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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Idiopathic pulmonary fibrosis (IPF) is a

progressive, fatal disease with no known
aetiology and no proven treatment. Despite the
absence of efficacy data, many physicians treat
IPF with corticosteroids either as monotherapy or
in combination with a cytotoxic agent.

• Specialty society guidelines published in 1999
and 2000 recognize that treatment may not be
appropriate for all patients with IPF, but
recommend that if treatment is to be initiated, a
combination of corticosteroids with a cytotoxic
agent is preferred over corticosteroids alone.

• It is not known how the use of corticosteroids
and cytotoxic agents in the treatment of IPF has
changed over time and whether published
guidelines have altered prescribing practices.

WHAT THIS STUDY ADDS
• The results of this study demonstrate a modest

but statistically significant reduction in the
overall use of corticosteroids since the
publication of treatment guidelines. At the same
time, there was a more pronounced increase in
the combined use of corticosteroids and
cytotoxic agents consistent with
recommendations.

• Even with the increase in the use of combination
therapy, corticosteroid monotherapy remained
the most commonly prescribed regimen among
treated patients.

• Given the lack of established benefit and the
risks associated with corticosteroid therapy, the
reasons for the continued use of corticosteroid
monotherapy in the majority of treated patients
warrant further investigation.

AIMS
To assess the impact of specialty society guidelines on the use of
corticosteroids and cytotoxic agents in the initial management of
patients with idiopathic pulmonary fibrosis.

METHODS
A retrospective cohort study of 941 patients with an incident diagnosis
of IPF was conducted using a large medical records database. The
primary outcome was a new prescription for corticosteroids with or
without a cytotoxic agent within 30 days of diagnosis. The primary
exposure was whether diagnosis occurred before or after the
publication of treatment guidelines. Logistic regression was used to
control for changes in population demographics and disease
characteristics across time.

RESULTS
In total, 187 patients (19.9%) received a new corticosteroid prescription
within 30 days of diagnosis. Fewer patients received corticosteroids
after the publication of guidelines (22.2% vs. 17.7%; adjusted OR for
steroid use after the publication of guidelines 0.65, 95% confidence
interval 0.46, 0.92, P = 0.014). Among the 187 patients treated with
corticosteroids, 22 (11.8%) also received a cytotoxic agent. The use of
cytotoxic agents among users of corticosteroids increased significantly
after the publication of guidelines (5.1% vs. 19.3%) with a fully adjusted
OR = 4.71 (95% CI 1.56, 14.21, P = 0.006).

CONCLUSIONS
Since the publication of treatment guidelines, there has been a small
reduction in the overall use of corticosteroids. Consistent with these
guidelines, the use of cytotoxic agents among those prescribed
corticosteroids has increased significantly; however, the use of these
agents remains uncommon.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is the most common
form of idiopathic interstitial pneumonia and is associated
with significantly shortened survival [1]. No pharmacologic
agents have been shown to be consistently effective in
reversing the natural history of IPF or in reducing mortality.
Corticosteroids have been used as a mainstay of therapy.
However, to date no studies have established a consistent
benefit of corticosteroid monotherapy in the management
of IPF [2].

Several studies have examined the combination of
other agents with prednisone. One small study suggested
that combination therapy with azathioprine may be
effective in decreasing age-adjusted mortality [3],
while another suggested that the use of prednisone,
azathioprine and N-acetylcysteine may delay the pro-
gression of pulmonary function abnormalities [4]. Both
of these studies had important limitations, and other
studies using alternative agents have been disappointing
[5–8].

Despite the lack of convincing efficacy data to
support any single therapeutic approach, in 1999 the
British Thoracic Society (BTS) and in 2000 the American
Thoracic Society (ATS)/European Respiratory Society (ERS)
adopted similar guidelines for the treatment of IPF [9, 10].
These published guidelines recommend that the decision
whether or not to initiate therapy should take into
account individual patient characteristics such as disease
severity, symptoms, age and other co-morbid conditions.
Once the decision to initiate treatment has been made,
both sets of guidelines recommend the use of a combi-
nation of prednisone and either azathioprine or cyclo-
phosphamide with close follow-up for an objective
response to therapy.

