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Abstract
Background—To ascertain whether find-
ings from hospital based clinical series
can be extended to patients with idio-
pathic pulmonary fibrosis (IPF) in the
general population, the survival of pa-
tients with IPF in a population based reg-
istry was compared with that of a cohort
of patients with IPF treated at major
referral hospitals and the factors influenc-
ing survival in the population based regis-
try were identified.
Methods—The survival of 209 patients
with IPF from the New Mexico Interstitial
Lung Disease Registry and a cohort of 248
patients with IPF who were participating
in a multicentre case-control study was
compared. The determinants of survival
for the patients from the Registry were
determined using life table and propor-
tional hazard modelling methods.
Results—The median survival times of
patients with IPF in the Registry and
case-control cohorts were similar (4.2
years and 4.1 years, respectively), al-
though the average age at diagnosis of the
Registry patients was greater (71.7 years
versus 60.6 years, p < 0.01). After adjust-
ing for diVerences in age, sex, and ethnic-
ity, the death rate within six months of
diagnosis was found to be greater in the
Registry patients (relative hazard (RH)
6.32, 95% CI 2.19 to 18.22) but more than
18 months after diagnosis the death rate
was less (RH 0.35, 95% CI 0.19 to 0.66)
than in the patients in the case-control
study. Factors associated with poorer
prognosis in the Registry included ad-
vanced age, severe radiographic abnor-
malities, severe reduction in forced vital
capacity, and a history of corticosteroid
treatment.
Conclusions—The adjusted survival of
patients with IPF in the general popula-
tion is diVerent from that of hospital
referrals which suggests that selection
biases aVect the survival experience of
referral hospitals.
(Thorax 1998;53:469–476)
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Idiopathic pulmonary fibrosis (IPF)/
cryptogenic fibrosing alveolitis is a chronically
progressive interstitial lung disease which
results in severe disability and death in the
majority of cases.1 IPF is the most common
interstitial lung disease with an incidence of

approximately 15 per 100 000 per year.2

Because diYcult decisions must be made
regarding treatment and the patient’s antici-
pated decline in quality of life, both physicians
and patients need valid prognostic infor-
mation. Reports of case series estimate that
median survival for IPF is 3–5 years; however,
there is uncertainty in these estimates due to
the diVerences in the study populations and
their relatively small sizes, the diYculty in
establishing onset of the disease, and diVer-
ences in the rate of disease progression.3 The
factors that have been associated with survival
in IPF include age at onset of symptoms and
diagnosis,4–7 sex,4 5 8 duration of symptoms,6 9 10

the severity of chest radiographic
abnormalities,4–6 8 11 pulmonary function
impairment,6 8 9 11–13 the degree of active
alveolar inflammation,4 5 9–11 14 and response to
corticosteroid or immunosuppressive
therapy.5 6 9 13–15 However, because this infor-
mation is based mainly on the case-series
experience of referral centres, it may represent
a biased sample of all patients with IPF. We do
not know if the findings of these studies can be
extended to patients seen in the community
with IPF.
The New Mexico Interstitial Lung Disease

(ILD) Registry was established in 1988 to
describe the occurrence of interstitial lung dis-
eases, including IPF, in Bernalillo County,
New Mexico (1990 population 480 577).2

Data from this Registry, as compared with case
series data, can be used to describe the natural
history of unselected IPF patients, the inci-
dence of disease, and the treatment of IPF in
the general population. To determine whether
selection biases aVect the survival of patients
with IPF seen in referral centres we compared
the survival of 209 incident cases of IPF iden-
tified by the New Mexico ILD Registry with
that of 248 patients with IPF who were
ascertained through referral centers as partici-
pants in a case-control study on aetiology.16

This report also presents an analysis of factors
aVecting the survival of patients with IPF in the
population based Registry.

