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Abstract 
 

Background:  Osteoporosis is a major health problem, but testing low bone mineral density is not practical for 
screening all postmenopausal women. The objective of this study was to evaluate the efficiency of the clinical 
tools to help clinicians to identify the Iranian women at an increased risk for osteoporosis. 
 
Methods:  The popular osteoporosis screening tools were evaluated in 341 postmenopausal women without 
secondary cause for osteoporosis, using data from a bone densitometry centre, and compared the results with 
their bone mineral density.  
 
 Results: National Osteoporosis Foundation recommendations had only a sensitivity of 48% for screening pa-
tients with low bone mass but the Osteoporosis Risk Assessment Instrument and the Simple Calculated Osteo-
porosis Risk Assessment Estimation with a sensitivity of 70.9% and 87.2%, respectively, showed better results in 
respect to the screening for osteoporosis of postmenopausal women.  
 
Conclusion: The efficiency of these osteoporosis screening tools in our Iranian patients was relatively similar to 
that of other populations, and these screening tools accurately identify the vast majority of postmenopausal 
women likely to have low bone mineral density. 
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Introduction 
 
Osteoporosis is a common disorder among post-
menopausal women but it often progresses silently 
and commonly presents with fracture in the elderly.1,2 
With the increase in health care facilities and rise in 
the number of women reaching menopause, osteopo-
rosis has become a global health problem worldwide. 
Determination of bone mineral density by dual X-ray 
energy absorptiometry (DXA) in postmenopausal 
women is an approved strategy for early detection of 
osteoporosis and many authors recommend DXA for 
estimation of bone density in high risk women.3 But 
because of inaccessibility and high cost, it is not 
suitable to be used for all postmenopausal women and 

able to be used for all postmenopausal women and is 
not recommended in routine screening of postmeno-
pausal women. 

Due to the need to make osteoporosis screening 
more practical and simplified for clinicians, several 
clinical prediction rules (CPRs) have been developed. 
They stratify patients into risk subgroups on the basis 
of differing probabilities of disease as determined by 
summarizing risk factors with a point system.4,5 Many 
CPRs have been developed and as osteoporosis 
screening tools, they attempt to predict BMD out-
comes.6 The two CPRs developed and tested in stud-
ies with good methodological ratings are the Simple 
Calculated Osteoporosis Risk Assessment Estimation 
(SCORE),7 and the Osteoporosis Risk Assessment 
Instrument (ORAI).8 However, these screening tools 
have been applied to different populations with in-
consistent results.9-11 

The ORAI assesses age, weight, and hormone re-
placement therapy for determination of risk category. 
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The SCORE is a more complicated decision rule that 
is scored according to race, presence of rheumatoid 
arthritis, history of low-impact fracture, age, estro-
gens use, and body weight. Selection of cut-off points 
that clinicians recommend in deciding which women 
should undergo bone densitometry is based on rec-
ommendations set by the developers of each rule. 

To compare these tools in Iranian postmenopausal 
women, we applied the SCORE, ORAI, and National 
Osteoporosis Foundation (NOF) guidelines to a con-
sequent group of postmenopausal women who re-
ferred to a bone densitometry centre to assess sensi-
tivity, specificity and clinical usefulness of each tool 
as an osteoporosis screening method. 
 
 
Materials and Methods 
 
We evaluated the diagnostic performance of the 
ORAI, SCORE, and NOF recommendations to iden-
tify low bone mineral density (BMD) in 394 Iranian 
postmenopausal women aged 45 years and older pre-
senting for BMD testing between February and Sep-
tember 2008 at a bone densitometry centre affiliated 
to Isfahan University of Medical Sciences .Women 
taking bone active medications (such as: calcitonin, 
bisphosphonates, raloxifen), or those with major risk 
factors for secondary osteoporosis (e.g. menopause 
before age 45, malabsorptive syndromes, hyperthy-
roidism, long-term glucocorticoid  or levothyroxine 
use) were excluded. 

