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Background: Dual energy x-ray absorptiometry providesthe
definitive measure of osteoporotic fracturerisk.

Objective: We sought to deter mine whether metabolic mea-
sures of bone formation and/or common features of clinical
hyper cortisonism provide a useful guide in selecting cortico-
steroid-treated asthmatic patients for referral for bone densito-
metry.

M ethods: We measured bone density and 8 Am serum osteocal-
cin, procollagen, and cortisol levelsin 52 asthmatic adults aged
60.7 + 12.6 years (mean = SD). Years of steroid exposure for
these patientswas 11.8 + 10.7 (prednisone) and 11.78 + 4.98
(inhaled steroid). Using stepwise logistic regression, we
assessed the capacity of the osteocalcin and procollagen levels,
with or without the cortisol level, age, clinical features of

hyper cortisonism, and different lifetime exposures to inhaled
and oral steroidsfor distinguishing between patients with
greater or lesser risk of fracture.

Results: Osteoporosis, defined as a bone density T score below
-2.5, affected 26% of the group at the spine and 63% at the
hip. At the spine, greater risk was associated only with lower
cortisol levels (P = .003). Diagnostic accuracy was 71%, the
false-positive rate was 26%, and the false-negative rate was
31%. At the hip, greater risk was associated with lower corti-
sol levels (P = .002), longer prednisone exposure, (P =.003),
lower current doses of prednisone (P =.01) and inhaled steroid
(P =.02), and older age (P = .01). Diagnostic accuracy was
83%, the false-positive rate was 13%, and the false-negative
ratewas 21%.

Conclusions: Neither osteocalcin nor procollagen nor any of
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theclinical criteria analyzed proved sufficiently accurate to be
reliable asindicators of therisk of fracturein these elderly,
corticosteroid-treated asthmatic adults. They are therefore not
useful for selecting such patients for diagnostic densitometry.
(J Allergy Clin Immunol 1999;104:769-74.)

Key words: Asthma, glucocorticoids, inhaled steroids, steroid
complications, osteoporosis, fracture risk, bone densitometry,
osteocalcin, Type | procollagen

Historically, osteoporosis and fracture have constitut-
ed the most common major complication of long-term
oral or parenteral corticosteroid therapy for asthma.l.2
Additionally, high-dose inhaled corticosteroid therapy
(eg, >1 mg/day of budesonide or beclomethasone [nomi-
nal dose]) may be associated with reduced bone mineral
density.34

Bone density, measured at the spine and hip by dual
energy x-ray absorptiometry (DXA), is currently the pre-
ferred method for quantifying the risk of osteoporotic
fracture.>7 |dentification of patients at increased risk
before the actual occurrence of fracture is important to
avoid major morbidity.7”8

Cost and regiona differences in accessibility to DXA
may restrict its application in patients potentially at risk.®
In particular, thereis concern about the costs to the health
care system of surveying populations in whom the yield
of positive diagnoses may be low.? It istherefore of inter-
est to the practicing physician and health care manage-
ment to know the actual prevalence of osteoporosis
among asthmatic patients chronically exposed to oral and
inhaled corticosteroid therapy in ordinary clinical prac-
tice. It is also of interest to know whether clinical and/or
laboratory data may provide areliable guide in selecting
those corticosteroid-treated asthmatic patients most like-
ly to benefit from referral for diagnostic densitometry.

The serum levels of osteocalcin and the car-
boxypropeptide of Type | collagen (PICP) are sensitive
and specific biochemical measures of bone formation,10
and each may be suppressed by corticosteroid treat-
ment.11-13 Their diagnostic efficiency in clinica practice
as markers for identifying steroid-treated asthmatic
patients at increased risk of fracture has not been sys-
tematically assessed previously.

We therefore evaluated the capacity of a 1-time mea-
surement of these metabolic parameters, taken alone or
in conjunction with other laboratory or clinical dataread-
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Abbreviations used

DXA: Dua energy X-ray absorptiometry

PICP: Carboxypropeptide of Type | procollagen
ROC: Receiver operating characteristic

TABLE |. Patient characteristics: Osteoporosis risk factors™

No.

