.- HEALTH SCREENING --

Development and Validation of a

Simple Questionnaire to Facilitate Identification

of Women Likely to Have Low Bone Density

Eva Lydick, PhD; Karen Cook, PhD; Jennifer Turpin, MS; Mary Melton, MD; Robert Stine, PhD; and

Christine Byrnes, MD

Abstract

The relationship between low bone mass and risk of
fracture is well documented. Although bone densitom-
etry is the method of choice for detecting low bone
mass, its use may be limited by the availability of
equipment, cost, and reimbursement issues. Improved
patient selection for bone densitometry might
increase the cost-effectiveness of screening for osteo-
porosis, a goal we sought to achieve by developing
and validating a questionnaire based solely on patient-
derived data. Responses to the questionnaire were
used to assign postmenopausal women to one of two
groups: (1) those unlikely to have low bone mineral
density (defined as 2 standard deviations or more
below the mean bone mass at the femoral neck in
young, healthy white women) and therefore probably
not currently candidates for bone densitometry; and
(2) those likely to have low bone mineral density and
therefore probably candidates for bone densitometry.
We asked community-dwelling perimenopausal and
postmenopausal women attending one of 106 partici-
pating multispecialty centers (both academic and
community based) to complete a self-administered
questionnaire and undergo bone density measurement
using dual x-ray absorptiometry. We used regression
modeling to identify factors most predictive of low
bone density at the femoral neck in the post-
menopausal group. A simple additive scoring system
was developed based on the regression model. Results
were validated in a separate cohort of post-
menopausal women. Data were collected from 1279
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postmenopausal women in the development cohort.
Using only six questions (age, weight, race, fracture
history, rheumatoid arthritis history, and estrogen
use), we achieved a target of 89% sensitivity and
50% specificity. The likelihood ratio was 1.78.
Validation in a separate group of 207 postmenopausal
women yielded 91% sensitivity and 40% specificity.
Assuming population characteristics similar to those
of our development cohort, use of our questionnaire
could decrease the use of bone densitometry by
approximately 30%. Sensitivity and specificity can be
varied by changing the level for referral for densito-
metry to provide the most cost-effective use within a
particular healthcare setting. Thus use of our ques-
tionnaire, an inexpensive prescreening tool, in con-
junction with physician assessment can optimize the
use of bone densitometry and may lead to substantial
savings in many healthcare settings where large num-
bers of women require evaluation for low bone mass.

(Am ] Man Care 1998;4:37-48)

and risk of fracture has been well documented

in several large, prospective epidemiologic
studies.” Bone mass can now be measured safely and
accurately, allowing confirmation of a diagnosis of
osteoporosis through quantitative assessment of bone
mineral content. Increased recognition of osteoporosis
as a preventable and treatable disease will likely
increase use of bone densitometry for predicting frac-
ture risk.

Based on estimates from epidemiologic data,
screening for and estrogen treatment of osteoporosis is
as cost-effective as established screening and treat-
ment regimens for diseases such as hypertension and
breast cancer.”” Nonetheless, measuring bone mass in
all postmenopausal women to detect those who are
likely to develop or who already have osteoporosis can
be costly. Use of an inexpensive patient-administered

T he strong relationship between low bone mass
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questionnaire with adequate sensitivity in conjunction
with physician assessment to identify women at risk
for osteoporosis, followed by a test with higher speci-
ficity (ie, bone densitometry) may be the ideal screen-
ing strategy for osteoporosis, both on the basis of costs
and the availability of densitometric equipment.

Our study objective was to develop a questionnaire
based on easily obtained patient information that
could be used to assign postmenopausal women to one
of two groups: (1) those unlikely to have low bone
mineral density (BMD) and therefore probably not
candidates for bone densitometry at the present time;
and (2) those likely to have low BMD and therefore
should be referred for further evaluation. Because
desirable levels of sensitivity and specificity vary
based on costs of densitometry and other variables
within a particular healthcare setting, our goal was to
create an instrument with the flexibility of optimizing
either sensitivity or specificity at several levels of bone
density, thus maximizing generalizability and poten-
tial clinical utility. After we developed the question-
naire, we validated its properties in a separate cohort of
postmenopausal women. We named the resulting com-
putationally simple questionnaire SCORE¥ for
Simple Calculated Osteoporosis Risk Estimation.

