hip fracture risk with increasing body mass index (odds
ratio (OR) 0.024, 95% confidence interval (CI) 0.006-0.10 & OR 0.81, 95% CI 0.68-0.97 respectively). Individuals who
take calcium supplements have a decreased risk of hip fracture (OR 0.076; CI 0.017-0.340), as do individuals who eat
fish (OR 0.094; CI 0.020-0.431), and those who eat paneer (OR 0.152; 0.031-0.741). Tea drinkers have a higher risk of
hip fracture (OR 22.8; 95% CI 3.73-139.43). Difficulty in getting up from a chair also appears to be an important risk
factor for hip fractures (OR 14.53; 95% CI 3.86-54.23).

Conclusions: In the urban Indian population, dietary calcium, vitamin D, increased body mass index, and higher
activity levels have a significant protective effect on hip fracture. On the other hand, caffeine intake and decreased
agility increase the risk of hip fracture. Future studies should be done in order to direct primary preventive
programs for hip fracture in India.

Background
Hip fractures are a major health problem in a
developing country like India. They cause profound
physical impairment, reduction in quality of life,
admission to institutional care and also mortality
especially in the elderly. The Indian population appears
particularly vulnerable to the problem of osteoporosis
and hip fractures[1]. It has been projected that by the
next century 50% of all hip fractures in the world will
occur in Asia. Current World Health Organization
figures estimate that over 270 million people in India

and China alone are likely to suffer from osteoporosis
by the year 2020 [1-3]. Moreover, one of the only
studies done on osteoporosis in India indicates that 29%
of women and 24.3% of men between 20 and 79 years
of age have a low bone mass index. This percentage
increases to 50% in Indian women and 36% in Indian
men over the age of 50[3].
Given these statistics, osteoporosis related increase in

hip fractures poses a substantial burden both in terms
of physical disability and health costs. Knowledge about
the risk factors is essential for prevention of hip
fractures. Risk factors for osteoporosis that have been
described include female sex, low body mass index, old
age, positive family history, early menopause or
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amenorrhoea, smoking, sedentary lifestyle, poor calcium
intake and vitamin D deficiency [4-7]. Both calcium and
vitamin D deficiencies are common in urban Indians
[8-10].
Although the clinical manifestations of osteoporosis

may be manifold, hip fractures are the most devastating
consequence of this disease. It has been suggested that
hip fractures occur at an earlier age in Indians in
comparison with western Caucasian counterparts [1].
Although males are less at risk for developing
osteoporosis [1], once they have developed the disease
they appear to be at a greater risk of incurring a hip
fracture [2]. However, there has been no previous study
done on risk factors associated with hip fractures in
Indian population.
The purpose of this pilot case-control investigation

was to identify risk factors for hip fracture in an urban
Indian population. The study incorporated risk and
protective factors cited by previous research on other
populations, and emphasized the importance of
variables such as dietary calcium and vitamin D intake,
and activity levels. These variables can potentially be
targeted on a public health level.

Methods
Subject Selection
The study group consisted of 100 patients with a
radiological confirmed diagnosis of a first hip fracture
within the past three years. Persons with genetic
collagen disorders (Osteogenesis Imperfecta) were
excluded. The cases were admitted in 1 of 3
participating hospitals in New Delhi (Indraprastha
Apollo Hospital, Max Hospital, and Sant Parmanand
Hospital). Of the eligible, 55 men and 76 women
contacted, 43 men (78.2%) and 57 women (75%) were
available and willing to participate. The study was
approved by the appropriate committees on human
research, and all 100 patients included in the study
provided informed consent.
The control group was recruited from healthy visitors

(not related to the cases) and staff in the three hospitals;
it consisted of 100 age (within 2 years) and sex matched
individuals.

Data Collection
The cases were interviewed in the outpatient clinic of
the hospital in which they had been admitted. The
controls were also interviewed in 1 of the 3 hospital
settings. The following variables considered in other
similar studies on risk factors for hip fracture, were
determined for each subject (cases and controls)
through the questionnaire- interview.