According to the scoring methods for each clinical 
decision rule, as presented in Table 1, we calculated 
the total score for each woman. Age was calculated, 
using the date of BMD testing and date of birth, and 
weight was determined as recorded on the BMD  

report. For each decision rule, previously validated 
cut-off points for Caucasian women (ORAI ≥9, SCORE 
≥ 6, and NOF≥ 1)12 were used to determine whether a 
given woman would be recommended to undergo BMD 
testing. The femoral neck and the lumbar spine BMD of 
all the subjects were determined by the dual-energy x-
ray absorptiometry method, using a Lunar DPX Alpha 
machine (Lunar Corporation, Madison, Wis). 

The statistical analyses of the collected data were 
preformed, using SPSS (Version 13, Chicago, IL, 
USA). Basic demographic data and subject character-
istics are reported as mean±SD for continuous vari-
ables. Sensitivity, specificity, and their corresponding 
95% confidence intervals (CIs) were calculated at the 
recommended cut -off point for each CPR. 

Sensitivity analyses were performed by comparing 
the predictive ability of different screening tools to 
identify normal BMD (< -1 SD of the young adult 
mean) and osteoporosis (≤ -2.5 SD of the young adult 
normal). We also calculated the positive predictive 
value (PPV) and negative predictive value (NPV) for 
each decision rule. The PPV was defined as the pro-
portion of subjects with osteoporosis, who had a posi-
tive test result or true-positive findings (positive test 
result and osteoporosis), divided by the number of the 
subjects with a positive test result. The NPV was de-
fined as the proportion of the subjects without osteo-
porosis, who had a negative test result or true-
negative findings (negative test result and no osteopo-
rosis), divided by the number of the subjects with a 
negative test result. 
 
 
Results 
 
After applying inclusion criteria and excluding those 

Table1: Scoring System and Selection Cut-off Points for osteoporosis screening tools 
Screening tools       (Cut-off Score)       Scoring Systems 
SCORE                      6                             3 Times the first digit of age in years 
                                                                  5 points if not African American 
                                                                  4 points if rheumatoid arthritis present 
                                                                  4 points for each type of low-trauma fracture After 45 years 
                                                                  1 point if estrogen never used 
                                                                 -1 *weight in pounds divided by 10 and truncated To an integer 
ORAI                           9                           15 Points for age >75 y, 9 for 65-74 y, 5 for 55-64 y 
                                                                   9 points for weight 60 kg , 3 for 60-69 kg                                                                         
                                                                   2 points if not currently taking estrogen 
NOF guidelines            1                            1 Point each for: 
                                                                       Age 65 y or more, Weight 57.6 kg or less,  
                                                                       History of fracture, Family history of fracture,  
                                                                       Current smoker 
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women who had one of the exclusion criteria, 341 
postmenopausal women were eligible to be evaluated 
in this study. The women ranged in age from 45 to 90 
years with a mean age of 59.7±7.8 years. The preva-
lence of RA in our sample was comparable with the 
SCORE cohorts (5%) and only 2.6% of the partici-
pant reported a non-traumatic fracture after age 45.  
The descriptive data for the study participants are 
shown in Table 2. 

Among 341 evaluated postmenopausal women, 
according to the WHO reference standard (BMD < -1 
SD of the young adult mean for osteopenia and ≤ 
−2.5 or less for osteoporosis), 71 (20.8%) had osteo-
porosis and 135 (39.6%) had osteopenia in one or two 
measured sites. 

The sensitivity and specificity of decision rules 
and NOF guidelines to identify “at-risk” women at 
various thresholds of BMD (t score levels of -1, -2, 
and -2.5 SD) are summarized in Table 3. As shown, 
at the recommended threshold of 6, the SCORE had a 
sensitivity and specificity of 87.2 % and 37.9 %, re-

spectively, with a PPV of 65.5 % and NPV of 100% 
for screening of women with low bone mass. 

