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ABSTRACT The existence of mankind in the 20th century has faced many threats from either new diseases or from increased
prevalence of known dreaded and degenerative diseases such as diabetes, osteoporosis and cardio vascular disease. These
non-communicable diseases are skyrocketing and adversely influencing and taking toll of millions of lives. Once developed,
these diseases are costly to treat. Health is one of the fundamental human rights. Without health, life is deprived of much of
its joy and pleasures. Risk assessment index for early detection of osteoporosis was formulated for the patients/ users so that
they can diagnose and manage the disease well in advance, as it is well said that prevention is better than cure. For the
development of index, information was gathered from two equally important sources, viz. actual survey of 100 osteoporotic
patients and extensive scanning of the available literature.  On the basis of results obtained through reviews and survey, the
risk factors causative to the occurrence of the disease were identified, enlisted and each and every component/ factor caus-
ative to the disease were scored uniformly. The maximum attainable score (74) was then categorized into three categories
(Low, Medium and High risk). The components which were featured in the risk assessment tool/index  were age, sex,
anthropometric measurements, family history, health habits and dietary pattern. In addition few more factors were also
enlisted as they were equally important in osteoporosis (body frame, previous history of fracture, menopause stage, use of
corticosteroids, suffering from arthritis, Addison’s disease, use of calcium supplements).  The risk assessment index so
developed was then judged for its reliability. For testing reliability, the recent biophysical reports (BMD values) of the 10
subjects (may or may not be the sufferer of the disease) were matched with that of risk scores obtained by administering the
developed risk assessment index and it was found that the two matched perfectly with each other which validates the reliabil-
ity of the tool/ index.

Correspondence address: 
Dr. Renu Paliwal
D/O Ashok Paliwal
22, Vaishali Nagar
Badgaon, Udaipur, 313011
 Rajasthan, India
Mobile: 09460028609
E-mail: renu8543@gmail.com

INTRODUCTION

Health of all is an enduring vision that recog-
nizes the oneness of humanity and, therefore,
there is a need to promote health universally. In
view of alarming increase in the prevalence of
non- communicable diseases and their high thera-
peutic cost, it was thought necessary that the vast
pool of existing information be made available to
the ultimate beneficiaries. Keeping this aim in
mind, the present study entitled “Development of
a risk assessment index for osteoporosis” was
undertaken. It was decided to select the disease as
its origin lies in mistaken ways of life imposed by
modern civilization.

Expert groups peg the number of osteoporosis
patients in India at approximately 26 million
(2003 figures) with the numbers projected to
increase to 36 million by 2013. In a study among
Indian women aged 30-60 years from low in-

come groups, BMD values at all the skeletal sites
were much lower than values reported from de-
veloped countries, with a high prevalence of
osteopenia (52  percent) and osteoporosis (29
percent), and these were thought to be due to
inadequate nutrition (Bax 2007).

In women over 45 years of age, osteoporosis
accounts for more days spent in hospital than
many other diseases, including diabetes and
myocardial infarction. The life expectancy of
both men and women is increasing in India.
However, this increased longevity is associated
with increased burden of age related morbidities
including osteoporosis, which is a generalized
bone disease characterized by low bone density
and micro architectural deterioration of bone
tissue. This may result in the increased risk of the
spine, hip and forearm fractures. It is known that
in the near future, developing countries like India
may expect the occurrence of hip fractures in
epidemic proportions and will put high burden
with increase in economic and social costs
(Shatrugna et al. 2007).

Osteoporosis can have several causes, out of
them heredity, sex, ethnicity are not under con-
trol, but there are some causes that are slightly
under control such as estrogen levels, low body
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weight. Then there are few more factors that are
totally under control which includes dietary hab-
its, smoking, alcohol etc. (Anonymous1.2008)

METHODOLOGY

Locale of the Study:   The study was con-
ducted within the municipal limits of Udaipur
city to ensure maximum contact with the sub-
jects.

Study Population: To accomplish the objec-
tives of present piece of research work, study
population was selected separately for different
stages mentioned below:

Stages of Sample Selection

a. Formulation of Risk Assessment tool/Index
(100 osteoporotic patients).

b. Reliability testing of Risk Assessment tool/
Index (10 healthy adults)

Sample Selection Criteria

Subjects were selected purposively for each
stage and criteria taken into account for stage (a)
have been mentioned here below:
Subject above the age of 30 years,
Subject of either sex,
Subject suffering from osteoporosis,
Subject willing to participate and cooperate

during the course of investigation.
For stage (a), subjects attending the Out Pa-

tient Department of various hospitals or health
camps organized in these were contacted and
those fulfilling the above mentioned criteria were
selected.