It is not clear how physicians interpret the existing
literature and whether the adoption of specialty
society guidelines has impacted on the use of pharmaco-
logic agents in the treatment of IPF. The few existing
studies examining the treatment of IPF in practice are
either from a time period well before the publication of
treatment guidelines or unable to examine patient level
prescription data at the time of diagnosis [11–13]. While
these studies suggest that treatment of IPF with corticos-
teroids either alone or in combination with another agent
is common, none has examined whether there have been
temporal shifts in management or whether the publica-
tion of treatment guidelines has modified physician
behaviour.

This study was designed to quantify how patients
with IPF are treated at the time of their incident diagnosis
using patient-level prescription data and to determine
whether the use of medications has changed with the
publication of treatment guidelines. Portions of the
results of this study have been presented previously in
abstract form [14, 15].

Methods

We conducted a retrospective cohort study using data
collected from The Health Improvement Network (THIN)
Database, a medical records database containing more
than 5 million primary care records from participating
general practices in the United Kingdom (UK). This data-
base has been used in several past pharmacoepidemiol-
ogy studies [16–19] and contains demographic and
diagnostic information for each patient, as well as com-
plete prescription information derived directly from the
software used to generate prescriptions. This study was
reviewed by the Institutional Review Board at the
University of Pennsylvania.

Study subjects
We identified patients with an incident diagnosis of IPF
defined as a new entry for a diagnostic code for either
‘idiopathic fibrosing alveolitis’ (H563.00) or ‘cryptogenic
fibrosing alveolitis’ (H563.12). These terms have been used
in prior research in THIN [20], and the accuracy of diagnos-
tic codes in identifying patients with IPF has been previ-
ously established in a similar database, the General
Practitioner’s Research Database, that uses the same
computer software for data entry [21].

We excluded patients with fewer than 12 months of
medical records in the database prior to their first diagno-
sis with IPF in order to reduce the potential for misclassi-
fying prevalent cases as incident cases [22]. Patients with a
previous diagnosis of an autoimmune disease that might
also be treated with corticosteroids were also excluded.
Additionally, in order to analyse changes in the initiation of
therapy for IPF, patients who received corticosteroids or a
cytotoxic agent in the 3 months prior to diagnosis were
excluded. Finally we excluded patients who were under 40
years old at diagnosis and patients whose records failed to
meet quality standards as maintained by THIN.

Study outcomes
The primary outcome was defined as a new prescription
for an oral corticosteroid with or without a cytotoxic agent
written within 30 days of the first diagnosis of IPF. Combi-
nation therapy was defined as a prescription for corticos-
teroids and a prescription for either azathioprine or
cyclophosphamide both within 30 days of diagnosis. The
use of N-acetylcysteine (NAC) was not assessed because
the years included in the database had minimal overlap
with the period of time since NAC was shown to have a
potential role in the treatment of IPF [4].

Exposure definition
In order to evaluate the effect of published treatment
guidelines on prescribing behaviour, we grouped patients
according to the year in which their initial diagnosis of IPF
was made. We a priori used a date of 1 January 2000 to
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differentiate those diagnoses made before and after the
publication of treatment guidelines in the UK. While this
date does not coincide exactly with the publication date of
BTS guidelines, it allows for a delay in dissemination of
recommendations to clinicians and falls between the pub-
lication of the BTS guidelines and those issued by the ATS/
ERS.As a sensitivity analysis,we repeated the analysis using
the actual date of publication of BTS guidelines (1 April
1999) to dichotomize our primary exposure.

Finally, in order to determine whether any observed
changes in prescribing behaviour were part of a temporal
trend or event unrelated to the publication of treatment
guidelines, we altered the year used to divide the cohort
into pre- and post-eras across the range 1997–2003. We
then repeated the primary analyses using each of these
years as a cut-point to determine which year resulted in
the greatest pre–post difference.