M/F 20/32
Age>60y 28
Postmenopausal 32
With estrogen replacement 19
No estrogen replacement 13
Corticosteroid exposure

Prednisone 51

Inhaled 52
Smoker (current or ex-smoker) 2
Low physical activity 6t
Male impotence-infertility 0
Fractures with minor trauma 0
Parental history of fracture 0
Alcoholism 0

*Prepared from Arth Rheum 1996;39:1791-801.
tIn lowest quantile of physical activity rating

ily accessible to the practitioner, to distinguish between
asthmatic patients with greater or lesser degrees of risk of
osteoporotic fracture.

METHODS

This was a cross-sectional survey of bone density at one point in
time. The study was approved by the review board of the Universi-
ty of Western Ontario for health sciences research involving human
subjects.

The study group comprised 32 female and 20 mal e adults attend-
ing a specialty clinic for ambulatory care of chronic asthma. The
patients were stratified and selected to reflect a broad range of dif-
ferent lifetime exposures to prednisone or inhaled corticosteroid
(mostly budesonide). The purpose of this selection process was to
yield independent information about the respective effects of expo-
sureto oral versus inhaled corticosteroids.

Patient characteristics

The prevalence of the major risk factors for osteoporosis in the
survey group is shown in Table |. Their current and past exposures
to corticosteroid up to the time bone density was measured are
shown in Table |I. Their current corticosteroid doses averaged 1.34
mg/d inhaled steroid (range, 0-3.2 mg/d [nominal dose]) and 1.32
mg/d prednisone (range, 0-20 mg/d). In al but 8 patients, chronic
exposure to corticosteroids began after age 30 years when peak
bone density is normally attained. No patient had used any bone-
depleting drug other than corticosteroid.

There were no black, Hispanic, or Asian patients. The body mass
index of the patients averaged 25.8 + 3.5 (SD) (mode 24; range,
18.6 to 38). None had a body mass index in the subnormal range
associated with osteoporosis consequent to undernutrition.14 Their
physical activity rating, determined by using an empiric 10-point
ordinal scale, ranged from 9 (strenuous physical exercise daily) to 2
(moderately sedentary), with amean of 5.58 + 1.9 (SD) and amode
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TABLE Il. Patient characteristics: Corticosteroid exposure

No.
Daily or aternate-day prednisone
Regular (=6 mo) 23
Intermittent only 28
Current 14
Never 1
Inhaled steroid
Budesonide only 5
Beclomethasone only 2
Budesonide and beclomethasone 45
Current 52
Intranasal steroid 24

of 5. The distributions of the body mass index and physical activity
ratings were unimodal, bell-shaped, and symmetric.

Outcome measurements

Bone density was measured at the hip and lumbar spine by using
the Hologic QDR 1000 densitometer (Hologic Corp, Boston, Mass).
Measurement at the hip improves the diagnostic sensitivity of den-
sitometry by avoiding the confounding effects of coexisting degen-
erative joint disease, which is commonly present at the spine in
elderly patients. The measured bone density in grams per sguare
centimeter was adjusted for age and sex to yield a T score from
which to estimate the risk of fracture as defined in current guide-
lines for osteoporosis management.”.8

Blood for metabolic studies was collected at 8 am + 1.5 hourson
or close to the day densitometry was performed. Serum was sepa-
rated and stored at —70°C for subsequent batch assay of the osteo-
calcin, PICP, and serum cortisol levels. Osteocalcin was assayed by
RIA (IncStar Corp, Stillwater, Minn); intra-assay and inter-assay
coefficients of variation were 4.5% and 5.3%, respectively, and the
normal adult range was 0.52 to 2.24 nmol/L. PICP was measured by
RIA (IncStar Corp.); intra-assay and inter-assay coefficients of vari-
ation were 3.0% and 5%, respectively, and the normal adult range
was 38 to 202 pg/L. Cortisol was measured by RIA (IncStar Corp),
and the normal range was 193 to 690 nmol/L. The purpose of mea-
suring the serum cortisol was to provide an objective surrogate
marker for the intersubject differences in corticosteroid pharmaco-
kinetics, which are thought to account for much of the variation
among patients in their susceptibility to corticosteroid-induced sys-
temic side effects1516

The relationships of these laboratory parameters, along with
selected clinical risk factors, to the degree of osteoporosis as deter-
mined by DXA were explored by regression analysis.

