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Relationship between survival and age in patients with idiopathic
pulmonary fibrosis
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Background: There is a debate that older patients with idiopathic pulmonary fibrosis (IPF) have a worse
prognosis. We evaluated whether age affects the survival of patients with IPF.

Methods: The Korean Interstitial Lung Disease (ILD) Research Group conducted a national survey to
evaluate the clinical, physiological, radiological, and survival characteristics of patients with IPF. A total
of 1,663 patients with IPF were stratified into three groups according to age: (I) <60 years (n=309); (II)
60-69 years (n=613); and (IIT) 270 years (n=741).

Results: The 1-, 3- and 5-year observed survival rates were 83.0%, 62.6%, and 49.2% in the total
population, respectively. The 1-, 3-, and 5-year relative survival rates were 85.7%, 69.1%, and 58.0% in
all patients, respectively. The observed survival rate of the group >70 years of age was significantly lower
than those of the other groups (P<0.001). In contrast, no significant difference in relative survival rate was
detected among the three age groups. Compared with patients less than 60 years of age, patients with above
70 years of age had not increased risk of worse relative survival [P=0.252; hazard ratio (HR), 1.11; 95%
confidence interval (CI), 0.76-1.64].

Conclusions: The prognosis of patients above 70 years of age with IPF was not different to that of patients

less than 60 years of age, using relative survival rate. Age may not affect survival in patients with IPF.
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Introduction

Idiopathic pulmonary fibrosis (IPF) has an overall poor
prognosis. The median survival time of patients with IPF was
2-3 years from the time of diagnosis, in several retrospective
longitudinal studies (1-6). There are limited data on
clinical factors associated with increased mortality (4).
Poor prognostic baseline factors for survival of patients
with IPF are the level of dyspnea, diffusing capacity of
the lung for carbon monoxide (Dy.,) <40% predicted,
desaturation <88% during the 6-minute walk test, extent of
honeycombing on high-resolution computed tomography
of the chest, and pulmonary hypertension (4). A simplified
scoring system using age, respiratory hospitalization,
percent predicted forced vital capacity (FVC), and 24-week
change in FVC was developed for determining prognosis
and guiding clinical management (7). However, there is no
generally accepted method of combining these predictors
to determine an accurate prognosis. Whether older patients
with IPF have a worse prognosis is controversial. Several
studies (4-6,8-10) have suggested that old age may be
associated with bad prognosis in IPF.

Observed and relative survival are two main methods of
quantifying patient survival (11). Relative survival rate is
the ratio of observed survival rate to expected survival rate.
Expected survival rate is the survival rate in a population
without the disease. The analysis of relative survival rate
is generally used in population-based cancer registries
(11-13). Relative survival analytic methods are often used to
analyze aging-related disease to overcome the potential bias
associated with age (14). The merit of the relative survival
model is that it adjusts for the disease-associated mortality
associated with age separately from expected mortality in
the general population.

Relative survival rate has not been used widely for IPF.
The Korean Interstitial Lung Disease (ILD) Research
Group carried out a national, multicenter survey to evaluate
the clinical, physiological, and radiological aspects of IPF
[Korean national survey of idiopathic interstitial pneumonia
(IIP)] (15,16). The aim of this study was to assess whether

age can affect survival in patients with IPF and to assess
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the difference between observed and relative survival
rated according to age in a large population using Korean
national survey data.

Methods

This study was a large retrospective multicenter study. The
Korean ILD Research Group, comprising 54 universities
and training hospitals, enrolled patients newly diagnosed
with IPF by pulmonology specialists (national survey of ITP
in Korea). Patients were diagnosed with IIP from January 1,
2003 to December 31, 2007. The patients’ medical records
were entered into the Korean ILD web-based registry (www.
ild.or.kr). We collected the data using a web-based registry
from February 2008 to July 2008.

The Scientific Committee of the Korean Academy of
Tuberculosis and Respiratory Diseases reviewed all enrolled
patients. Patients with clinical evidence of underlying
connective tissue disease or any other cause of interstitial
disease were excluded from the study. In total, 2,186
patients with ITP were registered to the Korean IIP national
survey.