When we evaluated the ORAI at the cut-off point 
of 9, this instrument detected the low bone mass with 
a sensitivity of 70.9%, specificity of 66.9% and pre-
dictive value of 74.3%. The NOF guidelines had an 
overall sensitivity, specificity and PPV of 61.2 %, 
76.5% and 51.3%, respectively in screening the 
postmenopausal women with low bone mass. The 
characteristics of each tool stratified by age group 
(45-60 vs. above 60 years) are shown in Table 4. 

Although, these tools were more sensitive in older 
women (> 60 years), the specificity was higher in the 
younger postmenopausal women (< 60 years). The 
PPVs for both CPRs were higher in the older sub-
group compared with the younger one. 

Predictive errors of these screening tools for detec-
tion of postmenopausal osteoporosis were the highest 
for NOF guidelines (15%) and the lowest for SCORE 
(2.6%). The ORAI cannot detect 7.5% of the post-
menopausal women with low bone mass. 

Table 2: Demographic characteristics of Iranian women in validation study to evaluate   performance 
of osteoporosis screening tool. 
Variable                                                                     No. of women (%) 
Mean age (and SD), yr              59.7 ± 7.8                           341 
   Age, yr 
     45-54                                                                                116 (34) 
     55-64                                                                                142 (42.5) 
     65-74                                                                                  80 (23.5)        
  Weight, kg 
     < 60                                                                                    87 (25.5) 
     60-69                                                                                123 (36) 
      ≥ 70                                                                                 131 (38.5) 
Rheumatoid arthritis                                                               17 (0.5) 
Minimal trauma fracture                                                           9 (2.6) 
Estrogen use*                                                                        41 (12) 
BMD=bone mineral density, SD=standard deviation 
* For more than 1 yr after menopause   

 
 

Table 3: Discriminatory performance of screening tools for low bone mass in Iranian postmenopausal women 
Tools             BMD value                            Sensivity, %               Specificity, %                 PPV, % 
                                                                                                         (95% CI)                          (95% CI)                 
 
ORAI             > 1.0 SD below mean             70.9 (80.3-61.4)           66.9 (71.8-55.7)               74.3  
                       ≥ 2.0 SDs below mean          83.7 (86-81.4)              56.8 (64- 49.5)                 43.9 
                       ≥ 2.5 SDs below mean          90.2 (99.3-69.4)           52.9 (51.4- 54.4)              29.4  
SCORE          > 1.0 SD below mean            87.2 (97.2-76.4)           37.9 (44.2-31.6)               65.5  
                       ≥ 2.0 SD below mean            92.9 (98.6- 75.5)          30 (33.7 -26.3)                 34.9   
                       ≥ 2.5 SD below mean            96.7 (99.8- 74.4)          27.9 (32.5-23.3)               22.6  
NOF              > 1.0 SD below mean             48 (54.3-41.7)               84 (98.2-70)                     80.3 
                      ≥ 2.0 SD below mean             61.2 (72.6-49.8)            76.5 (86.3-66.7)               51.3 
                      ≥ 2.5 SD below mean             75.4 (92.8-58.2)            74.6 (87.1-62.1)               39.3 
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Discussion 
 
Richy,13 reported that when DXA was randomly used 
for finding the postmenopausal women with low bone 
density in a Caucasian population, 58% had low bone 
mass and 42% were normal, showing that this test 
was unnecessary for many of postmenopausal wom-
en.Thus, the aim of this study was to explore various 
strategies by which the demand on determination of 
bone mineral density by DXA services could be re-
duced by screening individuals who have shown 
themselves as normal upon DXA` examination. 

The SCORE, ORAI and NOF recommendations 
are the most popular screening tools that attempt to 
develop a prediction rule for using bone densitometry 
to screen those in need of osteoporosis preventive 
treatment. Low BMD at either the femoral neck or the 
lumbar spine is clinically relevant for prophylactic 
treatment to prevent osteoporosis and possible fragil-
ity fractures.14,15 Therefore, discriminatory perform-
ance of the screening tools was based on its ability to 
identify low BMD at either the femoral neck or the 
lumbar spine. 

