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Background: In patients with idiopathic pulmonary fibrosis (IPF), our objectives were to identify
predictors of abnormal heart rate recovery (HRR) at 1 min after completion of a 6-min walk test
(6MWT) [HRR1] and 2 min after completion of a 6MWT (HRR2), and to determine whether
abnormal HRR predicts mortality.
Methods: From 2003 to 2008, we identified IPF patients who had been evaluated at our center
(n � 76) with a pulmonary physiologic examination and the 6MWT. We used logistic regression
to identify predictors of abnormal HRR, the product-limit method to compare survival in the
sample stratified on HRR, and Cox proportional hazards analysis to estimate the prognostic
capability of abnormal HRR.
Results: Cutoff values were 13 beats for abnormal HRR1 and 22 beats for HRR2. In a
multivariable model, predictors of abnormal HRR1 were diffusing capacity of the lung for carbon
monoxide (odds ratio [OR], 0.4 per 10% predicted; 95% confidence interval [CI], 0.2 to 0.7;
p � 0.003), change in heart rate from baseline to maximum (OR, 0.9; 95% CI, 0.8 to 0.97;
p � 0.01), and having a right ventricular systolic pressure > 35 mm Hg as determined by
transthoracic echocardiogram (OR, 12.7; 95% CI, 2.0 to 79.7; p � 0.01). Subjects with an
abnormal HRR had significantly worse survival than subjects with a normal HRR (for HRR1,
p � 0.0007 [log-rank test]; for HRR2, p � 0.03 [log-rank test]); these results held for the subgroup
of 30 subjects without resting pulmonary hypertension (HRR1, p � 0.04 [log-rank test]). Among
several candidate variables, abnormal HRR1 appeared to be the most potent predictor of
mortality (hazard ratio, 5.2; 95% CI, 1.8 to 15.2; p � 0.004).
Conclusion: Abnormal HRR after 6MWT predicts mortality in IPF patients. Research is needed
to confirm these findings prospectively and to examine the mechanisms of HRR in IPF patients.

(CHEST 2009; 136:841–848)

Abbreviations: ATS � American Thoracic Society; CAD � coronary artery disease; CI � confidence interval;
Dlco � diffusing capacity of the lung for carbon monoxide; ERS � European Respiratory Society; HR � hazard
ratio; HRR � heart rate recovery; HRR1 � heart rate recovery at 1 min after completion of the 6-min walk test;
HRR2 � heart rate recovery at 2 min after completion of the 6-min walk test; IPF � idiopathic pulmonary fibrosis;
NAC � N-acetyl cysteine; OR � odds ratio; PFT � pulmonary function test; PH � pulmonary hypertension;
RVSP � right ventricular systolic pressure; 6MWD � 6-min walk distance; 6MWT � 6-min walk test; Spo2 � pulse
oximetric saturation

I diopathic pulmonary fibrosis (IPF) is a severe,
progressive, fibrosing interstitial lung disease

without effective therapy and a poor prognosis.
Median survival times have been observed to be as
low as 2.5 years.1 Investigators2–8 have identified
several prognostic variables in IPF, including age,
gender, disease duration, symptom severity, radio-

logic features, functional capacity, and both baseline
and serial changes in measures of pulmonary physi-
ology and gas exchange. Despite the numerous
prognostic variables that inform discussions about
prognosis in IPF patients, heterogeneity in the dis-
ease course complicates making accurate survival
predictions.
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Heart rate recovery (HRR), specifically the failure
of the heart rate to decline at 1 or 2 min postexercise,
is associated with increased mortality.9–11 Heart
rates in patients with COPD recover less at 1 min
than control subjects (mean [� SD] heart rates,
20 � 9 vs 11 � 9, respectively; p � 0.0001), and in
COPD patients the failure of heart rate to drop by
� 14 beats 1 min after exercise is associated with
a fivefold increased risk of death over a mean
follow-up duration of 43 months.12 HRR after
exertion has not been examined as a prognostic
marker in patients with IPF.

