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Abstract

Objectives: The peak expiratory flow rate (PEFR) is known to decrease in patients with sarcopenia. However, little is
known about the clinical impact of the PEFR in idiopathic pulmonary fibrosis (IPF). This study aimed to confirm whether a
decrease in PEFR over 6 months was associated with survival in IPF patients.

Methods: Consecutive IPF patients who had been assessed at a single center were retrospectively analyzed. The relative
decline in PEFR over 6 months was assessed. Survival analyses were performed by univariate and multivariate Cox
proportional hazard models.

Results: A total of 61 eligible cases (average age 70 years) were examined, and 2| patients (34.4%) died. The univariate Cox
regression analysis showed that the body mass index, baseline % predicted forced vital capacity (FVC), baseline % predicted
PEFR, % predicted diffusion capacity for carbon monoxide (DLco), relative decline in FVC, and relative decline in PEFR
were prognostic factors. On multivariate analyses, relative decline in PEFR (hazard ratio [HR] 1.037, p <.05) and baseline %
predicted FVC (HR 0.932, p < .001) were independent prognostic factors, whereas relative decline in FVC was not.

Conclusion: A decrease in PEFR after 6 months may predict worse survival in patients with IPF.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a fibrotic and pro-
gressive pulmonary disease that leads to death in most
patients." The median survival times of IPF patients were

poor at 3 years before the development of anti-fibrotic
drugs.' This disease is characterized by decreased lung
volumes and reduced gas exchange, and it is associated with
symptoms of progressive dyspnea, cough, and reduced
exercise capacity. Several known prognostic factors for IPF
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dyspnea score,* pulmonary function,”’ disease
severity,”® functional exercise capacity,”'® and fibrotic
changes on high-resolution computed tomography
(HRCT)."" Of pulmonary function variables, a decline in
forced vital capacity (FVC) is widely known as a useful
prognostic factor.”’

Sarcopenia is a syndrome characterized by a progressive
and generalized loss of systemic skeletal muscle mass and
strength, and it carries the risk of poor outcomes such as
physical disability, poor quality of life, and death.'” It has
been reported that the loss of skeletal muscle mass assessed
using computed tomography (CT) images is associated with
a poor prognosis in patients with IPF.'**'* Furthermore, we
have previously reported that the decrease over the course of
6 months of the cross-sectional area (CSA) of the erector
spinae muscle (ESMcg,), evaluated using CT images, was a
strong predictor of mortality in patients with IPE." In that
study, baseline ESMcgs Was not a prognostic factor on
multivariate analysis.

The peak expiratory flow rate (PEFR) is obtained by
routine spirometry. PEFR is the maximum flow rate gen-
erated during a forceful exhalation, starting from full lung
inflation. PEFR well reflects large airway flow in patients
with asthma and chronic obstructive pulmonary disease, but
in patients with IPF, it would strongly depend on the re-
spiratory muscular strength of the patient. Generally, in
patients with IPF, radial traction due to scarring of the
surrounding parenchyma prevents dynamic compression of
the airway and, subsequently, does not reduce PEFR.'®

In previous studies, a decrease in PEFR was correlated
with sarcopenia and skeletal muscle mass loss.'”'®
Therefore, we hypothesized that a decrease in PEFR over
the course of 6 months would be associated with poor
survival in patients with IPF.

are:

Methods

This study protocol was approved by the Ethics Committee
of Nagoya City University Hospital (approval number 60-
21-055) and carried out in accordance with approved
guidelines. The need for patient approval and/or informed
consent was waived by the Ethics Committee of Nagoya
City University Hospital due to the retrospective nature of
the study.

Patients

The clinical records of 80 consecutive patients with IPF who
were referred to the Nagoya City University Hospital be-
tween October 2013 and April 2020 were retrospectively
reviewed. IPF was diagnosed through multidisciplinary
discussions according to international guidelines.''**° The
exclusion criteria were as follows: patients who died sooner
than 6 months from baseline; patients whose pulmonary

function was not assessed at the initial visit or after 6 months
due to any cause; and patients who had lung cancer at
baseline. The observation period commenced from the time
of the patient’s initial evaluation until death, or 30 April
2021, whichever was sooner. Censored cases were evalu-
ated to confirm their life or death status by telephone, as
often as was possible. A pulmonary rehabilitation program
was performed during hospitalization by patients who had
acute exacerbations of IPF or pneumonia. Outpatients did
not perform rehabilitation.