For stage (b), healthy adult subjects (not suf-
fering from osteoporosis or unaware if any)  from
health camps, parks as well as known friends,
relatives or neighbors who had their recent bio-
physical reports with them and fulfilling the
predetermined criteria in addition to the above
mentioned top two and fourth criteria, were se-
lected.

Steps: The study was conducted in three steps
1. Survey and Reviewing the Literature: For

the development of risk assessment index,
data was gathered from survey of 100 os-
teoporotic patients and from extensive sc-
anning of the available literature. Before
conducting actual survey, a Data Collection
Tool (DCT) comprising of questions on

general profile, disease history, health ha-
bits, anthropometric measurements and
dietary pattern of the subjects was devel-
oped by the investigator. In addition to the
common questions framed under the DCT,
few more factors were identified for osteo-
porosis such as menopause stage, hysterec-
tomy, calcium supplements, body frame,
history of previous facture and body frame
and were also included.

2. Formulation of Risk Assessment Index/
Tool: On the basis of results obtained from
the survey and the information gathered
through reviews, risk factors contributing to
the incidence of osteoporosis were identi-
fied, enlisted and sequentially arranged and
finally scoring was done. As no standard tool
is available doctors, nutritionists, statisti-
cians were all consulted and finally, uniform
scoring pattern was adopted for scoring the
factors. On the basis of maximum attainable
scores three risk categories were made (low
risk, medium risk and high risk).

3. Reliability Testing of the Developed Risk
Assessment Index / Tool: To judge the re-
liability of the index developed for assessing
the risk to the disease, 10 healthy subjects
(not suffering from osteoporosis or unaware
if any) were selected. DCT was used to
gather information about the subject. Risk
assessment index so formulated was ad-
ministered to the subject so as to obtain his/
her risk level to the disease. Next to it BMD
values/ t scores values were also collected
from the subjects. The scores so obtained
from the risk assessment index were mat-
ched with the BMD values/ t scores the
subjects had and a significant association
was found between them.

RESULT AND DISCUSSION

Table 1 shows that majority of the osteopo-
rotic patients (71percent) were females. In the
same milieu, Cooper (1992) and National Ost-
eoporosis Foundation (2002) also reported that
women are four times more likely than men to
develop weak or porous bones. IOF (2005) re-
ported that worldwide, the lifetime risk for os-
teoporotic fractures in women is 30-50 percent
and in men risk is 15-30 percent only.

Table 2 shows that more than half of the
osteoporotic patients (69  percent) were falling
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Table 1: Distribution of subjects on the basis of gender

Gender Osteoporotic patients

Male   29(29.00)
Female   71(71.00)

Total 100

Note: Values in parentheses denote percentage

Table 2: Distribution of subjects on the basis of age
group

Age group Osteoporotic patients Total

Male Female

31-40 6(20.68) 4  (5.63) 10(10.00)
41-50 11(37.93) 23(32.39) 34(34.00)
51-60 9(31.03) 26(36.61) 35(35.00)
61-70 2  (6.89) 18(25.35) 20(20.00)
71-80 1  (3.44) 0  (0.00) 1  (1.00)

Total 29 71 100

Note: Values in parentheses denote percentage.

in the age range of 40-60 years with females
predominating the scene in osteoporosis. Very
few of the osteoporotic patients belonged to the
age range below 40 years but this small number
is an indication of shift of non- communicable
diseases in the younger age group. These find-
ings are in line of with those reported by Sharma
et al. (2006).

Table 3: Distribution of subjects on the family history

Family history Osteoporotic patients Total

Male Female

No family history 20(68.96) 51(71.83) 71(71.00)
Positive FH 9(31.03) 20(28.16) 29(29.00)
II degree relative 5(55.55) 3(15.00) 8(27.58)

(Uncle/Aunt)
One parent 3(33.33) 16(80.00) 19(65.51)
Both parents 0  (0.00) 0  (0.00) 0  (0.00)
Brother/Sister 1(11.11) 1  (5.00) 2  (6.89)

Total 29 71 100

Note: Values in parentheses denote   percentage.

Subjects when classified on the basis of the
family history of the disease (Table 3) 29 percent
osteoporotic patients reported positive family
history with either I/ II degree relative as being
sufferer. While 71 percent osteoporotic patients
respectively responded negatively to the history
this may be due to unawareness in the population
regarding BMD test as well as its high cost. These
findings are in accordance with those reported by
Evans et al.(1998) who reported that low bone
mineral density was found in women and men
with a positive family history of osteoporosis and
individual BMD decreases as the number of
family members with osteoporosis increases. In
addition to the family history, other factors such
as sedentary lifestyle, faulty dietary habits also
play an important role in the occurrence of non-
communicable diseases in the population.

