Bone and Mineral, 7 (1989) 171-186 171
Elsevier

BAM 00223

Identification of women at risk for developing
postmenopausal osteoporosis with vertebral
fractures: role of history and single photon
absorptiometry*

M. Kleerekoper', E. Peterson?, D. Nelson', B. Tilley*?,
E. Phillips', M.A. Schork® and J. Kuder*

! Division of Bone and Mineral Mewabolism, Department of Internal Medicine, Division of Biostatistics
and Research Epidemiology, Henry Ford Hospitul, *Department of Biostatistics, School of Public

Health, University of Michigan and *Temple University, USA
{Received 9 September 1938)
(Accepted 3 May 1989)

Summary

Putative risk factors for the p of p. 1 porosis (PMO) with vertebral frac-
res were ined in a pecti smcly of 663 white females aged 45~75 years
(266 women with ic vertebral comg: (VF+),134 i d women from
a general medicine clinic Is) and 263 women who were evaluated when they pre-

sented specifically for osteoporosis screening (VF-)). The VF+ women differed from control women in
several respects, The VF+ group reported a higher prevalence of a positive family history of osteoporo-
sis, and a higher prevalence of a history of medical or surgical conditions kniown to be indep as-
sociated with metabolic bone disease, had fewer children, were smaller (weight, height) and were slight-
iy older. The two groups, VF+ and controls, did not differ with respect to cigarette smoking, alcohol
consumption, exercise habits, menstrual or menopausal history, dietary intake of milk and cheese or in
amount taking calcium supptements during pregnancy.

The VF+ group also differed in certain respects from the VF- group. The VF+ group were smaller
(wcxght height) and were older. The VF+ group had lower cortical bone mass (measured by single pho-
ton pi y of the domif forearm) than either the control or VF- groups. The latter two
groups did not differ from each other with espect to this measurement.

‘These markers demanstrated limited sensitivity and specmcny as estimated from a confirmatory data
set, parucularly for the historical and anthrop We that an of the
risk of ping PMO with b cannot be based on the putative risk factors as measured
in our study, but must be based on measurement of bone mass.
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Introduction

The magnitude of the community health problem posed by postmenopausal os-
teoporosis (PMO) has been amply documented in the medical and lay literature
over the past several years. Since a proven effective therapy for osteoporosis has
not vet been established, it seems prudent to seek out and implement an effective
prophylactic program to minimize the preval of this di in the community.
Such a program, early (within 5-7 years of the menopause) and prolonged (mini-
mum 5-10 years) administration of estrogen, has been clearly and repeatedly dem-
onstrated to retard the rate of postmenopausal bone loss [1,2] and significantly re-
duce the incidence of osteoporotic fractures of the forearm [3], spine [4,5] and hips
[3,6-8]. There is a reluctance or the part of physicians and the general public to
implement this prophylactic program on a widespread basis without making some
attempt to identify those women who are at greatest risk for the development of os-
teoporosis and therefore most likely to receive greatest benefit from prophylaxis.

There is usually a lag time of 10~ 15 years between the last menstrual period and
the development of the first osteoporotic vertebral fracture. To gather data on wo-
men age 50 and follow them until age 65 in order to prospectively test our ability to
accurately predict who will or will not develop osteoporosis with fracture would be
a tremendous undertaking, and is unlikely to be performed in one institution. We
therefore undertook a retrospective study in an attempt to document those pre-
sumed risk factors that were more prevalent in women with osteoporotic vertebral
fractures when compared to a non-fractured population.

Methods and Materials
Subjects

All participants were white females aged 45-75 and who were at least one year
postmenopausal at the time of evaluation. Three groups of subjects were analysed.

Screened subjects

These two groups consisted of women meeting the above criteria and presenting for
possible inclusion into a clinical trial studying the efficacy of sodium fluoride on os-
teoporosis. Subjects were solicited by media announcements of the trial and by ne-
tifying referring physicians of the trial. All women were physician or self-referred
to the Bone and Mineral Division of Henry Ford Hospital, because osteoporosis
was suspected or there was concern about the risk of developing osteoporosis. All
patients were interviewed and examined by a physician and/or research nurse. Al
patients were classified into the following two groups.

