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BACKGROUND: Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, and fatal intersti-
tial lung disease associated with poor prognosis and limited effective treatment options. Reliable
predictors of outcome in daily clinical practice are needed to determine high-risk patients for urgent
lung transplantation referral. This study aimed to identify practical prognostic predictors of mor-
tality using cardiopulmonary exercise testing (CPET) in IPF subjects. METHODS: Thirty-four
subjects with IPF (22 men and 12 women), median age 68 (range 50–81) y were prospectively
studied. At baseline, all subjects were assessed with CPET and were followed up for 40 months from
baseline. Receiver operating characteristic curve analysis was conducted to determine cut-off points
of CPET variables for mortality, Cox regression analysis for survival using a log-rank test, and
hazard ratio for death using a Wald test. RESULTS: Peak work rate <62 watts (P � .005), peak
V̇O2

<13.8 mL/kg/min (P � .031), tidal volume reserve <0.48 L/breath (P � .010), minute venti-
lation to carbon dioxide (V̇E)/V̇CO2

) ratio at the anaerobic threshold >34 (P � .02), and V̇E)/V̇O2

nadir >34 (P � .002) were detected as cut-off points associated with mortality. Non-survivor
subjects were characterized by higher dyspnea levels, the presence of pulmonary hypertension
assessed by echocardiography, pronounced inefficient ventilatory pattern, lower exercise capacity,
and more severe desaturation during physical exertion. By the end of the study, 11 subjects (7
women and 4 men) died. Overall mean survival was 60%, 33.7 months (95% CI 30.2–37.2).
CONCLUSIONS: This study provides simple, practical, and novel cut-off points for CPET as
predictors of prognosis to identify high-risk IPF subjects. Impairment in exercise capacity and
abnormal ventilatory responses during CPET were associated with poorer survival in IPF subjects.
The findings suggest considering the use of CPET for IPF risk stratification and prediction of
prognosis. (ClinicalTrials.gov registration NCT01499745.) Key words: cardiopulmonary exercise test-
ing, survival, prognostic predictors, ventilatory response, exercise intolerance. [Respir Care
2016;61(8):1100–1109. © 2016 Daedalus Enterprises]

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, pro-
gressive interstitial lung disease with substantial morbidity

and mortality and poor prognosis.1 IPF is characterized by
progressive worsening of lung function and dyspnea, im-
paired gas exchange, inefficient breathing pattern, exer-
cise-induced hypoxemia, and exercise intolerance.1,2 Me-
dian survival has been reported between 2 and 3 y from the
time of diagnosis. However, more recent data suggest that
this might be underestimated, and some patients live much
longer.1,3
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Although IPF has an overall poor prognosis, the clinical
course for individual patients varies from slow progression
to acute decompensation and death.4 The heterogeneity of
the clinical course in IPF makes it difficult to predict the
disease outcome and, hence, the optimal timing for lung
transplantation.5 Moreover, patients with IPF present the
highest waiting list mortality among lung transplantation
candidates, ranging widely from 14 to 67%.6

Several prognostic variables have been shown to corre-
late with survival.1,7 However, there is no established
method of combining these predictors to accurately deter-
mine prognosis, and research in this area has failed to yield
prediction models that can be reliably used in clinical prac-
tice to predict individual risk of mortality.3

Cardiopulmonary exercise testing (CPET) is a reliable,
accurate, and valid tool and is considered the accepted
standard measurement for cardio-respiratory capacity (peak
V̇O2

) and exercise limitations.8-13 Peak V̇O2
is a well-es-

tablished universal prognostic parameter that represents
the physiological capacity of the heart, lungs, and skeletal
muscles to supply aerobically the metabolic demand for the
body’s physical functioning.11,12 In the past few decades,
ventilatory efficiency parameters, such as the ratio of venti-
lation to carbon dioxide slope and the ratio of ventilation to
carbon dioxide at the anaerobic threshold (V̇E/V̇CO2

at the
anaerobic threshold) have also showed strong prognostic value
in many chronic conditions, including IPF.10-15 In patients
with IPF, abnormal multifactorial pathophysiology and exer-
cise limitations are usually represented during CPET.16,17