It is evident from Table 4 that majority of the
study population was leading a sedentary lifestyle
(96 percent osteoporotic patients), whereas re-
maining patients reported to be leading life with
moderate activity. Similar findings were revealed

Table 4: Distribution of subjects on the basis of nature
of work pattern

Nature of Osteoporotic patients Total
work pattern

Male Female

Sedetary 28(96.50) 68(95.77) 96(96.00)
Moderate 1  (3.44) 3  (4.22) 4  (4.00)
Heavy 0  (0.00) 0  (0.00) 0  (0.00)

Total 29 71 100

Note: Values in parentheses denote   percentage.

by Malini et al. (2009) in a research study con-
ducted on working women of Behrampur depict-
ing sedentarianism or the adoption of sedentary
behavior is now a days an  important factor
driving the epidemic of non- communicable dis-
eases. Sedentarianism is also one of the main
causes of low BMD (Lau et al. 2001).

When subjects were enquired about food hab-
its, it was found that nearly three- fourth of the
osteoporotic (78 percent) patients were vegetar-
ians. Those who were non- vegetarians in their
dietary habit constituted of 13 percent os-
teoporotic patients and remaining 9 percent pa-
tients reported themselves as being ovo vegetar-
ians (Table 5).

As can be seen from Table 6 that majority of
the osteoporotic patients were not in a habit of
regular milk consumption (80 percent) rather
they (34.48 percent  males and 46.47 percent
females) were avoiding consuming this impor-
tant dietary source of calcium might be due to
their disliking or financial affordability. How-
ever, more than half of the study population
reported its regular consumption in one or the
other form. Avoidance of milk products was
recorded in very few of them. Nieves (2005)
revealed that an increase in usual calcium intake
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Table 5: Distribution of subjects on the basis of dietary
habit

Dietary Osteoporotic patients Total
habit

Male Female

Vegetarian 19(65.51) 59(83.09) 78(78.00)
Non-veg 6(20.68) 7  (9.85) 13(13.00)
Ovo-veg 4(13.79) 5  (7.04) 9  (9.00)

Total 29 71 100

Note: Values in parentheses denote   percentage.

Table 6: Distribution of subjects on the basis of milk
consumption pattern

Milk con- Osteoporotic patients Total
sumption
pattern Male Female

No 10(34.38) 33(46.47) 43(43.00)
Yes 19(65.5) 38(53.52) 57(57.00)
Rarely 13(44.82) 21(29.57) 34(59.64)
Frequently 2  (6.89) 1  (1.40) 3  (5.26)
Daily 4(13.79) 16(22.53) 20(35.08)

Total 29 71 100

Note: Values in parentheses denote percentage.

of 1 gm a day was associated with 24 percent
reduction in the risk of hip fracture. A diet low in
calcium can accelerate osteoporosis by as much
as 70 percent (Whiting 2005).

Data on the basis of responses of the subjects
(Table 7) throws light on the fact that some more
factors can alter (increase or decrease) the risk of
developing osteoporosis. Study conducted by
(Deal 1997) shows that history of one fracture
increases the risk of developing osteoporosis by
4.1 to 5.3 times. In the present study, 64.78
percent females and 68.96 percent males had
history of previous fractures. Body frame is af-
fected by body weight. Thin body frame has low
body weight and thick body frame has high body
weight. Studies report direct association between
body weight and bone mineral density (Mahan
and Escott 2004; Steven 2009). Here, thin body

Table 7: Distribution of Subjects on the basis of additional risk factors in osteoporosis

Risk factors Females Males

Yes No Total Yes No Total

History of previous fracture 46(64.78) 25(5.21) 71 20(68.96) 9(31.03) 29
Thin frame 30(42.25) 41(57.74) 71 14(48.27) 15(51.72) 29
Calcium supplementation 29(40.84) 42(59.16) 71 14(48.27) 15(51.72) 29
Hysterectomy 22(30.98) 49(69.01) 71 - - -
Post menopausal stage 40(56.33) 31(43.66) 71 - - -

Note: Values in parentheses denote   percentage

frame was observed among 42.25 percent fe-
males and 48.27 percent males. Calcium supple-
mentation may prevent the hip and vertebral
fractures in the elderly. Calcium is one of the
most important bones forming mineral and an
appropriate supply of calcium to bone is essential
in all stages of life (Nieves 2005). Out of total 71
females and 29 males; 29 (40.84 percent) fe-
males and 14 (48.27 percent) males were taking
calcium supplements in order to strengthen the
bones. Menopause or surgical removal of ovaries
(Hysterectomy) increases the rate of bone loss or
increases the activity of osteoclasts. Before meno-
pause estrogen (hormone) inhibits the activation
of osteoclasts and any reduction in estrogen
levels increases the bone resorption and decreases
the bone density. Forty women reported that they
were under post menopausal stage and 30.98
percent had undergone hysterectomy.