-~ PATIENTS AND METHODS -+

A total of 106 investigators specializing in family
medicine, geriatrics, or general internal medicine
(50% of sites), endocrinology (20%), rheumatology
(20%), or gynecology (10%) participated in the
study. Investigators at each site were required to
obtain institutional review board approval and
informed consent from each patient. Investigators
were asked to recruit the first 10 to 15 women who
were seen for routine check-up or follow-up of any
medical condition and who met all of the inclusion
and none of the exclusion criteria.

Women were enrolled in the study between
October 1994 and February 1995. Community-
dwelling perimenopausal and postmenopausal
women aged 45 or older were eligible for the study.
Study participants had to be able to read English and
provide informed consent. They could be of any race
or ethnic group. Women were excluded if they had
significant scoliosis, trauma, or sequelae of orthope-
dic procedures prohibiting BMD measurements of
the spine or hip using dual x-ray absorptiometry;

*SCORE is a trademark of Merck & Co., Inc., Whitehouse
Station, NJ.

metabolic bone disease (other than osteoporosis);
cancer with metastasis to bone; or renal impairment
(serum creatinine > 2.5 mg/dL). Only women classi-
fied as postmenopausal (ie, amenorrheic for at least
6 months before study enrollment) were included in
the analysis.

Development Cohort

Each woman in the development cohort was asked
to complete a self-administered questionnaire com-
posed of approximately 60 questions on factors possi-
bly or probably associated with osteoporosis ('Table 1).
We selected the items included on our questionnaire
based on an extensive review of the medical litera-
ture.”® Questions elicited closed-ended responses
whenever possible and were written using familiar or
lay language. Site personnel did not help the study
participants interpret or complete the questionnaire,

Blood and urine samples were collected for mea-
suring serum bone-specific alkaline phosphatase™ and
urinary N-telopeptide of type I collagen®™ as markers
of bone formation and resorption, respectively, and
analyzed for the first 1000 women enrolled.

Hip and posterior-anterior lumbar spine BMD
were measured using dual x-ray absorptiometry. To
ensure generalizability of study findings, use of Lunar
(Madison, WI), Hologic (Waltham, MA), and Norland
(Fort Ackinson, WI) densitometers was permitted.
Each site was required to provide its own long-term
quality control data using hydroxyapatite phantoms
and any additional devices as recommended by the
manufacturer. All BMD measurements were
expressed as 7 scores based on the mean and SD of the
manufacturer’s reference population at the particular
anatomic site. Bone mass in the same person may be
considered low as determined by one instrument and
its associated normative values, yet not considered low
when measured using an instrument from a different
manufacturer with a different reference population.”
Given the lack of consensus on reference populations,
we used values recommended by the manufacturer of
the specific insttument. For this analysis, low BMD
was defined as 2 SD or more below the mean bone
mass at the femoral neck in young, healthy white
women. Alcthough no single level of BMD should be
used as the sole basis for treatment, this level of bone
mass is associated with a significant risk of fracture and
recognized as the “fracture threshold.”?”

Model Development

"T'he initial pool of potential factors associated with
osteoporosis contained more than 350 variables. To
reduce the pool size to a more manageable number of
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factors for modeling purposes, we performed uni-
variate analyses on each potential factor to explore
the correlation of that variable with each of the fol-
lowing two measures of bone density: (1) the
dichotomous outcome of low versus not low BMD at
the femoral neck; and (2) the actual 7 scores for BMD
at the femoral neck. When bone density was
expressed as low or not low, we used Fisher’s exact
test for binary response factors to determine whether
the pattern of responses for the potential factor dif-
fered by whether a woman’s BMD was considered
low or not low. We used the extended Mantel-
Haenszel test for ordered categorical factors and the
chi-square test for nominal factors.””” We also used
univariate analyses of variance to assess the correla-
tion of each potential factor with the actual BMD
¢ scores. Factors having at least a marginal relation-
ship with one of the two measures of BMD
(P <0.2) were retained in the variable pool as candi-
date factors. In addition, because of a purported rela-
tionship to ‘bone mass, several factors with strong
clinical interest were retained in the pool despite
P values greater than 0.2 (eg, smoking, alcohol
abuse, and family history of fracture). Through this
process, we identified 123 potential‘factors. Items
in Table 1 are general categories covered on the
questionnaire; within these categories were many
variables.