Pulmonary function tests

All patients completed pulmonary function tests using
spirometry (CHESTAC-8900; Chest, Tokyo, Japan) ac-
cording to the ATS/ERS criteria.>! The diffusion capacity
for carbon monoxide (DLco) was also measured (CHES-
TAC-8900). Percentage of predicted FVC (%FVC), per-
centage of predicted forced expiratory volume in 1.0 s
(FEV)), and percentage of predicted DLco (%DLco) were
calculated based on the patients’ height, age, and sex, ac-
cording to the Japanese standardized methods.>> Percent
(%) predicted PEFR was calculated based on the prediction
equation reported by Nunn et al.>> The percent (%) pre-
dicted maximum mid-expiratory flow rate (MMF) was
calculated using the prediction equation reported by
Schmidt et al.**

Derivation of ESMcsa by imaging analysis software

SYNAPSE VINCENT (Fujifilm Medical Systems, Tokyo,
Japan) CT imaging analysis software was used for the
derivation of ESMcga. ESMcga was calculated manually
according to a previously published method.'>* Briefly,
ESMcga was measured on a single-slice axial CT image at
the level of the spinous process of the 12th thoracic vertebra.
For the quantitative analysis of the ESMs, chest HRCT
images were reconstructed using the mediastinal window
setting (window level, 40 HU; window width, 300 HU). The
left and right ESMs were identified and manually shaded,
and the ESM area was reported as the sum of the right and
left ESMs.

The Charlson comorbidity index

The Charlson comorbidity index was calculated according
to a previously reported method.*®

Statistical analyses

Continuous variables are presented as means (+standard
deviations) or medians [interquartile ranges]. Categorical
variables are presented as numbers and percentages. The
relationships between continuous variables were evaluated
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using Spearman’s rank correlation coefficients. Univariate
Cox proportional hazard models were used to examine the
associations of selected variables with survival. Stepwise
multivariate Cox proportional regression analysis was
performed including the significant variables on univariate
analysis, with subsequent forward stepwise selection. To
avoid multicollinearity, some of the highly correlated var-
iables were excluded on multivariate analysis if they had
Spearman’s correlation coefficients greater than 0.7. Sur-
vival times were estimated using the Kaplan—-Meier method
and compared using the log-rank test. To determine the
optimal cutoff value for predicting 2-years mortality, re-
ceiver operating characteristic (ROC) curves were con-
structed. Multiple linear regression analysis was performed
to identify clinical parameters related to relative decline in
PEFR. To assess multicollinearity, variance inflation factor
(VIF) values were computed. The differences between
patients separated by cutoff values of the relative decline in
PEFR were analyzed using Student’s #-test or the Mann-
Whitney U test for continuous variables and the Chi-
squared test or Fisher’s exact test for categorical vari-
ables, as appropriate. p values < .05 were considered sig-
nificant. Statistical analyses were conducted using IBM
SPSS Statistics version 28 (IBM Corp., Armonk, NY,
USA).

Results

Patients’ characteristics

Thirteen patients whose pulmonary function had not been
assessed at the initial visit or after 6 months were excluded.
Among them, one patient died before 6 months from
baseline. Six patients who had lung cancer at baseline were
excluded. Thus, the study population consisted of 61 pa-
tients with IPF. The median time from initial assessment to
spirometry 6 months later was 175 [158-210] days. The
patients’ characteristics at baseline and after 6 months are
shown in Table 1. The median baseline PEFR was 7.19
[5.50-8.42] L/s, whereas that after 6 months was 6.68
[5.30-8.52] L/s.

