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Abstract
Objective: To assess knowledge of osteoporosis and its risk factors and to explore
associations between knowledge and various sociodemographic factors in Indian
adults.
Design: Cross-sectional study. The Revised Osteoporosis Knowledge Test (OKT)
was used to assess knowledge of osteoporosis. Four scores (OKT-total, range
0–32; OKT-exercise, range 0–20; OKT-nutrition, range 0–26; OKT-risk factors,
range 0–14) were generated by giving 1 point to every correct answer and 0 points
for incorrect or ‘not known’ answers.
Setting: Tertiary-care hospital in Pune city, India.
Participants: Adults aged 40–75 years (n 477; 234 males) enrolled through
voluntary routine health checks and health camps.
Results: Mean age of the study population was 54·6 (SD 9·5) years. Half the
participants were aware of osteoporosis and could correctly define it. Women
showed significantly higher median OKT-total and OKT-nutrition scores than men
(P< 0·05). Those with higher education and higher socio-economic status had
significantly higher scores in both men and women (P< 0·05). All four scores were
significantly higher in both men and women who could correctly define
osteoporosis (P< 0·05). All four scores were significantly higher in women with
a family history of osteoporosis (P< 0·05) but not in men (P> 0·1).
Conclusions: Understanding about osteoporosis and its risk factors is low in the
present cohort of Indian men and women. There is need to create awareness
programmes aimed at both men and women especially targeting those with lower
education, lower socio-economic status and no previous exposure to osteoporosis.
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Osteoporosis is a metabolic bone disease characterized by
decreased bone mass and poor bone quality which leads
to an increased frequency of fractures of the hip, spine and
wrist. It is often called ‘the silent disease’ because it can
progress painlessly and without any signs or symptoms. A
WHO scientific report suggests that osteoporosis is a ser-
ious health risk in both men and women(1). It is estimated
that osteoporosis affects more than 200 million people
worldwide(2). In Indian populations, the number of
patients with osteoporosis is estimated to be 26 million
(2003 figures), with the number projected to increase to 36
million by 2013(3). Lifetime risk for osteoporotic fractures
in women is 30–50% while in men it is 15–30%(4). Thus,
both men and women are at risk of osteoporosis.

Although osteoporosis is a preventable disease that
affects millions of people, public awareness is low(5).
Evidence suggests that knowledge and awareness of
osteoporosis is one of the contributors to osteoporosis

preventive behaviour(6). A survey conducted by the
International Osteoporosis Foundation (2000) among 559
postmenopausal women in eleven countries revealed that
although 93% of women acknowledge the seriousness of
osteoporosis, eight out of ten did not believe they were
personally at risk. In addition, 80% of women suffering
from osteoporosis were unaware of their risk before
diagnosis(2). Thus, there is a need to create awareness
about the risk factors for osteoporosis and steps to
improve bone health.

The first step towards increasing awareness is to assess
how much is known about the disease, especially by those
affected by the disease and in the general public. This is
necessary to identify areas where knowledge is lacking.
Studies based on other diseases have shown that knowl-
edge about symptoms may lead to early diagnosis while
information about risk factors may lead to lifestyle and
behaviour modification(7–11). Various tools are available to
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assess the knowledge of osteoporosis like the Osteo-
porosis Knowledge Assessment Tool (OKAT)(6), Facts on
Osteoporosis Quiz (FOOQ)(12), Osteoporosis Ques-
tionnaire (OPQ)(13) and Osteoporosis Knowledge Test
(OKT)(14). The OKT is one of the most frequently used
tools to assess knowledge of osteoporosis(15) in its original
format, as well as with minimal modifications addressing
wording and food choices that are more familiar to the
culture of the region it is used in. The Revised OKT (ver-
sion 2011) has tried to address previous shortcomings by
adding a few more areas based on current research(16).
Thus, the Revised OKT was used in the present study to
assess the level of knowledge in Indian adults.