The clinical risk factors selected for analysis are readily accessi-
ble to the practicing physician and are commonly used in practice
to estimate the systemic tolerability of chronic corticosteroid thera-
py by particular patients and/or cited asrisk factorsin current guide-
lines for osteoporosis management.”:8 These are listed in Table I11.

Statistical analyses

To achieve a clinically meaningful evaluation of the 14 risk fac-
tors, we categorized the 52 patients as being at lower or higher risk
of fracture, as determined from their bone density measurements by
DXA. This was done separately for the spine and hip outcomes by
dividing the group at the median spinal and hip bone density T
scores (—1.6 and —2.8, respectively) as shown in Fig 1. Thus there
were 26 patientsin the lower risk and 26 in the higher risk group for
each of the spine and hip locations. The classifications were signif-
icantly associated with one another, with 40 of the 52 patients being
classified in the same risk group (20 high and 20 low) for both loca-
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FIG 1. Cumulative frequency distribution of T scores determined by DXA at the hip and lumbar spine (n = 52).
Each T score quantifies the number of SDs by which the measured bone density (in grams per square cen-
timeter) differs from the mean bone density of young healthy adults of the same sex as the patient. T scores
between -1 and -2.5 signify osteopenia. Scores to the left of -2.5 signify osteoporosis and a clinically impor-
tant increase in fracture risk.7.18 The dashed vertical lines indicate the median scores for the group: -2.8 at the

hip and -1.6 at the spine.

tions. Using the risk category as the outcome for each patient, step-
wise logistic regression (SAS/LOGISTIC) was used to build diag-
nostic models from the 14 risk factors considered, including PICP
and osteocalcin. A significance level of .10 was used for both the
inclusion and deletion of variables at each step in this exploratory
anaysis.

For the logistic regression analysis, the 4 categorical values in
Table 111 (eg, moon face) were coded 1 or O to represent their pres-
ence or absence, respectively. These variables were then included
with the measured variables as candidates for stepwise entry. The
statistical significance of such afactor in logistic regression is basi-
cally the same as that of a significant x2 test for the relevant 2 x 2
contingency table. However, the other variables are controlled in the
logistic regression model rather than ignored, asin a2 x 2 table.

Each logistic regression model provides a formulathat combines
a patient’s risk factors to produce a predicted probability that the
patient belongs to the higher risk group. The threshold or cut-off
point for deciding what predicted probabilities represent higher risk
can vary from 0 to 1. Each such cut-off point defines a screening test
for which the usual diagnostic characteristics (eg, accuracy and
specificity) may be calculated.1” The plot of true positives (%) ver-
sus false positives (%) as a function of the changing cut-off point
from O to 1 is the receiver operating characteristic (ROC) curve for
each screening test defined by the logistic regression model. We
report here the diagnostic characteristics of the screening tests that
correspond to the particular point on the ROC curve with the highest
predictive accuracy; that is, the point a which the highest percentage
of patients are correctly classified as being in the higher or lower risk
category, as determined by DXA.

RESULTS

The frequency distributions of the T scores are illus-
trated in Fig 1 for the hip and spine, respectively. The

TABLE lll. Risk factors included in multiple regression
analysis

Risk factor Mean * SD
Age (y) 60.7 + 12.6
Current prednisone dosage (mg/d) 132+ 36
Current inhaled steroid dosage (mg/d) 1.34+0.82
Years of prednisone’ 11.92 + 10.93
Inhaled steroid cumulative dose (g)* 417 + 2.51
Serum osteocalcin level (nmol/L) 0.267 £ 0.219

203.36 + 154.74
4225+ 183.83

Serum procollagen level (ug/L)
Serum cortisol level (nmol/L)

Moonface 0.13+0.35
Steroid purpura 019+04

Hypertension 0.23+0.42
Weight gain 0.13+0.34
Years of estrogen supplement 252+ 4.96
Physical activity score (1-10) 538+ 1.86

*Primary selection criteria for patients studied (n = 52).

median value, which was the threshold between lower
and higher risk categoriesin thisanalysis, was—2.8 at the
hip and —1.6 at the spine. Negative T scores greater than
—2.5 signify osteoporosis and a clinically important
increasein fracturerisk.”.8 Overall, the T scores averaged
—2.93+ 0.98 (SD) at the hip and —1.68 + 1.21 (SD) at the
spine.