Methods
THE NEW MEXICO ILD REGISTRY

The NewMexico ILDRegistry was established
in 1988 to describe the prevalence and
incidence of interstitial lung diseases in a
population based cohort.2 All pulmonary
physicians, internists, family practitioners, and
other physicians in Bernalillo County, New
Mexico who encountered patients with inter-
stitial lung diseases were solicited for cases; in

Thorax 1998;53:469–476 469

Epidemiology and
Cancer Control
Center, University of
New Mexico Health
Sciences Center,
Albuquerque, New
Mexico 87131-5306,
USA
D WMapel
W C Hunt
R Utton
K B Baumgartner
D B Coultas

Department of
Epidemiology, School
of Hygiene and Public
Health, Johns Hopkins
University, Baltimore,
Maryland, USA
J M Samet

Correspondence to:
Dr D W Mapel.

Received 8 June 1997
Returned to authors
27 August 1997
Revised version received
22 January 1998
Accepted for publication
3 March 1998

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.53.6.469 on 1 June 1998. D

ow
nloaded from

 

http://thorax.bmj.com/


addition, patients with interstitial lung diseases
were identified from computerised billing
records of all pulmonary clinics and hospitals
in the county. For inclusion in the Registry
patients had to have a physician’s clinical or
pathological diagnosis of an interstitial lung
disease during the enrolment period, be 18
years of age or older, and reside within
Bernalillo County. Patients who did not have
biopsy samples taken were required to have
documented clinical evidence (clinical history,
physical examination and radiographic find-
ings, pulmonary function tests) to support the
diagnosis. Cases with only a radiographic diag-
nosis of an interstitial lung disease were
excluded. During its four year enrolment
period from 1 October 1988 to 30 September
1992 a total of 4520 patients were referred to
the Registry and were reviewed: 3537 did not
have an interstitial lung disease or had insuY-
cient evidence to support the diagnosis, and
258 did not live in Bernalillo County or were
younger than 18 years. Of 725 cases meeting
enrolment criteria, 316 were prevalent and 409
were incident cases. Of the incident cases, 200

had a specific interstitial lung disease diagnosis
such as sarcoidosis or asbestosis, and the
remaining 209 patients with IPF are included
as the study cohort.
Chest radiographs taken near the time of

diagnosis were obtained whenever available
and scored for profusion by a certified “B”
reader (DBC) using the International Labor
Organization classification system. Profusion
abnormalities that scored 1/2 or lower were
designated as “mild”, those from 2/1 to 2/3 as
“moderate”, and those of 3/2 or greater as
“severe”. All radiographs were read without
prior knowledge of the clinical history.
Pulmonary function tests obtained near the

time of diagnosis were abstracted from medical
records. Reductions in the forced vital capacity
(FVC) and forced expiratory volume in one
second (FEV1) of less than 80% of predicted
were designated as “moderate” and values of
less than 60% of predicted were designated as
“severe”. To examine the relationship between
airway obstruction and survival in IPF, patients
were divided into three categories: those with
an FEV1 of more than 80% predicted were
“normal”, those with an FEV1 of less than 80%
predicted and an FEV1/FVC ratio of less than
0.75 were designated as “obstructed”; and
those with an FEV1 of less than 80% predicted
and an FEV1/FVC ratio of more than 0.75 were
designated as “restricted”.
Detailed cigarette smoking histories were

available only for patients who had personal
interviews; the remainder were classified as
“ever smokers” or “never smokers” based on
medical records. Patients who reported using
cigarettes for a total of less than six months
during their lifetimes were classified as never
smokers. Patients for whom smoking exposure
could not be quantified were listed as un-
known. Because only six patients in the Regis-
try continued to smoke after the time of their
diagnosis, current and former smokers were
analysed together.
During case ascertainment for the Registry it

was noted that patients with IPF were usually
assigned the diagnostic billing codes pulmo-
nary fibrosis (ICD-9, 515), idiopathic or inter-
stitial pulmonary fibrosis (ICD-9, 516.3), or
interstitial or primary pneumonitis (unspeci-
fied ICD-9 codes). To investigate whether the
diVerences in diagnostic codes had any influ-
ence on survival, we included the coding
groups in the survival analyses.
The vital status of each patient in the Regis-

try was confirmed by follow up contact with
patients, their families, or their physicians. For
those whose vital status could not be deter-
mined from these sources, we searched the
New Mexico Bureau of Vital Statistics and the
National Death Index. As of 15 August 1995, a
total of 114 patients (54.5%) were deceased.
All patients not confirmed as deceased at that
date were assumed to be alive. A review of the
causes of death and the accuracy of death cer-
tificate diagnoses in the New Mexico Intersti-
tial Lung Disease Registry has been previously
published.17