These may include exercise intolerance, cardiovascular com-
promises, inefficient ventilation, and desaturation, which are
common impairments in physical exertion.16-18

CPET has some ameliorated prognostic value compared
with resting cardiopulmonary functions both in cardiac and
lung disease patients.8-13 A few studies have shown several
CPET parameters as prognostic predictors in subjects with
IPF as well.14,15,19,20 However, these studies have significant
limitations in terms of retrospective methodology,14 low sen-
sitivity level,19 and challenging implementation in clinical
practice, due to complicity and lack of availability.20 Consid-
ering these gaps in the currently available data, we aimed to
identify practical prognostic predictors of mortality using car-
diopulmonary exercise testing in subjects with IPF.

Methods

Subjects and Setting

This observational prospective follow-up study was con-
ducted at the Pulmonary Institute, Rabin Medical Center,
Beilinson Hospital, Petach-Tikva, Israel, and was approved
by the hospital ethics committee. Written informed con-
sent was obtained from each subject before participation.
Subjects were included if diagnosed with IPF according to

accepted clinico-radiological criteria of the American Tho-
racic Society and European Respiratory Society and were
clinically stable in the previous 3–6 months.1 Exclusion
criteria were: severe co-morbid illnesses, unstable cardiac
disease, and any neurological or orthopedic contraindica-
tions for exercise testing.

In the current study, subjects from our previous exercise
training study21 were followed up until 40 months from
baseline. Thirty-eight IPF patients treated in the Pulmo-
nary Institute were screened for eligibility to participate in
the study.22 According to 50-m improvement in 6-min
walk distance, a power analysis before the recruitment
revealed that a total of 30 participants were needed (15 in
each group) to detect a significant difference between the
groups.21,22 Thirty-four subjects volunteered and were re-
cruited based on a 10% expected dropout rate in a previous
exercise training study in ILD.23 Demographic character-
istics were obtained from all subjects, and evaluation for
dyspnea by the Modified Medical Research Council scale
was made.24,25 During the subjects’ visit at the clinic, ran-
domization was performed by a study coordinator unin-
volved in subjects’ assessment or treatment. Sealed enve-
lopes containing each subject’s intervention allocation were
randomly opened, and the subject was assigned to either
an exercise training group (n � 16), where the subject
participated in a 60-min, twice weekly, supervised exer-
cise program for 12 weeks, or a control group (n � 18),
where the subject continued with the usual care alone.21 In
the current study, baseline data of subjects in both groups
(n � 34) were used to determine the prognostic predictors
of survival. Subjects were tested as described below and
followed up for 40 months from baseline.

QUICK LOOK

Current knowledge

Cardiopulmonary exercise testing (CPET) is a well-
established prognostic tool in several cardiac and lung
diseases, especially heart failure and pulmonary hyper-
tension. Idiopathic pulmonary fibrosis is a chronic un-
predictable fatal lung disease in which CPET has lim-
ited prognostic reliable and practical outcomes.

What this paper contributes to our knowledge

This study determines several new, noninvasive, sim-
ple, and practical CPET variable cut-off points related
to exercise intolerance and inefficient ventilation that
can provide prognostic utility, risk stratification, and
assistance with clinical decision making in patients with
idiopathic pulmonary fibrosis.
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Doppler Echocardiography

Two-dimensional echocardiography was performed at
rest according to the American Society of Echocardiogra-
phy guidelines (Vivid 7 Dimension, GE Healthcare, Mad-
ison, Wisconsin).26 Systolic pulmonary arterial pressure
was estimated from the maximal tricuspid regurgitated jet
velocity adding estimated right atrial pressure.27 Pulmo-
nary hypertension was defined as systolic pulmonary ar-
terial pressure �35 mm Hg. Mild to moderate pulmonary
hypertension was defined as systolic pulmonary arterial
pressure between 35 and 50 mm Hg, and severe pulmo-
nary hypertension was defined as systolic pulmonary ar-
terial pressure �50 mm Hg.28 Left ventricular systolic
function was determined using standard techniques.26