Existing studies using various tools to assess osteo-
porosis knowledge suggest a general lack of awareness
about risk factors, treatment and consequences of osteo-
porosis(17,18). Most of these studies are in either post-
menopausal women or paramedical staff(19,20). Men have
received very little research attention even though 20–25%
of osteoporosis fractures occur in men(21). The few studies
in men suggest an overall deficit in knowledge of osteo-
porosis and its risk factors(22,23). Therefore, the aims of the
present study were to assess knowledge of osteoporosis
and its risk factors and to explore the association between
various sociodemographic factors and knowledge of
osteoporosis in Indian adults above 40 years of age.

Methods

Participants
A cross-sectional study was carried out in apparently
healthy adults aged 40–75 years from October 2014 to
September 2016. Inclusion criteria were age 40–75 years
with no major systemic disease affecting bone health like
diabetes and hyperthyroidism. From the study area of
Pune city, a total of ten sites comprising hospitals, housing
societies, residential areas and corporate offices were
approached. Through voluntary health checks and health
camps organized in these areas, a total of 2080 adults in
the age group of 40–75 years were identified and
approached for the study without any incentive. Of these,
1500 adults provided consent to participate in the study,
from whom 900 apparently healthy adults satisfied the
inclusion criteria. Using computerized random number
generation, 504 adults were selected and enrolled. All
individuals gave informed written consent before the
commencement of the study. All 504 participants
answered the self-administered study tool; however, due
to a lack of complete data, twenty-seven individuals were
dropped from the final analysis. A total of 477 participants
with complete data were analysed for the present study.

The power of the study for the total sample size was
computed to be 70% using standard deviations of OKT
scores from available data in men and women(24) with the
type I error probability associated with the test being 0·05.

Anthropometric data and sociodemographic factors
Weight and height were measured in the morning with
participants in light indoor clothes without shoes. Weight
was measured on an electronic digital scale to the nearest
0·1 kg (Libra Industries, Mumbai, India) and standing
height was measured using a portable stadiometer (Lei-
cester Height Meter, Child Growth Foundation, London,
UK; range 60–207 cm).

Each participant completed a validated structured
questionnaire on sociodemographic factors(25) such as
educational status, total monthly family income and family
history of osteoporosis. Additionally, data were recorded
on the correct definition of osteoporosis by the partici-
pants. If they were able to correctly define osteoporosis as
‘weakening of bones or loss of calcium from bones’, they
were said to be aware of osteoporosis as a disease.

Knowledge assessment
The Osteoporosis Knowledge Test (Revised OKT; adapted
to Indian conditions) was used to assess knowledge in the
study cohort. The OKT was developed in 1991 by Kim
et al.(14) and was revised by Gendler et al.(16) in 2015. It is a
thirty-two-item tool consisting of two subscales: OKT-
exercise, which has twenty items; and OKT-nutrition, which
is made up of twenty-six items. The two scales share
fourteen common items which measure an individual’s
knowledge of risk factors, treatment and screening test for
osteoporosis. This third subscale was named OKT-risk
factors (OKT-RF). The OKT-total score consists of a total of
scores on OKT-exercise, OKT-nutrition, and questions on
risk factors, treatment and screening test for osteoporosis.

All questions were multiple choice. All correct answers
were scored 1 while all incorrect or ‘don’t know’ respon-
ses were scored 0. The OKT-total score ranged from a
minimum of 0 to a maximum of 32, the OKT-exercise
subscale score ranged from a minimum of 0 to a maximum
of 20, the OKT-nutrition subscale ranged from a minimum
of 0 to a maximum of 26 and the OKT-RF subscale ranged
from a minimum of 0 to a maximum of 14.

The original thirty-two-item Revised OKT demonstrated
internal consistency (total scale Kuder–Richardson-
20= 0·85, nutrition subscale= 0·83, exercise subscale=
0·81). Test–retest analysis resulted in a Pearson correlation
coefficient of 0·87(16). The adapted OKT questionnaire (as
per Indian conditions) was tested on an independent
sample of twenty-five adults. These twenty-five individuals
included in the reliability analysis were similar in socio-
demographic profile to those included in the actual sample.
Test–retest reliability of these measures was high (intraclass
correlation coefficient, r= 0·85, P< 0·01 for OKT-total;
r= 0·79, P< 0·01 for OKT-exercise and OKT-nutrition).