Table 1 Demographic and clinical characteristics of
patients with idiopathic pulmonary fibrosis (IPF) in the
population based New Mexico (NM) ILD Registry and
the hospital based cohort

Characteristic
NM ILD Registry
(n=209)

Hospital based
cohort (n=248)

Mean (SD) age* 71.7 (12.3) 60.6 (10.4)
Sex (%)
Male 55.0 60.1
Female 45.0 39.9

Ethnicity (%)*
Non-Hispanic White 61.2 85.9
Hispanic 23.0 4.8
Black 1.4 7.3
Native American 1.9 0.8
Other 12.4 1.2

Smoking status (%)
Never smoked 28.2 27.8
Ever smoked 61.2 72.2
Unknown 10.5 0.0

Mean (SD) lung
function
FVC (% predicted) 69.1 (21.6) 72.3 (20.6)
FEV1 (% predicted) 72.7 (23.3) 73.7 (18.9)

Biopsy (%)*
Open lung
biopsy/autopsy

9.6 53.6

Transbronchial biopsy 32.5 15.3
None 55.5 31.0
Unknown 2.4 0.0

* Distribution is significantly diVerent between cohorts
(p<0.01).

Figure 1 Kaplan-Meier estimates of survival for patients
with idiopathic pulmonary fibrosis (IPF) in the hospital
based cohort and in the New Mexico Interstitial Lung
Disease Registry. Tests of equality over strata: log rank (÷2

= 0.73, p = 0.39);Wilcoxon (÷2 = 5.35, p = 0.02).
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IPF CASE-CONTROL STUDY

To compare the survival of the patients with
IPF identified in the New Mexico ILD
Registry with those patients identified at refer-
ral hospitals, we examined the survival of 248
patients with IPF who participated in a multi-
centre case-control study. These patients were
diagnosed between January 1989 and July
1993 at 16 diVerent institutions located in 15
states. Details of the study methods and patient
characteristics of the IPF case-control study
have been previously published.16 Patients who
had the diagnosis of IPF made without lung
biopsies were required to have documented
symptoms of cough or dyspnoea, bilateral
crackles on chest auscultation, and bilateral
reticular or reticulonodular infiltrates on chest
radiography. Survival for each patient in the
case-control study was determined from the
time of diagnosis, and survival status was
determined by follow up with the patient or a
family member. For those whose vital status
could not be determined from these sources,
we searched the National Death Index. All
persons who were not confirmed as deceased at
31 December 1993 were assumed to be alive.

STATISTICAL ANALYSIS

All calculations were performed using SAS
procedures.18 The duration of survival from the
date of diagnosis was determined for each
patient. Survival distributions were computed
using the Kaplan-Meier life table method and
diVerences in survival between the groups of
patients with clinical factors of interest were
compared using log rank and Wilcoxon tests.
The Cox proportional hazards model was

used to compare the survival of the patients on
the Registry with those from the case-control
study, and to determine the eVect of various
factors on survival in the Registry cohort.
These results are expressed as the relative haz-
ard for death among those who had or were
exposed to a factor of interest compared with
those who did not have or were not exposed to
the factor. The proportional hazards assump-
tion for each covariate in the model was evalu-
ated using log(–log) plots and Schonfeld’s
goodness-of-fit test.19 The relative hazard com-
paring death in the two cohorts was found to
vary over time so the relative hazard was calcu-
lated for five separate time intervals. Two-way
interactions between all variables in the final
models were tested and found to be insignifi-
cant.
The relative survival rates of patients with