We re-analyzed the Korean national survey data,
consisting of 1,685 patients with IPF by clinical diagnosis
(1,027 patients) or pathological diagnosis (658 patients)
according to the 2002 ATS/ERS criteria (6). Twenty-two
cases with incomplete data related to their smoking history
were excluded. Consequently, 1,663 medical records of
patients with IPF were evaluated including treatment, date
of death or final follow-up, and cause of death in this study.
We assessed the overall survival rate of patients with IPF.
We divided by treatment the group of patients treated with
corticosteroids or cytotoxic therapy during follow-up and
only conservative treatment.

We divided 1,663 patients into three age groups (<60,
60-69, and >70 years).

The baseline clinical characteristics included sex,
smoking history, comorbidities [hypertension, diabetes
mellitus (DM), heart disease, tuberculosis, chronic
obstructive pulmonary disease (COPD), lung cancer],
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percentage of predicted forced vital capacity [(FVC) (%
pred)], percentage of predicted forced expiratory volume
in 1 second [FEV, (% pred)], percentage of predicted total
lung capacity [TLC (% pred)], Dy, (% pred), arterial
oxygen pressure (Pa0O,), and arterial pressure of carbon
dioxide (PaCO,) at initial diagnosis.

Statistical analysis

Differences in baseline clinical characteristic among three
age groups were assessed using Pearson chi-square test or
analysis of variance, as appropriate.

Survival distributions were computed using the Kaplan-
Meier method and differences in survival among the groups,
with factors of interest, were compared using the log-rank
test. The Cox proportional hazards model was used to
determine the effect of various factors on survival.

Relative survival rate in patients with IPF was the ratio
of observed survival rate in patients with IPF to expected
survival rate in the general Korean population within
the same calendar year, sex, and age, and was computed
using the 2003-2008 Korean Census life tables of sex and
age-specific mortality in open sources from the Korean
Statistical Information Service (http://kosis.kr/).

Multivariate survival analyses were performed using the
relative survival model with proportional excess hazard and
Poisson regression. All statistical analyses were conducted
using STATA software (version 11.0; StataCorp, College
Station, TX, USA).

Ethics statement

This study protocol was reviewed and approved by the
Institutional Review Board (IRB) of each hospital, and
exempted from approval by the IRB of Soonchunhyang
University Seoul Hospital (IRB file number: SCHUH
2014-09-007), which deemed that informed consent was
unnecessary.

Results
Baseline clinical characteristics

Among the 1,663 patients with IPF, mean age was 67.9 years
(range, 30-94 years). The three age groups were: <60 years,
n=309; 60-69 years, n=613; and >70 years, n=741. Baseline
clinical characteristics are shown in Table 1. There were
458 (27.5%) women and 1,205 (72.5%) men. About 39% of
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patients with IPF were diagnosed by surgical lung biopsy.
About 39% of patients with IPF were diagnosed by surgical
lung biopsy. The majority (59.4%) of patients were treated
with corticosteroids or cytotoxic therapy. Never-smokers
accounted for 42.3% (703/1,663) of patients. The most
common comorbidity was hypertension.

Significant differences were observed in the diagnostic
method among age groups (P<0.001) (7#ble 1). The older
age groups tended to have a higher number of clinical
diagnoses. There was a difference between the treatment
groups in regard to the proportions according to age
(P<0.001). The proportion of receiving treatment with
corticosteroids or cytotoxic therapy was higher in the group
of younger patients. The proportion of never smokers
was not different between the age groups. No differences
in comorbidities (hypertension, DM, heart disease,
tuberculosis, COPD, and lung cancer) were observed
among age groups.

Pulmonary function and laboratory data at initial
diagnosis

Pulmonary function and laboratory data at initial diagnosis
are shown in Table 2. Mean FVC, FEV,, TLC, and
D,., values were 75.2%, 85.8%, 83.5%, and 62.2%,
respectively. Mean resting PaO, and PaCO, values were
79.4 and 37.4 mmHg in all patients, respectively.