Pulmonary Function Tests

Pulmonary function tests, including spirometry total lung
capacity and maximal voluntary ventilation, and diffusion
capacity for carbon monoxide, were performed according to
standard techniques and American Thoracic Society/Euro-
pean Respiratory Society guidelines (Zan 530, nSpire, Ober-
thulba, Germany).29-31 All of the measured parameters were
presented as percentage of predicted values of the European
Community for Coal and Steel.32

CPET

CPET was performed according to established guide-
lines on an electromagnetically braked cycle ergometer
using a 10–15 watts/min ramp protocol (Ergoline GmbH
800S, Lindenstrasse 5 72475 Bitz, Germany) with meta-
bolic chart of breath-by-breath respiratory gas exchange,
12-lead electrocardiogram, blood pressure cuff, and pulse
oximetry (SpO2

) (Zan 600, nSpire, Oberthulba, Ger-
many).8,9,12,33 Subjects were instructed to take their usual
medications as prescribed. All tests were conducted be-
tween 8:30 a.m. and 12:30 p.m. to maximal subjective
exertion level and respiratory exchange ratio (�1.1) and
were supervised by a physician.12 Cardiopulmonary data
were calculated and analyzed based on an average of 30-s
presentation. The anaerobic threshold was determined by
the dual-method approach, using the V-slope method com-
bining ventilatory equivalents (V̇E/V̇O2

and V̇E/V̇CO2
).12

V̇E/V̇O2
nadir was defined as the lowest value of V̇E/V̇O2

ratio
during the exercise.14,15,19,20 A novel respiratory parameter,
tidal volume reserve, which assesses tidal volume response
and ventilatory efficiency during exercise, was calculated from
CPET; tidal volume reserve was defined as the peak tidal
volume minus the resting tidal volume. CPET parameters
were compared with normal values proposed by Wasser-
man34 and also expressed as percentage predicted.

6-Min Walk Test

The 6-min walk test was conducted according to American
Thoracic Society guidelines in a 35-m corridor at the pulmo-
nary unit within the hospital.35 Borg dyspnea category-ratio
10 scale, heart rate, and oxygen saturation (SpO2

; pulse oxi-
meter 2500 30 EM, Nonim Medical, Minneapolis, Minne-
sota) were obtained before and immediately after the test.33

Exercise Training Program

The program was conducted according to general exer-
cise training recommendations for respiratory disease pa-
tients.33,36 The training program included aerobic, resis-
tance, and flexibility exercise modes as well as deep
breathing exercises in each session. The program contin-
ued for 12 weeks, twice weekly with 60-min group exer-
cise training in the pulmonary unit. The program was di-
vided into two 6-week exercise progressive blocks, in which
the overall load was gradually increased according to the
subject’s tolerance. In the first block, interval training was
used for the aerobic component, and a single set system was
used for the resistance and flexibility components. In
the second block, aerobic endurance and a multiple set
system were implemented. A more detailed description
of the exercise program can be found in our previous
report.21

Primary and Secondary Outcomes

Based on previously established prognostic CPET data
in heart and lung disease8-13 as well as in patients with
IPF,14,15,19,20 the primary outcomes of the current study
were peak V̇O2

, peak work rate, V̇E/V̇O2
nadir, anaerobic

threshold V̇E/V̇CO2
, and tidal volume reserve cut-off points

using CPET in subjects with IPF. The secondary outcome
was characterizing non-survivor subjects with IPF.