Correlation between PEFR and ESMcs,

It has been reported that PEFR is an indicator of sarco-
penia.17 On the other hand, assessment of the ESMg4 from
chest CT images has been used to evaluate sarcopenia in
patients with chronic lung disease.'>** Therefore, the re-
lationship between PEFR and ESMcgs was examined in
patients with IPF. The mean ESM g5 was 29.1 + 6.4 cm? in
the present cohort. Nine patients” ESMcga values could not
be analyzed because their CT lacked the level of the spinous
process of the 12th thoracic vertebra. Baseline PEFR was

significantly correlated with ESMcga (r=0.431, p <.005)
(Figure 1).

Relative decline in PEFR and other respiratory
function parameters

The median relative decline in PEFR was 2.90 (—7.27—
11.54) %. In addition, the median relative decline in FVC
was 2.45 (—2.49-5.54) %, the median relative decline in
FEV, was 3.19 (—2.40-9.03) %, and the median relative
decline in MMF was 4.44 (—12.81-15.74) %.

Prognostic survey

Twenty-one of 61 patients (34.4%) died during the study
period. The follow-up time of the 61 patients was 1017 days
(530-1623). Four patients were lost to follow-up. The
median survival estimate of the cohort was 2214 days.

Prognostic factors on univariate and multivariate Cox
regression analyses

Hazard ratios (HRs) and 95% CIs of this cohort on uni-
variate and multivariate Cox regression analyses are shown
in Table 2. The univariate Cox regression analysis showed
that body mass index (HR 0.859, 95% CI 0.742-0.995, p <
.05), baseline %FVC (HR 0.941, 95% CI1 0.917-0.966, p <
.001), baseline %PEFR (HR 0.978, 95% CI 0.956-0.999, p
<.05), baseline %FEV; (HR 0.947,95% C10.919-0.977, p
<.001), baseline %DLco (HR 0.973, 95% CI 0.952-0.995,
p <.05), relative decline in FVC (HR 1.035, 95% CI 1.001-
1.070, p <.05), relative decline in PEFR (HR 1.035, 95% CI
1.002-1.069, p < .05), and relative decline in FEV; (HR
1.041, 95% CI 1.008-1.075, p < .05) were prognostic
factors. %FEV, was excluded from multivariate analysis
because of its high correlation with %FVC (Spearman’s
correlation coefficient, r = 0.797, p < .001). Furthermore,
relative decline in FEV; was excluded from multivariate
analysis because of its high correlation with relative decline
in FVC (r = 0.731, p < .001). On multivariate analyses,
relative decline in PEFR (HR 1.037,95% CI 1.002-1.072, p
< .05) and baseline % predicted FVC (HR 0.932, 95% CI
0.905-0.960, p < .001) were independent prognostic fac-
tors, whereas relative decline in FVC and baseline %PEFR
were not.

HRs and 95% ClIs for each parameter on univariate and
multivariate Cox regression analyses of only baseline data
are shown in Supplemental Table S1.

Kaplan—Meier curves and a log-rank test

The Kaplan—Meier curves of this cohort are shown in Figure
2. To determine the optimal cutoff value for predicting 2-
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Table I. Patients’ characteristics.

Variable 0 Months 6 Months
Total, n 6l 6l
Age, y 70.1 £ 7.9

Sex, female, n (%) 7 (11.5%)

Never smoker, n (%) 12 (19.7%)

Ex-smoker, n (%) 44 (72.1%)

Current smoker, n (%) 5 (8.2%)

Smoking history, pack-years 38.0 (15.0-56.0)

Body mass index, kg/m? 23.6 £33

Histological diagnosis, n (%) 9 (14.8%)

FVC, L

FVC, % predicted
PEFR, L/s

PEFR, % predicted
FEV, L

FEV, % predicted
FEV,/FVC, %
MMF, L

MMF, % predicted
DLco, % predicted®
ESMCSA) cmZb

2.73 (1.87-3.26)
83.7 (69.4-92.5)
7.19 (5.50-8.42)
81.2 (70.2-92.6)
2.18 (1.66-2.60)
82.2 (74.5-91.7)
83.0 (77.1-87.6)
2.29 (1.59-3.05)
82.5 (57.8-103.1)
73.0 (54.8-85.8)
29.1 + 6.4

2.68 (1.85-3.25)
81.6 (69.0-93.2)
6.68 (5.30-8.52)
77.0 (64.5-94.3)
2.13 (1.53-2.59)
81.6 (68.3-92.2)
81.6 (76.1-86.4)
2.15 (1.52-2.96)
77.4 (53.2-97.9)

Data are presented as means (+ standard deviation), medians [interquartile range], or numbers (%).