Mean FEV|, TLC, and Dy, values were significantly
different by age group (P<0.001, P=0.010 and P=0.021,
respectively) (Table 2). PaO, and PaCO, were lower in
older patients than younger patients at the initial diagnosis
(P<0.001).

Survival analysis

The 1-, 3-, and 5-year observed survival rates were 83.0%,
62.6%, and 49.2% in all 1,663 patients, respectively (Tuble 3).

A univariate survival analysis of patients with IPF showed
that older age (=70 years), clinical diagnostic method
without surgical lung biopsy, non-treatment, presence
of lung cancer, and low initial FVC (% pred) (<60%)
were significant poor prognostic factors (Figure I). The
observed survival rate of the >70 years of age group
was significantly lower than those of other age groups
(P<0.001) (Figure 1A4).

The 1-, 3-, and 5-year relative survival rates were 85.7%,
69.1%, and 58.0% in all patients, respectively (Tuble 3).
Figure 2 shows the expected, observed, and relative survival
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Table 1 Baseline clinical characteristics of patients with IPF

Age groups (%)
Characteristics All (%) P*
<60 years 60-69 years >70 years

Total number 1,663 (100.00) 309 (18.6) 613 (36.9) 741 (44.5)

Sex 0.468
Male 1,205 (72.50) 221 (71.5) 455 (74.2) 529 (71.4)
Female 458 (27.50) 88 (28.5) 158 (25.8) 212 (28.6)

Diagnostic method <0.001
Clinical IPF 1,021 (61.40) 93 (30.1) 334 (54.5) 594 (80.2)
Surgical IPF 642 (38.60) 216 (69.9) 279 (45.5) 147 (19.8)

Treatment <0.001
Untreated 618 (40.60) 80 (28.8) 215 (38.7) 323 (46.7)
Treated 906 (59.40) 198 (71.2) 340 (61.3) 368 (53.3)

Smoking history 0.760
Never 703 (42.30) 132 (42.7) 252 (41.1) 319 (43.1)
Ever-smoker 960 (57.70) 177 (57.3) 361 (58.9) 422 (56.9)

Comorbidities
Hypertension 366 (22.00) 63 (17.2) 135 (22.0) 168 (22.7) 0.718
DM 296 (17.80) 58 (18.8) 104 (17.0) 134 (18.1) 0.767
Heart disease 102 (6.13) 12 (3.9) 41 (6.7) 49 (6.6) 0.188
Tuberculosis 199 (12.00) 41 (13.3) 71 (11.6) 87 (11.7) 0.726
COPD 30 (1.80) 7(2.3) 8(1.3) 15 (2.0) 0.488
Lung cancer 111 (6.70) 15 (4.9) 45 (7.3) 51 (6.9) 0.344

*, P value indicates the difference in clinical characteristics among age groups. %* test was used for the significance tests.
Parentheses denote percentages. IPF, idiopathic pulmonary fibrosis; DM, diabetes mellitus; COPD, chronic obstructive pulmonary
disease.

Table 2 Pulmonary function and laboratory data at initial diagnosis by age groups

Pulmonary function Al Age groups -
(mean + SD) <60 years 60-69 years >70 years

FVC (%) 75.2+18.5 72.9+18.6 75.8+17.9 75.6+18.8 0.064
FEV, (%) 85.8+20.2 80.3+19.5 85.7+18.9 88.4+21.0 <0.001
TLC (%) 83.5+19.7 79.4+21.0 84.1+£19.3 84.9+19.2 0.010
Do (%) 62.2+21.5 63.7+20.9 63.5+21.5 60.2+21.7 0.021
PaO, (mmHg) 79.4+22.5 86.4+23.9 80.4+20.4 75.8+22.7 <0.001
PaCO, (mmHg) 37.4+7.6 38.9+8.2 38.4+7.1 35.9+7.5 <0.001