Statistical Analysis

Demographic, clinical, and physiological data of the
participants are presented as median (range). Categorical
variables are presented in n (%). Comparison between
survivors and non-survivors was performed by Mann-
Whitney U test for non-normally distributed parameters
and chi-square test for categorical variables. Receiver op-
erating characteristic curve analysis for cut-off points with
�70% sensitivity and �60% specificity to detect mortal-
ity was performed for exercise capacity (peak V̇O2

, peak
work-rate) and ventilatory efficiency variables (V̇E/V̇O2

nadir, anaerobic threshold V̇E/V̇CO2
, and tidal volume re-

serve) as was previously demonstrated.14,15,19,20 Cox re-
gression analysis using a log-rank test was conducted for
survival analysis and comparison between significant cut-
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off points as well as between the exercise training and
control groups at the 40-month time point. Hazard ratio for
death or lung transplantation using a Wald test was cal-
culated based on variables’ cut-off points that were iden-
tified as significant in the receiver operating characteristic
analysis. Subjects who underwent lung transplants were
considered as fatalities in the statistical analysis, as has
been reported previously.5,14 Exploratory data analysis us-
ing Spearman’s correlation coefficient37 was performed
between the previously demonstrated1 and the proposed
prognostic predictors in the current study. The statistical
analyses were conducted using SPSS 17 (SPSS, Chicago,
Illinois). The significance level was set at P � .05.

Results

The study population consisted of 34 IPF subjects from
the Pulmonary Institute who were recruited for pulmonary
rehabilitation.21 All subjects completed the tests without
adverse events. Demographic, cardiopulmonary, and ex-
ercise data are presented in Table 1. After recruitment,
subjectswere randomlyallocated to theexercise traininggroup
(n � 16) and participated in 12-week, 60-min twice weekly
supervised exercise sessions or to the control group (n � 18)
and continued regular medical care. During the follow-up
period, 5 subjects in the control group and 3 subjects in the
exercise training group were treated with pirfenidone, with-
out any significant differences between the groups for the
number of pirfenidone users (P � .54). There were no other
changes in medications during the study period.

During the 40-month study, 11 subjects died (7 women
and 4 men). Two of the 11 subjects were at end-stage IPF
and underwent lung transplantation and were considered
as fatalities in the analysis. We have reported previously
that at 30-month follow-up, group allocation does not af-
fect survival or hospitalization in this group of subjects.38

However, that study was underpowered to detect such
changes.38 There was no significant difference between

Fig. 1. Comparison of Kaplan-Meir survival curves between exer-
cise training and control groups.

Table 1. Demographic Characteristics and Cardiopulmonary
Variables of Study Population

Variables Values

Age, median (range) y 68 (50–81)
Male/female sex, n (%) 22/12 (65/35)
Body mass index, median (range) kg/m2 29 (22–37)
Time from diagnosis, median (range) y 1 (0.1–15)
Subjects with smoking history, n (%) 20 (59)
Pack-years, median (range) 27 (0–112)
Supplemental oxygen users, n (%)

Rest 4 (12)
Exertion 9 (26)

Co-morbidities, n (%)
Pulmonary hypertension according to

echocardiography
13 (38)

Coronary artery disease 14 (41)
Systemic hypertension 24 (71)
COPD-emphysema 8 (24)
Type 2 diabetes 13 (38)
Osteoporosis 5 (15)

Medications, n (%)
Corticosteroids 23 (68)
Pirfenidone 3 (9)
� blockers 13 (38)

MMRC (0–4), n (%)
0 1 (3)
1 14 (41)
2 8 (24)
3 10 (29)
4 1 (3)

Resting cardiopulmonary parameters,
median (range)

FVC, % predicted 68 (37–109)
FEV1, % predicted 70 (35–124)
TLC, % predicted 64 (35–99)
DLCO, % predicted 50 (23–91)
MVV, L/min 73 (32–136)
SpO2

at rest, % 97 (87–99)
Ejection fraction, % 60 (43–70)
Cardiac output, L/min 5 (3.6–8)
Stroke volume, mL/beat 71 (43–115)
Systolic pulmonary arterial pressure, mm Hg 30 (23–53)