FVC: forced vital capacity; PEFR: peak expiratory flow rate; FEV: forced expiratory volume in 1.0 s; MMF: maximum mid-expiratory flow rate; DLco:
diffusion capacity of the lung for carbon monoxide; ESMcsp; the cross-sectional area of the erector spinae muscle evaluated using computed tomography

images.
*Two patients could not perform the DLco maneuver.
®Nine cases could not be evaluated.
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Figure |. Correlation between PEFR and ESMcsa. The
correlation between baseline PEFR and ESMcs, is shown. PEFR:
peak expiratory flow rate; ESMCSA: the cross-sectional area of
the erector spinae muscle evaluated on computed tomography
images.

years mortality, an ROC analysis was performed by using
the data of 47 patients. A cutoff value of 8.65% (area under
the curve = 0.737, specificity: 0.778, sensitivity: 0.763) was
identified. The mean survival estimates were as follows:
relative decline in PEFR >8.65%, 1335 days, and relative
decline in PEFR <8.65%, 2169 days. Relative decline in

PEFR >8.65% had a significantly worse prognosis (p < .01,
log-rank test).

Correlations between the relative decline in PEFR
and other clinical parameters

The correlations between the relative decline in PEFR and
other clinical parameters are shown in Table 3. Baseline %
FVC was slightly correlated. On the other hand, relative
decline in FVC was not correlated with relative decline in
PEFR. Supplemental Figure S1 shows the correlations of
relative decline in PEFR with relative decline in FVC (S1A)
and baseline %FVC (S1B).

Multiple linear regression analysis for decline in PEFR

Multiple linear regression analysis was performed to
identify clinical parameters related to relative decline in
PEFR (Table 4). Age, baseline %FVC, and baseline %PEFR
were independent factors contributing to relative decline in
PEFR. The VIF values of age, body mass index, %FVC, %
PEFR, %MMEF, %DLco were 1.17, 1.13, 1.72, 1.39, 1.15,
and 1.46, respectively. All VIF values were <10, and there
was no multicollinearity among these factors.
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Table 2. Prediction of mortality by univariate and multivariate =~ Table 3. Correlations between relative decline in PEFR and

Cox proportional hazards analyses. clinical parameters.

Predictor HR 95% Cl p-value  Variable r 95% ClI p-value

Univariate analysis Age 0.151 —0.112-0.395 244
Age 1.067 0.991-1.149 .085 Body mass index 0.128 —0.135-0.375  .324
Sex, female 0.780 0.182-3.356 739 Baseline FVC, % predicted —0.270 —0.494-0.012 <.05
Body mass index 0.859 0.742-0.995 <.05 Baseline PEFR, % predicted 0.106 —0.157-0.355 415
Baseline FVC, % predicted 0941 0.917-0.966 <.001 Baseline FEV,, % predicted = —0.235 —0.465-0.026  .069
Baseline PEFR, % predicted  0.978 0.956-0.999 <.05 Baseline MMF, % predicted —0.013 —0.271-0.247 919
Baseline FEV,, % predicted  0.947 0.919-0.977 <.001 Baseline DLco, % predicted —0.115 —0.367-0.153 .388
Baseline MMF, % predicted  1.008  0.995-1.020 .248 Baseline ESMcsa 0.065 —0.220-0.339  .648
Baseline DLco, % predicted 0.973 0.952-0.995 <.05 Relative decline in FVC, % 0.080 —0.183-0.332 .542
Baseline ESMcsa, cm? 1.000 0.999-1.000 314 Relative decline in FEV|, % 0.139 —0.125-0.384 287
Relative decline in FVC, % 1.035 1.001-1.070 <.05 Relative decline in MMF, % 0.067 —0.195-0.321 607
Relative decline in PEFR, %  1.035 1.002-1.069 <.05 ] - ] ]
Relative decline in FEV,, % 1.041 1.008-1.075 <.05 fCIII: conﬁéence !nterval; FV(?: forced vital cz.lpaaty;.PEFR:.peak.explrathry