IPF in the New Mexico ILD Registry and in
the case-control study were computed using
the 1980 United States census life tables.20 The
expected survival in the Registry and in the
case-control study was determined by match-
ing each patient to the census data by age, sex,
and ethnicity (non-Hispanic white, Hispanic,
or other). The relative survival was computed

Table 2 Relative hazard (RH) comparing New Mexico
ILD Registry with hospital based cohort from Cox’s
proportional hazards model adjusted for age, ethnic group,
and sex

Months after diagnosis RH (95% CI)

0–6 6.32 (2.19 to 18.22)
6–18 0.72 (0.41 to 1.27)
18–30 0.35 (0.19 to 0.66)
30–42 0.36 (0.17 to 0.79)
42 or more 0.38 (0.15 to 0.98)

Figure 2 Kaplan-Meier estimates of survival for patients with idiopathic pulmonary fibrosis (IPF) in the New Mexico
Interstitial Lung Disease Registry by (A) patient age (in years), (B) degree of chest radiographic profusion abnormality,
(C) percentage predicted forced vital capacity, and (D) patient sex.
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as the observed survival divided by the
expected survival in the respective groups.

Results
The mean age of patients with IPF in the New
Mexico ILD Registry was significantly greater
than that of the hospital referral cohort (71.7
years versus 60.6, p < 0.01), and the average
duration of follow up among survivors was
greater in the Registry cases (57.3 versus 29.8
months, p < 0.01). There was a slightly higher
proportion of women in the Registry cohort,
although the diVerence was not statistically
significant (table 1). The ethnic background of

Registry patients was representative of the eth-
nic population distribution of Bernalillo
County (55.9% non-Hispanic white, 36.2%
Hispanic, 3.4% Native American, 2.7% Afri-
can American, 1.8% other non-whites; 1990
US Census). The proportion of smokers and
the mean % predicted FVC and FEV1 at the
time of diagnosis were similar in each cohort.
Only 42% of patients with IPF in the Registry
had lung biopsy samples taken compared with
69% of patients in the hospital based cohort.
Patients of less than 65 years of age at the time
of diagnosis were significantly more likely to
have lung biopsy samples taken than those aged
65 or older in both cohorts (p < 0.01).
The Kaplan-Meier survival plots for the

Registry and hospital based cohorts are shown
in fig 1. The median survival times of patients
with IPF in the Registry and case-control
cohorts were similar (4.2 years and 4.1 years,
respectively). Although the diVerence between
the survival curves was not significant by the
log-rank method, it was statistically significant
by the Wilcoxon method which emphasises
diVerences in the beginning of the survival
curve.
Cox proportional hazards models adjusting

for diVerences in age, ethnic group, and sex
were used to estimate the relative hazard of
death in the Registry to the hospital-based
cohort at various time intervals after diagnosis
(table 2). Within the first six months of

Table 3 Observed, expected and relative survival of
patients with idiopathic pulmonary fibrosis (IPF) in the
New Mexico ILD Registry and hospital based case-control
study cohorts

Years after
diagnosis

Observed
survival

Expected
survival*

Relative survival
(95% CI)

Patients in the New Mexico ILD Registry
1 0.78 0.95 0.82 (0.76 to 0.88)
2 0.69 0.89 0.77 (0.67 to 0.84)
3 0.61 0.84 0.73 (0.65 to 0.81)
4 0.52 0.79 0.66 (0.57 to 0.75)
5 0.47 0.74 0.64 (0.54 to 0.74)
Patients in the hospital based cohort:
1 0.91 0.98 0.93 (0.89 to 0.96)
2 0.76 0.96 0.80 (0.74 to 0.86)
3 0.65 0.94 0.69 (0.62 to 0.77)
4 0.52 0.91 0.57 (0.48 to 0.67)
5 0.45 0.89 0.50 (0.38 to 0.63)

* Expected survival computed from 1980 United States life
tables specific for age, race, and sex.