Statistical analysis
All statistical analyses were conducted using STATA version
9 (StataCorp, College Station, TX, USA). The proportions of
patients treated with corticosteroids dichotomized before
and after 1 January 2000 were compared using a binomial
test of proportions. Among those who received corticos-
teroids, the proportions who received a cytotoxic agent
were also compared.

In order to control for potential changes over time in
disease characteristics, co-morbidities and demographic
variables which might influence the use of corticosteroids,
we created multivariable logistic regression models for the
use of corticosteroids and for the use of cytotoxic agents
among corticosteroid users. Pre-specified potential con-
founders were tested individually in separate bivariable
analyses with each outcome. Those variables that were
associated with the outcome with a P value < 0.2 were
included in the final multivariable regression models [23].
Additionally, because age at diagnosis and current
smoking were observed to be significantly higher after the
publication of guidelines, these variables were forced into
the final multivariable models. A P value of 0.05 was used
as a threshold to define statistical significance in all
analyses.

Results

We identified a total of 1583 patients with a diagnosis of
IPF between the years of 1989 and 2006. Of these, 941 met
the specified inclusion criteria (Figure 1). The mean age in
this cohort at the time of diagnosis was 71.7 years
(SD = 10.3) and 62.3% of patients were male. There were
several changes in the patient population over the period
of observation.The mean age at the time of diagnosis in all
subjects in the cohort increased from 70.1 years in the
period before 1 January 2000 to 73.1 years in the period
after that date (P � 0.0001).The frequency of smoking also

increased. Additionally, the use of oxygen at the time of
diagnosis increased from 7.4% to 14.7% (P = 0.0004). Simi-
larly, the proportion of patients who had a diagnosis of
dyspnoea prior to their diagnosis with IPF increased from
31.2% to 42.9% (P = 0.0002). Patient and disease character-
istics for the whole cohort and by era of diagnosis are
summarized in Table 1.

In total, 187 patients (19.9%) received a new prescrip-
tion for corticosteroids either alone or in combination with
a cytotoxic agent at the time of diagnosis. Only 22 of these
patients (11.8%) were treated with combination therapy.
The proportion of patients who received corticosteroids
decreased after the publication of guidelines (22.2% vs.
17.7%, OR = 0.75, 95% CI 0.55, 1.04, P = 0.084).Among those
who received corticosteroids, the proportion who also
received a prescription for a cytotoxic agent increased sig-
nificantly from 5.1% to 19.3% (OR = 4.50,95% CI 1.59,12.78,
P = 0.0025).These results are illustrated in Figure 2. Figure 3
shows the use of corticosteroids plotted alongside the use
of oxygen and dyspnoea by year of diagnosis.

We tested as potential confounders each of the factors
included in Table 1 as well as co-morbid conditions such as
diabetes and osteoporosis, and the number of patients
diagnosed with IPF per year in the physician’s practice.
Also, because patients with IPF who do not have classic
diagnostic features at the time of initial presentation might

Patients with
diagnostic code for IPF

n = 1583

n = 1200

n = 1172

n = 1135

n = 1126

Final cohort
n = 941

< 12 months of medical records in
database before diagnosis (n = 383)

Medical record failed to meet quality
standards (n = 28)

History of a prior systemic rheumatic
disease (n = 37)

Age < 40 years (n = 9)

Receiving treatment in 3 months
before diagnosis with IPF (n = 185)