Vertebral fracture group (VF+) (n = 266}
The VF+ group included women with definite postmenopausal osteoporosis with
one or more vertebral compression fractures that had occurred in the absence of
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trauma or in response to only trivial trauma. Radiographic documentation of verte-
bral fractures was obtained for each subject using ctiteria we have previously re-
poited [9].

Nonvertebral fracture group (VF-) (n = 263)

The VF- group included women without evidence of one or more vertebral com-
pression fractures that had occurred in the absence of trauma or in response to only
trivial trauma. The absence of fracture was confirmed by radiographic documenta-
tion.

Clinic subjects

Control group (C) (n = 134)

The control group included consecutive patients who attended the general internal
medicine clinics at two satellite facilities of Henry Ford Hospital. They had never
been physician or self-referred to the Bone and Mineral Division and all denied
ever having sought medical attention or advice about osteoporosis. Seventy-seven
of these women were interviewed by telephone by a research nurse within one week
of their attendance at the general medical clinic. The remaining 57 women were in-
terviewed by telephone the day prior to their appointment at the clinic. Weight and
height measurements were abstracted from the patient’s medical record for that
clinic visit. Radiographic documentation of the presence or absence of vertebral
fractures was not sought in any subject in Group C.

Questionnaire

Each patient comgleted a standardized, detailed questionnaire designed to docu-
ment putative risk factors in the pathogenesis of osteoporosis and the extent and se-
verity of involvement of osteoporosis. There were 21 categorical (yes/no) responses
and 8 numerical responses. We attempted 1o make the interview process as uniform
as possible by limiting the number of interviewers. Every attempt was made to have
the subjects restrict their responses to their diet and life-style during most of their
adult life and avoid reporting recent changes. In a similar vein, all interviewers
stressed that questions on exercise concerned involvement in a regular exercise
program and not exercise associated with the activities of daily living.

Calcium intake was calculated based on a food frequency questionnaire pertain-
ing to usual weekly intake of milk and cheese (see Table 1), which provide approxi-
mately 60% of dietary calcium in the American diet [10}. (The remaining 40% is
distributed among more than 40 different foods.) Each response category was
graded as to approximate calcium intake by a dietician and a summary score was
computed. Smoking status was coded as current, ex and never, Derailed inforima-
tion about quantity and duration were not available. Alcohol intake and exercise
were coded into three categories corresponding to frequent, moderate and none.

A subject was recorded as having a history of medical illness associated with ac-
celerated bone loss if she reported any of the following: hyperparathyroidism, en-
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dagenous and exogenous hyperthyroidism, endogenous and exogenous hypercorti-
solism, nontropical sprue, gastrectomy or short-bowel syndrome.

Anthropometry

Height and weight were measured in indoor clothes, without shoes, on all subjects
interviewed. Those questioned by telephone were asked their height and weight
and this was verified by review of the medical records, which should be fairly accu-
rate since the woman had just had a clinic visit. Stature was measured with a Har-
penden stadiometer [11], except at the satellite clinics (Group C), where a conven-
tional scale was used. Subjects were asked to stand erect, with eyes directed
straight ahead, and the horizontal plate or bar was lewered onto the crown of the
head. An index of body size was derived from weight/height, which is a general
measure of body bulk for epidemiological studies in Western female populations
[12].

Bone mass

Appendicular bone mass was assessed by single photon absorptiometry [13}. Using
a Norland bone densitometer bone mineral content (BM, g/cm) and bone width
(BW, cm) were measured in the non-dominant radius at standard proximal and dis-
tal sites as the mean of four repeat scans, but without correction for possible calibra-
tion error. Precision (2-4%) and accuracy {<3% error) are acceptable for cross-
sectional epidemiological studies. Because of problems in locating the distal site ac-
curately, and because there was no significant difference in BM between the two
sites in the VF+ and VF- groups, only the proximal measurement was obtained in
the C group. The ratio BM/BW partly corrects for differences in body size and rep-
resents an estimate of linear mass density. The deviation of BM/BW from moan
value at skeletal maturity is an estimate of absolute bone loss, and the deviation
from the mean for subjects of the same age is an estimate of relative bone loss. Age-
specific reference values were determined by interpolation from decade-specific
values determined on normal subjects in Wisconsin. These deviations were ex-
pressed as z scores by dividing by the age specific standard deviation.