Table 4 Summary statistics for life table analysis of survival of patients with idiopathic pulmonary fibrosis (IPF) in the
New Mexico ILD Registry

Factor Category No.
Five year survival
(95% CI)

p value for log
rank test

Age at diagnosis Under 65 years 47 68.8 (55.0 to 82.6)
65–74 years 70 50.7 (38.4 to 63.0)
75 years or older 92 34.5 (23.6 to 45.3) 0.001

Chest radiographic profusion Mild 68 53.0 (39.5 to 66.4)
Moderate 45 48.6 (33.2 to 64.0)
Severe 24 23.8 (6.3 to 41.3) 0.008

FVC (% predicted)* >80 38 55.6 (36.9 to 74.4)
60–80 59 49.1 (35.2 to 63.2)
<60 46 33.7 (18.2 to 49.2) 0.124

FEV1 (% predicted) >80 53 56.1 (41.4 to 70.8)
60–80 49 50.5 (35.6 to 65.4)
<60 41 37.4 (20.8 to 54.1) 0.103

Airflow Normal 53 56.1 (41.4 to 70.8)
Obstructed 33 46.1 (26.6 to 65.5)
Restricted 57 43.3 (29.7 to 56.9) 0.417

Duration of symptoms prior to diagnosis <12 months 152 50.0 (36.5 to 53.5)
>12 months 21 70.7 (50.9 to 90.5) 0.028

Sex Women 94 47.6 (36.8 to 58.4)
Men 115 47.5 (37.5 to 57.5) 0.915

Smoking Never smoked 59 44.1 (30.9 to 57.3)
Ever smoked 128 50.3 (40.6 to 60.0) 0.250

Ethnic group Hispanic 48 39.9 (25.5 to 54.2)
Non-Hispanic White 128 51.2 (41.7 to 60.8) 0.139

Corticosteroids Not treated 114 52.7 (43.0 to 62.3)
Treated 76 41.6 (29.5 to 53.8) 0.292

Diagnostic code (ICD-9) IPF (516.3) 129 46.4 (37.0 to 55.8)
Pulmonary fibrosis (515) 56 42.1 (28.2 to 56.0)
Primary or interstitial pneumonitis 24 66.7 (47.8 to 85.5) 0.113

Biopsy Transbronchial 68 52.9 (40.1 to 65.7)
Open lung/autopsy 20 44.0 (18.0 to 70.0)
No biopsy 116 45.8 (36.1 to 55.5) 0.526

* Comparison between % predicted FVC <60 and % predicted FVC >60, p value = 0.044.
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diagnosis the death rate was significantly
greater among the patients in the Registry but,
after 18 months, the death rate was signifi-
cantly lower.
The survival of patients with IPF in the New

Mexico ILD Registry was significantly less
than the expected survival determined from the
1980 United States census life tables (table 3).
The observed survival and the relative survival
at one year after diagnosis were lower in the
Registry cohort than in the case-control study
cohort. However, by three years after diagnosis
the relative survival in the case-control study
cohort was poorer, while the observed survival
in the two groups was very similar.

LIFE TABLE ANALYSIS OF PATIENTS WITH IPF IN

THE NEW MEXICO ILD REGISTRY

Age at diagnosis was a strong determinant of
survival for patients with IPF in the ILD Reg-
istry (fig 2, table 4). Severity of illness at diag-
nosis, as indicated by the degree of fibrosis on
chest radiographs and the degree of impair-
ment on spirometric testing, did not diVer by
age. Patients age 75 years or older were signifi-
cantly less likely to have smoked (54.3% versus
79.3%) and were also less likely to have been
treated with corticosteroids (28.1% versus
49.1%) than patients in the other age groups.
Patients with severe profusion abnormalities

on the chest radiograph had significantly
reduced survival (fig 2, table 4). The median
survival for patients with severe profusion
abnormalities was only 13.5 months compared
with 62.7 months and 56.2 months for the mild
or moderate profusion groups, respectively.
Although there was a tendency for patients

with severe radiographic abnormalities to also
have abnormal spirometric values, the correla-
tion between the degree of radiographic abnor-
mality and the degree of spirometric impair-
ment was weak (Spearman’s r = 0.16, p =
0.15).
Patients with IPF with severe reductions in