Basic Information
We ascertained the age, pulse rate, height (in inches)
and weight (in kilograms) of all individuals.
Mode of Fracture
The cases were questioned as to how they had presented
with hip fracture. They were asked whether they had a
light fall, a heavy fall, other trauma such as an accident,
or had merely felt pain and reported to their physician
for subsequent diagnosis.
Visual Impairment
All subjects were asked whether or not they had
glaucoma, cataracts or any other visual impairment.
Those who wore spectacles or contact lenses but could
see well with them were not classified as visually
impaired.
Difficulty Getting up from a Chair
This was used as proxy for testing agility on both cases
and controls. If the subject gave a history of not being
able to get up from a chair effortlessly or without
external assistance (prior to sustaining hip fracture), he
or she was classified as positive.
Weight Loss
All subjects were questioned about whether or not they
had lost a significant amount of body weight within the
past one year {prior to sustaining hip fracture}.
Diet
Multiple items common in the Indian diet and noted as
protective (such as those containing calcium or vitamin
D) or risk factors (such as caffeine) for hip fracture were
included in this section of the questionnaire. The
subjects were asked whether they were vegetarian. They
were also asked if within the past ten years they
regularly drank tea, coffee, any other caffeinated drink,
alcohol, and milk. If the subject responded in the
affirmative to any of the above beverages, they were
asked to quantify their intake as average number of
glasses per day, week, or month. They were also
questioned about smoking.
Similarly, all the subjects were questioned about their

intake (and quantity per day, week, or month) of curd
(plain yogurt), paneer (cottage cheese), fish, and
almonds- the former two for their calcium content, and
the latter two for an estimate of dietary vitamin D.
Calcium and Vitamin Supplements
Subjects were asked whether they had regularly taken
calcium or vitamin supplements for a time period
greater than one year within the past ten years. For the
case subjects, this question specifically addressed a time
before their hip fracture diagnosis and subsequent
treatment. The frequency and duration of supplement
intake was subsequently determined.
Prior Illness and Long term Medication
Information was obtained from all subjects on the
presence and details of any major illnesses, prior injuries
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and hospitalizations, or any past surgeries. The
frequency and duration (greater than 2 years) of any
therapy was subsequently noted- specifically for
common diseases such as hypertension, hypothyroidism,
diabetes, asthma, cardiac problems, or whatever
combinations existed. It was also recorded if the subject
had been taking homeopathic or ayurvedic medication.
Women were specifically asked if they had taken
hormone/estrogen replacement therapy (HRT) for a
time period greater than one year.
Activity and Exercise
The activity levels for all subjects were defined as 1 =
bedridden, 2 = walks with the help of a stick or walker,
3 = walks without any support but leads a self-defined
sedentary lifestyle, 4 = walks without any support and
leads a self-defined active lifestyle.
All subjects were then asked whether or not they

participated in any form of regular exercise in the past
5 years. This ranged from walking > 1 kilometer/day to
strenuous workouts in a fitness center.

Statistical Analysis
Univariate analyses were conducted to identify risk
factors for hip fracture with logistic regression. The risk
factors that were statistically significant based on a 5%
significance level were used in a multivariate logistic
regression model. A stepwise covariate selection
algorithm was used to identify a set of risk factors that
jointly affected the risk of hip fracture.

Results
General characteristics of both case and control subjects
are shown in Table 1. As is evident from Figure 1, most
case subjects presented after incurring a light fall
(defined as slipping and falling on the ground, or a fall
from a height of less than 2 feet).
There were no significant differences between the case

patients and control subjects with regard to age. The
weight and BMI of the controls were slightly larger as
compared with the cases; however this difference was
not statistically significant (Table 1, & Figure 2).
Similarly more cases than controls appeared to be on
long term medication for one of the chronic illnesses
listed in Table 1 (Figure 3). The distribution of hip
fractures between the sexes was interesting. Although
only 57 women and 43 men were studied for all the risk
factors, the information regarding sex was obtained
using the initially eligible 55 men and 76 women. Thus,
58% of the fractures occurred in females and only 42%
in males. Age between 60-79 years appears to be a
major risk group with 61% of the hip fractures studied
occurring in this age group (Figure 4). However, females
within that age group seemed at a greater risk since 72%
of all female hip fractures were between the ages of 60-

79 as compared with 45.4% of the male fractures in the
same age group (Figures 5 &6).