In preliminary multiple regression analyses the 14 risk
factors listed in Table 111 could explain a greater propor-
tion of the observed variability in T scores at the hip than
at the spine (53% vs 26%, respectively; adjusted R2).
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TABLE IV. Risk factors associated with level of fracture
risk (results of stepwise logistic regression analysis)

Hip Spine
Standardized P Standardized P
Risk factor coefficient®  valuet  coefficient* valuet
Serum cortisol -1.62 .002 -0.88 .003
level at 8 AM
Years of prednisone  1.04 .003 — >.10
Current dose of -0.84 .01 — >.10
prednisone
Current dose of -0.83 .02 -0.32 .09
inhaled steroid
Age 0.79 .01 — >.10

*The standardized coefficients quantify the relative importance or “weight”
of the factors. An increase in a factor with a positive coefficient or a
decrease in a factor with a negative coefficient increases the odds of being
in the higher risk group.

TP values determined by X2 analysis.

A preliminary simple correlation analysis demonstrat-
ed a significant correlation between the osteocalcin lev-
elsand the T score at the hip (r = 0.37, P = .007). How-
ever, this disappeared when other factors, such as the
serum cortisol level and years of prednisone exposure,
were controlled in the stepwise logistic regression. The
logistic regression analysis demonstrated that the distrib-
utions of 5 of the 14 risk factors of interest listed in Table
111 differed significantly between the higher versus lower
risk patients. These 5 factors are ranked in Table IV
according to the amount of variability in bone density
that each factor could explain (see coefficients).

At the hip, greater risk was associated with lower
serum cortisol levels (P = .002), longer exposure to pred-
nisone (P = .003), lower current daily doses of pred-
nisone (P = .01) or inhaled steroid (P = .02), and older
age (P = .01). At the spine, greater risk correlated only
with lower cortisol levels (P = .003) and lower current
daily doses of inhaled steroid (P = .09; Table 1V). The
association of the morning serum cortisol level with the
degree of fracture risk was stronger than that of any of
the other statistically significant risk factors identified
(compare the standardized coefficientsin Table 1V). Nei-
ther osteocalcin nor PICP correlated significantly with
the degree of risk at either site of DXA examination.

When the oral and inhaled steroid daily doses were
combined to form an aggregate measure of current corti-
costeroid exposure, the latter retained the same negative
relationship to the risk of fracture exhibited in Table IV
by the coefficientsfor each of the oral and inhaled steroid
use components singly (data not shown). Additionally,
when sex and its interaction with age were added to the
list of variables in the stepwise regression analysis, this
did not alter the results because neither variable entered
the model (data not shown). Thus the heterogeneity of
the group with respect to age and sex did not affect out-
come.

The diagnostic accuracy (true positives + true nega-
tives/n%) of the significant variables identified by step-
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wise logistic regression is shown in Table V. In combina-
tion, age, the current daily doses of prednisone and
inhaled steroid, cumulative years of prednisone expo-
sure, and the morning serum cortisol level could achieve
a maximum diagnostic accuracy of 82.7% for correctly
identifying patients with respect to their levels of risk at
the hip. The corresponding false-positive rate was 13%,
and the false-negative rate was 20.7%.

The maximum diagnostic accuracy achieved at the
spine by using the serum cortisol level plus the current
dose of inhaled steroid (ie, the only significant correlates
of increased risk at the spine; Table IV) was 71.2%, with
an accompanying false-positive rate of 26.1% and a
false-negative rate of 31% (Table V).

When osteocalcin and PICP were used alone in the
logistic regression model, the best classification achiev-
able was 55.8% at the hip and 51.9% at the spine. When
osteocalcin and PICP were added to the best predictor
variables listed in Table IV, they did not materially
improve the percentage of the group correctly classified
by risk category (data not shown).