The next step was to assess the amount of miss-
ing data for each of these factors. Some answers were
left blank on the questionnaire. Generally, any item
with more than 4% missing data was excluded from

the pool. Among the factors excluded because of

excessive missing data were several factors examin-
ing family history of fracture (berween 12% and 20%
missing data). In an attempt to make the family his-
tory questions usable, we ran the analyses again
assuming that if there was a family history of fracture
or humped posture, the women completing the
development questionnaire probably would have
been aware of it. Therefore, the missing or unknown
responses were probably representative of women
who would have answered “no” to the family history
questions. However, when the analyses were rerun,
all variables remained nonsignificant (£ > 0.20).
Mean BMD ¢ scores were smaller, although not sig-
nificantly, for women answering “yes” to each histo-
1y question compared with women who responded
“no” to these questions. Mean BMD ¢ scores for
women who could not answer the family history
questions consistently fell between the mean
¢z scores of women answering “no” and those answer-
ing “yes.” These mean values suggested that the

nonresponders were probably a mixture of women
for whom a family history was present and for whom
it was not. This does not imply that family history is

Table 1. ltems on Questionnaire Used in the
Development Phase

Race/ethnic group
Hair color
Eye color
Sunburn tendency

Weight
Weight pattern
Height

Height loss
Posture

Demographics

Body Measurements

Education

Recreational activities
Weight-bearing exercise
Walking

Lifting

History of physical activity
Exposure to sunlight
Smoking

Alcohol consumption
Caffeine consumption
Childhood nutrition

Milk consumption

Yogurt consumption
Calcium. supplementation

Lifestyle Data

Menarche

Menopause

Pregnancy

Oral contraceptive use
Hysterectomy
Ovariectomy

Reproductive History

General health
Bedridden in past
Diabetes
Eating disorder
Arthritis
Fracture history after age 45
Tooth loss
Fracture and height loss
in family

Other Medical History

Current, and Past Medication Estrogen

Progestins

Antacids containing
aluminum

Steroids

Thyroid medication

Thiazide diuretic

Sedatives

Medication for epilepsy

Anti-estrogens

Heparin
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not a risk factor, but rather that women in this study
could not reliably provide the information, unassisted, in
an office setting.

After we excluded factors with too much missing
data, 101 variables remained in the candidate pool for
. potential inclusion in a model predictive of BMD.
The modeling process was to be repeated twice, both
with and without markers of bone turnover (bone-
specific alkaline and N-telopeptide of type 1 colla-
gen) in the candidate factor pool to determine
whether information on the rate of bone formation
and resorption increased the predictive ability of the
model. Using the reduced pool of candidate factors,
we performed a multivariate linear regression to
model actual 7 scores and a multivariate logistic
regression to model risk of low bone density. We used
three methods of variable selection: forward selection,
backward selection, and stepwise selection. The for-
ward and backward selection procedures were useful
in further reducing the candidate pool to a size more
manageable with the computer-intensive stepwise
selection procedure. All three variable selection tech-
niques gave similar results. Because the stepwise pro-
cedure is more flexible in its selection algorithm, we
used this method to finalize the prediction model.

We evaluated the screening characteristics of the
candidate linear and logistic regression models by
calculating the sensitivity and specificity for the cut-
point value of probability that gave 90% sensitivity.
The linear model slightly outperformed the other
candidate models and was chosen for adaptation to a

simplified, additive scoring system. Only results of

the linear model and the scoring system are reported
in this article.

Before finalizing the model, we performed residual
analyses to test for normality, heterogeneity of variance,
model inadequacies (such as a missing term), outliers,
and missing higher-degree polynomial terms.* Factors
retained in the final model were significant at an alpha
level of 0.05.