Univariate Analysis
The odds ratios (OR) and 95% confidence intervals (CI)
estimated by univariate logistic regression modeling for
variables identified by previous research as possible risk
or protective factors for hip fractures in other
populations are presented in Table 2. The food items
listed that contain calcium and vitamin D (such as milk,
curd, paneer, almonds, and fish) or caffeine (such as tea)
were those that are common in the Indian diet.
General Physiology
The relative risk trends presented by this analysis are in
accordance with those predicted by the previous
literature. Patients with a visual impairment were more
likely to have a hip fracture (OR 5.49; 95% CI 2.99-
10.07), as were persons who had difficulty in getting up
from a chair (OR 12.59; 95% CI 6.44-24.6), and
vegetarians (OR 3.94; 95% CI 2.09-7.43).
Illnesses and Medications
Similarly persons with the chronic illnesses listed in
Table 1 and those on long term medications were at a
higher risk of hip fracture (OR 3.44; 95% CI 1.90-6.22 &
OR 2.09; 95% CI 1.19-3.70 respectively). Although few
women reported having taken HRT for more than 1
year, it appears that this therapy may have a protective
effect (OR 0.16; p 0.091; 95% CI .018-1.34).
Caffeine
With regards to caffeine in the diet, both regular tea
drinkers and persons who drank other caffeinated
beverages were at a higher risk of hip fracture (OR 2.11;
95% CI .93-4.81 & OR 1.88; 95% CI 1.01-3.50
respectively). Although statistically not significant (p =
0.26), individuals who drank more than 1 cup of tea per
day were 1.55 times more likely to have a hip fracture
(95% CI 1.013-3.50). None of the individuals who drank
alcohol consumed more than 1 glass a day- again this
finding was not statistically significant. Considering the
confidence interval, the effect of alcohol was ambiguous
(OR 0.75; 95% CI .36-1.58).
Only three individuals (2 cases, 1 control, all men)

gave a history of smoking. This was insufficient for any
statistical analysis.
Calcium
All of the calcium containing food items considered in
this study had a protective effect. Eating paneer reduced
the risk of hip fracture by 82.6% (95% CI 0.081-0.374; p
= 0.00). Moreover, if the subject ate paneer, eating more
than 1 medium sized serving per week decreased the
risk of hip fracture by 52.5% (95% CI = .242-.933; p =
.03). Although not statistically significant, drinking milk
reduced the risk of hip fracture by 43.2% (95% CI .38-
1.16; p = .157), and eating curd reduced it by 35.1%
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(95% CI 0.29-1.48; p = .30). As expected, regular
calcium supplements decreased the risk of hip fracture
by 92.8% (OR 0.072; 95% CI 0.029-0.179; p = 0.00).
Vitamin D
Similarly, dietary vitamin D offers a protective role with
regards to hip fracture. Not only did eating fish reduce
the risk of hip fracture by 86.3% (95% CI 0.06-0.30; p =
0.00), but also individuals who ate fish more than once
a week further decreased their risk of fracture by 79.2%
(95% CI 0.04 - 1.0; p = 0.039). Almonds, another source
of Vitamin D also reduced the risk of hip fracture (OR
= 0.30; 95% CI 0.16-0.56; p = 0.00). Also, regular
multivitamin supplements decreased the risk of hip
fracture by 80.9% (95% CI 0.10-0.38; p = 0.00).
Activity
Another extremely important risk predictor appears to
be activity levels and exercise. Regular exercise reduced
the risk of hip fracture by 85.6% (95% CI 0.07-0.29; p =
0.00) and an activity level of greater than 2 decreased
the risk by 94.9% (95% CI 0.03-0.11; p = 0.00).

Table 1 Characteristics of Cases and Controls

Variable Case Controls

Note: Plus - minus values are Means ± Standard Deviations (n = 100) (n = 100)

Sex Distribution:

Male 43 43

Female 57 57

Mean Age 65.7 ± 16.1 64.7 ± 13.8

Male 69.9 ± 9.2 66 ± 4.2

Female 60.1 ± 20 63.1 ± 15.1

Mean Weight 64 ± 10.4 67 ± 11.2

Male 65.5 ± 12.5 68.6 ± 11.1

Female 62.8 ± 8.3 63.5 ± 10.3

Mean Height 64.6 ± 4.7 65.9 ± 3.0

Male 67.0 ± 5.8 67.4 ± 3.0

Female 62.9 ± 8.7 62.8 ± 2.8

Mean Body Mass Index (BMI) 22.8 ± 3.8 23.8 ± 3.4

Male 22.5 ± 3.1 23.3 ± 3.5

Female 24.8 ± 3.9 25.1 ± 5.1

% Taking Medication for:

a) None 47 67

b) Hypertension (b-Blockers, Ace Inhibitors, Calcium Channel Blockers, Thiazide Diuretics) 27 15