At original recommended threshold of 6, SCORE 
had a sensitivity of 90%, specificity of 32% and PPV 
of 64%.7 That is, 90% of the individuals with low 
BMD, and 68% (100%-specificity of 32%) of those 
with normal BMD would be selected for DXA. This 
high false positive rate would result in unnecessary 
referrals for DXA. 

For the prediction of osteoporosis, neither the 90% 
sensitivity, nor the sensitivity and specificity cut-off 
levels will provide a high probability of a positive test 
result. However, by using the suggested cut-off 
points, a clinician could confidently exclude an indi-
vidual with a negative test result from any further di-
agnostic bone densitometry. 

In one of the largest osteoporosis studies in To-
ronto, Canada,  pre-screening of postmenopausal 
women for t score of lower than -2 with screening 
tools showed that the SCORE with sensitivity of  
97.5%  (95% CI, 96.3%-98.8%) and the ORAI with 

sensitivity of  94.2% (95% CI, 92.3%-96.1%) could 
detect women with low bone mass and so they were 
suitable for this propose.9 In  other studies in Belgium 
and Canada for detection of postmenopausal women 
with low bone density, the SCORE with a threshold 
of 6 score had a sensitivity of 91.5% and 90%, re-
spectively, but specificity of this tool was 25% and 
32%, respectively in those countries.  

Some studies in Toronto and Ontario (Canada), 
using ORAI screening tool with a sensitivity of 
94.2% and 93%, and specificity of 39% and 46.4 %, 
respectively, detected women with low bone mass t 
score<-1).8,9 In spite of these, our study with the same 
cut-off point showed a reasonable sensitivity of 87 % 
and specificity of 38%, which was somehow lower 
but not significantly different from those results. Ac-
cording to the scoring of the ORAI , determination of 
bone density in women over 60 years old, postmeno-
pausal women over 45 years weighing less than 60 
kg, and women between 55-65 weighing less than 70 
is indicated.8,9 

Although according to NOF recommendations, de-
termination of BMD is suggested for all postmeno-
pausal women over 65 years and postmenopausal 
women with one or more risk factors, for Iranian 
postmenopausal women this tool has a low sensitivity 
and positive predictive value and is thus unsuitable 
for screening the postmenopausal women for low 
bone mineral density. 

In our study, the SCORE had the highest sensitiv-
ity for detection of the severity of low bone mass and 
NOF recommendation had the lowest results. When 
these tools were evaluated in different age groups, all 
of them were more sensitive and specific for women 
aged above 60 years and also for screening of low 
bone mass in the spinal area. 

Overall, although our results, using screening tools 
in postmenopausal women for pre- screening of low 
BMD, were somewhat lower as compared to the reports 
in western studies,16-19 in Caucasian women, our results 
also showed it is reasonable to use both the SCORE and 
ORAI in Iranian postmenopausal women to find the 

Table 4: Discriminatory performance screening tools for low bone mass in postmenopausal women 
according to age category 
Tools               Age, yr             No              Sensivity, %          Specificity, %            PPV, %      
ORAI                45-60                193             52.3                        81                               69.7    
                         > 60                  148             86.1                        30                               76.9 
SCORE            45-60                193             76.1                        48.6                            55.4 
                         > 60                  148             96.3                        25.4                            74.3 
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high risk cases for low bone mass that can be the candi-
dates for preventive and treatment measures. 

According to the sensitivity and positive predictive 
values of the ORAI and the SCORE, we concluded that 
these screening tools are suitable for the purpose of 
selection and referral of an appropriate population of 
postmenopausal women for bone densitometry. But, 
for the prediction of osteoporosis, neither of these 
screening tools will provide a high probability of a 
positive test result. However, by using the screening 
tools with suggested cut-offs, a clinician could confi-
dently exclude an individual with a negative test re-

sult from any further diagnosis and thus screen a large 
population of postmenopausal women with low cost. 
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