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Abstract. Background: Adequate respiratory muscle strength is required to meet the increased ventilatory de-
mand during physical activities. However, it is not well known whether respiratory muscle strength is impaired 
in patients with idiopathic pulmonary fibrosis (IPF). Objectives: This study aimed to investigate the relationship 
between respiratory muscle strength and exercise capacity, quality of life, physical activity level, and fatigue 
in IPF patients. Methods: The study comprised 30 individuals with idiopathic pulmonary fibrosis (IPF) and 
30 healthy controls. Maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) were meas-
ured to assess respiratory muscle strength. The International Physical Activity Questionnaire-Short Form, 6-minute 
walk test distance (6MWD), St George Respiratory Questionnaire (SGRQ), and Fatigue Severity Scale (FSS) 
were employed to evaluate physical activity level, exercise capacity, quality of life, and fatigue severity, respec-
tively. Results: MIP (81±29 vs.73±20 cmH2O) and MEP (93±31 vs. 93±34 cmH2O) did not differ significantly 
between IPF patients and controls (p>0.05). In patients with IPF, MIP was significantly correlated with 6MWD 
(r=0.533), SGRQ (r=-0.428), and FSS (r=-0.433). Multivariate models including MIP, MEP, FEV1, FVC, and 
PA level explained 74% of the variance in the 6MWD (p<0.001), and MIP, FEV1, and PA level were independ-
ent predictors of the 6MWD, with FEV1 being the strongest predictor (β=0.659). Multivariate models predicting 
SGRQ revealed none of MIP, FEV1 or PA level was directly influencing the SGRQ score. Conclusions: This study 
suggests that patients with IPF do not have respiratory muscle weakness. Inspiratory muscle strength has a direct 
influence on exercise capacity but an indirect effect on quality of life, probably by influencing exercise capacity.

Key words: idiopathic pulmonary fibrosis, interstitial lung diseases, physical activity, maximal inspiratory 
 pressure, six-minute walking test

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic 
progressive disease characterized by the development 
of fibrotic tissue in the lungs (1). The development 
of fibrotic tissue in the lungs leads to impaired lung 
function and respiratory failure (2).

The involvement of respiratory muscles in pa-
tients with interstitial lung disease remains unclear, 
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although studies suggest that there may be weak-
ness in the respiratory and peripheral muscles (3). 
On the other hand, studies have reported that while 
diaphragm strength is decreased in these patients, 
global respiratory muscle strength is similar to that 
in healthy individuals (2). These discrepancies may 
be due to differences in study design, patient popu-
lations, or measurement techniques, and further re-
search is needed to clarify the relationship between 
respiratory muscle weaknesses in IPF.

Respiratory muscle strength is a variable that 
can affect a patient’s clinical status and quality of life, 
especially in patients with reduced lung reserve. Sev-
eral studies have suggested that respiratory muscle 
strength may be associated with gas exchange (4), 
 exercise capacity (5), and cough strength (6) in vari-
ous patient groups. Some studies have shown that 
an increase in respiratory muscle strength can have 
a positive impact on exercise capacity (7), lung vol-
umes, and quality of life (QOL) (8). However, the 
number of studies examining the relationship be-
tween respiratory muscle strength, quality of life, 
and exercise capacity in individuals with IPF are ex-
tremely limited.

Although the results of the study compar-
ing the respiratory muscle strength of IPF cases 
and healthy controls differ, an increase in exercise 
capacity has been reported to reduce dyspnea and 
improve QOL (9). When examining the health- 
related QOL of IPF patients, it has been shown 
that general health, energy level, respiratory symp-
toms, and level of independence all have an impact. 
However, the exercise limitation seen in IPF cases 
cannot be explained only by dyspnea and respira-
tory function (10).

In this study, we aimed to compare respira-
tory muscle strength in a cohort of IPF patients and 
healthy controls using multiple measures of respira-
tory muscle function, including Maximal Inspiratory 
Pressure (MIP) and Maximal Expiratory Pressure 
(MEP). We also aimed to investigate how respira-
tory muscle strength affects exercise capacity and 
quality of life and to identify the factors determining 
exercise capacity and quality of life.

Methods

A case-control study was conducted. The study 
was approved by the Istanbul Training and Research 

Hospital Clinical Research and Ethics Committee 
(Protocol Number: 1357) and prospectively regis-
tered on the ClinicalTrial.gov website (registration 
number: NCT03588260). This study was conducted 
in accordance with the principles of the Declaration 
of Helsinki. Written informed consent was obtained 
from each participant.