DISCUSSION

A high proportion of these nonhospitalized asthmatic
adults had T scores indicating a clinically important
increase in the risk of fracture as defined by current cri-
teriafor the evaluation of risk in osteoporosis (Fig 1).7:18
The generalizability of this finding to other ambulatory
care asthma clinicsis unknown because of the absence of
comparable data from similar facilities, nationally or
internationally. The finding is consistent with earlier
studies that, on the basis of radiographic evidence of
fracture or densitometry of the radius, identified osteo-
porosis as arelatively common major complication of the
long-term treatment of asthma with oral and parenteral
corticosteroids.2:2 It has been estimated that at least 50%
of persons exposed are likely to be affected.l As evi-
denced by Fig 1, such prevalence estimates are strongly
influenced by the skeletal site examined.

The substantial unexplained variation in the T scores
observed at the hip in these patients (R2 = 0.54 after con-
trolling for the effects of the risk factors analyzed) indi-
cates a strong influence from unknown factors, possibly
genetic, acting alone or possibly in conjunction with the
corticosteroids as major determinants of bone density.

Previous studies in asthmatic adults failed to find a
statistical association between the daily dose or duration
of oral corticosteroid use and the risk of fracture.2 In the
current study greater risk at the hip correlated positively
with the duration of prednisone exposure but negatively
with the current daily doses of ora and inhaled steroid
(Table 1V). These paradoxical associations could reflect
the persistence of osteoporosis established before the
introduction of inhaled corticosteroid therapy and subse-
guent prednisone weaning, coupled with a bias toward
conservative steroid dosing in those patients perceived
clinically as being potentially at greatest risk. These
results were not influenced by the heterogeneity of the



J ALLERGY CLIN IMMUNOL
VOLUME 104, NUMBER 4, PART 1

Toogood et al 773

TABLE V. Diagnostic characteristics of logistic regression models*

False False

Predictive factors Densitometry Highest attainable Sensitivity Specificity positives negatives
in modelt site diagnostic accuracy (%) (%) (%) (%) (%)
Serum cortisol level, Hip 82.7 76.9 88.3 13.0 20.7

years of prednisone,

current prednisone

dose, current inhaled

steroid dose, age
Serum cortisol level, Spine 71.2 65.4 76.9 26.1 31.0

current inhaled
steroid dose

*These results represent the points on the respective ROC curves corresponding to the highest attainable diagnostic accuracy; that is, the point that represents
the cut-off point used for prediction of risk-group membership that yields the maximum number of correctly classified patients.

TDerived from Table V.

group with respect to age and sex (see the “Results’ sec-
tion). The data do not provide a suitable basis for esti-
mating the relative toxicity to bone of one inhaled steroid
formulation versus ancther.

The absence of a discernible association between
osteocalcin or PICP and differences in fracture risk
accords with earlier reports that metabolic measures of
bone turnover do not accurately reflect the degree of
bone depletion complicating chronic corticosteroid usel®
or the postmenopausal state.?0 This does not exclude the
possibility that change in these markers after the intro-
duction of regular corticosteroid therapy might have
prognostic value in respect to the subseguent occurrence
of osteoporosis and fracture. However, because such pre-
treatment and posttreatment data are not generally avail-
able in ordinary clinical practice, their utility as a guide
for selecting patients for DXA is problematical.

The strongest risk factor identified in this study proved
to be the morning serum cortisol level (Table 1V). This
accords with observations reported in a survey of a
younger population of asthmatic adults treated with high-
dose inhaled corticosteroid.3 However, the undesirably
high incidence of false-negative categorizations in our
patient group (Table V) limits the useful ness of the morn-
ing cortisol level as a surrogate or adjunct marker for
identifying asthmatic patients at increased risk from cor-
ticosteroid-induced bone loss. These false negatives may
reflect, in part, the fact that bone densities are known to
change at doses of prednisone too low to affect the morn-
ing cortisol level .21

For the practical purposes of clinical decision mak-
ing in an ambulatory care setting, it would appear that
diagnostic DXA ought to be sought routinely in asth-
matic patients similar to those who participated in this
survey. Thisisindicated because a magjority may exhib-
it a clinically important (and potentially treatable)
increase in fracture risk (Fig 1) and because these data
suggest differences in the degree of risk cannot be accu-
rately estimated from any combination of the common
clinical features of hypercortisonism and/or records of
current or accumulated corticosteroid exposure, with or
without accompanying measurements of metabolic

indices of bone formation, such as osteocalcin or PICP
(Table V).
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