Statistical analysis
Analyses were performed using the statistical software
package SPSS for Windows version 16.0. All variables
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were tested for normality using the one-sample Kolmo-
gorov–Smirnov test before any statistical comparisons
were made. Data are presented as mean with standard
deviation for normally distributed variables and as median
with interquartile range for non-normally distributed vari-
ables. Differences between men and women with respect
to variables like age were tested using Student’s t test for
normally distributed variables. Differences between men
and women with respect to OKT scores were tested using
the Mann–Whitney U test since the scores were non-
normally distributed. The χ2 test was used to test differ-
ences between categorical variables with respect to edu-
cation, income categories, family history of osteoporosis,
knowledge of osteoporosis and gender. To test the sta-
tistical significance of the difference in various categories
of income, education and knowledge scores between two
or more groups, the Mann–Whitney U test and Kruskal–
Wallis test, respectively, was applied. P values less than
0·05 were considered statistically significant.

Results

There was no significant difference in mean age between
men and women (55·0 (SD 10·4) v. 54·1 (SD 8·6) years,
P> 0·1; Table 1). A significantly higher percentage of
women were obese compared with men (P< 0·05). The
two groups showed no significant differences with respect
to education and total monthly family income, indicating
that they belonged to similar socio-economic groups and
were on a par (P> 0·1). The percentage of men and
women reporting a positive family history of osteoporosis
was similar (P> 0·1). However, a higher percentage of
women had heard of osteoporosis as a disease and could
correctly define it compared with men (P< 0·05). A higher
percentage of participants with a family history of osteo-
porosis (61%) were aware of osteoporosis as a disease
and could correctly define it compared with 44% who had
no family history of osteoporosis (P< 0·05), indicating a
significant positive association between those who had a
family history of osteoporosis and those who were aware
of osteoporosis as a disease.

Participants’ responses to the osteoporosis
knowledge test
Participants’ responses to the thirty-two-item revised and
adapted OKT are described below. Broadly, the questions
were divided into three categories.

Risk factors, diagnosis and treatment for osteoporosis
Significantly more women than men could correctly
identify risk factors for osteoporosis like low intake of
dairy products, menopause, surgical removal of ovaries,
family history of osteoporosis and being old (P< 0·05). In
comparison, risk factors like smoking and alcohol

consumption were correctly identified as risk factors by
more men than women (P< 0·05). Fifty-one per cent of
both men and women recognized being of Asian origin as
a risk factor for osteoporosis. Being overweight was
incorrectly identified as being a risk factor for osteoporosis
by more than 90% of both men and women. The majority
of participants incorrectly identified ‘childhood’ as the best
time to build up bones, while less than 50% participants
could identify dual-energy X-ray absorptiometry as the
main diagnostic tool for osteoporosis.

Knowledge of the importance of exercise
More than 60% of participants recognized the importance
of at least 30min of moderate exercise daily for at least 5
d/week. More than 50% of participants were able to
identify correctly brisk walking and aerobic dancing as
activities promoting bone health, while only 8–12% par-
ticipants correctly identified weightlifting as beneficial in
preventing osteoporosis.

Knowledge of the importance of calcium and vitamin D
A higher percentage of women could correctly identify
sources of Ca compared with men (P< 0·05). Ice cream as
a source of Ca was not recognized by the majority (77%)
of participants. Only 10·4% of men and 10·6% of women
participants were able to correctly identify the appropriate
daily Ca requirement for adults while a higher percentage
of men (61%) could give the correct reason for taking Ca
supplements compared with women (45%; P< 0·05). A
higher percentage of women identified vitamin D as the
vitamin required for Ca absorption as well as sunlight
being the main source of vitamin D compared with men
(P< 0·05). Very few participants (5–7%) could correctly
choose the daily recommendation for vitamin D for adults.