The 6-min walk test (6MWT) is a marker of
functional exercise capacity that is increasingly used
in the initial and longitudinal clinical assessments of
patients with IPF. In these patients, the distance
walked during the 6MWT is highly reproducible
(test-retest reliability, 0.98) over short time intervals
(eg, 1 to 2 weeks) and is highly correlated (r � 0.78)
with peak oxygen uptake measured during a cardio-
pulmonary exercise test to volitional fatigue.13 Given
the low cost and simplicity of the 6MWT and its
apparent validity as an exercise challenge and mea-
sure of functional capacity in patients with IPF, we
hypothesized that it would provide an ideal setting in
which to measure HRR. The main objectives of this
study were to define the cutoff values for abnormal
HRR, to examine the predictors of an abnormal
HRR, and to determine whether an abnormal HRR
after a 6MWT carries prognostic value in patients
with IPF.

Materials and Methods

Subjects

The study sample consisted of 76 consecutive patients with IPF
who were evaluated at our center between January 1, 2003, and
January 1, 2008, who completed pulmonary function tests (PFTs)
and a 6MWT and were enrolled into our longitudinal database

used to examine the natural history of fibrosing interstitial lung
disease. The study was approved by the National Jewish Health
Institutional Review Board. The diagnosis of IPF was made in
accordance with the most recently established consensus guide-
lines from the American Thoracic Society (ATS)/European Re-
spiratory Society (ERS).14,15 Various treatment regimens were
recommended over the course of follow-up; these included no
therapy, N-acetyl cysteine (NAC) therapy alone, prednisone
therapy alone, therapy with an immunomodulatory agent (eg,
azathioprine, cyclophosphamide, or mycophenolate mofetil) with
or without NAC and with or without prednisone.

Testing

PFTs were performed according to ATS/ERS criteria.16–19 At
our center, 6MWT is performed according to the ATS/ERS
criteria (in terms of instructions to patients); however, the test is
modified by recording both heart rate and peripheral oxygen
pulse oximetric saturation (Spo2) at the end of each minute of the
6MWT, as well as by recording heart rate at 1, 2, and 3 min after
completion of the test with the patient seated. The 6MWT test is
begun after the patient has been seated for 5 min. Pulse
oximeters (Ohmeda Biox 3740 or Ohmeda 3900; Datex-Ohmeda,
Inc; Laurel, MD) with finger probes were used. These oximeters
display heart rate and Spo2. Supplemental oxygen flow rates were
used according to the subjects’ current oxygen prescriptions.

Data Collection

Clinical data were collected by chart review and database
query. HRR was defined as the difference between a subject’s
heart rate at the 6th min of the 6MWT and at either 1 min after
completion of the 6MWT (HRR1) or 2 min after completion of
the 6MWT (HRR2).

Statistical Analysis

Like Cole and colleagues9 and LeBlanc and Crowley,20 we
determined the value for abnormal HRR in our sample by finding
the maximum value for the log-rank �2 statistic for all possible
cutoff points for abnormal HRR between the 10th and 90th
percentiles (at each of 1 and 2 min of recovery) for the study
sample. By using this method, we identified the cutoff values to
be 13 beats at 1 min and 22 beats at 2 min after the 6MWT.

We present the baseline data as counts and measures of central
tendency (means with SD for normally distributed data, and
medians with interquartile ranges for nonnormally distributed
continuous data). Continuous variables were compared by using
t tests or a nonparametric equivalent where appropriate. Cate-
gorical variables were compared using the �2 test or Fisher exact
test where appropriate. We used multivariable logistic regression
to identify independent predictors of abnormal HRR (ie, heart
rate dropping by � 13 beats at 1 min into recovery and by � 22
beats at 2 min into recovery). We first performed bivariate
analyses with each predictor. Variables with p values � 0.15 in
bivariate analysis were selected as candidates for the final model.
We used the “selection � stepwise” feature in the software that
was used (SAS PROC LOGISTIC; SAS Institute; Cary, NC) to
yield the most parsimonious models for abnormal HRR (depen-
dent variable). We used the product-limit method to derive
survival and Kaplan-Meier curves to display survival for the study
sample stratified on HRR (abnormal vs normal). Because ele-
vated right ventricular systolic pressure (RVSP) by transthoracic
echocardiogram appeared to be a driver of abnormal HRR, we
examined whether abnormal HRR carried prognostic value
among subjects without elevated RVSP by generating Kaplan-
Meier curves for this subset.
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For the entire study sample, as well as for the subgroup
without elevated RVSP, we used Cox proportional hazards
analysis to examine the effect of abnormal HRR and other
meaningful predictors of survival. We first performed bivariate
analyses with each predictor. Variables with p values � 0.15 in
bivariate analysis were selected as candidates for the final model.
To yield the most parsimonious survival models and to avoid
problems raised by the substantial collinearity among most of the
variables, we used the “selection � stepwise” feature in the
software used (SAS PROC PHREG; SAS Institute). We con-
firmed that the proportionality assumption was met for the
HRR1 and HRR2 variables by examining log(-log) plots. Survival
time was calculated from the time of the 6MWT to death or
censoring (subjects were censored if they were alive at last
contact). Vital status was ascertained on June 10, 2008, by either
records review or query of the Social Security Death Index. For
subjects who performed more than one 6MWT at our center, we
chose the earliest test to allow for the longest follow-up time. We