Statistical analysis

The three groups VF+, VF-and C were compared for differences between base-
line characteristics. Analysis of variance or the nonparametric Kruskal-Wallis test
were used to compare continuous variables as appropriate. Categorical variables
were examined using y° tests for r X ¢ contingency tables. If significance (P < 0.05)
was observed, all pairwise comparisons were examined. The Bonferroni method of
adjustraent for multiple testing was used.

Multiple stepwise logistic regression (MLR) was used to find sets of variables
which best predicted vertebral fractures when comparing the VF+ and control
groups and when comparing the VF+ and VF- groups [14]. A forward stepwise al-
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gorithm was used, This procedure was implemented on a randomly selected sub-
population consisting of approximately one half of the available patients. The mod-
el was then evaluated for possible use as a screening tool by applying it to the re-
maining half of the subjects.

The screening characteristics of the models were evaluated using receiver oper-
ating characteristic (ROC) curves [15]. These plot the sensitivity versus one minus
the specificity for all reference or cutpoint values possible. The set of cutpoints
were defined as the probabilities of fracture generated for each patient from the fi-
nal logistic model. The areas under the curve are comput.J and compared between
various models. The area can be interpreted as the average sensitivity over all pos-
sible values of the specificity. We had no a priori range of specificities of interest
and so the entire area under the ROC curve is important.

A single cutpoint, for each logistic model, was evaluated to determine estimates
of predictive values. The cutpoint was chosen by minimizing a weighted sum of mis-
classifications where the weights were the sample size of the classification group
[16]. The minimization procedure was performed on the data used to generate the
model. Assessment was then made using the confirmatory data set. A single stage
screening, based on each model generated, was evaluated, A two-stage screen was
also considered where the questionnaire-based model was used to identify patients
for further screening with bone densitometry. All predictive values were computed
assuming a prevalence of vertebral fractures of 5% in the population to be screened
[51.
Multiple linear regression techniques were used to generate models predicting
various bone mineral content measures. A stepwise algorithm was used with the in-
clusion/exclusion P-value set at 0.05. The entire set of data was used in this analysis.

Results

Table 1 summarizes the historical and anthropometric data on the three groups of
women. The women with osteoporosis and vertebral compression fractures (VF+)
were older than the other two groups and consequently more years had elapsed
since their menopause. These women were lighter than both controls and VF-
groups and smaller (weight/height) than the control group.

Menstrual and menopausal history were similar in the three groups. The VF-
group had the highest percentage of women with a surgical menopause, the highest
percentage receiving hormonal therapy and the greatest average duration of thera-
py. However, none of these results were statistically significant as compared to
either VF+ or C groups.

With regard to reproductive history, the VF+ group had slightly fewer children
than the control group but the prevalence of nulliparity was similar in the three
groups. Differences in prevaleuce of lactation and lifetime duration of lactation
could not be detected.

A greater percentage of women with osteoporosis and vertebral compression
fractures (VF+) were current smokers than in the VF- and C groups but the results
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Table 1

Patient characteristics (mean £ SD)

Vertebral Control Nonveriebrat Signifi-
compression group (C) fracture group cance®
fracture (VF+) (n=134) (VF-)
(n = 266) (n=263)
General
age (years) 65.1 £6.5 633%75 61.8:%72 1,2
years post menopause 15082 16.0£8.3 16098 1,2
height (cm) 155.4 8.3 155.4£9.1 158.82 7.5 2,3
weight (kg) 61.6:12.9 67.6£15.7 64.6%13.4 1,2
weight/height 0.40 £ 0.08 0.44 £0.09 0.41 £ 0.08 1,3
Menstrual and menopausal history
menarche (years) 13£2 13£2 1341
last menstrual period (age) 46,168 47.3+5.8 459272
surgical menopause (%) 295 311 385
hormonal therapy (%) 529 45.9 55.6
duration (years) 2.3+49 2246 2954
Reproductive history
Pregnancies to term 21x16 2817 25%1.7 1
nulliparity (%() 17.9 10.6 4.6
breast fed (%) 41.2 51.5 42.4
total lactation (months) 4.1%+83 62£9.8 6.1x+10.7
calcium supplements (%) 13.0 53 157 3
History
family history of
osteoporosis (%) 46.0 328 45.7 1,3
history of medical illness
associated with acceler-
ated bone loss (%) 102 1.5 5.0 1
Diet and lifestyle
Smoking status:
% current 272 216 19.5
% €% 234 276 2.7
Alcoholic beverages:
% frequent 16.0 16.9 155
9% occasionally 53.0 531 60.0
Exercise:
% daily 28.0 285 339 3
% infrequently 24.0 17.7 312
Calcium intake (mg/day) 490 + 259 441 +£ 238 480 + 242
Diet history
Milk by glass:
daily 54.5 43.6 52.7
once/week 8.2 15.8 16.1
< once/week 19 8.3 1z