Comparison of knowledge scores between men and
women
To sum up, the four OKT scores, namely OKT-total, OKT-
exercise, OKT-nutrition and OKT-RF, were compared
between men and women (Table 1). Significantly higher
OKT-total and OKT-nutrition scores were observed in
women than men (P< 0·05). No significant difference was
observed between men and women for OKT-exercise and
OKT-RF scores (P> 0·1). Of the maximum achievable
score, median OKT-total, OKT-exercise, OKT-nutrition
and OKT-RF scores were 45·0, 50·0, 43·0 and 61·8% in
men and 47·8, 50·5, 47·3 and 64·5% in women, respec-
tively, indicating low knowledge of osteoporosis.

Participants’ level of knowledge of osteoporosis
The correct scores expressed as a percentage were divi-
ded into three groups as per the classification used by
Vered et al.(26) to indicate the level of knowledge (Fig. 1).
High level of knowledge was defined as correct score of
>80%; moderate level of knowledge was defined as
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correct score of 60–80%; and low level of knowledge was
defined as correct score of <60%. Only 0·4–3·7% of par-
ticipants showed a high level of knowledge, 12–33%
showed average knowledge, while the majority (>64%) of
participants showed a low level of knowledge.

Association of studied variables with knowledge
scores
To understand the role of certain sociodemographic factors
on the level of osteoporosis knowledge, the associations of
age, education and socio-economic status based on income
with median scores were assessed. Since the study popu-
lation was comparable with respect to their age group
distribution, educational status and income categories,
pooled analysis for men and women is reported in Table 2.

No association between increasing age and OKT scores
(total, exercise, nutrition and risk factor) was observed in
the study cohort (P> 0·1). All four OKT scores were
observed to be significantly higher with increasing edu-
cational status (P< 0·05). Medians of all four scores were
significantly lower in the ‘less than graduate’ group com-
pared with both ‘graduate’ and ‘postgraduate or higher’
groups (P< 0·05). No significant difference in scores was
observed between higher educational groups (‘graduate’
and ‘postgraduate or higher’; P> 0·1). Total family monthly
income was divided into four groups. Significantly
lower scores were observed for the lowest category
(‘less than Rs. 20 000/month’) compared with the other
three income groups (P< 0·05). No significant differ-
ence in scores was observed with further increasing
income categories (P> 0·1).

Table 1 General characteristics and osteoporosis knowledge scores in the
study cohort of adults (n 477) aged 40–75 years from Pune city, India,
October 2014–September 2016

Men (n 234) Women (n 243)

Variable Mean SD Mean SD

Age (years) 55·0 10·4 54·1 8·6
Height (cm)* 167·7 6·6 154·8 5·9
Weight (kg)* 74·1 11·8 66·9 12·2

% %

BMI category (%)*
Normal (BMI≤23·0 kg/m2) 18·7 16·5
Overweight (BMI=23·1–28·0 kg/m2) 51·9 38·0
Obese (BMI>28·1 kg/m2) 29·4 45·5

Age group (%)
40–50 years 38·3 39·9
50–60 years 30·6 35·4
60–75 years 31·2 24·7

Education (%)
Less than graduate 27·4 37·4
Graduate 48·3 36·6
Postgraduate or higher 24·4 25·9

Income (%)
<Rs. 20 000/month 16·7 18·5
Rs. 20 000–40000/month 20·9 28·0
Rs. 40 000–60000/month 22·2 17·3
>Rs. 60 000/month 40·2 36·2

Family history of osteoporosis (%)
Yes 35·0 39·9
No 65·0 60·1

Define osteoporosis correctly (%)*
Yes 44·4 58·0
No 55·6 42·0

Median IQR Median IQR

OKT-total* 14·5 6 16 6
OKT-exercise 10 4 10 4
OKT-nutrition* 12 5 13 6
OKT-RF 7 4 7 4

IQR, interquartile range; OKT, Revised Osteoporosis Knowledge Test (adapted to Indian
conditions); OKT-total, total (exercise + nutrition + risk factors); OKT-exercise, exercise
subscale; OKT-nutrition, nutrition subscale; OKT-RF, risk factors subscale.
Significant difference between men and women: *P< 0·05.
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Since a significantly higher number of women had heard
of osteoporosis and could correctly define it, men and
women were analysed separately to see the effect of
awareness of osteoporosis as a disease on individual OKT
scores (Table 3). Analysis revealed that for both men and
women, significantly higher scores (OKT-total, OKT-exer-
cise, OKT-nutrition and OKT-RF) were observed for those
who were aware of osteoporosis as a disease compared
with those who had never heard of osteoporosis (P< 0·05).