Model Evaluation

We estimated a woman’s BMD 7 score by substitut-
ing her responses to the development questionnaire for
the factors in the final linear model equation. The
resulting prediction was then used to estimate the
probability of the woman having low BMD. Using the
predicted ¢ score and the SD of the predicted # score for
an individual observation, and assuming the 7 scores
were normally distributed, the probability of a woman
having low BMD was the probability that the estimat-
ed ¢ score was -2.0 or less. A woman would be classified
as having low BMD if this probability exceeded a pre-
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specified probability, called the cutpoint. The cutpoint
chosen was the probability that gave 90% sensitivity for
the women in the development cohort.

Using the estimated probabilities of low BMD
obtained from the linear model, we assessed the good-
ness of fit using the Hosmer-Lemeshow test.”
Receiver operating characteristics (ROC) curves for the
linear model were obtained by calculating sensitivity
and specificity for different cutpoint values and their
areas under the curve (AUC) were measured.”

Development of SCORE

Using those factors selected by the linear regres-
sion model as input, we developed an equation that
preserved the predictive ability of the model but had
a simpler form. To increase ease of use, we modified
the regression coefficients for variables to yield inte-
ger values. The integer values derived for each vari-
able were then summed to give the SCORE, or
Simple Calculated of Osteoporosis Risk Estimation.

Validation Cohort

A shorter questionnaire incorporating the questions
most predictive of BMD was tested in a second cohort
of perimenopausal and postmenopausal women at a
subset of the sites that participated in the development
phase of the study. Study participants were enrolled
between September and October 1995. Inclusion and
exclusion criteria and study procedures were identical
to those for the development phase. To evaluate the
reliability of findings, women completed the shortened
self-administered questionnaire on two different occa-
sions, separated by no less than 2 days and no more
than 30 days. Based on results seen during model
development, we did not assess markers of bone
turnover in the validation cohort.

Overall assessments of reproducibility for each
candidate prediction model were calculated using the
intraclass correlation coefficient” and the concor-
dance correlation coefficient.” The ROC curves and
their AUCs” were calculated and compared for both
the development and the validation cohorts. The
Hosmer-Lemeshow test was used to assess the fit of
the models.

++ RESULTS -

Approximately 1600 women were asked to partici-
pate 1n the development phase of the study. A total of
1424 women from 106 physician practices participated;
1279 were considered to be postmenopausal. Femoral
neck BMD measurements were available for 1246
women, of whom 473 (38%) were classified as having
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low BMD. Demographic characteristics
for the development cohort are shown in
"Table 2.

Modeling

Modeling efforts focused on the subset
of postmenopausal women, using the
femoral neck measurement as the most
clinically relevant site. Adding data on
markers of bone turnover did not improve
model predictions (R* of 0.44 with markers
and 0.45 without). The final linear model
had an R? of 0.40, had no significant lack
of fit (P > 0.2, Hosmer-Lemeshow test),
and included eight questionnaire items.
The variables selected for the final model
and parameter estimates are summarized
in Table 3.

Model Evaluation

The models were evaluated by calculat-
ing the sensitivity and specificity for vari-
ous cutpoints. Sensitivity is the proportion
of women with true low bone mass classi-
fied correctly by the model. Specificity is
the proportion of women who do not have
low bone mass who are classified correct-
ly. The area under the ROC curve gives an
overall measure of joint sensitivity and
specificity of the model. This area mea-
sures the probability that, in randomly pair-
ed low BMD and non-low BMD women,
the predicted probability of low BMD is
larger for women with true low BMD.
Values of the AUC in the range of 0.80 or
greater are considered acceptable.” The
ROC curve for the linear model had an
AUC of 0.811 (Figure 1). Selecting a cut-
point for the linear model that gave 90%
sensitivity had a corresponding specificity
of 47%.