{continued)
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Table 1 (continued)

Vertebral Control Nonvertebrat Signifi-
compression group(C) fracturc group cance®
fracture (VF+) (n=134) (VF-)
(n = 266) (n = 263)
Milk in cereal:
daily 49.6 455 53.8
once/week . 17.1 21.6 184
< oncefweek 114 8.2 94
Cheese:
daily 483 29 50.2
once/week 322 436 36.2
< once/week 13.4 128 11.5

& Any entry in this column indicates that test for differences among the 3 groups was significant, P <
0.05. The pairwise comparisons, 1, VF+ vs. C, 2, VF+ vs. VF- and 3, VF- vs. C, are indicated if
P<0.017.

were not statistically significant. It is also the case that more women in the VF-
group exercised than in the other two groups.

A positive family history of osteoporosis was very common in the subjects evalu-
ated in this study. While this history was more prevalent in those groups seeking
consultation for osteoporosis (VF+, VF-), nearly one-third of women in the con-
trol group, who had specifically denied ever seeking medical attention for osteopo-

Table 2
Bone densitometry (means = SD)

Variable Vertebral Control (C) Nonvertebral Signifi-
compression (n=134) fracture group cance?®
fracture (VF+) {VF-)

(n=266) (n = 263)

Proximal

bene mineral content 0.62£0.13 0.73+0.13 0.73+£0.13 1,2

bone mineral/bone width 0.52 £0.09 0.59 = 0.09 0.59 +0.10 1,2

adjusted bone mineral -1.60£1.25 -0.80%1.12 -1.04+1.32 1,2

absolute bone mineral ~4.87+£1.93 ~3.64 % 1.86 -3.66 £2.04 1,2

Distal

bone mineral content 0.63+0.15 - 0,73£0.15 2

bone mineral/bone width 0.3720.07 - 043 £ 002 2

adjusted bone mineral -1.82+145 - -1.15%1.59 2

absolute bone mineral -5.05+2.15 - -3.61+2.13 2

" Any entry in this column indicates that test for differences among the 3 groups was significant, P <
0.05. The pairwise comparisons, 1, VF+ vs. C, 2, VF+ vs. VF-, and 3, VF- vs, C, are indicated if
P<0.017.
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10sis or its prevention, had a positive family history of osteoporosis.

Bone mineral content measured by SPA was significantly lower in the VF+ group
than the other two groups. There was no difference in bone mineral content be-
tween the two control groups (Table 2).

Since the method of entry into the study was different for both groups without
vertebral fractures (VF~- and C) and statistically significant differences could be
demonstrated between these two groups, subsequent analysis was made comparing
VF+ to Cand VF+ to VF-. No analyses were performed considering VF-and C as
asingle control group.

Three models were developed using MLR analysis to identify the set of variables
predicting the presence of vertebral fractures comparing the VF+ to control group.
The models were based on the questionnaire data, the bone densitometry resuits
and the combined data respectively. The models are summarized in Table 3.

The characteristics of the ROC curves (Fig. 1A,B) resulting from these models
were compared by examining the areas under the curves (Table §). The model
based on the ratio of bone mineral content to bone width (bone densitometry mod-
el) had a slightly higher area although the difference was not statistically significant.
The model based on the combined data was intermediate in area.

Figwe 1A
ROC Curve:
Vertebra! Compression Fracture vs. Control
10

[} r
° 5 10
Faise Poaltive Probatiity
(1-Specificity)

-~ Bona Densitometry
Combined
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The optimal cutpoints, defined by minimizing weighted false classifications, re-
sulted in poor screening characteristics (Table 6). In all cases the sensitivity and
specificity were low. The positive predictive value, which measures the conditional
probability of having a vertebral fracture, given that the test indicates this, is only
stightly elevated beyond the 5% a prioti probability, of having a vertebral fracture.’
The analogous conditional probability for not having a vertebral fracture, negative
predictive value, is also only slightly elevated above the a priori probability of 95%.