c) Diabetes (Insulin, Sulfonylurea e.g. Glyburide, Biguanides eg. Metformin) 8 7

d) Asthma (b2 Agonists e.g. Epinephrine, Albuterol inhalers) 4 1

e) Cardiac 0 0

f) Homeopathy/Ayurveda 1 2

g) Cardiac & Hypertension on (Drugs listed in b, plus Aspirin, Nitroglycerin) 6 6

h) Diabetes & Hypertension (b and c) 3 2

i) Thyroid Hormone 4 0

Mean Pulse Rate: 75.9 ± 6.3 75.9 ± 6.3

Male 75.4 ± 6.4 75.4 ± 6.4

Female 76.4 ± 6.3 76.4 ± 6.3

Figure 1 Distribution of Fracture Presentation Modes. In both
men and women cases, most hip fractures were incurred due to a
light fall. In some cases, merely pain was noted and hip fracture
was diagnosed upon radiological evaluation. Motor vehicle
accidents were not a major cause of hip fracture
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Multivariate Analysis
Table 3 presents the adjusted odds ratios, 95%
confidence intervals, and p values of a multivariate
logistic-regression model determined by stepwise
selection. As expected in multivariate modeling,
numerous risk factors had a reduced effect after
adjustment for potentially correlated covariates. The
factors that were statistically significantly associated
with hip fracture were -activity levels, calcium intake
(supplementary and dietary), fish intake (a measure of
vitamin D), regular tea drinking (caffeine), difficulty

getting up from a chair, age, and low BMI (general
physiology). The former three variables (activity, calcium
and fish intake) had protective effects on the risk of hip
fracture, whereas the latter four variables were
associated with an increased risk for hip fracture.
Active persons (defined as those with activity level >2)

have a 97.6% lower risk of hip fracture (95% CI 0.01-0.10).
An increase of 1 in BMI resulted in an 18.6% reduced risk
of hip fracture (95% CI 0.68-0.97). Decreased agility
(difficulty in getting up from a chair) raised the chance of
hip fracture (OR 14.5; 95% CI 3.87-54.23).
Regarding diet, calcium supplement intake reduced

the risk of hip fracture by 92.4% (CI 0.017-0.340), those
who ate paneer also had a lower chance of fracture (OR
0.152; CI 0.031-0.741) as did those who ate fish (OR
0.094; CU 0.020-0.431). Tea drinkers, on the other hand,
had a greatly increased risk of hip fracture (OR 22.8;
95% CI 3.7-39.4).

Discussion
Hip fracture is increasingly becoming a major health
problem in India and knowledge about risk factors is
essential for its prevention. Although many large scale
studies have been reported in White and Asian (other
than Indian) populations, there is currently no research
available on variables that increase the risk of hip fracture
in the Indian population. This pilot case control study
revealed many vital risk factors for an urban Indian
population. This section outlines the results of the study

Figure 3 Medications of 100 Cases and 100 Controls. This illustration outlines the major medications taken by the 100 cases and 100
controls studied. More case patients were taking medication for hypertension and hypothyroidism as compared with their control counterparts.
There was no such disparity between the two groups regarding the other medications listed.

Figure 2 Body Mass Index of 100 Cases and 100 Controls.
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in the context of previous research, and indicates certain
limitations of this study that should be focused on in
future research.
Risk factors were assessed by interview through a

standardized questionnaire. This analysis focused on
identifying risk factors for hip fracture in the univariate
and multivariate setting. A number of risk factors that
were significant in the univariate analysis were not

included in the final model produced by the stepwise
selection routine. This is anticipated as the correlation
between the risk factors may reduce their relative
importance. In addition, effect modification may be
present amongst the risk factors based on a comparison
of odds ratios yielded by the univariate and multivariate
models. For example, the effect of tea consumption is
significantly elevated in the multivariate model. This
suggests that the effect of tea consumption is modified
by the presence of another risk factor in the
multivariate model. Future investigations may include
an in-depth analysis of interactions.
We found that dietary calcium, vitamin D, increased