Exercise tolerance
V̇O2

peak, mL/kg/min 13.7 (8–22)
V̇O2

peak, % predicted 62 (35–91)
Anaerobic threshold, mL/kg/min 10 (7–15)
Peak V̇O2

, % predicted 42 (27–78)
Peak work rate 69 (35–136)
Peak work rate, % predicted 51 (27–92)
6MWD, m 505 (130–749)
6MWD, % predicted 99 (35–147)

n � 34.
MMRC � Modified Medical Research Council Dyspnea Scale
TLC � total lung capacity
DLCO � diffusion capacity for carbon monoxide
MVV � maximal voluntary ventilation
Peak V̇O2 � peak oxygen consumption
6MWD � 6-min walk distance.
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the exercise training and the control groups in the number
of subjects who continued or started a 12-week pulmonary
rehabilitation program during the follow-up period
(P � .56). In the current study, consistent with our previ-
ous report, no significant difference was found between
the exercise training and control groups in survival at 40-
month follow-up (P � .20) (Fig. 1).

Significant cut-off points from CPET variables were
determined as prognostic predictors using receiver oper-
ating characteristic analysis (Table 2). Subjects had poorer
survival with significantly increased risk for mortality if
they presented with a peak work rate �62 watts (P � .005);
peak V̇O2

�13.8 mL/kg/min (P � .031); tidal volume re-
serve �0.48 L/breath (P � .01); anaerobic threshold
V̇E/V̇CO2

�34 (P � .02), and V̇E/V̇O2
nadir �34 (P � .002)

(Figs. 2 and 3 and Tables 2 and 3). Non-survivor subjects
were characterized by the presence of pulmonary hyper-
tension with a higher systolic pulmonary arterial pressure, a
lower level of 6-min walk distance, more severe desaturation
during exercise, higher dyspnea levels, and ventilatory inef-
ficiency (Table 4). Overall mean survival was 60%, 33.7
(95% CI 30.2–37.2) months (see Fig. 3). Exploratory analysis
of previously established and current prognostic predictors
showed significant correlations, especially between 6-min
walk distance and CPET variables (Table 5).

Discussion

In this prospective observational follow-up study, we
aimed to identify prognostic predictors of mortality using
CPET among IPF subjects. We detected significant cut-off
points of exercise capacity and ventilatory responses pre-
dicting mortality in subjects with IPF (Tables 2 and 3). We

also found that non-survivor subjects were characterized
by a higher prevalence of pulmonary hypertension, a lower
level of exercise capacity, more severe desaturation, and
higher dyspnea levels with evident breathing inefficiency
compared with survivors (Table 4). Consistent with our
previous report,38 the current study did not show benefits
in survival following exercise training intervention at 40-
month follow-up (see Fig. 1), although this study was
underpowered to detect such differences. Furthermore, the
study showed good correlations between the new CPET and
previously established prognostic variables in IPF (Table 5),
which strengthens our findings. These data emphasize the
utility and the valuable role of CPET for risk stratification.
CPET also can be a practical aid in clinical decision making
and treatment, such as for lung transplantation referral and
pulmonary rehabilitation, for patients with IPF.

The results of this study align with previous data sug-
gesting that exercise capacity and ventilatory efficiency
variables (V̇E/V̇O2

and V̇E/V̇CO2
) are associated with sur-

vival in IPF.14,15,19,20 However, the present study adds sev-
eral new practical cardiopulmonary parameters (peak work
rate and tidal volume reserve) and cut-off points that can
be considered as good prognostic predictors in IPF. More-
over, this study overcame some of the gaps and method-
ological limitations that exist in previous publica-
tions14,15,19,20 by adopting a prospective follow-up, using
sensitive thresholds for variables, reporting both the levels
of sensitivity and specificity, characterizing non-survival
subjects, and indicating the hazard ratios for death (Tables
2 and 4). This comprehensive approach enables the clini-
cian to make more confident decisions with respect to risk
stratification, treatment options, and prognosis of patients
with IPF, as supported by several previous studies in

Table 2. Cut-Off Points Predicting Mortality Using Cardiopulmonary Exercise Testing, Pulmonary Function, and 6-Min Walk Test Among
Subjects With Idiopathic Pulmonary Fibrosis