Similar results hold for the comparison of the VF+ to VF- groups (Table 4). The
model based on the bone densitometry results has a larger area under the ROC
curve than either the model generated by the questionnaire data or the model gen-
erated by the combined data (P < 0.01) (Table 5). This is aiso indicated by the con-
sideration of the optimal screening parameters. The estimates of both predictive
probabilities are higher for the bone densitometry based model (Table 6).

Again all three model« have poor screening characteristics, The sensitivities and

Figure 18

ROC Curve: Vertebral Compression Fracture
vs. No Vertebral Fracture
1.0

True Positive Probability (Sensitivity)
»

Q T
[} Bl 10
Faise Poaitive Prababiity
(1-Specificity)

Bons Densitometry
Combined

Guontionwre

Fig. 1, R: h ic curves: (A) L fracture vs. control; (B) ver-

tebral compression fracture vs, na vertebral fracture, Sources: (—-—-~--) bone densitometey: (sssessesse )
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|\ i



180

Table 3
Logistic regression model: vertebral compression fracture vs. control

Couefficient sD P
Questionnaire data
constant -1./95 1411 -
total lactation (months) ~0.046 0.023 0.034
family history of osteoporosis 1.155 0.402 0.003
years post menopause 0.073 0.027 0.004
weight -0.056 0.017 0.001
Model, P < 0.001 (n = 150)
Bone densitometry data
constant -7.11% 1525 -
bone mineral/bone width -10.269 2.625 0.001
Model, P <0.001 (n = 146)
Combined data
constant -10.661 2.062 -
e minerat/bone width -9.437 2.782 0.001
weight -0.062 0.020 0.001

Model, P < 0.001 (n = 144)

specificities are low and the screen results in too many misclassified patients to be of
practical use {Table 6).

Discussion

Tn 1983 the Council on Scientific Affairs of the American Medical Association rec-
ognized the role of estrogen replacement therapy (ERT) in the prevention of post-
menopausal osteoporosis. They concluded that “the election of estrogen replace-
ment for this purpose in the ncrmal menopausal patient can be based only on an as-
sessment of the relative risks and benefits applicable to the individual patient” [17].
However, no information was provided as to how these risks and benefits might be
assessed.

In 1984 the NIH consensus Conference on Osteoporosis reached a similar con-
clusion about the benefit of estrogen in preventing osteoporosis [18]. This confer-
ence concluded that osteoporosis is more common in underweight women, that cig-
arette smoking may be a predictor, and that calcium deficiency has been implicated
in the pathogenesis of osteoporosis. The possible role of exercise, heredity and
other dietery factors (alcohol, vitamin A and C, magnesium and protein) were rec-
ognized by this conference as being “less firmly established.” At the follow-up Re-
scarch Development conference on osteoporosis sponsored by the NIH in 1987, the
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Table 4

Logistic regression model: vertebral compression fracture vs. no vertebral comi-
pression fracture

Coefficient $b P
Questionnaire data
constant 8.663 2242 -
breast fed -0.595 0.208 0.044
surgical menopause -0.779 0.304 0.010
age at menarche 0.333 0.104 0.001
age 0.057 0.022 0.008
smoking status:
ex smoker 0.644 0.373 } 0.001
current smoker 1.507 0.388
Modet, P < 0.001 {n = 230)
Bone densitometry data
constant -2.968 0.838 -
bone mineral/bone width -4.971 1.466 0.001
Model, P < 0.001 (n = 215)
Combined data
constant 227 2251 -
age at menarche 0.334 0.116 0.003
surgical menopause -0.919 0.337 0.005
smokirg status: \
ex smoker 0.538 0.417 0.001
current smoker 1.542 0.440 I
‘bone mineral/bone width -4,030 1.642 0.012
breast fod ~0.646 0.328 0.047
Model, P < 0.001 (n = 195)
Table §
Screening characteristics®
Model: VF+vs.C VF-vs. C
n ROC n ROC
Source (o} VF+ area SE VF-  VF+ area SE
Quest 28 80 0.55 0070 88 106 0.51 0.042
BD 28 80 0.62 0.064 88 106 0.72 0.037
BD + Quest 28 80 0.61 0.065 88 106 0.54 0.041
ROC, receiver operating ct istics; Quest, i ire; BD, bone densi y; VF+, verte-

bral compression fracture; VF~, no vertebral compression fracture; C, control.
ded i