FVC on routine spirometric testing also had
poorer survival (fig 2, table 4). The median
survival for patients with FVC of less than 60%
of predicted was only 37.5 months compared
with 64.7 months for patients with FVC of
60% of predicted or greater. The survival
distributions by category of FEV1 were similar
to those for FVC. Patients with restrictive or
obstructive spirometry patterns had slightly
reduced survival compared with those with
normal spirometry; however, the diVerences
were not significant.
Patients with symptoms related to IPF for

more than 12 months prior to diagnosis had
significantly better survival than those having
symptoms for less than 12 months. However,
because most patients reported having IPF
symptoms for less than 12months, the estimate
for the five year survival for those with a longer
duration of symptoms is imprecise (table 4).
There were no significant diVerences in symp-
tom duration by age, sex, ethnicity, smoking
status, use of corticosteroid therapy, radio-
graphic profusion abnormality, or impairment
on spirometric testing.
Survival did not diVer significantly according

to sex, although there were sex diVerences in
clinical presentation, diagnostic evaluation,
and treatment (fig 2, table 4). Men were more
likely than women to have moderate or severe

Table 5 Cox’s proportional hazards model for survival of patients with idiopathic pulmonary fibrosis (IPF) in the New
Mexico ILD Registry

Factor Category RH* 95% CI p value**

Age at diagnosis Under 65 years 1.00
65–74 years 2.12 1.13 to 3.99
75 years or older 2.74 1.49 to 5.06 0.006

Chest radiographic profusion Mild 1.00
Moderate 1.29 0.73 to 2.28
Severe 3.10 1.66 to 5.77 0.001

FVC (% predicted) >80 1.00
60–79 1.23 0.64 to 2.37
<60 1.82 0.92 to 3.58 0.180

Duration of symptoms prior to diagnosis <12 months 1.00
>12 months 0.52 0.23 to 1.20 0.126

Sex Women 1.00
Men 1.00 0.65 to 1.52 0.987

Cigarette smoking Never smoked 1.00
Ever smoked 0.72 0.45 to 1.16 0.177

Ethnicity Non-Hispanic White 1.00
Hispanic 1.32 0.84 to 2.08
Other 0.95 0.41 to 2.12 0.469

Corticosteroids Not treated 1.00
Treated 2.07 1.26 to 3.37 0.004

Diagnostic code (ICD-9) IPF (516.3) 1.00
Pulmonary fibrosis (515) 1.43 0.91 to 2.26
Primary or interstitial pneumonitis 0.55 0.25 to 1.21 0.060

Biopsy Transbronchial 1.00
Open lung/autopsy 1.79 0.83 to 3.83
No biopsy 1.09 0.64 to 1.87 0.312

* Relative hazard (RH) rate from multivariate Cox’s proportional hazards model.
** p value from test of equivalence of RR across all categories of the factor.
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profusion abnormalities on the chest radio-
graph at the time of diagnosis (62.0% versus
34.6%) or to have had diagnostic biopsy
samples taken (49.1% versus 36.2%). Men
were also more likely to have been treated with
corticosteroids (44.2% versus 33.8%).
Persons who had ever smoked cigarettes

tended to have better survival than those who
had never smoked, although the diVerence was
not significant (table 4). Ever smokers were
significantly younger than never smokers, and a
higher proportion of men than women had
used cigarettes (77.7% versus 55.7%). The
prevalence of use of tobacco by age, sex, and
ethnicity in the IPF Registry was similar to
findings of a survey of the residents of
Bernalillo County in 1979–1980.21 Ever smok-
ers were also more likely to have received corti-
costeroid therapy (49.6% versus 25.9%).
There were no significant diVerences between
the never smokers and ever smokers in terms of
chest radiographic profusion, spirometric ab-
normalities, or symptom duration.
Other clinical factors which did not appear

to be associated with survival by univariate
analysis included ethnicity, corticosteroid
treatment, diagnostic coding category, and his-
tory of biopsy (table 4). The Hispanic group
was older than the non-Hispanic white group
at the time of diagnosis (74.9 versus 70.5 years)
but there were no diVerences in the degree of
chest radiographic profusion abnormalities or
spirometric impairment between the two
groups. Patients with IPF with the billing codes
pulmonary fibrosis (ICD-9, 515) or idiopathic
or interstitial pulmonary fibrosis (ICD-9,
516.3) tended to be older, have a longer dura-
tion of symptoms, and have more radiographic
abnormality than those coded as interstitial or
primary pneumonitis, but the diVerences did
not reach significance.