Cut-Off Point for Parameters AUC (95% CI) Sensitivity, % Specificity, % P

Peak work rate �62 watts 0.854 (0.73–0.98) 82 78 .001
Peak V̇O2

�13.8 mL/kg min 0.731 (0.56–0.9) 82 61 .031
Tidal volume reserve �0.48 L/breath 0.810 (0.66–0.96) 82 78 .004
Nadir V̇E/V̇O2

�34 0.736 (0.56–0.9) 78 84 .031
V̇E/V̇CO2

at AT �34 0.783 (0.6–0.96) 73 74 .008
% predicted FVC �60 0.524 (0.28–0.77) 46 78 .83
% predicted DLCO �48 0.787 (0.62–0.96) 81 77 .008
6MWD �500 m 0.757 (0.58–0.94) 72 63 .020
SpO2

post-6MWT �85% 0.826 (0.68–0.97) 82 78 .002

AUC � area under the curve
Peak V̇O2 � peak oxygen consumption
Peak V̇E/V̇O2 � ventilatory equivalent for oxygen consumption
V̇E/V̇CO2 at AT � ventilatory equivalent for carbon dioxide at the anaerobic threshold point
DLCO � diffusion capacity for carbon monoxide
6MWD � 6-min walk distance
6MWT � 6-min walk test
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IPF.14,15,39 Miki et al20 retrospectively showed that
�PaO2

/�V̇O2
(PaO2

slope) �60 mm Hg/L/min during CPET
was the most useful tool to predict mortality in 41 subjects

with IPF.20 Although PaO2
slope was shown as a good

predictor of mortality, it is rarely calculated and imple-
mented in daily practice. This is because this measure
requires an invasive sophisticated procedure of arterial
blood gas analysis during the exercise test, which in
most clinical exercise laboratories is unavailable. Fell
et al19 also retrospectively showed a threshold of 8.3
mL/kg/min in peak V̇O2

to predict survival of 117 IPF
subjects,19 whereas Triantafillidou et al15 prospectively
demonstrated a threshold of 14.2 mL/kg/min for survival
among 25 subjects with IPF.15 Despite the fact that peak V̇O2

has been shown as an accurate and reliable prognostic pre-
dictor in many cardiopulmonary diseases,8-10 in Fell’s study,19

only 8 subjects (6.83%) were below the 8.3 mL/kg/min thresh-
old, but about 46% died, which make this threshold much
less sensitive.19 Furthermore, a threshold of 14.2 mL/kg/min
seems to have a good sensitivity in predicting mortality
based on the report of Triantafillidou et al.15 However, their
findings are limited by a small sample size and so cannot be
generalized, as well as contradicting previous reports.19,20 In
our cohort, a peak V̇O2

cut-off point of 13.8 mL/kg/min was
also found to be a significant prognostic predictor, which is in
line with the results of Triantafillidou et al.15 (Table 2). Nev-
ertheless, the prognostic role of peak V̇O2

in IPF still needs to
be ascertained in a large prospective study.

Fig. 2. Kaplan-Meir survival curves of cardiopulmonary exercise test variables in subjects with idiopathic pulmonary fibrosis. VT � tidal
volume. WR � work rate.

Fig. 3. Kaplan-Meir curves of overall survival and peak oxygen
consumption in subjects with idiopathic pulmonary fibrosis.
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Possible mechanistic explanations for these findings can
be related to the fact that IPF disease manifests in multi-
factorial limitations during exercise, which may be re-

flected in some of the small variability that exists in cut-
off points and different CPET variables across studies.16,17

In addition, accompanying co-morbidities, disease sever-

Table 3. Survival Data and Bivariate Analysis of Hazard Ratio Using Cardiopulmonary Exercise Testing in 34 Idiopathic Pulmonary Fibrosis
Subjects

Parameters

Survival

P,
Log-Rank

Test

Hazard Ratio
(95% CI),
Wald Test

P
Above the Threshold Below the Threshold

Mean
(95% CI) Months

% of
Subjects

Mean
(95% CI) Months

% of
Subjects

Peak work rate �62 watts 38.7 (36.7–39.7) 90 26.2 (19.6–32.9) 36 .001 9.2 (1.9–42.6) .005
Peak V̇O2

