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INTRODUCTION

	 Osteoporosis is a systemic and chronic disease 
defined as low bone mass resulting in higher prob-
ability of bone fracture, and is a prevalent public 
health issue especially in older female population.1-4

Osteoporosis is the most reliable predictor of bone 
fracture.5 The frequent sites of fracture are vertebra 
as the most common and hip as the most danger-
ous.6,7 The first year mortality of hip fracture is 
about 20% and its morbidity and dependency is 
50%.6 The number of elderly population is increas-
ing because of higher life expectancy in the world, 
resulting in an upward trend of osteoporotic frac-
ture incidence.1,8 Fracture incidence is higher in 
Caucasian women, and lower in African Ameri-
cans.2 This race- dependency confirms the need for 
population specific decision- making strategies.
	 Early diagnosis of osteoporosis by bone mass 
densitometry (BMD), as a gold standard, is the 
main factor helping the fracture preventing in 
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ABSTRACT
Objectives: To formulate a clinical scoring system for evaluating people at risk of osteoporosis 
before ordering Bone Mass Densitometry.
Methodology: Eighty two probable clinical osteoporosis related factors were checked in 325 
females referred for Bone Mass Densitometry testing in Hamadan province, Iran. The statistical 
modeling resulted in a clinical osteoporosis probability (COP) scoring system based on 9 factors 
including: fracture history, drug therapy with thyroid hormone, corticosteroids, estrogen,               
ca-VitD, number of children, age, BMI and the number of menopausal years.
Results: osteoporosis was found in 62.2%. The osteoporosis probability scoring system cutoff 
value of 26.8 was selected with 89% sensitivity, 63% specificity, Youden factor of 0.53 and 
LR=2.4. In this score, osteoporosis probability was 98%. Area under the curve in Roc curve of 
osteoporosis probability scoring system was 81.4%.
Conclusion: Clinical Osteoporosis Probability scoring system with a 26.8 cutoff value is suggested 
for osteoporosis prescreening using Bone Mass Densitometry test.
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public health plans.9-11 Due to limitation of health 
resources, there is a need for more cost- effective 
plans in clinical practice, so BMD is not suitable as a 
screening test for all age categories.2

	 The goal of the present study was to formulate a 
clinical scoring system to evaluate people at risk of 
osteoporosis before ordering BMD testing.

METHODOLOGY

	 Three hundred and twenty five patients needing 
BMD were included in our study. This study was 
approved by the ethics committee of Islamic Azad 
University, Hamadan, Iran. All participants signed 
an informed consent before entering the study. A 
questionnaire containing 82 clinical osteoporosis re-
lated factors in six subgroups including age, physi-
cal activity, calcium and VitD therapy, estrogen 
therapy and drug history was filled for each person 
before BMD testing. Diagnosis of osteoporosis was 
based on the T-score of less than- 2.5 in L2-L4 area 
following WHO guidelines and more than 2.5 T-
score was regarded as normal.
	 From 82 starting factors using backward method 
in logistic regression analysis we chose the 9 most 
related factors. We used the regression coefficient 
of the final model as coefficients scores to construct 
a Clinical Osteoporosis Probability (COP) scoring 
model.
	 Functional description of these osteoporosis 
related risk factors are as follow: fractures which 
are not explained by trauma, thyroid hormone 
therapy, corticosteroid therapy, estrogen therapy 
and calcium-VitD therapy.

	 Body mass index (BMI) was formulated based on: 
weight in kilograms divided by the square of height 
in meters and the Number of children used in our 
study included the live birth and stillbirth of term 
pregnancies. It is important to consider that drug 
history of patients was based on using the drug for 
at least three months and the dosing of the drug 
consumption was not considered as a factor.

RESULTS

	 Frequency and the mean of 82 factors were cal-
culated in 325 patients. Table-I shows the results 
for the most related factors. From 325 patients, 202 
(62.2%) suffered from lumbar spine osteoporosis 
and the other 123 (27.8%) were normal.
	 Out of 82 factors considered to be related to 
osteoporosis, we chose nine factors as the most 
related ones based on logistic regression analysis. 
Among them, the most prevalent factor was a 
history of bone fracture indicating 21.9 times more 
probability of osteoporosis (Table-II).
	 Regression sums of osteoporosis probability were 
extracted for each factor and the final osteoporosis 
probability scoring formula was resulted consider-
ing the weight of each factor. The final score was 
calculated from adding each factor multiplied by 
its own regression sum. The highest regression 
sum, (21.5) belonged to the history of bone fracture 
(Table-II). The final formula to calculate the Clini-
cal osteoporosis probability score (COP) score was 
determined as follow:
	 Clinical osteoporosis probability score (COP 
score) = RF1 × 21.5+ RF2 × 1.8 + RF3× 1.4 + RF4× 
0.9 + RF5 × 0.6+ n of RF6 × 0.7+ age × 0.5 + BMI 
× -0.9 + Rank of RF9 × 0.4. Sensitivity, specificity, 
Youden factor, likelihood ratio, and osteoporosis 
probability were calculated in different COP scores 
in active osteoporosis prevalence of 62.2% (in our 
study group), and three presumed populations 
with prevalence of 5%, 10% and 15%.