Development of SCORE

In developing a simplified scoring sys-
tem, we removed height loss as a variable
because of missing data (14% of all
responses). Years postmenopause was elim-
inated because of the amount of missing
data and a significant change in the
responses from the first and second admin-
istration of the questionnaire. To simplify
patient recall, years taking estrogen was
dropped and converted to “never” ot

VOL. 4, NO. 1

Table 2. Demographic Characteristics of Development and

Validation Cohorts

Development Cohort

Validation Cohort

(n = 259)

(n = 1424)
Postmenopause 1279 (90%)
Perimenopause 145 (10%)
Unknown 0

Postmenopausal Women

Age (y) (mean £ SD) 615196
Race (%)

White 89

Black 6

Hispanic 3

Other or missing 3
Estrogen (%)

Current users 45

Past users 12
Rheumatoid Arthritis (%) 5
Densitometer Used (%)

Lunar 54

Hologic 41

Norland 3

Unknown 2
Low BMD* (%)

Hip 38

Spine 24

Both hip and spine 18
Low BMD* (%) at the Hip for:
Estrogen

Current users 183/552 (33%)

Never/past users 280/669 (42%)

Rheumatoid Arthritis

No 432/1166 (37%)

Yes 37/66 (56%)
Race

White 437/1101 (40%)

Black 10/65 (15%)

Hispanic 15/38 (40%)

Other or missing 7/28 (25%)
Hip Fracture

No 434/1185 (37%)

Yes 19/21 (90%)
Rib Fracture

No 419/1158 (36%)

Yes 32/45 (71%)
Wrist Fracture

No 413/1137 (36%)

Yes 44/71 (62%)

208 (80%)

31 (12%)
20 (8%)

631195

94

wo N =

54
23

24

55
45

<1

44
21
17

36/111 (32%)
55/93 (59%)

65/157 (41%)
26/49 (53%)

84/194 (43%)
172 (50%)
1/4 (25%)
5/7 (71%)

89/202 (44%)
0/2 (0%)

81/194 (42%)
6/7 (86%)

77/180 (43%)
10720 (50%)

SD = standard deviation; BMD = bone mineral density

*Low BMD was defined as 2 SD or more below the mean bone mass for young,
healthy white women based on the manufacturer’s reference database
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Table 3. Linear Regression Models for Bone Mineral Density (¢ Score):

Variables and Parameter Estimates

“currently past use” In
SCORE. Because being

black was the only racial
Inltla.l Linear S|mpI|f|.ed Linear variable that was a signiﬁ-
Regression Model Regression Model e
cant predictor of bone den-
Variabl f St:“dar‘d Eetimat Stznda’d sity, race was re-expressed
ariaple stimate rror stimate rror as O lf black and 1 ]f Othe[.
Intercept 19193 03684 -0 3686 03090 Regressing the remaining
variables on bone density
Weight 0.0153 00011 00144 0.0009 . ‘
zscores resulted in the para-
Age -0.0279 0.0058 -0.0424 00034 meter estimates shown in
Years Postmenopause -0.0144 0.0049 Dropped Table 3.
Years Taking Estrogen 0.0155 0 0048 Dropped We developed a scoring
Never Used Estrogen -0.1278 00635 system using these new
Rheumatoid Arthritis -0.5434 0 1591 -0 5736 0.1415 parameter estumates.
SCORE expresses other
Race coefficients in the regres-
Black 07093 01753 . X g
Hispanic 02015 0.1886 sion model relative to the
Asian 0.3120 0.3287 coefficient for weight. Age
Native American -0.0253 01372 and weight were 1escaled
Other 01083 0.4230 for multiples of 10, allow-
Race other than Black -0 7002 0.1447 ing the use of smaller inte-
Height Loss -0 2503 0 0821 Dropped gers. Weight and age are
Fracture* not rounded to. 10, but
Rib -0.6307 0.2049 rather truncated for ease of
Hip -0.9168 03027 administration and calcula-
Whist -0 4416 01557 tion so that, for example,
Fracture 67 becomes 6. Because the
One of the above -0.5619 01098 coefficient for a history of
Two of the above -1.1507 03113 P . Co.
wrist fracture was approxi-

*Self-reported fracture after age 45

mately the same as that for
rib or hip fracture, we
combined fracture history

Figure 1. Receiver Operating Characteristi
Linear Model for the Development Cohort

¢ Curve Based on a

10 o ——
I
08t
o i
(-
S osf
5 Area= 811
Z o4
7]
02
0 00 0 02 04 06 08 " 1 ‘0
SPECIFICITY

into a single variable from
0 (no history of wrist, rib,
or hip fracture) to 3 (positive history of
all chree fracture types).