2 Patients used to compute these statistics were not inch in the set used to identify the model.
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Table 6
Screening characteristics for optimal screen

Mode! sens spec P P
VF+vs.C{n=80,n=28)
bone densitometry 54+5.6 61292 68X1.6 96.2+0.7
(43,65) (42,79) (3.6,10.0 (94.8,97.6)
questionnaire 56%£5.5 54+94 60+1.3 95908
{45,67) (36,72) (3.5,8.5) (94.2,97.6)
bone dens & ques 5.4 57+£9.4 7316 96.8£0.7
(53,75) (39.75) (4.2,10.3) (95.4,98.1)
two-stage 3654 917 8330 95905
(25,47 (64,94) 24,142 (94.9,96.9)
VF+ vs. VF-(n = 106, n = 88)
bone densitometry 48+49 71Bt4.4 10.3+2.1 96.6 0.4
(38,58) (69,87) (6.2, 14.4) (95.9,97.3)
questionnaire 6347 39+52 52%06 95.2+0.8
(54,72) (29,49) {4.1,6.2) (93.6,96.9)
bone dens & ques 44+4.8 58+5.3 52+0.8 95.2x0.6
{35,53) (48, 68) (3.6,6.8) (94.0, 96.3)
twa-stage 32x4S8 82+41 86£2.1 958403
(23,41) (74, 90) (4.4,12.7) (95.2,9.5)

sens, sensitivity; spec, specificity; P+, positive predictive value; P—, negative predictive value, Mean *
SE with 95% confidence interval reported.

results of which were recently reported [19], stated little progress had been made in-
identifying historical risk factors for the development of PMO. In particular the risk
attributed to alcohol, smoking and low dietary calcium was considered not weil es-
tablished.

We were unable to confirm that several putative diet and life style characteristics
help predict who will or will not develop PMO with vertebral fractures. A low diet-
ary calcium intake during childhood and adolescence results in a lower peak adult
bone mass and an increased prevalence of osteoporotic fractures [20] but the role of
dietary calcium once peak adult bone mass has been established has recently been
questioned [21]. Furthermore, the prevalence of a low dietary calcium intake in
peri- and postmenopausal women in the United States is so high [22] that it is not
surprising that the discriminant value of this characteristic is low.

Our control group was recruited from general medical clinics where the incidence
of tobacco- and alcohol-related ilinesses may be high and this group mav not be rep-
resentative of the use of these substances in the general community. However, the
prevalence of both tobacco and alcohol use in our control population is very similar
to that reported by the Nationa! Center for Health Statistics for 1987 [23], the most
recent year for which such information is available. We are unaware of any similar
data with respect to participation in regular exercise, which is difficult to quantitate.

The VF- and VF+ groups are not representative of the general population.
These groups together, however, are representative of those most likely to be
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screened for possible high risk of osteoporosis.

Both the AMA and NIH reports recognized that osteoporosis is less frequent in
blacks and in obese women and more frequent in women with a premature meno-
pause. Several medical and surgica! conditions (e.g., hyperparathyroidism, en-
dogenous and exogenous hyperthy:oidism, endogenous and exogenous hypercorti-
solism, nontropical sprue, gastrectomy and short-bowel syndrome) are known to be
independently associated with metabolic bone disease, including osteoporosis, Wo-
men who, at the time of their menopause, provide a past or current history of one or
more of these conditions should also be regarded as being at increased risk for the
development of PMO with vertebral fractures.

If one excluded from an osteoporosis screening program black or abese women
(because their risk is low) or women with premature menopause or one of the above
mentioned medical or surgical conditions (because their risk is high) one is stilt left
with the vast majority of white (and possibly Asian) women who enter the meno-
pause between age 45 and 55 years enjoying good health. As long as the prevailing
medical practice is to restrict estrogen prophylaxis against osteoporosis to those
otherwise healthy women felt to be at risk of its development, it is imperative to es-
tablish some mechanism for assessing that risk.

Spinal radiographs were not obtained in our control population raising the possi-
bility of misclassification. However, the correct classification of the VF- group was
verified by X-ray making it unlikely that potential misclassification of the control
group influenced the negative results of this study since the VF+ versus C and VF+
versus VF- results were similar.