The risk range related closely with the BMD
values for healthy subjects. Table 8 depicts the
scores obtained by the subjects after administer-
ing the risk assessment tool/ index and the risk
levels of the subjects according to the biophysi-
cal profile levels. The two data (risk score ob-
tained from index and biophysical profile levels)
in these tables depicts the same level of risk or the
close perfect association between the two, that is,
risk according to the risk assessment tool and
biophysical levels justifies that the tool devel-
oped for the purpose was highly reliable.

Table 9 distributes the risk score into three
categories of risk, that is, low, medium and high.
After calculating the score from that of index user
can easily evaluate his or her risk to osteoporosis.

CONCLUSION

With the help of results obtained from the
survey and reviewing the literature extensively,
risk factors causative to the occurrence of the
disease were identified and scored. The scores
were given to each and every parameter and
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Table 8: t-score values  of healthy subjects

S. t scores Risk category on Risk catego-
No. the basis of score ry on the

with the risk ass- basis BMD
essment scale cut-offs

1 -1.6 Medium ( 35) Osteopenia
2 0.2 Low (23) Normal
3 -2.3 Medium (37) Osteopenia
4 -2.4 Medium (42) Osteopenia
5 -2.2 Medium (36) Osteopenia
6 -2.4 Medium (33) Osteopenia
7 -1.9 Medium (36) Osteopenia
8 -2.2 Medium (41) Osteopenia
9 -2.4 Medium (42) Osteopenia
10 -1.0 Medium (26) Osteopenia

Table 9: Distribution of scores for dif ferent levels of
risk

Risk Osteoporosis

Low risk 1-24
Medium risk 25-49
High risk 50-74

finally the risk assessment index for osteoporosis
was formulated. The tool so developed was found
highly reliable. The risk category obtained in
both (index and biophysical profile levels) was
found same for all the subjects and it justifies the
reliability of the developed risk assessment tool /
index.

This index will help the user (may or may not
be the patient of the selected disease) to assess
their risk to the disease. The risk assessment
index comprised of questions on age, gender,
anthropometric measurements, lifestyle habits,
dietary pattern, menopause stage, thin body frame,
calcium supplements, previous history of facture
and hysterectomy for females and thin body
frame, calcium supplements, previous history of
facture for males were also incorporated. Each
aspect was granted a score on the basis of litera-
ture and results of survey conducted on 100 os-
teoporotic patients and finally the maximum ac-
hievable scores were equally divided into three

risk categories; low, medium and high risk. The
risk assessment index so developed will help
clinicians, dieticians, patients and non- patients
in early detection of risk to the disease and to ta-
ke curative measures.

REFERENCES

Anonymous 2008. Causes of Osteoporosis. From<http://
www.spineuniverse.com> (Retrieved July 26,2008).

Bax A 2007. Osteopenia Initial Stages of Osteoporosis and
Low Bone Mineral Density. From<www.bonehealth.
org> (Retrieved August 8, 2008).

Beck  BR,  Shoemaker HR  2000. Osteoporosis: Under-
standing Key Risk Factors. From<http:// www.nof.
org.>NOF,2000 (Retrieved June 9, 2009).

Cooper C, Campion G, Melton LJ 1992. Hip fracture in
the elderly: A worldwide projection. Osteoporosis
International, 2: 285-289.

Deal CL 1997 Osteoporosis Prevention, Diagnosis and
Management. American Journal of Medicine, 102:
300-330.From<http:// www.iofbonehealth.org.> IOF,
2005 (Retrieved March 18, 2007).

Lau EMC 2002. Osteoporosis: A World Wide Problem and
the Implication in Asia. From<www.annalsmed.org.>(
(Retrieved June 2, 2008).

Mahan LK, Escott S, Krause S 2004. Food, Nutrition and
Diet Therapy. 11th Edition. USA: Elsevier
Publications.

Malini SD, Sahu S, Mohapatro S, Tripathy RM 2009.
Assessment of risk factors for development of Type
II diabetes mellitus among women in Behrampur,
Orrisa. Indian Journal of Community Medicine, 34:
225-235.