Table-I: The frequency and mean-median sums 
of the most osteoporosis related factors.

Frequency	 N (%):

History of fracture	 18/321(60)
Thyroid hormone usage	 40/191(21)
No estrogen therapy	 274/323(85)
Corticosteroid usage	 176/289(61)
No calcium-vitD therapy	 79/157(50)
One or less M.Y.*	 44/314(14)
2-5 M.Y	 67/314(21)
6-10 M.Y	 72/314(23)
11 or more M.Y	 131/314(42)
Mean (+SD) and median (range):
Age 	 57(9) and 56(23-81)
BMI	 27.7(4.2) and 27.9(26.8-41)
Number of child	 1.7(0.7) and 2(1-4)
*M.Y. : menopausal year

Table-II: Osteoporosis regression coefficient for 
each risk factor (RF) in the study population.

Risk factor (RF)	 Regression coefficient

1.	 History of fracture	 21.5
2.	 Thyroid hormone therapy	 1.8
3.	 No estrogen therapy	 1.4
4.	 Cortiostreroid therapy	 0.9
5.	 No ca-VitD therapy	 0.6
6.	 Number of child	 0.7
7.	 Age	 0.5
8.	 BMI	 -0.9
9.	 Rank of menopausal year	 0.4



   Pak J Med Sci   2012   Vol. 28   No. 1      www.pjms.com.pk   99

	 Based on these calculations in COP score of 26.8 
osteoporosis probability in the present study was 
98% and in three presumed groups with prevalence 
of 5%, 10% and 15%, the corresponding osteoporo-
sis probability was 12%, 21% and 30%, respectively. 
We selected the cutoff value of 26.8 for COP score 
with 89% sensitivity, 63% specificity, Youden factor 
of 0.53 and LR= 2.4. The area under the curve (AUC) 
in ROC curve of COP score was 81.4% (Fig.1).

DISCUSSION

	 Osteoporosis is not a symptomatic process and 
progresses silently until a fracture occur, so the aim 
of health care for postmenopausal women should 
be to target osteoporosis cases before fracture takes 
place.6 For example in the United States all white 
females above 65 years old are referred for BMD as 
a screening test and if there is a risk factor in a post-
menopausal woman, she would also be considered 
for a BMD testing.12-14

	 Multiple prescreening methods are developed 
based on different populations, to select candidates 
for BMD testing. One of these prescreening 
methods is “Simple Calculated Osteoporosis Risk 
Estimation” (SCORE) which uses six risk factors 
including age body weight, race, HRT, history of 
fracture and rheumatoid arthritis as predictors 
of osteoporosis case finding in BMD. Another 

screening method is “Osteoporosis Risk Assessment 
Instrument” (ORAI) which uses only three factors: 
age, body weight and HRT. The third method 
is “Osteoporosis Self Assessment Tool” (OST) 
using just two risk factors, age and body weight. 
The fourth method is “Body Weight Criterion” 
(BW) which suggests BMD testing in women 
below 70kg of weight who are postmenopausal. 
The fifth method is “Osteoporosis Index of Risk” 
(OSIRIS) based on four factors including age, 
body weight, HRT and the history of bone fracture 
and finalythe sixth method is “Age, Body size, 
No Estrogen” (ABONE). Effectiveness of the 6 
mentioned screening methods in comparison to 
present method are illustrated based on sensitivity, 
specificity and AUC (Table-III).1,15-20

	 Application of each model in a country needs a 
full knowledge of the epidemiology of osteoporo-
sis and fractures and the cost and benefits of the in-
tervention plans.21 Furthermore, the scoring cutoff 
value might be changed based on population char-
acteristics such as: estimated resources, different 
insurance service agreements, affordability of this 
screening test according to the number of cases who 
are the candidate, and the availability of drugs for 
treatment.
	 The method calculated in our study shows a 
sensitivity of 89%, specificity of 63% and AUC 
of 81.4% CI 95%=74.2-88.5. The method seems 
to be clinically applicable and easy to use. Some 
of the limitations of the present study should be 
considered, for example the demography of our test 
group who were all referral patients and the limited 
number of cases.

CONCLUSIONS

	 Clinical Osteoporosis Probability (COP) scoring 
system based on nine risk factors including histo-
ry of fracture, thyroid hormone therapy, estrogen 

Clinical selection for bone densitometry

Fig.1: ROC curve of COP score system (cutoff value of 
26.8) for osteoporosis case findings using 

BMD testing (AUC=81.4).

Table-III: Comparing the effectiveness of 6 other 
screening methods with COP scoring.

Screening	 Sensitivity	 Specificity	 AUC
method	 (%)	 (%)	 (%)

SCORE	 89-91	 13-50	 72-77

ORAI	 80-100	 10-63	 32-85

OST	 50-100	 0-75	 33-76

BW	 37-93	 35-51	 13-76

OSIRIS	 64-85	 39-69	 71-73

ABONE	 56-83	 34-48	 72

COP scoring	 89	 63	 81
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therapy, corticosteroid therapy, ca-VitD therapy, 
number of children, age, BMI and the number 
of menopausal years with a cutoff value score of 
26.8 is suggested for BMD testing. Future studies 
might improve COP scoring system by extending 
the number of cases, challenging its effectiveness 
in case finding in other populations and probable 
change of the cutoff value, if needed.