*, ANOVA was used for the significance tests. SD, standard deviation; FVC, forced vital capacity; FEV,, forced expiratory volume in 1
second; TLC, total lung capacity; D,.,, diffusing capacity of the lung for carbon monoxide; PaO,, arterial oxygen pressure; PaCO,, arterial
pressure of carbon dioxide.
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Table 3 Life tables with the observed, expected and relative survival
for total population

End of Cumulative Cumulative Cumulative
interval observed expected relative
(years) survival survival survival
0.0833 0.9682 0.9972 0.9710
0.5 0.8788 0.9837 0.8933
1 0.8295 0.9681 0.8569
2 0.7328 0.9367 0.7824
3 0.6256 0.9056 0.6908
4 0.5530 0.8760 0.6312
5 0.4922 0.8489 0.5798

by age group. The observed survival rate of the group above
70 years of age was significantly lower than those of the
other age groups. On the other hand, the relative survival
rate results showed quite different trends. No difference
in relative survival rate was detected among age groups
(Table 4). The 5-year relative survival rate of the group of
patients >70 years of age was 56.8% and not significantly
different from that of the group <60 years of age (56.8%,
P=0.252).

A multivariate analysis revealed low FVC [60-80%
(P=0.014), and <60% (P<0.001)], and presence of lung
cancer (P<0.001) were significantly associated with low
relative survival rate (Tuble 4).

Patients with low FVC (60-80%, and <60%) or lung
cancer had lower survival rates according to both the Cox
and relative survival models (7able 5). The hazard ratio (HR)
for the elderly group (=70 years) determined by the relative
survival model (HR, 1.11) was lower than that determined
by Cox model (HR, 1.49). No differences in HR in each age
group were observed compared to the reference group
(<60 years) in the relative survival analysis.

Discussion

This study shows that no difference in relative survival rate
was detected between the older group (270 years) and the
younger group (<60 years) (Figure 2), suggesting that the
prognosis of older patients is not significantly different than
that of younger patients when the effect of age is considered
in other causes of death except IPF. Although the observed
survival rate of the older group was significantly lower
than those of the other groups, it showed a similar survival
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pattern to that of previous studies (1-6).

King and colleagues (9) suggested a more benign clinical
course for younger patients with IPF. Older patients
had shorter survival compared with younger patients
(<50 years of age, 116.4 months; 50-60 years, 62.8 months;
60-69 years, 27.2 months; >70 years, 14.6 months,
P<0.0001). However, median survival of young patients was
2.1 years among 22 patients less than 50 years of age in a
retrospective study at the Mayo Clinic in 2005 (17). These
results indicate that younger patients do not have different
prognoses to older patients.

Relative survival rate is the ratio of observed survival
rate to expected survival rate. Although the relative survival
model is neither new nor statistically superior, it may be
an appropriate analysis for the disease-associated mortality
associated with age to overcome potential bias associated
with age (14). Previous studies (9,17,18) used survival
analysis for patients with IPF by analyzing the observed
survival time and age-adjusted survival in a multivariate
analysis. Relative survival rate has not been used widely in
survival analysis of patients with IPF between different age
cohorts to detect the effect of age on survival. Two previous
studies used relative survival rate to calculate survival of
the total population. However, no survival data related to
age were provided in these studies (19,20). Thus, this is the
first study to use relative survival rate for patients with IPF
considering age. Furthermore, this is the first and largest
survival analysis study according to age conducted in Asian
patients with IPF.

The survival data of patients with IPF are suitable for
a relative survival analysis because IPF prevalence is low.
If the prevalence of a disease is very low, it will have little
impact on the relative survival estimates (14). Relative
survival estimates are based on the deaths expected to occur
in a cohort of patients with IPF with respect to the general
population without the disease. The estimates adjust for
the disease-specific mortality associated with age separately
from the expected mortality experienced in the general
population (14).

The mechanism of effect of aging on survival in patients
with IPF is unclear. Age-related changes in cellular function
may play roles in IPF (21). Several mutations (mutations
in surfactant proteins, gel-forming mucin, and telomerase)
suggest a genetic predisposition (22-24), and inflammation
and fibroblast and epithelial cell dysfunction are possible
pathogenic changes in IPF.