PROPORTIONAL HAZARDS MODELLING FOR

SURVIVAL OF IPF PATIENTS IN THE REGISTRY

The Cox’s proportional hazards model was
used to estimate the relative risk associated
with each survival factor while adjusting for all
other factors. In these analyses the risk of death
was significantly higher for patients with
advanced age or severe profusion abnormalities
on the chest radiograph (table 5). As noted in
the life table analysis, those with severe reduc-
tion in FVC had poorer survival than the other
groups although the diVerences among the
three groups did not reach statistical signifi-
cance. A history of corticosteroid treatment,
which was not significant in the life table
analysis, was associated with a significantly
increased risk of death in the proportional haz-
ards model. Patients with a duration of
symptoms of 12 months or more prior to diag-
nosis and those diagnosed with primary pneu-
monitis also tended to have better survival. Sex,
cigarette smoking, ethnicity, and biopsy history
were not associated with a significantly in-
creased relative risk of death. Terms for
obstructive lung disease and restrictive lung
disease were not significant when included in
the model.

Discussion
Although the median survival of patients with
IPF in the population based Registry was simi-
lar to that of the cohort of patients seen at
referral hospitals, we found substantial diVer-
ences in mean age and in adjusted survival
between the two cohorts. The mean age of
Registry patients was 71.7 years, which is simi-
lar to the mean age of the British Thoracic
Society’s national registry of patients with
cryptogenic fibrosing alveolitis (CFA)22; the
mean age of the referral hospital cohort was
60.6 years which is similar to the mean ages
reported from previous referral hospital
cohorts.4–14 After adjusting for age, sex, and
ethnic group, patients in the Registry had a
higher mortality within six months of diagnosis
than the cohort of IPF patients seen at referral
hospitals, but better survival after 18 months.
These findings suggest the following: (1) the
average age of patients with IPF in the general
population is much greater than previously
reported from case series; (2) the adjusted sur-
vival of patients with IPF in the general popu-
lation is diVerent from that of referral hospital
populations; and (3) selection biases may affect
the survival experience of referral hospitals.
Survival among patients in the Registry with

IPF was primarily related to the patient’s age at
the time of diagnosis and to indices of disease
progression, including severe chest radio-
graphic profusion abnormalities and severe
lung function impairment. The median sur-
vival among IPF patients in the Registry from
the date of diagnosis was 4.2 years, similar to
the median survival durations reported in hos-
pital based reports4–6 8 9 14 and to that of the
cohort of IPF patients seen at referral hospitals.
The relative survival of IPF patients in the
Registry at five years compared with the
expected survival determined from census data
was 63.7% (95% CI 53.8 to 73.6). A history of
treatment with corticosteroids was associated
with increased risk of death in the proportional
hazards model. This result must be interpreted
with caution: the New Mexico ILD Registry
was not designed as an intervention study and
patients were treated only at the discretion of
their personal physician. Patient sex, ethnicity,
tobacco use, and history of biopsy were not
significant predictors of survival in the Regis-
try.
IPF is considered to arise from a disease

process in which a cellular inflammatory
response to an unknown stimulus eventually
results in diVuse and permanent pulmonary
fibrosis.23 Several studies have found that
patients with histological evidence of active
inflammation are more likely to improve clini-
cally with treatment5 6 9 10 and also to have bet-
ter survival.4 5 9–11 14 However, reports from
investigations of the prognosis of patients with
IPF that examined factors other than tissue
histology are inconsistent and even conflicting.
Bronchoalveolar lavage (BAL) cell counts have
been reported as predictive of treatment
response and disease progression in IPF15 24 25

but, after adjusting for other clinical factors,
BAL cell counts lose their prognostic
significance.8 26 Patients with IPF with a
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reduced FVC are more likely to have active
alveolitis27 and are more likely to improve with
treatment,15 28 but they are also more likely to
have reduced survival.9 12 15 Other factors that
have shown inconsistent or conflicting associa-
tions with progression and survival in IPF
include male sex,4–6 8 age at diagnosis,4–8 and
duration of symptoms prior to diagnosis.6 9 10