Figure 1
Exclusions applied to generate the final analysis cohort
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be more likely to receive corticosteroids, we included the
presence of a diagnostic code for a different form of inter-
stitial lung disease prior to the diagnosis of IPF as a poten-
tial confounder. Only oxygen use, a diagnostic code for
dyspnoea,and a prior diagnosis with a different form of ILD
were associated with a P value < 0.2 in bivariable analysis.
These variables, as well as age in 10-year increments and
current smoking status, were then included in a final mul-
tivariable regression model. After adjustment for these
potential confounders (Table 2), the OR for receiving ste-
roids in the period after 1 January 2000 compared with the
period before that date was 0.65 (95% CI 0.46, 0.92,
P = 0.014). Including past corticosteroid use (>90 days prior
to diagnosis) in the regression model did not alter the
results. Similarly, an analysis excluding those patients with

a prior diagnosis of a different form of ILD was not substan-
tially different from the adjusted model. A sensitivity analy-
sis using 1 April 1999 as a closer approximation to the date
of publication of BTS guidelines revealed similar results of
both bivariable and multivariable analyses (results not
shown).

We then tested the same variables to examine for
potential confounding of the effect of diagnostic time
period on the use of cytotoxic agents among those
patients who were treated with corticosteroids. Only
oxygen use at the time of diagnosis met criteria for inclu-
sion as a potential confounder based on bivariable analy-
ses. This was therefore included in a multivariable logistic
regression model along with age and smoking status. The
resulting fully adjusted OR for the use of cytotoxic agents
after the publication of treatment guidelines recommend-
ing their use was 4.71 (95% CI 1.56, 14.21, P = 0.006) (see
Table 2).

The results of dichotomizing the exposure by different
years to test whether the year 2000 was a part of a pre-
existing trend are presented in Table 3. In the case of both
the overall use of corticosteroids and the use of combina-

Table 1
Patient and disease characteristics in the total cohort and in groups diagnosed before and after publication of treatment guidelines

Total Before guidelines After guidelines P value*

Number 941 445 496 N/A
Age (years) (SD) 71.7 (10.3) 70.1 (10.7) 73.1 (9.8) < 0.0001

Gender
Male 586 (62.3%) 276 (62.0%) 310 (62.5%) 0.88
Female 355 (37.7%) 169 (38.0% 186 (37.5%)

Current smoking 270 (28.7%) 114 (25.6%) 156 (31.5%) 0.046

Biopsy or Bronchoscopy 84 (8.9%) 46 (10.3%) 38 (7.7%) 0.15
Oxygen use 106 (11.3%) 33 (7.4%) 73 (14.7%) 0.0004

Dyspnoea 352 (37.4%) 139 (31.2%) 213 (42.9%) 0.0002

*Comparison between groups before and after publication of guidelines.
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Figure 2
The contribution of corticosteroid monotherapy and combination
therapy with a cytotoxic agent to the total use of corticosteroids before
and after the publication of specialty society guidelines. Corticosteroid
monotherapy ( ); corticosteroids prescribed in combination with a cyto-
toxic agent ( )
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Figure 3
Oxygen use, dyspnoea, and the use of corticosteroids over time. Corticos-
teroid use ( ); oxygen use ( ); dyspnoea ( )

Effect of guidelines on the treatment of idiopathic pulmonary fibrosis

Br J Clin Pharmacol / 70:1 / 121



tion therapy with corticosteroids and cytotoxic agents,
dividing the exposure periods at the year 2000 resulted in
the greatest difference in use of these treatment strategies.

Discussion

This study demonstrates that there has been a small
decrease in the use of corticosteroids in the initial manage-
ment of IPF since the publication of treatment guidelines.
While the overall use of corticosteroids has decreased, the
use of cytotoxic agents among those patients who receive
corticosteroids has increased. Despite this increase, corti-
costeroid monotherapy was by far the more commonly
prescribed treatment for IPF throughout the study period.
The reasons for the apparent reluctance of physicians to
prescribe cytotoxic agents warrant further study,especially
in light of the most recent BTS guidelines that explicitly
recommend against the use of high-dose corticosteroid
monotherapy in favour of the combination of corticoster-
oids, azathioprine and N-acetylcysteine [24].