Final variables included in SGORE
and a worked example are shown in
Table 4. The threshold score closest to
the target of 90% sensitivity was a
value of 6; this threshold resulted in a
specificity of 50%. The relationship
between measured BMD and SCORE
in the development cohort is shown in
Figure 2. Nearly all women with a
SCORE of 12 or more were in the
osteoporotic or osteopenic range of
BMD (ie, BMD < -1 SD) and those with
a SCORE above 20 were all in the osteo-
porotic range (BMD < -2 SD). The posi-
tive predictive value for SCORE using a
threshold value of 6 was 52%j; the nega-

£
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tive predictive value was 89%. The likelihood ratio®*

at this threshold was 1.78.

When various subsets of women in the develop-
ment cohort were examined, the predictive proper-
ties of SCORE did not differ substantially from the
overall findings. For example, sensitivity and speci-
ficity in women whose BMD was measured using
Hologic devices was 87% and 58%, respectively; for
BMD measured using Lunar devices, comparable
values were 93% and 45%, respectively. When cur-
rent estrogen users were removed from the develop-
ment cohort, sensitivity and specificity were 90%
and 47%, respectively. When black women and
women with rheumatoid arthritis also were
removed, sensitivity and specificicy were 90% and
43%, respectively. When data from the development
cohort were examined by age decade, sensitivity of
SCORE ranged from 65% in women aged 45 to 54 to
100% in women aged 75 or older.

These findings apply to the predictive ability of
SCORE for bone mass at the femoral neck when low
BMD is defined as 2 SD or more below the mean
bone mass in young, healthy white women. If low
BMD is defined as 2.5 SD or more below the mean
bone mass, approximately 90% sensitivity is
attained at a threshold score of 7, with 52% speci-
ficity (Table 5). When low BMD is defined as 1 SD
o1 more below the mean, similar results are seen at a
threshold SCORE of 4. Sensitivity and specificity of
SCORE for identifying women with

corresponding parameter estimates, and summing
across variables. All models had excellent reliability,
with both the intraclass correlation coefficient and the
concordance correlation coefficient exceeding 0.96
(values > 0.75 indicate excellent reliability).”

The linear regression model and its scored applica-
tion performed equivalently in both the development
and validation cohorts. Using the cutpoint for linear
regression from the development phase for 90% sensi-
tivity, the validation data gave values for sensitivity of
97% and for specificity of 39%. The AUC for the vali-
dation phase resules was 0.75 ('Table 6). Despite signif-
icant lack of fit with the validation phase data (P = 0.03,
Hosmer-Lemeshow - test), the regression model
demonstrated excellent discriminatory power in terms
of sensitivity and specificity. When examining the con-
tribution of the individual deciles to the overall
Hosmer-Lemeshow test results, lack of fit primarily
occurred in two deciles. Although the predicted proba-
bilities differed from what was expected, in the one
decile the model had 100% sensitivity and 71% speci-
ficity. The other decile corresponded to the tenth
decile of women having the largest estimated proba-
bilities. All these women were predicted to have low
BMD. The sensitivity was 100%, but the specificity
was 0% (0 out of 5). Using a threshold SCORE of 6,
sensitivity was virtually identical for both the develop-
ment and the validation phases (0.89 versus 0.91);
specificity was 0.50.and 0.40, respectively.

low bone mass (# score < -2.0) at the
spine was 88% and 43%, respectively.

Validation Sample
Two hundred fifty-nine women par-
ticipated in the validation phase of the

Table 4. Coefficients for Calculating SCORE (Simple Calculated
Osteoporosis Risk Estimation)

study. Of these, 208 classified them- Variable Score If Woman

selves as postmenopausal (ie, amenor-

theic for at least 6 months before study Race > is NOT black

entry). Bone mineral density measure- Rheumatoid Arthritis 4 HAS rheumatoid arthritis

ments were available for 207 PatientS, of History of Fractures 4 tor EACH TYPE (wrist, rib, hip) of

whom 44% had BMD readings at the nontraumatic fracture after age 45

femoral neck that were 2 SD or more (maximum score = 12)

below the mean bone mass in young, Age 3 times first digit of age in years

healthy white women (' [able 2). Estrogen 1 if NEVER received estrogen therapy
Weight -1 times weight divided by 10 and