These discrepancies among IPF studies have
several possible explanations. Because of the
variable clinical presentations of IPF, the
potential exists for large diVerences in the
mean patient age, severity of illness at presen-
tation, and rate of disease progression among
study groups. In addition, diVerences in
clinical diagnostic criteria and the variability in
pathological diagnosis and grading may result
in disease misclassification. There is also
evidence that the presentation of IPF may be
aVected by patient age and smoking status,27

which is also suggested in our study. The
eVects of competing causes of death such as
coronary artery disease and cancer have not
been adequately accounted for in published
studies, in spite of the fact that IPF most often
aZicts the elderly, and that many people with
IPF die of unrelated diseases.1 17 Data from the
UK and from our Registry also suggest that
referral patterns and management diVerences
could result in a biased survival experience at
pulmonary referral centres.29 30

Of the 209 patients with IPF in the Registry
cohort, only 42% had any type of lung biopsy
sample taken compared with the 50–100%
biopsy rates reported in survival studies from
referral centres.4–15 This may have resulted in
disease misclassification in the Registry, with
some patients with IPF having other types of
interstitial lung diseases with diVerent survival
characteristics. Because only a few patients had
biopsy samples taken, we also could not exam-
ine tissue cellularity as a prognostic factor.
Nevertheless, any errors in the survival esti-
mates due to disease misclassification and con-
founding resulting from the lack of biopsy data
are likely to be small for several reasons: (1) a
clinical diagnosis of IPF in the Registry was
associated with a poor median survival quite
similar to that of patients with IPF from the
hospital based cohort (4.2 years and 4.1 years,
respectively); (2) the mean percentage pre-
dicted FVC and FEV1 of the Registry group at
the time of diagnosis was not diVerent from
that of the hospital cohort; (3) 96% of patients
in the Registry were diagnosed and treated by
pulmonologists who applied the same diagnos-
tic criteria as those used in previous IPF stud-
ies when biopsy samples were not taken; and
(4) survival in the Registry was not related to a
history of biopsy. The limited use of biopsy,
which has also been seen in the British
Thoracic Society CFA registry, may be due to
scepticism about the utility of invasive diagnos-
tic procedures to diagnose a disease with a
generally limited response to treatment.22 30

We were unable to examine the relationship
between response to IPF treatment and survival.
Clinical improvement with corticosteroid
therapy has been associated with an improved
prognosis,5 6 9 13–15 although it is not known

whether corticosteroids actually aVect the natu-
ral history of the disease.23 Because the majority
of the IPF patients in the Registry were older,
had evidence of advanced disease at presenta-
tion, and were not treated, it is unlikely that data
about treatment response would have signifi-
cantly altered the overall survival analysis.
Transfer factor (diVusion capacity) was not

available for a high proportion of patients in
both cohorts, so it was not used for analysis.
The reasons for its inconsistent use are not
clear. In the ILD Registry transfer factor was
often not measured in subjects with severe
radiographic or spirometric impairment, possi-
bly because the diagnosis was more obvious in
these patients, or because it is a technically dif-
ficult test in those with severely limited lung
function.
We found that survival among those in the

Registry, ascertained from 1988–1992, was
similar to earlier reports in the literature with
case ascertainments in the 1960s and 1970s.
For example, the mean survival in the Edin-
burgh Hospital review was 47.4 months9 and
the median survival in the Brompton Hospital
series was 4.5 years.4 Thus, in spite of a chang-
ing approach to treating IPF, survival has not
improved.30 These results emphasise the need
for clinical trials to determine optimal treat-
ments of IPF and to give physicians infor-
mation on the benefits and risks of treatment.
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