The overall use of corticosteroids in this cohort is less
than that suggested by previous studies [11–13]. Johnston
and colleagues found that 44% of patients seen by pulmo-
nologists in the UK were offered treatment at the time of
diagnosis [13]. However, these results were based on
patients with an incident diagnosis made before 30
November 1992. Since that time, a growing body of litera-
ture has emerged suggesting the efficacy of corticoster-
oids in the treatment of IPF is limited and confirming the
high risk of toxicity with treatment [2, 25]. More recently,
Collard and colleagues conducted a survey in 2006 of aca-
demic physicians in the US and found that 52% of these
physicians stated they ‘always’ or ‘frequently’ prescribed
pharmacotherapy at the time of diagnosis with IPF [11].
This study, however, did not include patient level data
reflecting actual prescribing practice.Additionally,because
this study was limited to academic physicians in the US, it
may not be representative of the population of IPF patients
in other countries or practice settings. Finally, Hubbard and
colleagues reported that 71% of patients with a diagnosis
of IPF in the UK received corticosteroids at some time in

Table 2
Use of corticosteroids and use of cytotoxic agents among corticosteroid users after the publication of treatment guidelines

Unadjusted OR (95% CI) Adjusted OR (95% CI) P value for adjusted OR

All corticosteroid treatment 0.75 (0.55, 1.04) 0.65 (0.46, 0.92)* 0.014
Cytotoxic therapy among corticosteroid users 4.50 (1.59, 12.78) 4.71 (1.56, 14.21)† 0.006

*Adjusted for age, smoking status, past diagnosis with a different ILD, dyspnoea and use of oxygen. †Adjusted for age, smoking status, and use of oxygen.

Table 3
Treatment with corticosteroids and combination therapy – results of dividing the cohort by different years

Year % treated before % treated after Difference % Adjusted OR 95% CI P value

1997
CS 19.9% 19.9% 0.0% 0.89 0.60, 1.30 0.542
CT 5.6% 14.3% 8.7% 2.83 0.76, 10.59 0.122

1998
CS 20.7% 19.4% -1.3% 0.82 0.57, 1.18 0.293
CT 6.0% 15.0% 9.0% 3.09 0.93, 10.30 0.066

1999
CS 22.4% 18.1% -4.3% 0.66 0.47, 0.93 0.019
CT 5.9% 16.7% 10.8% 3.18 1.02, 9.95 0.047

2000†
CS 22.2% 17.7% -4.5% 0.65 0.46, 0.92 0.014
CT 5.1% 19.3% 14.2% 4.71 1.56, 14.21 0.006

2001
CS 21.3% 18.1% -3.2% 0.70 0.49, 0.99 0.042
CT 8.1% 17.1% 9.0% 2.22 0.84, 5.86 0.108

2002
CS 21.4% 17.3% -4.1% 0.65 0.45, 0.94 0.023
CT 8.7% 18.3% 9.6% 1.94 0.73, 5.16 0.182

2003
CS 20.9% 17.3% -3.6% 0.66 0.44, 0.97 0.036
CT 9.9% 17.4% 7.5% 1.65 0.59, 4.59 0.338

CS, all corticosteroid therapy; CT, corticosteroid users also receiving a cytotoxic agent. †A priori comparison before and after publication of guidelines.
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their medical care.However, the timing of that treatment in
the disease course was not reported [12].

The difference between the use of corticosteroids in
this study and previous studies could also be related to our
decision to limit the cohort to only those patients who
were not on treatment at the time of diagnosis.We believe
the decision to continue therapy is fundamentally differ-
ent from the initiation of corticosteroid therapy and there-
fore we excluded these patients. Additionally, we used a
strict definition of treatment initiation, limiting our out-
comes to only those patients that received a prescription
within 30 days of diagnosis.