BMI, and higher activity levels have a protective effect
on hip fractures. On the other hand caffeine intake (as
measured by tea intake) and decreased agility increase
the risk of hip fracture. Our results are largely in
agreement with the studies conducted in White and
Asian populations. In the Mediterranean osteoporosis
study conducted in Europe, Johnell et al. found that late
menarche, poor mental function, low BMI, lack of
physical activity, low exposure to sunlight, and low
consumption of calcium and tea to be significantly
associated with the risk of hip fracture[11]. In the Asian
osteoporosis study, Lau et al. found low dietary calcium
intake, lack of physical activity, alcoholism and cigarette
smoking to be risk factors for hip fracture[12]. Similarly,
in Japan, Fujiwara et al found a low BMI, regular
alcohol intake, prevalent vertebral fracture, having 5 or

Figure 5 Age Distribution by Sex. (Shown for the Female Population)

Figure 4 Age Distribution of Hip Fractures.
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more children, a low milk intake and later age at
menarche to be associated with risk of hip fracture[13].
Unlike the American and European population where

the prevalence of hip fractures in women is more than
twice that of men in any age group[6], the ratio in the
Indian population appears to be 58% to 42%. Future
research could explore this discrepancy. One possible
reason could be the disparity in life expectancies in the
different populations. The 2003 life expectancy at birth
was 61.8 years for Indian males and 63.5 years for
Indian females [14]. However the life expectancy at
birth was 75.2 years for American males and 80.4 years
for American females [15]. Thus not only are the life
expectancies of Indians more balanced with regards to
sex relative to the Americans, but the values are also
significantly lower than their western counterparts.
Consistent with previous research [4,7,16,17], men

and women with a lower BMI are at a significantly
higher risk for hip fracture than their heavier
counterparts. It has been suggested by these prior
studies that this protection is a result of increased
adipose tissue based production of estrogen, more
padding around the hips that may decrease the energy
transmission from the impact of the fall to the
proximal femur, and the greater gravitational forces on
bone mass[16,18]. However, this study did not examine
the body distribution of adipose tissue. In American
and European people, hip fracture risk increases with
body height. However we did not find a significant
association between risk of hip fracture and height.

Although not found significant in another research
study[4] our data suggest that difficulty in getting up
from a chair significantly raises the risk of hip fracture.
It could be a risk factor for falls, but it could also be an
important proxy for agility. More studies are required to
determine the significance of this variable.
In accordance with previous research, physical activity

greatly reduces the risk of hip fracture [12,16,19]. It is
important however to quantify the load-bearing activity
to determine its effect on bone mineral density.
Dietary calcium has been determined to be crucial in

reducing the risk of hip fracture not only in this pilot
study but also in other Asian studies involving the
Chinese, Malaysian, Singaporean, Thai and Philippino
populations[12,20]. A European study has shown that
the risk of hip fracture increases with diminishing
calcium intake in subjects whose daily intake was <500
mg. In the Asian study Lau et al. also found that diet
calcium intake < 498 mg/d increases the risk of hip
fracture. The multivariate analysis in this study
indicated the importance of paneer (cottage cheese), a
major component of the north Indian diet, and it also
highlighted the importance of calcium supplements.
Although calcium intake was quantified on a daily basis,
future studies could examine the protective effect per
gram of calcium. Given that dietary calcium intake in
most Asian countries is low; calcium supplements
should have a considerable impact on the reduction of
hip fracture risk. Like physical activity, this variable is of
great importance with respect to public health measures
that can decrease the likelihood of hip fractures and

Figure 6 Age Distribution by Sex. Shown for the Male Population
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Table 2 Distribution and Logistic Regression Analysis of Selected Variables in Cases and Controls

Variable Cases (%)
n = 100

Controls
(%) n = 100

Odds Ratio
(P-value; 95%

1 Regular Exercise † 13 (13) 51 (51) 0.14 (0.00; 0.07-0.29)

2 Activity Level

• ≤ 2 80 (80) 17 (17) 1.00

• > 2 20 (20) 83 (83) 0.05 (0.00; 0.03-0.11)

3 Take Vitamin Supplements ‡ 14 (14) 46 (46) 0.19 (0.00; 0.10-0.38)

4 Take Calcium Supplements § 6 (6) 47 (47) 0.07 (0.00; 0.03-0.18)

5a Eat Almonds ** 19 (19) 44 (44) 0.30 (0.000; 0.16-0.56)

5b Of those that eat Almonds, Quantity of

• ≤ 5 Once/day 4 3 1.00

• > 5 Once/day 15 (78.9) 41 (93.7) 0.27 (0.01; 0.06-1.37)

6a Eat Fish * 9 (9) 42 (42) 0.14 (0.00; 0.06-0.30)

