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INHALED CORTICOSTEROIDS AND HIP FRACTURE:
DISEASE OR DRUGS?

To the Editor:

Hubbard and colleagues report a study using the General Prac-
tice Research Database exploring the relationship between in-
haled corticosteroids and the risk of hip fracture. In so doing,
they replicate findings recently presented by our own group, but
fail to interpret these with due care (1). Using the traditional
epidemiological cohort study design, we identified all users of
inhaled corticosteroids, and identified fracture incidence among
them (2). We contrasted incidence rates with cohorts who used
inhaled bronchodilator therapy, but did not use inhaled cortico-
steroids, and with a control cohort who were matched by age
and sex to the inhaled corticosteroids users, but did not suffer
from asthma. In contrast, Hubbard and colleagues commenced
with the fractures and looked back at exposure history using
a nested case–control design. The difference in methodology
represents different types of sampling, and should give identical
results if derived from the same population (3). The two studies
did indeed produce almost identical results with respect to the
relative rate of hip fracture in inhaled corticosteroid users, but
varied in the evaluation of the role of the underlying disease.

To ascribe the effect of inhaled corticosteroid use to the drug,
as compared with the disease or its comorbid correlates, seems
to us erroneous. The key finding of our study was that an in-
creased risk of fracture was also observed when patients using
noncorticosteroid bronchodilator drugs were compared with
controls. The risks associated with noncorticosteroid bronchodi-
lator use were comparable to those associated with inhaled corti-
costeroid use. Therefore, we concluded that the excess risk of
fracture in inhaled corticosteroid users was more likely to be
related to the underlying respiratory disease and its clinical corre-
lates, than to the inhaled use of corticosteroids (2).

Finally, Hubbard and colleagues inappropriately suggest that
our study lacked statistical power. They fail to mention that the
incidence was ascertained from a cohort of 170,000 corticosteroid
users, whereas their own study only included 3,000 inhaled corti-
costeroid users. Indeed, we estimate that both studies had similar
statistical power.

It therefore seems to us that the failure to include a second
control group using bronchodilators, but not inhaled corticoste-
roids, has led Hubbard and colleagues to an erroneous inference
from their findings. Although we are delighted that Hubbard and
colleagues were able to reproduce one of our main findings, it
is disappointing to note that they have failed to consider ade-
quately a critical issue in epidemiology: confounding by underly-
ing disease severity.
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From the Authors:

We thank Dr. van Staa and colleagues for their interest in our
paper, but a number of their comments are inaccurate.

Our two studies differ with regard to design and choice of
control group (1, 2). We choose a nested matched case–control
study, with controls sampled from the general population (me-
dian follow-up time 2.7 years). van Staa and colleagues selected
cohorts exposed to inhaled corticosteroids, inhaled bronchodila-
tors but not inhaled corticosteroids, and neither inhaled cortico-
steroids nor inhaled bronchodilators, with median follow-ups of
0.9, 0.2, and 2.3 years, respectively.

The main question we addressed was whether the use of
inhaled corticosteroids was associated with hip fracture, and if
so, was this explained by other risk factors—particularly oral
corticosteroids. We examined an extensive list of potential con-
founders including all corticosteroid exposures, all comorbid
diagnoses, and all other drug exposures—a more extensive list
than that examined by van Staa and colleagues. With regard to
hip fracture, van Staa and colleagues examined whether patients
prescribed inhaled corticosteroids had increased incidence of
fracture and whether this was explained by underlying lung dis-
ease, hence the need for two control groups. In fact, their results
were similar regardless of which control group was used; the
rate ratios for hip fracture were 1.22 (95% confidence interval
[CI], 1.04 to 1.43) with unexposed controls and 1.20 (95% CI,
0.99 to 1.45) with bronchodilator patients as controls. Our ad-
justed odds ratio was almost identical at 1.19 (95% CI, 1.10 to
1.28), the narrower confidence intervals reflecting the greater
statistical power in our study. The dose–response results were
also similar between the two studies. Thus, the two different
approaches have produced remarkably similar results for hip
fracture.