Limitations of the database did not allow collection of
pulmonary function test results or data on other validated
markers of disease severity for the analysis of potential
confounders. However, we did observe that the use of
oxygen at the time of diagnosis and the presence of dys-
pnoea prior to the diagnosis of IPF both increased across
the study period. It is possible that this reflects an increase
in disease severity at presentation over time, although this
has not been described elsewhere in the literature and is in
contrast to the findings of Gribbin et al. who found that the
median survival from the time of diagnosis has not
changed [1]. It is also possible that the observed changes
in these variables are not representative of an underlying
change in the severity of IPF at presentation, but rather
reflect temporal trends in recording symptoms such as
dyspnoea in the electronic medical record or increased
screening for hypoxaemia among patients with IPF. Similar
attention to accurate data recording and health screening
could explain the observed increase in cigarette smoking.
Nonetheless, both dyspnoea and the use of oxygen met
pre-specified criteria as potential confounders and were
therefore included in the multivariable analysis.

This study has several important strengths. It is the first
to examine prescription level data to determine the
number of patients receiving corticosteroids and cytotoxic
agents at the time of diagnosis, and the first to report
changes in prescribing behaviour over time.We had a large
number of patients covering multiple years both before
and after the publication of guidelines allowing for a com-
plete analysis of temporal trends in the treatment of IPF
over nearly 15 years. Additionally, we were able to control
for changes in the underlying population in order to deter-
mine whether trends were independent of other factors.

Despite these strengths, it is possible that the changes
in treatment over time are related to an event other than
the publication of specialty society guidelines. For
instance, the classification of the idiopathic interstitial
pneumonias underwent significant revisions in the years
examined in this study [26, 27], and it is possible that the
population of patients diagnosed with IPF in later years
represents a more homogenous population of patients
who would be expected to have less steroid-responsive
disease. More stringent diagnostic criteria could also
explain the observed increase in age at the time of diag-

nosis if younger patients with other forms of interstitial
lung disease were previously classified as having IPF. This
would not explain, however, the increased use of cytotoxic
agents. Additionally, the observed differences in treatment
were most pronounced both in absolute and relative terms
when the study period was divided according to the year
guidelines were published.

It is also possible that the observed differences in treat-
ment simply reflect a temporal trend unrelated to any dis-
crete event. When the use of corticosteroids is examined
graphically by diagnostic year (see Figure 3), there is no
clear trend before the year 2000 to suggest that guidelines
were published during a pre-existing period of declining
corticosteroid use. In fact, there appears to have been a
trend of increasing use in the years immediately preceding
2000. Nevertheless, it is not possible to determine defini-
tively using these data whether a trend toward reduced
use after the year 2000 is directly attributable to published
guidelines or other influences.

Although we cannot verify the clinical criteria used to
confirm the diagnosis of IPF in THIN, our criteria are consis-
tent with past work in this area, and the diagnostic codes
used in this study have been previously assessed and
found to be accurate [1, 20, 21, 28]. Additionally, and more
importantly, the current study evaluates physician pre-
scribing decisions when treating patients whom they
believe to have IPF, regardless of whether that diagnosis is
correct pathologically. It is also possible that the use of
corticosteroids and cytotoxic agents could have been
missed. Some patients may receive a single short course
(typically 7 days or less) of treatment from a specialty pro-
vider which may not appear in the database. Under the
National Health Service, subsequent prescriptions for con-
tinuation of therapy should be written by the general prac-
titioner and should therefore be captured in this analysis.
By evaluating the prescription information in the first 30
days after diagnosis rather than only at the time of diag-
nosis, the risk of misclassification is reduced.

As with all observational studies, it is possible that our
results are confounded by additional factors that we have
not measured. Additionally, these findings may not be gen-
eralizable outside of the UK. Finally, the effects of more
recent studies demonstrating a potential benefit of
corticosteroids/azathioprine/N-acetylcysteine and the
most recent guidelines published in 2008 on prescribing
behaviour cannot be assessed using these data.

Conclusions

We found that there has been a small decrease in the use of
corticosteroids in the initial management of IPF, and that
this decline appears to be related temporally to the publi-
cation of treatment guidelines.The use of cytotoxic agents
among those treated with corticosteroids has increased
significantly across the same time period consistent with
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current recommendations. However, corticosteroid mono-
therapy remains the most commonly prescribed initial
treatment regimen.
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