6b Of those that eat Fish, Quantity of Fish

• ≤ Once/week 4 6(14.29) 1.00

• > Once/week 5 36 (85.7) † † 0.21 (0.03; 0.04-1.00)

7a Eat Paneer (Cottage cheese) ** 61 (61) 90 (90) 0.17 (0.000; 0.08-0.37)

7b Of those that eat Paneer, Quantity

• ≤ 1 medium size serving Once/Week 28 (45.9) 27 (28.7) 1.00

• > 1 medium size serving Once/Week 33 (54.1) 67 (72.3) 0.48 (0.03; 0.24-0.93)

8a Eat Curd (Plain Yogurt) ** 84 (84) 89 (89) 0.65 (0.30; 0.29-1.48)

8b Of those that eat Curd, Quantity of Curd

• ≤ 2 cups/week 62 (76.5) 70 (71.4) 1.00

• > 2 cups/week 19 (23.5) 28 (28.6) 0.77 (0.96; 0.39-1.51)

9 Drink Alcohol 15 (15) 19 (19) 0.75 (0.36-1.58)

10a Milk intake** 49 (49) 59 (59) 0.67 (0.16; 0.38-1.17)

10b Of those that drink Milk, Quantity of Milk

• ≤ 1 glass/day 39 (79.6) 32 (54) 1.00

• > 1 glass/day 10 (20.4) 27 (45.8) 0.30 (0.006; 0.13-0.72)

11a Regular Tea Drinkers** 9 8 2.11 (0.07; 0.93-4.81)

11b Of those that drink Tea, Quantity of Tea

• ≤ 1 cup/day 14 (15.6) 18 (22.3) 1.0

• > 1 cup/day 76 (84.4) 63 (77.7) 1.55 (0.26; 0.72-3.36)

12 Drink Other Caffeinated substances** 36 (36) 23 (23) 1.88 (0.05; 1.01-3.50)

13 Vegetarian 81 (81) 5 3.94 (0.00; 2.09-7.43)

14 Taken HRT for > 1 year 1 6 (10.53) 0.16 (0.09; 0.02-1.34)

15 Prior Injuries 2 6 0.32 (0.17; .06-1.63)

16 Prior Major‡‡ 5 2 3.44 (0.00; 1.91-6.22)

17 On Long Term Medications §§*** 5 3 2.09 (0.01; 1.19-3.70)

18 Difficulty getting up from a Chair (Agility) 7 2 12.60 (0.00; 6.44-24.60)

19 Eyesight difficulty 73 (73) 33 (33) 5.49 (0.00; 2.99-10.07)

† Within the past 5

‡ For a time period greater than 1 year within the past 10

§For a time period greater than 1 year within the past 10 Years

*Within the past 10

† Including coffee and carbonated caffeine drinks such as Coke and

‡ (Diabetes, Cardiac Disease, Hypertension, Asthma, Hypothyroidism, Any combination.

§Beta blockers, thiazide diuretics, ACE inhibitors, calcium channel blockers, insulin, sulfonylurea ((glyburide), biguanides (Metformin) b 2 Agonists e.g. Epinephrine,
Albuterol inhalers, Aspirin, Nitroglycerine, Thyroid Hormone, Ayurvedic/Homeopathic medicine
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thus relieve much of the morbidity and mortality
associated with this condition in the Indian population.
Much like calcium, adequate vitamin D is essential for

bone strength. Although the importance of almonds in
the multivariate model was not apparent, intake of fish
significantly decreases the risk of hip fracture in the
population studied. Since vitamin D3 (with calcium) has
been shown to reduce the risk of hip fractures in other
elderly populations[21] and the fact that the Indian
population is considered Vitamin D deficient[1,8,9], the
effect of sunlight and other vitamin D containing foods
should be examined for their effect on hip fracture
incidence. Moreover, although some trials demonstrate
that calcium and vitamin D supplementation is effective
[21] others fail to indicate an effect of vitamin D alone
[22,23]. Hypotheses regarding vitamin D deficiency in
the urban Indian population include poor sunlight
exposure, skin pigmentation, atmospheric pollution, and
a vitamin D deficient diet[1,8]. Awumey et al. also
reported altered vitamin D metabolism in cultured skin
fibroblasts from Indians[24].
The effect of caffeine was estimated mainly by the

consumption of tea- an extremely popular beverage with
the Indian population. It is evident that increased intake
of tea significantly increases the risk of hip fracture,
however in order to get a more accurate estimate of the
risk of caffeine, a future more nuanced analysis may be
required to account for the protective effect of the milk
within the tea. It is also important to separate subjects
based on the quantity of milk in their tea as some
individuals may enjoy black tea and others may like to
add milk. In India, the majority prefer to add milk,
albeit in varying amounts to their tea. Although
previous research indicates that the effect of habitual tea
drinking on bone density is minor and does not
significantly alter the risk of fractures in an American
population[25], this particular variable may be
significant in the Indian population as 90% of the cases
and 81% of the controls were regular tea drinkers.