used a statistical software package (SAS, version 9.1.3; SAS
Institute) to perform all statistical analyses, and we considered
p values � 0.05 to represent statistical significance.

Results

The majority (n � 70) of subjects were white men
in their seventh decade of life. Most subjects had
undergone surgical lung biopsy to diagnose IPF.
Few subjects (n � 15) had a history of coronary
artery disease (CAD), and none had clinically signif-
icant or symptomatically apparent CAD at the time
of testing. Cardiovascular medication use and thera-
peutic regimens for IPF were similar between sub-
groups stratified on HRR1 (Table 1).

Table 1—Baseline Characteristics of Study Subjects

Variables All Subjects (n � 76)
HRR � 13 Beats

(n� 29)
HRR � 13 Beats

(n� 47) p Value

Age, yr 68.4 (8.4) 68.5 (7.5) 68.4 (9.0) 0.9
Gender 0.6

Male 61 25 37
Female 15 4 10

Surgical biopsy 46 18 29 1.0
FVC, % 68.7 (17.2) 62.4 (17.3) 72.5(16.2) 0.01
Dlco, % 44.4 (14.4) 35.0 (9.7) 49.4 (14.0) � 0.0001
Time from diagnosis to 6MWT, d 82 (0–280) 55 (0–286) 94 (0–270) 0.5
6MWD, feet 1,277 (263) 1,135 (212) 1,364 (255) � 0.0001
6MWT nadir Spo2 � 89% 36 17 19 0.16
Baseline heart rate 77 (13) 82 (14) 74 (11) 0.01
Maximum heart rate during 6MWT 106 (11) 105 (12) 106 (10) 0.6
Heart rate 1 min after 6MWT, beats/min 89 (15) 99 (14) 84 (12) � 0.0001
Heart rate 2 min after 6MWT, beats/min 84 (13) 91 (13) 79 (11) � 0.0001
Supplemental O2 flow rate

None 43 11 32 0.02*
1–3 L/min 13 6 7
4–5 L/min 11 6 5
� 6 L/min 9 6 3

IPF medications
Prednisone 15 7 8
Azathioprine 3 1 2
NAC 7 2 5
Cyclophosphamide 4 3 1
Mycophenolate mofetil 1 0 1
None 46 16 30 0.5*

History of CAD 15 5 10 0.8
RVSP

� 35 mm Hg by TTE 17 11 6 0.02
� 35 mm Hg by TTE 30 8 22 0.2
No echo 29 10 19 0.6

Cardiac medications
�-Blocker 18 6 12
Diltiazem or verapamil 3 0 3
Digoxin 1 1 0
�-Blocker 3 1 2
None 56 21 33 0.8*

Follow-up, d 487 (240–913) 365 (235–792) 561 (245–994)

Values are given as the mean (SD) or median (interquartile range), unless otherwise indicated. p Values reflect the comparison between groups
stratified by HRR. TTE � transthoracic echocardiogram.
*For none vs any (oxygen or drug) comparisons between groups.
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We identified cutoff values for an abnormal HRR1
to be 13 beats and HRR2 to be 22 beats. Predictors
of an abnormal HRR1 or HRR2 from bivariate
analyses are displayed in Table 2. In the final models,
independent predictors of abnormal HRR1 included
having an RVSP (estimated by transthoracic echo-
cardiogram) of � 35 mm Hg (odds ratio [OR], 4.8;

95% confidence interval [CI], 1.2 to 19.0; p � 0.03),
the change in heart rate from baseline to 6 min (OR,
0.9; 95% CI, 0.8 to 0.97; p � 0.01), and diffusing
capacity of the lung for carbon monoxide (Dlco)
[OR, 0.4 per 10% predicted; 95% CI, 0.2 to 0.7;
p � 0.003]; 6-min walk distance (6MWD) and
change in heart rate were predictors of abnormal
HRR2 (OR: 0.9 per 10 feet walked [95% CI, 0.94 to
0.99; p � 0.04] vs 0.9 [95% CI, 0.8 to 0.9; p � 0.01],
respectively). Figure 1 shows the relationship be-
tween HRR1 and 6MWD.