�13.8 mL/kg.min 36.6 (32.4–40.7) 82 30.7 (25.6–35.8) 50 .040 4.4 (0.94–20.3) .060
Tidal volume reserve �0.48 (L/breath) 37.7 (35–40) 90 28.2 (21.7–34.8) 36 .002 7.6 (1.6–35.2) .010
V̇E/V̇O2

nadir �34 38 (36.3–39.8) 87 24.2 (16.2–32.1) 27 �.001 8.3 (2.2–31.6) .002
V̇E/V̇CO2

at AT �34 37.5 (35.2–39.7) 85 28.2 (21.4–35) 43 .010 4.6 (1.2–17.3) .020

Peak V̇O2 � peak oxygen consumption
V̇E/V̇O2 � ventilatory equivalent for oxygen consumption
V̇E/V̇CO2 at AT � ventilatory equivalent for carbon dioxide at the anaerobic threshold point

Table 4. Demographic, Clinical, and Physiological Characteristics in Survivor and Non-Survivor Idiopathic Pulmonary Fibrosis Subjects

Variables Survivors (n � 23) Non-Survivors (n � 11) P

Demographics
Age, median (range) y 68 (63–72) 69 (55–80) .75
Male/female sex, n (%) 18/7 (72/28) 4/5 (44/56) .14

Subjects with smoking history, n (%) 15 (60%) 5 (56%) .82
Pack-years, median (range) 20 (14–33) 60 (13–123) .053
Emphysema, n (%) 5 (19%) 3 (43%) .18
Pulmonary hypertension according to echocardiography, n (%) 7 (28%) 6 (66%) .03
Systolic pulmonary arterial pressure, median (range) mm Hg 29 (28–34) 39 (29–51) .049
MMRC (0–4), median (range) 1 (1.2–1.9) 3 (2.1–3.4) .002
Pulmonary function values, median (range)

FVC, % predicted 70 (64–77) 75 (42–102) .31
FEV1, % predicted 71 (35–95) 66 (43–124) .69
DLCO, % predicted 51 (44–57) 32 (26–44) .02

Resting echocardiography, median (range)
Fractioning shortening, % 36 (35–41) 34 (26–39) .45
Stroke volume, mL/beat 72 (69–82) 66 (54–83) .87

Ventilatory efficiency, median (range)
V̇E/V̇O2

nadir 30 (27–37) 41 (26–64) .039
V̇E/V̇CO2

at AT 30 (29–33) 36 (32–43) .008
Tidal volume reserve, L/breath 0.7 (0.6–0.9) 0.4 (0.2–0.6) .07

Exercise capacity, median (range)
6MWD, m 530 (471–560) 360 (288–464) .002
SpO2

post-6MWT, % 87 (83–90) 79 (73–84) .008
Borg dyspnea scale post-6MWT (0–10) 4 (3–4.7) 6 (4–8) .049
Peak work rate, watts 84 (74–98) 49 (41–55) .001
Peak V̇O2