ow rate; FEV,: forced expiratory volume in 1.0 s; MMF: maximum mid-

Relative decline in MMF, % 0.990  0.976-1.005 205 expiratory flow rate; DLco: diffusion capacity of the lung for carbon

Multivariate analysis (Stepwise) monoxide; ESMcsa: the cross-sectional area of the erector spinae muscle
Baseline FVC, % predicted 0.932 0.905-0.960 <.001 evaluated using CT images.
Relative decline in PEFR, %  1.037  1.002-1.072 <.05

HR: hazard ratio; Cl: confidence interval; FVC: forced vital capacity; PEFR:
peak expiratory flow rate; FEV,: forced expiratory volume in 1.0 s; MMF:
maximum mid-expiratory flow rate; DLco: diffusion capacity of the lung for
carbon monoxide; ESMcsa: the cross-sectional area of the erector spinae
muscle evaluated using computed tomography images.

— Relative change in PEFR = -8.65%
— Relative change in PEFR < -8.65%
1.01
o 0.8
©
= 0.6
©
Z
Z 0.4
7
0.2 P =0.005
0.0 w T T ‘ ‘ v
500 1000 1500 2000 2500 3000
Time (days)

Figure 2. Kaplan—Meier curves and a log-rank test. Kaplan—Meier
survival curves stratified by relative decline in PEFR. The cutoff
value was set at 8.65%. Patients with a relative decline in PEFR
over 8.65% had significantly worse survival (p <.0l, log-rank test).
PEFR: peak expiratory flow rate.

Characteristics of IPF patients separated by the
cutoff value

The clinical characteristics of the IPF patients classified by
the cutoff value of 8.65% for relative decline in PEFR are
shown in Supplemental Table S2. There was a significant
difference in baseline %FVC (p < .05) and baseline %FEV,

(p < .05) between the two groups. In addition, the clinical
characteristics with and without anti-fibrotic drug use are
shown in Supplemental Table S3.

Discussion

Several studies have reported that a decrease in PEFR was
an indicator of sarcopenia and skeletal muscle mass loss in
older adults.'”'® Kera et al.?” created a definition of re-
spiratory sarcopenia based on the PEFR (cut-off values were
4.40 L/s for men, 3.21 L/s for women) and demonstrated
that respiratory sarcopenia correlated with conventional
sarcopenia. Evaluation of ESMcga on chest CT images has
also been used to assess sarcopenia in patients with chronic
lung disease.'>® Regarding the baseline ESMcga, Suzuki
et al. reported that baseline ESMga was related to prog-
nosis,'> whereas Nakano et al."” reported that it was not
related to prognosis. In the present study, baseline % pre-
dicted PEFR was one of the prognostic factors on univariate
Cox regression analysis, whereas baseline ESM g was not.
Baseline PEFR was correlated with ESMcga in patients
with IPF (Figure 1). The measurement of PEFR seems to be
simpler than the analysis of ESMg4, and we considered it
as an indicator of sarcopenia that predicts prognosis in
patients with IPF.

The present study demonstrated that a decrease in PEFR
over 6 months was a strong prognostic factor in IPF patients.
PEFR can be obtained by routine spirometry. However, to
the best of our knowledge, this is the first study to examine
the use of PEFR for mortality analysis in patients with IPF.
Interestingly, on multivariate analysis, relative decline in
PEFR (HR 1.037, 95% CI 1.002-1.072, p < .05) was an
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Table 4. Multiple linear regression analysis for decline in PEFR.