In time-to-event survival analysis, subjects with
abnormal HRR1 had significantly worse survival
(mean survival time, 715.7 � 67 vs 1,168.4 � 48
days) than subjects with normal HRR1 (ie, decline
� 13 beats at 1 min) [Fig 2]. At any time during the
follow-up period, the hazard of death for subjects
with abnormal HRR1 was significantly greater than
that for subjects with a normal HRR1 (hazard ratio
[HR], 5.2; 95% CI, 1.8 to 15.2; p � 0.002). All results
were similar for abnormal HRR2; subjects with
HRR2 of � 22 beats had significantly worse survival
times than subjects with HRR2 of � 22 beats (data
not shown; p � 0.03 [log-rank]). The hazard of death
for subjects with abnormal HRR2 was significantly
greater than that for subjects with a normal HRR2
(HR, 3.6; 95% CI, 1.1 to 11.6; p � 0.04).

Table 2—Bivariate Analysis of Predictors of Abnormal
HRR

Variables

HRR1 � 13 Beats HRR2 � 22 Beats

OR p Value OR p Value

Age 1.0 0.96 1.0 0.5
Male gender 1.3 0.7 1.8 0.3
FVC, per 10%

predicted
0.7 0.02 0.8 0.1

Dlco, % 0.4 0.0003 0.6 0.01
6MWD, per 10 feet 0.9 0.001 0.9 0.003
Using supplemental O2 3.5 0.01 1.9 0.2
Nadir Spo2 0.8 0.03 0.9 0.9
Baseline heart rate 1.1 0.02 1.0 0.03
Maximum heart rate 0.9 0.6 0.9 0.1
Change in heart rate 0.9 0.001 0.8 0.03
RVSP � 35 mm Hg by

echocardiogram
4.2 0.01 1.4 0.52

Change in heart rate � maximum heart rate minus baseline heart
rate.

Figure 1. Relationship between HRR and 6MWD.
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For the 30 subjects with echocardiographically
estimated RVSP � 35 mm Hg, the results of bivari-
ate analyses are displayed in Table 3. Significant
predictors of abnormal HRR1 included FVC, Dlco,
6MWD, and change in heart rate; for abnormal
HRR2, the only significant predictor was a change in
heart rate. Among the 30 subjects in this subgroup,
in time-to-event survival analysis, abnormal HRR
remained a significant predictor of survival (Fig 3).

The mean survival time for subjects with abnormal
HRR1 was 589.2 � 104 days vs 1,197.8 � 57 days
for those with a normal HRR1.

Using data from the entire study sample, abnormal
HRR1 was the strongest predictor of survival (Table
4). Abnormal HRR1 was the only variable selected in
the final multivariable model (HR, 4.5; 95% CI, 1.5
to 13.7; p � 0.008). To examine the impact of car-
diovascular medications on HRR, we performed
similar time-to-event, bivariate, and multivariable
analyses after excluding subjects who were receiving
therapy with �-blockers, chronotropically active cal-
cium channel blockers, digoxin, and �-blocking
agents, and the results were no different from those
just reported. Likewise, the results were similar for
analyses performed on data from the subgroup of 43
subjects not using supplemental oxygen (baseline
Spo2, � 88%).

Discussion

The 6MWT is a simple, relatively low-cost proce-
dure that is being used with increasing frequency for
the evaluation of patients with IPF. However, one
data point that is often neither collected nor consid-
ered when reviewing results from this test is heart
rate in the recovery period. In this study, we exam-

Figure 2. Kaplan-Meier curve for survival among 76 subjects stratified according to whether heart rate declined by 13 beats from min
6 during the 6MWT to 1 min after the 6MWT.