Lung function data are not included in the GPRD so the po-
tential for residual confounding by disease severity is present in
both studies, a point we discussed (1). Because most airflow ob-
struction in the general population is mild, however, we believe
that disease severity is unlikely to explain all of the excess frac-
ture risk associated with inhaled corticosteroids. It is more plausi-
ble that at least part of this association is due to an impact of
inhaled corticosteroids on bone. This interpretation is supported
by evidence from observational cohorts (3–5) and clinical trials
(6), which suggest that these drugs are associated with a reduc-
tion in bone mineral density. Importantly, our present experi-
ence suggests that the increase in hip fracture risk associated
with inhaled corticosteroids is small (1, 2, 6) and, as we discussed
carefully, needs to be balanced against the marked beneficial
effects of inhaled corticosteroids for patients with asthma.
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PREDICTION OF MAXIMUM FLOW AT FUNCTIONAL
RESIDUAL CAPACITY IN INFANTS: NORMAL RANGE

To the Editor:

The measurement of maximal flow at functional residual capacity
(V̇maxFRC) has been employed by many ever since the land-
mark publication coming from our laboratory (1). Since then, a
few attempts have been made to define the normal range of
V̇maxFRC and these are clearly summarized in a recent task
force statement (2), but even this committee was reluctant to
recommend a single set of appropriate reference data. A few
months ago, the first multicenter study of V̇maxFRC in normal
infants appeared in this journal (3), but this was a retrospective
collation of previously published data.

The implications of using problematic data to define the nor-
mal range are far and many. If, for example, reference data
demonstrate very wide variability, the lower limit of normality
approaches zero, which, in practical terms, means that very few
sick infants will have diminished V̇maxFRC values. This point
is exemplified by a report by the London group of this multicen-
ter study in the November 2002 issue of this journal (4). In
that study, 35 of 45 infants with cystic fibrosis (CF) had clinical
evidence of prior lower respiratory tract infection and 8 had
moderate/severe respiratory status. Only 1 infant demonstrated a
V̇maxFRC below the normal range, whereas 13 had significantly
diminished FEV in 0.5 seconds. The authors thus concluded that
“the raised volume technique identified diminished airway func-
tion more frequently than the tidal technique.”

But is this really true? Over the years, we have collated 82
measurements of V̇maxFRC in infants (42 boys) who were all
judged to be free of cardiopulmonary disease after full clinical
investigation, and were free of any symptoms at the time of testing.
There were 32 healthy infants, 25 of whom appeared in publica-
tions coming from our laboratory (1, 5). Seventeen were siblings
of infants with sudden infant death syndrome and two were siblings
of infants with CF. Twenty-six were investigated after questionable
episodes of suspected apnea, cough, or wheezing, two for sus-
pected upper airway anomalies, and three for post viral pneumo-
nia. Median age was 11.1 weeks (range 1 day to 79 months, 95%
confidence interval [CI] 12.2, 19.5), weight 5.2 kg (5.0, 5.9), and
length 58.5 cm (58.0, 62.1). Age distribution, and hence length,
are skewed but no heteroscedasticity is indicated graphically.

Individual results are presented in Figure 1 along with a best
nonlinear regression described by the following relationship:
V̇maxFRC (ml · sec�1) � �6.139 � 0.00657 � Length2.58 (cm);
Sy,x � 101.86, r 2 � 0.918, p � 0.0001; Sy,x-standard deviation
of the residuals. The regression presented here for our group
of infants and young children, over the widest age range from
birth to 6 years (length up to 124 cm), has an impressive power
that is significantly more robust than that of Hoo and colleagues

(3), i.e., r 2 � 0.92 versus r 2 � 0.48, 0.49 for boys and girls,
respectively (p � 0.01). It is noted that almost all intersubject
variability is explained by body size, and that the above nonlinear
regression has a similar power function previously suggested by
us (5).

The regression and its 95% CI limits (� 95% CI) is compared
to those suggested by Hoo and colleagues (3) in Figure 1, lower
panel. Values obtained by us are substantially higher, our in-
tersubject variability is much smaller, and as a result, the lower
limit of normality is considerably higher. This is shown in the
table where our data are compared to the values of Hoo and
colleagues (Table 5 in Reference 3). The interesting feature to
note here is the very low lower range of normality (appear in
bold font) in the study by Hoo and colleagues. Thus, the lower
limits of normality for the younger infants is about 150 milliliter/
second in our hands as compared to values of less than 20 milli-
liter/second in the study by Hoo and colleagues.

It is hard to believe that these substantial differences in
V̇maxFRC are due to patient selection. We cannot think of any
reason to suggest why Israeli infants should yield much higher
values than their British or American counterparts. It is recog-
nized that our group does not constitute a random sample and
cannot be construed as a true representative of the healthy

Figure 1. Individual V̇maxFRC values as well as the nonlinear regression
and � 95% confidence interval are plotted as a function of body length,
n � 82. The lower panel compares the nonlinear regression of the
present study (solid line) and lower 95% confidence interval range (upper
dashed line) to the suggested regressions of Hoo and colleagues (3) for
boys (lower dashed line) and girls (dotted line). For clarity, the graph
was truncated at V̇maxFRC of 1000 ml/second.