, mL/kg/min 14.6 (13–15.8) 11.8 (10–13.5) .02

MMRC � Modified Medical Research Council Dyspnea Scale
DLCO � diffusion capacity for carbon monoxide
Peak V̇O2 � peak oxygen consumption
V̇E/V̇O2 � minute ventilation to oxygen consumption ratio
V̇E/V̇CO2 at AT � ventilatory equivalent for carbon dioxide at the anaerobic threshold point
6MWD � 6-min walk distance
6MWT � 6-min walk test
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ity, and the time course for assessment may also have an
impact on differences in the reports. Most studies that
assessed survival in IPF subjects suggest that exercise in-
tolerance, exercise-induced hypoxemia and desaturation,
and inefficient ventilation are associated with disease se-
verity and poor prognosis.1,14-20 The current study also
found these pathophysiological abnormalities associated
with survival in IPF. It might be that the degree of fibrotic
parenchymal damage manifest in restrictive pathophysiol-
ogy can be detected more sensitively by exercise intoler-
ance, abnormal pulmonary gas exchange, and inefficient
ventilatory variables, especially when the physiological
systems are stressed, such as during progressive CPET
among IPF. Furthermore, these results demonstrated a clus-
ter of moderate to highly significant correlations, in both
resting and exercise previously established variables,1 with
the prognostic predictors proposed in the current study
(Table 5). This can substantially support further general-
ization based on the current data. However, despite these
pathophysiological impairments that seem to be related to
survival in patients with IPF,1,16-18 given the multifactorial
nature of the disease and the diversity of predictors, we
believe that prognosis should be based on a combination
of predictors rather than on a single variable, and future
trials should address this issue with multivariate analysis.

A few limitations exist in our study with respect to the
small sample size and the level of IPF severity (FVC; 68%
predicted), so caution should be taken with generaliza-
tions. Despite these limitations, the study has several ad-
vantages in collecting data prospectively, using CPET as a
reliable, accurate, and accepted standard tool for cardio-
respiratory exercise evaluation,8,9 and the number of study
participants in our cohort exceeded that in a previous re-
port of CPET and prognosis.15 Moreover, the survival rates
in our study were consistent with previous larger sample
studies, which strengthens our findings with respect to the

subjects’ characteristics and increases confidence in the
ability to generalize to larger IPF patient popula-
tions.7,19,40,41 In addition, although accepted standard di-
agnosis of pulmonary hypertension requires invasive right
heart catheterization, in the current study, we used echo-
cardiography measures, which are a well-accepted tool
showing good correlation (r � 0.7) and overall diagnostic
power (sensitivity � 83%, specificity � 72%) with inva-
sive procedures.42 It could be argued that an additional
limitation of the study is related to the subjects’ group
assignments for exercise training or usual care, which could
have some impact on the results and potential bias. This
hypothesis was rebutted in our previous38 and current reports
(see Fig. 1), showing no significant differences in survival
between exercise training and the control group; however, the
studies were underpowered to detect survival differences.

Conclusions

This 40-month follow-up study proposes several new,
noninvasive, simple, and practical CPET variable cut-off
points. These are related to how exercise intolerance and
inefficient ventilation can be used to predict mortality and
characterization of high-risk patients with IPF. The study
strengthens the evidence for using CPET to detect high-
risk patients with IPF and aids in addressing appropriate
treatments, such as pulmonary rehabilitation and referral
for lung transplantation. We suggest considering CPET as an
important evaluation tool for risk stratification and predicting
prognosis for IPF. More research with a larger sample size is
warranted to confirm our findings for further implementation
and establishment in standard clinical practice.
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Table 5. Spearman’s Correlations Between Previously Established and Currently Proposed Prognostic Predictors in Idiopathic Pulmonary Fibrosis

% Predicted
FVC

% Predicted
DLCO

6MWD (m)
SpO2

post-6MWT (%)

r P r P r P r P

Peak work rate (watts) 0.208 .36 0.447* .009 0.803* �.001 0.434* .01
Peak V̇O2

(mL/kg min) 0.161 .36 0.489* .004 0.803* �.001 0.26 .14
Tidal volume reserve (L/breath) 0.380* .02 0.349* .047 0.460* .006 0.358* .038
V̇E/V̇O2

nadir 0.262 .13 �0.303 .09 �0.379* .02 �0.347* .044
V̇E/V̇CO2

at AT 0.416* .01 �0.435* .01 �0.511* .002 �0.343* .047

* Significant correlation, P � .05.
DLCO � diffusion capacity for carbon monoxide
6MWD � 6-min walk distance
6MWT � 6-min walk test
Peak V̇O2 � peak oxygen consumption
V̇E/V̇O2 � ventilatory equivalent for oxygen consumption
V̇E/V̇CO2 at AT � ventilatory equivalent for carbon dioxide at the anaerobic threshold point
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