Table 3—Bivariate Analysis of Predictors of Abnormal
Heart Rate Recovery Among 30 Subjects With No TEE

Evidence of PH

Variables

HRR1 � 13 Beats HRR2 � 22 Beats

OR p Value OR p Value

Age 0.9 0.9 1.0 0.9
Male gender 1.6 0.7 6.0 0.1
FVC, per 10%

predicted
0.5 0.04 0.9 0.6

Dlco, % 0.2 0.02 0.7 0.2
6MWD, per 10 feet 0.9 0.04 0.9 0.6
Using supplemental O2 1.1 0.9 1.1 0.9
Nadir Spo2 0.8 0.2 1.0 0.8
Baseline heart rate 1.1 0.1 1.0 0.2
Maximum heart rate 0.9 0.4 0.9 0.1
Change in heart rate 0.8 0.02 0.8 0.01

See Table 2 for explanation of term.
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ined 76 subjects with very well-defined IPF and
found that the failure of heart rate to decline after
exertion (by � 13 beats at 1 min or by � 22 beats at
2 min) is a strong predictor of mortality.

Recognizing that exercise-induced heart rate ele-
vation is due to a combination of sympathetic acti-
vation and parasympathetic withdrawal, that the
return of postexercise heart rate to normal is due to
parasympathetic reactivation (ie, vagal tone),21 and
that increased vagal activity is associated with re-
duced risk of death, Cole and colleagues9,10 hypoth-

esized that HRR would be an important prognostic
marker in patients who had been referred for cardiac
exercise testing. Indeed, they observed that abnormal
HRR1 was an independent predictor of mortality in
that patient population. Subsequently, Froelicher and
colleagues11,22 identified that abnormal HRR2 was an
independent predictor of the presence of CAD by
angiography as well as a predictor of mortality in male
US veterans.

Lacasse and colleagues12 found that heart rate
declines less in patients with COPD than in healthy
control subjects at 1 min into recovery after a
symptom-limited stepwise exercise test performed
on a cycle ergometer. They also found that abnormal
HRR1 of � 14 beats was a strong predictor of
mortality in patients with COPD. These investigators
hypothesized that COPD-related autonomic dys-
function (either cardiac or perhaps due to increased
airways resistance) might account for this finding.
Seshadri and coinvestigators23 examined the rela-
tionship between HRR and PFTs in 627 subjects
who had undergone maximum symptom-limited ex-
ercise treadmill tests and PFTs within the same year
at their center. They found that abnormal HRR
(defined as a decline in heart rate of � 12 beats at 1
min into recovery) was associated with FEV1, im-
paired functional capacity as assessed by metabolic
equivalents during the exercise test, male gender,
and age. Regarding the few subjects with restrictive

Table 4—Bivariate Cox Proportional Hazards Survival
Analysis

Variables HR 95% CI p Value

HRR � 13 at 1 min 5.2 1.8–15.2 0.002
HRR � 22 at 2 min 3.6 1.1–11.6 0.04
Age 1.0 0.9–1.1 0.2
Male gender 5.9 0.8–44.6 0.1
FVC, per 10% predicted 0.7 0.5–0.9 0.004
Dlco, % 0.5 0.3–0.8 0.01
6MWD, per 10 feet 0.9 0.95–0.99 0.01
Using supplemental O2 2.4 0.9–6.2 0.1
Nadir Spo2 0.8 0.6–1.2 0.4
Baseline heart rate 1.0 0.9–1.1 0.7
Maximum heart rate 0.9 0.9–1.0 0.6
Change in heart rate 1.0 0.9–1.1 0.3
Has RVSP � 35 mm Hg 4.7 1.6–13.4 0.004

See Table 2 for explanation of term.

Figure 3. Kaplan-Meier curve for survival among the 30 subjects with no transthoracic echocardiographic evidence of PH stratified
according to whether heart rate declined by 13 beats from min 6 during the 6MWT to 1 min after 6MWT.
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pulmonary physiology, these authors commented
that there are no data linking restrictive pulmonary
physiology and autonomic dysfunction, and they
called for further research into this putative associ-
ation.

It is reassuring to see that the cutoff values we
identified for abnormal HRR1 and HRR2 are strik-
ingly similar to those found by these other investiga-
tors. In our study sample, we identified different
predictors of abnormal HRR from the ones that
Seshadri and colleagues23 identified. This is likely
due to the differences in underlying disease (the
cohort in the study by Seshadri et al23 consisted
predominantly of subjects with obstructive pulmo-
nary physiology, whereas, as expected, our IPF
subjects all had restrictive pulmonary physiology) as
well as differences in the variables assessed in each
study. Specifically, we believed it was important to
examine the contribution of Dlco because impaired
gas transfer is one of the hallmark physiologic abnor-
malities in IPF patients. Likewise, because so many
of our IPF patients have secondary pulmonary hy-
pertension (PH), we investigated whether elevated
RVSP might account for some of the variability in
abnormal HRR. These variables, noted to be impor-
tant predictors of abnormal HRR in our study, were
not examined by Seshadri et al23 or Lacasse et al.12