Validation of Model and SCORE truncated to integer

The r1eliability of model scores
obtained during the first and second
times the women answered the ques-
tionnaire was estimated by substitut-
ing values of the relevant variables into
each of the models, multiplying by the

SCORE equals sum of above

EXAMPLE: A 126-pound, 67-year-old white woman with a history of rheumatoid
arthritis, no history of fractures, and a history of estrogen therapy would have a
SCORE of 15, or 5 (for race) + 4 (for theumatoid arthritis) + (4 x 0) (for no history
of fracture) + (3 x 6) (for age) + O (for previous estrogen therapy) - (1 x 12) (for
weight). Since 15 is greater than the threshold score of 6, this woman should be
referred for bone densitometry.
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Figure 2a. Relationship Between Bone Density (f Score) and
SCORE (Simple Calculated Osteoporosis Risk Estimation) in
Postmenopausal Women in the Development Cohort

Number of Women
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Figure 2b. Distribution of Estimated SCORE for the Same Women

Number of Women

For both histograms, darkest shading indicates bone mass 2 standard deviations or more
below the mean for young, healthy white women; lighter shading indicates bone mass
between 1 and 2 standard deviations below the mean for young, healthy white women

Figure 2c. Scatter Plot of t Score Distribution by SCORE
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-+ DISCUSSION -

Other researchers have previously
examined the relationship between clin-
ical variables and bone mass,*'*"**#%
and their efforts have ben reviewed
by Ribot et al.® Most of these studies
focused on understanding the 1ela-
tionship between various factors and
bone mass to identify possible causes
of osteoporosis and define subgroups
of patients at high risk for this dis-
ease. Some investigators used multi-
variate modeling techniques to
determine which variables account for
most of the variance in bone mass.
Based on their findings, some authors
suggested that prediction models
might be useful in reducing the num-
ber of women needing BMD mea-
surement. However, most researchers
have been disappointed with their
resules, largely because their models
lacked adequate sensitivity, misclas-
sifying a large percentage of women
with low bone mass.

We designed a model capable of
predicting BMD better than most
models previously developed, proba-
bly because of the large number of
women used in the development
phase, their greater demographic
diversity, and a larger pool of poten-
tial factors than that used in most
other studies. Our initial model was
based on the most predictive factors
from a pool of more than 100 variables
among 1246 postmenopausal women,
and results weie validated in a sepa-
rate cohort of 207 postmenopausal
women. This model and a simplified
scoring system (SCORE) derived
from the model identified women
with low BMD at the hip with approx-
imately 90% sensitivity and at least
40% specificity in both the develop-
ment and the validation cohorts. Both
the model and the scoring system
thus correctly classified approximate-
ly 62% of the women in the validation
cohort (90% of the women with low
BMD and 40% of the women without
low BMD).
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Our study population was fairly diverse and
meant to be representative of community-dwelling
women older than age 45 seen in outpatient prac-
tices. In terms of distribution of BMD, our study
population compared well with both the general
population and the non-Hispanic white population
in the United States. Based on data from the Third
National Health and Nutrition Examination Survey
(NHANES III), Looker et al* estimated that 20% of
the US population of noninstitutionalized women
older than age 50 would have a BMD measurement
at the femoral neck of 2.5 SD or more below the

mean bone mass for young, healthy women. This
percentage increases to 22% when only non-
Hispanic white women are included. Within our
development population, 24% of all women over
age 50 and 25% of white women over age 50 had
BMD measurements at the femoral neck that were
2.5 SD or more below that of young, healthy
women.

Because of our large sample size, outlying observa-
tions probably had little effect on the choice of factors
that entered the model. Nevertheless, the following
caveats should be noted. The model was developed

Table 5. Sensitivity and Specificity of SCORE (Simple Calculated Osteoporosis Risk Estimation) for Various
Threshold Values and Levels of Bone Mineral Density (BMD)

Prediction of Prediction of Predicition of

Threshold BMD <-2SD BMD <-25S8D BMD <-1SD
SCORE Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
0 993 124 996 103 980 199