Ideally, determination of risk should be based on prospective studies performed

‘on a randomly selected group of white women. Retrospective cross-sectional stud-
ies, such as the one we report here, do represent a compromise and their interpreta-
tion is subject to the many limitations of such studies. Nonetheless, it is apparent

Table 7

Comparison of areas under ROC curve

Source Method Area

Present study SPA (forearms (controf)) 636
SPA (forearms (VF-)) T4

Ref. 27 SPA (forearm) 6523
DPA (spinc) T8 & 22

Ref. 28 SPA 33
DPA xE
QCT 774
TBC 8x4

Ref. 29 SPA 842
DPA 863
TBC 902

SPA, single photon absorptiometry; DPA, dual photon at
tomography; TBC, total body calcium by neutron activation.
# We pstimated standard errars based on data given in paper.

pli v; QCT,
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from our data that, while differences can be demonstrated between the groups of
women we studied by both uni- and multiple variate analysis, these differences are
small and of questionable biological significancc. They also lack the necessary sen-
sitivity and specificity to answer the clinical question we have addressed, i.e., can
one identify the woman most likely to develop a fracture and therefore to derive
benefit from ERT for prophylaxis against PMO?

Our study can be criticized for the crude nature of the instruments we have used.
However, clinical history, simple anthropometry and measurement of radial bone
mineral density (BMD) by single photon absorptiometry remain the cheapest, most
convenient and widely available methods and therefore are most suited to a com-
munity-wide screening program. Furthermore, despite the availability of more rig-
orous methods, dietary histories and SPA provide reasonably good measurements.
For example, in a review of dietary assessment methods, Block concludes that diet
histories reflect “some reasonably stable marker which is similarly revealed by dif-
ferent methods . . . and which bears some relationship to clinical criteria” [24].
Even when dietary calcium intake has changed, as is often the case in postmeno-
pausai women [25], dietary histories are fairly reliable [26]. The bone density re-
sults obtained by SPA, as seen in Table 7 are similar to those reported for the more
expensive and time-consuming methods of dual photon absorptiometry, quantita-
tive computed tomography and total body calcium by ncutron activation analysis
[27-29].

Table 8
Predictive models for bone mineral content

Coefficient SE P

Rone width/bone mass

consiant 0.6704 0.1066 0.001
age -0.0068 0.0006 0.00t
height 0.0019 0.0005 0.001
weight/height 0.1092 0.0450 0.015
reproductive years 0.0014 0.0006 0,015
harmone duration 0.0017 0.0008 0.026
history of illness -0.0708 0.0159 0.001

Model, P< 0,001, R = 0.61, R*=0.37,n = 417

Age-adjusted bone mincral content

constant ~6.446 1.297 0.001
height 0.023 0.008 0.003
weight 0.012 6.004 0.004
auiliparity® -0.375 0.157 0.017
reprodnctive years 0.027 0.008 0.001
history of illness* -0.722 0.223 0.001

Model, P < 0.001, R=0.34,}2=0.12,n = 43¢

B Nulliparity (1 = no, 2 = yes): history of illness (1 = no, 2 = yes).
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The putative historical risk factors and anthropometry are more likely to be de-
terminants of bone mass rather than independent determinants o« the risk of sus-
taining an osteoporotic vertebral fracture and this is borne out by the ROC curves
we have generated. In fact, 37% of the variance in bone mass can be accounted for
by components of the questionnaire (Table 8). When age is removed from this con-
sideration, only 12% of the variance of the age-adjusted z score for bone mass can
be accounted for by components of the questionnaire (Table 8). A major determi-
nant of bone mass not directly addressed by our study is that attributable to genetic
factors (e.g., parental maternal bone mass). Our data strongly support the argu-
ment that an assessment of risk of developing PMO with vertebral fractures cannot
be made without sorme measurement of bone mass. This is particularly evident from
Tables 1 and 2 which demonstrate differences in the historical and anthropometric
data in the two control groups (VF~ and C) but no difference whatever in their cor-
tical bone mass.

This retrospective analysis also cannot, in the strictest sense, permit an assess-
ment of the risk of developing PMO with vertebral fractures. More correctly, it is
an assessment of the sensitivity and specificity of the methods with respect to the
diagnosis of such fractures — a diagnosis that should only be established by spine
radiographs. Nonetheless, it sezms logical to conclude that the limited differences
documented between these well defined groups are likely to be even more limited
in the healthy, younger perimenopausal population without fractures.
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