In general, the elder tend to have more combined
disease, but, unexpectedly, comorbidities were not different

F Thorac Dis 2016;8(11):3255-3264
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Figure 1 Kaplan-Meier estimates of survival of patients with idiopathic pulmonary fibrosis according to clinical factors. The univariate

survival analysis according to the factor were shown: age (A), sex (B), smoking history (C), diagnostic method (D), treatment (E), initial FVC

(F), lung cancer (G). Older age (>70 years) (A), clinical diagnostic method without surgical lung biopsy (D), non-treatment (E), low (<60%)

initial FVC (% pred) (F), and presence of lung cancer (G) were significant poor prognostic factors. FVC (% pred), percentage of predicted

forced vital capacity.
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Table 4 Relative survival rate for IPF by age, sex, smoking history, diagnostic method, initial FVC and lung cancer

Characteristics

Relative survival rate (95% ClI)

1-year

3-year

Age (years)
<60
60-69

Sex
Male
Female
Smoking history
Never
Ever-smoker
Diagnostic method
Clinical IPF
Surgical IPF
Treatment
Untreated
Treated
FVC (%)
>80
60-80
<60
Lung cancer
None

Yes

86.6 (81.7-90.3)
86.4 (83.0-89.3)
84.7 (81.0-87.9)

85.6 (83.0-87.9)
86.0 (81.8-89.4)

84.7 (81.2-87.6)
86.4 (83.5-89.0)

84.9 (81.9-87.5)
86.8 (83.5-89.5)

84.7 (80.8-88.0)
86.8 (84.0-89.2)

92.7 (89.5-95.2)
89.8 (86.6-92.5)
73.2 (66.8-78.8)

86.4 (84.2-88.4)
75.1 (64.2-83.5)

70.8 (62.9-77.4)
71.8 (65.9-77.0)
65.2 (57.8-72.2)

68.9 (64.1-73.3)
69.8 (62.3-76.2)

70.5 (64.4-75.9)
68.2 (62.9-73.1)

65.1 (59.6-70.3)
74.6 (69.0-79.5)

65.2 (58.1-71.7)
70.9 (65.9-75.6)

80.9 (74.1-86.6)
69.3 (62.9-75.1)
58.2 (49.0-66.6)

70.5 (66.4-74.3)
44.1 (27.0-60.8)

3261
P
5-year
58.5 (46.6-68.8) Reference
58.7 (45.2-70.5) 0.727
56.8 (43.5-69.8) 0.252
59.8 (52.0-67.1) 0.975
56.1 (41.6-69.0) Reference
57.5 (43.9-69.7) Reference
58.7 (50.5-66.5) 0.947
55.3 (46.4-64.1) Reference
62.0 (50.0-72.8) 0.064
56.9 (46.4-67.0) Reference
57.6 (47.2-67.2) 0.140
68.2 (55.3-79.5) Reference
58.0 (45.4-69.6) 0.014
49.1 (34.6-62.9) <0.001
61.2 (53.5-68.4) Reference
16.0 (3.4-38.8) <0.001

Cl, confidence interval; IPF, idiopathic pulmonary fibrosis; FVC, forced vital capacity.

between age groups in the present study (7uble 1). And
also the percentages of patients with two or more of
comorbidities were different between age groups (data are
not shown). This finding suggested comorbidities had no
effect on the survival.

This study was a broad population-based study. The
cause of death is often difficult to establish with certainty
due to limited information. The relative survival analysis
was not limited because individual cause of death is not
required for a relative survival analysis. However, this study
had several limitations. First, it was retrospective and re-
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analyzed Korean National Survey data. Therefore, baseline
clinical characteristics differed among age groups, which
may have influenced survival. In addition, there may be
a difference between the age groups of patients with IPF
treated with corticosteroids or cytotoxic therapy that may
have affected mortality. To overcome this limitation, we
adjusted the survival data by multivariate analysis with
risk factors such as diagnostic method, FVC, presence of
lung cancer and whether the treatment was done or not.
Since the data collected could be analyzed retrospectively,
only 74% of the overall cause of death among total 414