Further, although no significant differences were
observed between men and women with respect to family

history of osteoporosis, significantly higher scores were
observed in women who had reported a family history of
osteoporosis (P< 0·05). In men, however, the median
scores were similar in the two groups (with or without a
family history of osteoporosis, P> 0·1; Table 3).

Discussion

In the present cross-sectional study in Indian adults above
40 years of age, results indicate low levels of knowledge
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Fig. 1 Level of osteoporosis knowledge ( , low; , moderate; , high) in the study cohort of adults (n 477; 234 men, 243 women)
aged 40–75 years from Pune city, India, October 2014–September 2016 (OKT, Revised Osteoporosis Knowledge Test (adapted to
Indian conditions); OKT-total, total (exercise + nutrition + risk factors); OKT-exercise, exercise subscale; OKT-nutrition, nutrition
subscale; OKT-RF, risk factors subscale).

Table 2 Association of age and sociodemographic variables with osteoporosis knowledge
scores in the study cohort of adults (n 477; 234 men, 243 women) aged 40–75 years from Pune
city, India, October 2014–September 2016

OKT-total OKT-exercise OKT-nutrition OKT-RF factors

Variable Median IQR Median IQR Median IQR Median IQR

Age group
40–50 years 15 5 10 4 12 5 7 4
50–60 years 15 6 10 4 12 6 7 4
60–75 years 15 6 10 4 12 6 7 4

Education
Less than graduate 13 6 9 4 10 5 6 3
Graduate 16* 6 11* 4 13* 5 7* 4
Postgraduate or higher 17* 6 11* 4 14* 5·5 8* 4

Income
<Rs. 20 000/month 12·5 5·5 8 5 10 5·25 6 4
Rs. 20 000–40000/month 15* 6 10 4·25 12* 5 7 4
Rs. 40 000–60000/month 17* 6 11* 3 13* 5 7* 3
>Rs. 60 000/month 17* 6 11* 4 13* 5 7* 3

OKT, Revised Osteoporosis Knowledge Test (adapted to Indian conditions); OKT-total, total (exercise +
nutrition + risk factors); OKT-exercise, exercise subscale; OKT-nutrition, nutrition subscale; OKT-RF, risk
factors subscale; IQR, interquartile range.
Significantly different from the reference category: *P< 0·05 (for education, reference category is ‘less than
graduate’; for income, reference category is ‘<Rs. 20 000/month’).
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about osteoporosis in the majority (>64%) of the partici-
pants. Both men and women had low scores in total as
well as on exercise, nutrition and knowledge of risk factors
of osteoporosis. However, women scored better in the
overall knowledge score (OKT-total) as well as nutritional
knowledge (OKT-nutrition) compared with men. All
scores were positively associated with education, socio-
economic status (as defined by income categories) and
positive family history of osteoporosis.

Forty-four per cent of men and 58% of women in the
present study were aware of osteoporosis as a disease and
could correctly define it. Similar results have been repor-
ted in women from Singapore (58% had heard of osteo-
porosis) and Turkey (60% had heard of
osteoporosis)(27,28). A study by Juby and Davis in men
showed only 43% of men could correctly define osteo-
porosis(29), which is close to our results. This highlights the
fact that almost 50% of adults had never heard of osteo-
porosis and therefore may be unaware of its symptoms or
risk factors.