Nieves JW 2005. The role of micronutrients. American
Journal of Clinical Nutrition, 81: 1232s-1239s.

Sharma S, Tandon V R, Mahajan A, Kaur A, Kumar D
2005. Preliminary Screening of Osteoporosis and
Osteopenia in Urban Women from Jammu Using
Calcaneal QUS. From<www.pubmed.gov.> (Retrie-
ved March 21, 2010).

Shatrugna V, Kulkarni PA, Rani U, Balakrishna N 2007.
Early onset of osteoporosis in women from low socio-
economic group- Role of nutrition. Nutrition News.
Hyderabad: NIN.

Steven C 2008. Osteoporosis. From<www.dailydoseright
health.com> (Retrieved May 23, 2009).

Whiting S E 2005. Osteoporosis: A Factor of Ageing
(Understanding calcium and estrogen activity. From
<www.healingwithnutrition.com> (Retrieved July 26,
2009).

OSTEOPOROSIS RISK ASSESSMENT INDEX 117



APPENDIX: OSTEOPOROSIS RISK
ASSESSMENT TOOL

1. Sex Score
Male 1
Female 2

2. Age Score
<30  0
31-40 1
41-50 2
51-60 3
>60 4

3. Family history Score
No family history 0
II Degree relative 1
Single parent 2
Both parent 3
Brother/ Sister 4
Brother/ Sister + Parents 5

4. BMI Score
>30 0
25-29.9 1
23-24.9 2
20-22.9 3
<19 4

5. Waist measurement
A. Males Score

>100 cm 0
91-99 cm 1
<90 cm 2

B. Females Score
>89 cm 0
81-89 cm 1
<.80 cm 2

6. Waist to hip ratio
Males Score

>1 0
.96-1 1
<.95 2

Females Score
>.86 0
 .81-.85 cm 1
.80 cm 2

7. Smoking Score
Non smoker 0
Ex-smoker 1
Current smoker1-10 cig/day 2
> 10cig/day 3
Tobacco + cig 4

8. Alcohol Score
Non user 0
1-2 peg/day 1
3-4 peg/day 2
>4 peg/day 3

9. Tea and coffee consumption pattern Score
Non user 0
1-2 cup/day 1
3-4 cup/day 2
>4 cup/ day 3

10. Dietary habit Score
Vegetarian 0
Ovo – vegetarian 1
Non vegetarian 2

11. Number of days of vegetable  intake per week Score
Every day 0

5- 6 days 1
2- 4 days 2
<2 days 3

12. No of servings of vegetables per day Score
5-6 0
2-4 1
<2 2

13. Number of days of fruit intake per week Score
Every day  0

5- 6 days 1
2-4 days 2
<2 days 3

14. No. of servings of fruits per day Score
5-6 0
2-4 1
<2 2

15. Extra table salt intake Score
Never 0
If Yes
≤ 1 tsp 1
2-4 tsp 2
>4 tsp 3

16. Milk intake per week Score
Daily 0
4- 6 days 1
≤ 3 days 2
Never 3

17. Quantity of milk per day Score
> 4 cup 0
2-4 cup 1
≤ 1 cup 2

18. Milk products intake per week Score
Daily 0
5- 6 days 1
2-4 days 2
<2days 3
Never 4

19. Quantity of milk products per day Score
> 4 bowl 0
2-3bowl 1
1 bowl 2
<1bowl 3

20. Nature of your work Score
Heavy 0
Moderate 1
Sedentary 2

21. Means of travelling to workplace/ market Score
Walking/ Cycling 0
Vehicle 1

22 Exercise Score
Yes 0
No 1

23. Exercise duration Score
> 1 hour/day 0
½ to 1 hour/day 1
15 to 20 min /day 2
No exercise 3

24. Pace of exercise Score
> 5Km/ hr 0
4-5 Km/hr 1
2-4Km/hr 2
1-2 Km/hr 3

APPENDIX: Contd.....
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25. Positive history of facture Score
No 0
Yes 1

26. Body frame Score
Fatty type 0
Slim type 1

27. Calcium supplements Score
Yes 0
No 1

28. Menopause stage Score
Pre 0
Post 1

29. Hysterectomy Score
No 0
Yes 1

30. Age of menopause Score
>60 0
51-60 1
41-50 2
31-40 3

31. Daily exposure to sunlight Score
10-15 min 0
5-9 min 1
<5 min 2

32. I am suffering from arthritis, Addison’s Score
disease, hyperparathyroidism

No 0
Yes 1

33. I am using corticosteroids Score
No 0
Yes 1

APPENDIX: Contd.....
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