F Thorac Dis 2016;8(11):3255-3264



3262

Table 5 Comparison of results from the Cox proportional hazard

model and relative survival model with proportional excess hazard

using Poisson regression (with 95% CI)

Variables

Hazard ratios (95% Cl)

Cox model

Relative survival
model

Age (years)
<60
60-69
=70
Sex (male vs. female)

Smoking history
(yes vs. none)

Diagnostic method
(surgical vs. clinical)

Treatment
(treated vs. untreated)

FVC (%)
>80
60-80
<60

Lung cancer
(yes vs. none)

1.00 (reference)
1.06 (0.76-1.47)
1.49 (1.08-2.07)
1.01(0.73-1.39)
1.13 (0.85-1.50)

0.86 (0.66-1.11)

0.87 (0.69-1.09)

1.00 (reference)
1.49 (1.14-1.94)
2.66 (1.97-3.60)
2.28 (1.56-3.34)

1.00 (reference)
1.01 (0.70-1.45)
1.11 (0.76-1.64)
0.91 (0.62-1.34)
1.16 (0.81-1.66)

0.89 (0.65-1.22)

0.86 (0.65-1.15)

1.00 (reference)
1.76 (1.22-2.55)
3.47 (2.34-5.15)
2.73 (1.76-4.24)

Cl, confidence interval; FVC, forced vital capacity.

Koo et al. Survival in elder patients with IPF

deaths was known; hence, we could not analyze the cause of
death. We could not describe the proportion of long term
oxygen therapy because the use of oxygen therapy was not
collected. Second, this study was based on 2002 ATS-ERS
guidelines for diagnosing IPF. This population may have
different outcomes from those of the current diagnostic
guidelines. However, the diagnostic criteria not seemed to
affect the purpose of present study to know the effect of age
on the mortality. If possible usual interstitial pneumonia
(UIP), one of the classified IPF on new diagnostic criteria,
were mixed up with definite UIP, it does not affect
mortality because of the mortality of definite UIP and
possible UIP was not different (25). Third, present study
did not show the survival rates in patients less than 50 years
of age only. We divided the population into three groups
for analysis because the number of patients less than
50 years of age was too small to analyze, and no difference
in the survival curve pattern was detected between patients
aged less than 50 years and those aged 50-59 years (data are
not shown). Fourth, this study included three patients, who
were diagnosed by surgical method, aged less than 40 years.
The diagnosis of IPF at these ages is extremely rare, and
diagnosis could turn to collagen vascular disease associated
UIP in the future. However, the pathological findings of
ITPF and collagen vascular diseases were different in
terms of presence of germinal centers and lymphoid
follicles (26). We failed to find out germinal centers and

Relative survival

______ Observed survival

60< Age <70

Age =70

0.5
0.4 4
0.3 1
0.2 1
0.1
0.0

Proportion surviving

5 0 1

2

3 4 5 0 1 2 3 4 5

Years from diagnosis

Figure 2 Expected, observed, and relative survival by age group. The observed survival rate of the group above 70 years of age was

significantly lower than those of the other age groups. No difference in relative survival rate was detected among age groups.
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lymphoid follicles in biopsy from patients aged less than
40 years, and then we included these patients the present
study. Even if these patients turn to collagen vascular
disease associated UIP, the results of this study are less
likely affected because of very small size.

In conclusion, the observed survival rate of patients with
IPF above 70 years of age was significantly lower than that
of patients less than 60 years of age. Relative survival rate
of patients with IPF aged above 70 years was not different
from that of patients aged less than 60 years. These findings
suggest that age may not affect survival in Korean patients
with IPF. Further large, prospective studies with a well-
organized registry will be needed to assess relative survival
in patients with IPF.

Key message: (I) age has no effect on the survival in patients
with IPF; (I) the prognosis of patients above 70 years of age
with IPF was not different to that of patients less than 60 years
of age in terms of relative survival rate.
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