Individual knowledge scores (OKT-total, OKT-exercise,
OKT-nutrition and OKT-RF) indicated that women could
correctly identify risk factors which were related to
women’s reproductive system, while factors like smoking
and alcohol consumption were correctly identified by
more men. Similarly, a higher percentage of women than
men could correctly answer nutritional knowledge ques-
tions, perhaps because in India women are responsible for
taking care of the nutritional requirements of the family
and are more involved in activities like cooking. Further,
osteoporosis has often been labelled a postmenopausal
disease and therefore is believed to affect a greater num-
ber of women than men. A systematic review by Gaines
and Marx (2010) on older men’s knowledge of osteo-
porosis revealed that men have less knowledge than

women. The review also highlighted the fact that the
majority of men have limited understanding of the osteo-
porosis disease process, prevention and risk factors. Fur-
ther, men do not believe that they are susceptible to
osteoporosis but believe that osteoporosis is not a serious
disease(15). Thus, it is important that bone health promo-
tional campaigns which are aimed mostly at post-
menopausal women should expand their focus to include
men, especially in India, in order to improve their
knowledge and bone health.

Level of osteoporosis knowledge indicated that the
majority of participants in the present study (both men and
women) had inadequate knowledge of osteoporosis and
only 0·4–3·7% participants showed an acceptable level
of knowledge (>80% correct answers), as defined by
Palacious et al.(30). Similar results have been reported by
Doheny et al. in men and women above 50 years of age
using the OKT(31). Most participants in the present study
belonged to middle- and high-income categories and
had completed their graduation. Therefore, if in these
individuals with better education and socio-economic
status the knowledge is so low, there is a need for efforts
to focus on increasing osteoporosis awareness in the
Indian population.

Osteoporosis knowledge scores have been shown to be
positively associated with sociodemographic factors. Our
results indicate a positive association between knowledge
scores and education level as well as total family monthly
income. A similar association between education, socio-
economic status and knowledge scores has been reported
by other studies(32–34). The positive influence of socio-
demographic factors indicates that education and socio-
economic status are important factors that should be
considered while designing osteoporosis awareness pro-
grammes, especially in India.

Table 3 Median osteoporosis knowledge scores, by gender, family history of osteoporosis and
awareness, in the study cohort of adults (n 477) aged 40–75 years from Pune city, India, October
2014–September 2016

OKT-total OKT-exercise OKT-nutrition OKT-RF

Median IQR Median IQR Median IQR Median IQR

Men (n 234)
Family history of osteoporosis 14 6 10 4 11 5·5 7 3·5
No family history of osteoporosis 15 7 10·5 4·25 12 6 7 4
Heard of osteoporosis 17* 6·75 12* 5·75 13·5* 5 8* 4
Never heard of osteoporosis 13 6 10 3 10 5 6 3

Women (n 243)
Family history of osteoporosis 17* 5·5 11* 4 14* 5 8(*) 3
No family history of osteoporosis 15 6 10 4 12 6 7 4
Heard of osteoporosis 18* 5 11* 4 14* 4·25 8* 4
Never heard of osteoporosis 14 6 10 5 10 5 6 3

OKT, Revised Osteoporosis Knowledge Test (adapted to Indian conditions); OKT-total, total (exercise +
nutrition + risk factors); OKT-exercise, exercise subscale; OKT-nutrition, nutrition subscale; OKT-RF, risk factors
subscale; IQR, interquartile range.
In men and women separately, median score was significantly different between the two groups (family history
of osteoporosis v. no family history of osteoporosis; heard of osteoporosis v. never heard of osteoporosis):
(*)P< 0·1, *P< 0·05.
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The present study, although providing insight in the field of
Indian men and women’s knowledge of osteoporosis and its
risk factors, may be limited in scope by certain facts. First, the
study was carried out in a single geographic location in
Western India and the results may vary in other regions of the
country. Second, the study was cross-sectional and assessed
adults who had access to a tertiary-care hospital. It is possible
that the awareness and knowledge may be even lower among
groups who do not have access to the health-care system.
Further, the socio-economic status of present study’s partici-
pants showed that the majority were from the high-income
group. Therefore, the results may not apply to the Indian
population in general. However, our study stresses the need
to assess knowledge and create awareness across all socio-
income groups. This would help in identifying specific areas
for making osteoporosis education policies.

Conclusion

In conclusion, understanding of osteoporosis and its risk
factors is low in the present cohort of Indian men and
women. There is need to create awareness programmes
aimed at both men and women, targeting those with lower
education, low socio-economic status and no previous
exposure to osteoporosis.
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