REFERENCES
1.	 McLeod KM, Johnson CS. Identifying women with low 

bone mass: a systematic review of screening tools. Geriatr 
Nurs. 2009;30(3):164-173.

2.	 Cole ZA, Dennison EM, Cooper C. The impact of methods 
for estimating bone health and the global burden of bone 
disease. Salud Publica Mex. 2009;51 Suppl 1:S38-45.

3.	 Slavkin HC. Obesity, brain and gonadal functions, and 
osteoporosis. J Am Dent Assoc. 2000;131(5):673-677.

4.	 Crepaldi G, Romanato G, Tonin P, Maggi S. Osteoporosis 
and body composition. J Endocrinol Invest. 2007;30:42-47.

5.	 Pulkkinen P, Partanen J, Jalovaara P, Jamsa T, Nieminen 
MT. BMD T-score discriminates trochanteric fractures from 
unfractured controls, whereas geometry discriminates 
cervical fracture cases from unfractured controls of similar 
BMD. Osteoporos Int. 2010;21(7):1269-1276.

6.	 Díez F. Guidelines for the diagnosis of osteoporosis by 
densitometric methods. J Manipulative Physiol Ther. 
2002;25(6):403-415.

7.	 Amamra N, Berr C, Clavel-Chapelon F, Delcourt C, Delmas 
PD, Derriennic F. et al. Estimated number of women likely 
to benefit from bone mineral density measurement in 
France. Joint Bone Spine. 2004;71(5):409-418.

8.	 Piscitelli P, Gimigliano F, Gatto S, Marinelli A, Gimigliano 
A, Marinelli P, et al. Hip fractures in Italy: 2000-2005 
extension study. Osteoporos Int. 2010;21(8):1323-1330.

9.	 Hagey AR, Warren MP. Role of exercise and nutrition in 
menopause. Clin Obstet Gynecol. 2008;51(3):627-641.

10.	 Kull M, Kallikorm R, Lember M. Bone mineral density 
reference range in Estonia: a comparison with the 
standard database (NHANES III). J Clin Densitom.                    
2009;12(4):468-474.

11.	 Lorenc RS, Misiorowski W, Karczmarewicz E. Critical 
points in strategies for the diagnosis and treatment of 
osteoporosis. Endokrynol Pol. 2009;60(2):124-133.

12.	 U.S. preventive services task forces. Screening for 
osteoporosis in postmenopausal women: recommendations 
and rationale. Ann Intern Med. 2002;137(6):526-528.

13.	 Watts NB, Lewiecki EM, Miller PD, Baim S. National 
Osteoporosis Foundation 2008 Clinician’s Guide to 
Prevention and Treatment of Osteoporosis and the World 
Health Organization Fracture Risk Assessment Tool 
(FRAX): what they mean to the bone densitometrist and 
bone technologist. J Clin Densitom. 2008;11(4):473-477.

14.	 Brown JP, Josse RG; Scientific Advisory Council of the 
Osteoporosis Society of Canada.  2002 clinical practice 
guidelines for the diagnosis and management of 
osteoporosis in Canada. CMAJ. 2002;167:S1-34.

15.	 Cadarette SM, Jaglal SB, Kreiger N, McIsaac WJ, Darlington 
GA, Tu JV. Development and validation of the Osteoporosis 
Risk Assessment Instrument to facilitate selection of women 
for bone densitometry. CMAJ. 2000;162(9):1289-1294.

16.	 Koh LK, Sedrine WB, Torralba TP, Kung A, Fujiwara S, Chan 
SP, et al. A simple tool to identify asian women at increased 
risk of osteoporosis. Osteoporos Int. 2001;12(8):699-705.

17.	 Lydick E, Cook K, Turpin J, Melton M, Stine R, Byrnes C. 
Development and validation of a simple questionnaire to 
facilitate identification of women likely to have low bone 
density. Am J Manag Care. 1998;4(1):37-48. 

18.	 Michaëlsson K, Bergström R, Mallmin H, Holmberg 
L, Wolk A, Ljunghall S. Screening for osteopenia and 
osteoporosis: selection by body composition. Osteoporos 
Int. 1996;6(2):120-126.

19.	 Sedrine WB, Chevallier T, Zegels B, Kvasz A, Micheletti MC, 
Gelas B, Reginster JY. Development and assessment of the 
Osteoporosis Index of Risk (OSIRIS) to facilitate selection 
of women for bone densitometry. Gynecol Endocrinol. 
2002;16(3):245-250.

20.	 Weinstein L, Ullery B. Identification of at risk women 
for osteoporosis screening. Am J obstet Gynecol.             
2000;183;547-549.

21.	 Siris E. Delmas PD. Assessment of 10-year absolute 
fracture risk: a new paradigm with worldwide application. 
Osteoporos Int 2008; 19: 383–384.