A major limitation of the study is the relatively limited
sample size which impacted the power to detect the
effect of certain variables deemed relevant by previous
literature such as hormone/estrogen therapy, thyroid
hormone, alcohol consumption and smoking (there
were only 3 smokers, all men). Other potential risk/
protective factors were not assessed such as exposure to
sunlight or bone mineral density.
Hormone/estrogen therapy had a protective effect on

women when considered alone, however the power of
the study to evaluate this effect in detail was limited due
to the small sample size. Nonetheless, it is consistent
with the hypotheses of other research studies that both
recent and prolonged use of this therapy has a
protective effect on bone density and thus decreases the
risk of fractures[4]. Similarly, although 6 case members
and 0 control members took thyroid hormone, the
sample size was too small to estimate the effect of this
drug on the risk of hip fracture. This is a potentially
important variable as there is a current controversy
about whether thyroid hormone may lead to
osteoporosis and whether its use increases fracture risk
at a clinical level[26].
This study indicated a potential inverse association with

alcohol consumption and risk factor- again the sample
size was inadequate to make a statistically significant
determination. Previous research, like that of thyroid
hormone, is controversial- some studies indicate that
alcohol consumption weakly reduces risk of hip fracture
[27], others suggest that there is no association between
the two[5], and still others suggest that increased alcohol
consumption increases the risk of hip fracture [4]. It may
be difficult to distinguish a potential protective/risk effect
of alcohol on the bone versus the increased risk of falling
due to increased alcohol consumption.
It is also important to mention that as with all case-

control investigations, there is a possibility of recall bias
and it is not possible to validate the information
provided by the subject. However, given these
constraints, valuable information was retrieved from the
analysis.
Unlike many previous studies that focused on women,

this investigation included both males and females. The
distribution of hip fracture by age and sex was found to
be different from that in the western counterparts
studied in other investigations[1,11,12]. As mentioned
earlier, 50% of Indian women and 36% of Indian men
over the age of 50 suffer from osteoporosis and are at
risk for hip fracture. Notwithstanding the high
prevalence of osteoporosis and related hip fractures in
India, and the resulting morbidity and mortality
associated with the condition, there is no prior existing
research on the risk factors of hip fractures in the
Indian population. Given this formidable public health

Table 3 Multivariate Analysis of Risk Factors for Hip
Fractures

Variable Adjusted Odds Ratio
(95%C.I.)

P-
value

Active Persons 0.024 (.006-0.100) 0.000

Take Calcium Supplements 0.076 (0.340-0.017) 0.001

Eat Paneer 0.152 (0.741-0.031 0.020

Eat Fish 0.094 (0.431-0.020) 0.002

Regular Tea Drinker 22.81 (3.730-139.4) 0.001

Difficulty getting up from Chair
(Agility)

14.53 (3.860-54.23) 0.000

Age 0.920 (0.880-0.97) 0.000

Body Mass Index 0.81 (0.68-0.91) 0.021
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problem, the results of this study may be beneficial on a
national level. If further research substantiates the
importance of these variables, increasing activity level,
calcium and vitamin D intake, decreasing caffeine
intake, and maintaining a healthy BMI may decrease the
prevalence of hip fractures in the country. In addition to
emphasizing these dietary and lifestyle improvements,
public awareness programs can encourage early
screening and treatment strategies. These would help to
further reduce the prevalence and thus morbidity and
mortality of hip fractures in India.

Conclusion
In conclusion, this study has demonstrated that dietary
calcium, vitamin D, increased body mass index, and
higher activity levels have a significant protective effect
on hip fracture in the urban north Indian population.
On the other hand, caffeine intake and decreased agility
increase the risk of hip fracture. Based on these
findings, future studies should be done in order to
direct primary preventive programs for hip fractures in
India.
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