So, why might some patients with IPF have ab-
normal HRR? From our data, it appears that ele-
vated RVSP and impaired diffusing capacity are at
least two of the drivers, and that a greater increase in
heart rate from baseline to 6 min is protective. In
analyses not shown here, we found a significant
relationship between 6MWD and change in heart
rate (r � 0.3; p � 0.01); thus, as expected, the fur-
ther a subject walks, the greater the increase in heart
rate from baseline (ie, the greater the change in heart
rate). Added to that, Figure 1 shows that the greater
the 6MWD, the better the heart rate recovers.
However, fitness does not fully explain HRR; in
analyses that are not shown here, after accounting
for 6MWD, HRR remained a significant predictor of
mortality with an HR of 3.9 (p � 0.02); in that
model, the HR after 6MWD was 0.9 (p � 0.14).

Among subjects without PH (at rest), FVC, Dlco,
6MWD, and change in heart rate were significant
predictors of (or protectors from) abnormal HRR1.
Thus, more severe IPF (as demonstrated by lower
FVC, Dlco, and 6MWD) increased the likelihood
for abnormal HRR1. Given that these same variables
have been shown to predict survival in IPF patients,
it makes sense that HRR is also a predictor. Our data
would suggest that this extremely simple-to-collect
variable is at least as potent a predictor as many other
variables in IPF. When all candidate variables were
given equal chances for inclusion in a final survival

model, abnormal HRR was selected as the only
predictor, and no other variables added significant
predictive power.

Our study has limitations. The sample size was
small. The retrospective design means that IPF
medication regimens and data collection were not
systematically implemented. Certain information
was not collected and could have aided in elucidating
the mechanisms for the results observed. Whether
any of our subjects with normal resting RVSP had
exercise-induced PH is unknown but possible. In
fact, absent right heart catheterization, we cannot
be certain of the status of PH in any of our
subjects (even those with echocardiograms). Like-
wise, whether, as it is proposed to occur in COPD
patients, IPF induces autonomic dysfunction is un-
known but warrants further investigation. Like other
investigators,24 we found certain variables (eg, FVC
and Dlco) to predict mortality. Lama and col-
leagues7 observed that among IPF subjects whose
resting Spo2 was � 88% without using supplemental
oxygen, desaturation to � 89% during a 6MWT was
a strong predictor of survival. Differences in entry
criteria (nearly half of our subjects used supplemen-
tal oxygen during the 6MWT) and altitudes at which
the two studies were performed confound any com-
parisons of their results. At the altitude in Denver
(5,280 feet above sea level), on average, resting Spo2
is not as high as that at sea level. Furthermore, the
cutpoint for exercise Spo2 that is associated with
mortality, as in the article by Lama et al,7 has yet to
be defined at altitudes other than that of Ann Arbor,
MI. All of these issues make prospective validation of
our results at lower (or higher) altitudes all the more
important.

Despite these limitations, we believe our study has
merit. The study sample had very well-defined IPF,
the results of our study are similar to those obtained
by other investigators, and the findings are novel for
this patient population. The inferences drawn from
this study should not be that abnormal HRR is the
absolutely most potent prognosticator in IPF, but we
do think that it adds to the cadre of prognostic
variables for this disease. Moving forward, it will be
important to investigate abnormal HRR after 6MWT
even more carefully. This can be accomplished only
if the 6MWT (and data collection during and after) is
standardized. In future studies, the putative relation-
ship between PH (whether at rest or only with
exercise) and abnormal HRR can also be better
delineated. These studies should be prospective and
have survival as the outcome.

In summary, some patients with IPF have abnor-
mal HRR after exertion, and the presence of ele-
vated RVSP and impaired Dlco appear to be two
drivers of this abnormality. Even in IPF patients
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without elevated resting RVSP, abnormal HRR is a
significant predictor of mortality. Future investiga-
tions should determine whether IPF patients have
autonomic dysfunction, as postulated to account for
abnormal HRR in patients with COPD, and prospec-
tive studies should be performed to confirm our
findings and to examine more carefully the relation-
ship between IPF-related PH and abnormal HRR.
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