B 95% Cl Standardized 3 p-value VIF
Age 0.60 0.03-1.17 0.26 <.05 1.17
Body mass index 0.76 —0.56-2.08 0.14 25 1.13
Baseline FVC, % predicted —0.60 —0.94——0.26 —0.53 <.001 1.72
Baseline PEFR, % predicted 0.49 0.24-0.75 0.53 <.001 1.39
Baseline MMF, % predicted —0.03 —0.15-0.09 —0.07 .58 1.15
Baseline DLco, % predicted 0.03 —-0.21-0.27 0.04 79 1.46

Cl: confidence interval; VIF: variance inflation factor values; FVC: forced vital capacity; PEFR: peak expiratory flow rate; MMF: maximum mid-expiratory

flow rate; DLc: diffusion capacity of the lung for carbon monoxide.

independent prognostic factor, whereas the relative decline
in FVC was not.

Two anti-fibrotic therapies, nintedanib and pirfenidone,
have been approved for the treatment of IPF. Anti-fibrotic
drugs have been shown to significantly reduce the annual
rate of decrease in FVC, and they appear to reduce the risk
of all-cause mortality.*® In the present study, more than 80%
of patients were treated with anti-fibrotic drugs. This may
cause a reduction in the relative decline in FVC. Even if the
effects of anti-fibrotic drugs are taken into account, the
decrease in PEFR may have a strong impact on the survival
rate in patients with IPF.

Regarding the loss of skeletal muscles in patients with
IPF, a low ESMcga on CT imagesnf15 and a low fat-free
mass index by bioelectrical impedance analysis®® were
demonstrated to be associated with a poor prognosis. In
patients with IPF, progressive loss of systemic skeletal
muscles can be thought to decrease daily activity, worsen
chronic respiratory failure, and increase infectious pneu-
monia that leads to death.*

Multiple linear regression analysis showed that age,
baseline %FVC, and baseline %PEFR were independent
factors contributing to relative decline in PEFR. A decrease
in PEFR can be caused by progressive weakness of the
respiratory muscles.'”"'®” Loss of respiratory muscle mass
may be induced by systemic inflammation, malnutrition,
enhanced energy expenditure, and aging. More advanced
and elderly IPF patients might have greater losses of sys-
temic skeletal muscle mass and strength. It is possible that a
rehabilitation program and nutritional guidance for outpa-
tients with IPF could improve the PEFR decline.

In the present study, baseline % predicted PEFR was also
a prognostic factor (HR 0.978, 95% CI 0.956-0.999, p <
.05) on univariate analysis, but not on multivariate analysis.
The relative decline in PEFR over 6 months was considered
to be more useful in predicting survival than the baseline %
predicted PEFR.

Recently, 3-month change in FVC has shown prognostic
potential in a large IPF meta-analysis.’' In the present study,
the reason for choosing a 6-month period was that most
patients had respiratory function tests performed every

6 months. Most patients visited our hospital every 2 months
or every 3 months. It would be useful if short-term changes
of markers were found to be prognostic factors. Investi-
gation of daily home spirometry’® might provide more
useful markers.

The present study has the following limitations. First,
the results were obtained by a retrospective analysis of all
Japanese patients from a single center with a small sample
size. Second, DLco and ESMcg, after 6 months were not
analyzed because there were many cases of missing data.
Third, there may be survivor bias and significant lead-time
bias. Fourth, an ROC analysis was performed using data of
only 47 patients (77% of the cohort) to determine the
optimal cutoff values for predicting 2-years mortality.
Future studies are necessary to examine the cutoff values in
more facilities and in larger samples. The optimal cutoff
value may be useful for physicians to note the possibility
of weakened respiratory muscles, and to decide starting
muscle training with rehabilitation and nutritional guid-
ance. Thus, the present study can be considered a pre-
liminary report. Further studies are warranted to elucidate
the importance of relative decline of PEFR in patients with
IPF.

In conclusion, a decrease in PEFR after 6 months could
be a novel and useful prognostic factor in patients with IPF.
Progression of respiratory sarcopenia can be considered the
cause of the decrease in PEFR. It is important to pay at-
tention to PEFR in the clinical practice of IPF.
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