1 986 167 992 140 963 256

2 976 203 992 176 948 . 305

3 966 257 992 223 924 368

4 942 340 974 294 872 447

5 925 417 954 361 831 529

6 894 497 936 433 776 602

7 816 578 883 520 ©.694 678

8 737 672 8§22 614 616 787

9 674 746 769 692 540 845
10 604 824 708 772 456 902

SD = standard deviation

Table 6. Summary of Results in Development and Validation Cohorts

95% Confidence 95% Confidence
Method Cohort n* Sensitivity Intervalt Specificity Intervalt AUC
Linear Model Development 816 090 84 - 94 0.47 42 - .51 0.81
Validation 142 0.97 78 - 1.00 0.39 26 - 55 0.75
SCORE Development 1102 0.89 86 - 92 0:50 47 - 52 0.77
Validation 185 0.91 81 - .96 Q40 30 - 52 072

AUC = area under the curve; SCORE = simple calculated osteoporosis risk estimation
*Number of women with nonmissing responses on all variables used in the predictor

fConfidence intervals obtained using jackknife procedure on the logits
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for predicting bone mass at the femoral neck only.
Despite this, the predictive ability of SCORE for the
spine was comparable to that for the femoral neck in
our development population. However, findings may
differ in other populations. In addition, factors other
than those included in SCORE may be more predic-
tive of bone mass at the spine. Separate models
designed specifically for predicting spinal bone mass
were not included in our analyses. Sensitivity and
specificity of the current model also may vary depend-
ing on other characteristics of the cohort of women
tested. For example, lower sensitivity was noted in
postmenopausal women younger than age 50 in the
development cohort. Thus alternative thresholds
should be considered when applying SCORE to
women in this age group. Additionally, since our study
included very few nonwhite women, it is possible that
further research may identify alternative thresholds
more appropriate for women of other racial/ethnic
groups.

A potential limitation of SCORE may be its devel-
opment on the basis of BMD measurements made by
using different densitometers with differing reference
populations. However, develop- ing the instrument in
this way increased its generalizability and potential clin-
ical usefulness. In fact, when data derived from Hologic
versus Lunar densitometers were compared, the sensi-
tivity and specificity of SCORE did not differ substan-
tially from the overall results.

The model and SCORE provide the flexibility to
choose the sensitivity or specificity desired for a par-
ticular BMD level. For this report, we defined low
BMD as 2 SD or more below the mean bone mass in
young, healthy women. SCORE can also be used to
identify postmenopausal women at risk for low bone
mass at a different level of BMD (eg, 1 SD below
the mean bone mass in young, healthy women),
which may be useful when considering treatment of
osteopenia and prevention of osteoporosis. We esti-
mate that in a cohort of 1000 women similar to those
in our study (assuming 38% prevalence of low bone
mass), using SCORE as a pretest set at 90% sensi-
tivity and 40% specificity, densitometry would not
be indicated for approximately 30% of the women,
with only 10% of those with low bone density
missed during screening. In addition, we also would
have identified 62% (200/321) of the women in our
development cohort with osteopenia (BMD
between 1 and 2 SD below the mean bone mass for
young, healthy women) (Figure 2). The savings
from the 30% of women not sent for densitometry
could be substantial in areas where densitometry
costs are high or access is limited.
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Our model is based solely on six self-reported
items, and the responses are scored in a simple man-
ner, resulting in an inexpensive pretesting tool. Adding
data on markers of bone turnover did not enhance pre-
dictive abilicy. This simple model cannot, of course,
be used in place of densitometry. However, because
of the great differential in cost in time and dollars, this
instrument could be useful in settings in which large
numbers of women require evaluation for low bone
mass. Desirable levels of sensitivity and specificity
will depend on both healthcare costs and
disease-related variables.

With the exception of assessing the effects in clin-
ical use, SCORE meets all the published criteria for
clinical prediction models.** Application of the
instrument needs to be explored with further valida-
tion studies and in populations with differing charac-
teristics. The final value of screening for low bone
mass, either with densitometry or SCORE followed
by selective densitometry, will depend on the relative
costs of treating hip fracture and osteoporosis.””"
However, based on its performance in this study and
existing epidemiologic data, we expect that SCORE
as a pretest for osteoporosis and in conjunction with
physician assessment can optimize the use of densito-
metry and may have a place in many healthcare set-
tings today.
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