Respiratory muscle strength, exercise capac-
ity, dyspnea level, physical activity, and QOL were 
measured in two groups: patients with interstitial 
pulmonary fibrosis and healthy volunteers of similar 
age and demographic features. The inclusion criteria 
for the IPF group were being between the ages of 
40-80 years, having a diagnosis of IPF according to 
the clinical diagnostic criteria of the American Tho-
racic and European Respiratory Societies (1), and 
being in a stable clinical state at the time of inclu-
sion without infection or exacerbation in the previ-
ous 4 weeks. Exclusion criteria for the IPF group 
included a history of exertional syncope, any concur-
rent illness that could impede exercise testing (such 
as severe orthopedic problems, neurological disor-
ders, neuromuscular diseases, unstable heart condi-
tions, pulmonary hypertension, and flow- limiting 
coronary artery disease etc.), and inability to comply 
with respiratory function tests and mouth pressure 
measurement.

The inclusion criterion for the healthy group was 
the absence of chronic health problems. The exclu-
sion criterion for this group was inability to comply 
with pulmonary function tests and mouth pressure 
measurements.

Outcome measurements

Respiratory muscle strength: Inspiratory mus-
cle strength was evaluated by measuring maximum 
inspiratory pressure (MIP), and expiratory muscle 
strength was evaluated by measuring maximum ex-
piratory pressure (MEP) using a Pony Fx instru-
ment (Cosmed, Italy). The patient placed a rubber 
mouthpiece with flanges on the device, sealed their 
lips firmly around the mouthpiece, exhaled/inhaled 
slowly and completely, and then tried to breathe as 
hard as possible (11). The patient was allowed to 
rest for approximately one minute, and the maneu-
ver was repeated until the peak value was achieved. 
Verbal or visual feedback was provided after each 
maneuver, and the aim was to achieve a variability 
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between measurements of less than 5 cm H2O. The 
maximum value was recorded (12). MIP values be-
low 80 cmH2O were considered inspiratory muscle 
weakness (13).

Pulmonary function test: It was conducted by 
using the Pony Fx instrument (Cosmed, Italy) ac-
cording to the American Thoracic Society (ATS) 
guidelines (14).

Six minute walking test: The test was con-
ducted in a 30-meter corridor in accordance with 
the American Thoracic Society (ATS) guidelines. 
Patients were instructed to walk as fast as they can. 
Before and  after the test, oxygen saturation, heart 
rate, Borg  fatigue rating, and walking distance were 
recorded (15, 16). The walking distance was re-
corded in the test and also expressed as a percentage 
of the predictive value (17).

Saint George Respiratory Questionnaire: The 
Saint George Respiratory Questionnaire (SGRQ) 
was used to assess the health-related quality of life 
(HRQL) of participants. The questionnaire con-
sists of 50 items, which are divided into three do-
mains: symptoms, activity, and impact. The scores 
for each domain are combined to obtain a total 
score, which ranges from 0 to 100, with higher 
scores indicating worse HRQL. The Turkish 
version of the SGRQ was used, which has been 
shown to have good reliability and validity in pre-
vious studies(18).

International Physical Activity Questionnaire 
Short Form: The International Physical Activity 
Questionnaire Short Form (IPAQ-SF) was used 
to assess physical activity levels over the past seven 
days. The questionnaire consists of seven items and 
assesses the frequency and duration of physical activ-
ity in three domains: work-related physical activity, 
physical activity during leisure time, and domes-
tic and transportation-related physical activity. The 
total amount of physical activity participation was 
calculated as MET.min/week value by summing the 
scores for all three domains (19).

Fatigue Severity Scale: The Fatigue Severity 
Scale (FSS) is a self-report questionnaire used 
to assess the severity of fatigue experienced by 
 individuals. It consists of nine items that meas-
ure the impact of fatigue on various aspects of a 
person’s life. Each item is scored on a scale from 
1 to 7, with higher scores indicating more severe 
fatigue (20).

Statistical analysis

Data was analyzed using SPSS v.20 (IBM 
Corp., Armonk, NY). Normality of the data was 
explored using Kolmogorov-Smirnov test; the total 
amount of physical activity as MET.min/wk showed 
non-normal distribution showed non-normal dis-
tribution so it was handled with non-parametric 
tests. Comparison between IPF patients and healthy 
controls was conducted using Independent Samples 
T-test or Mann Whitney U test for numeric vari-
ables and Chi-square test for categorical variables. 
Correlations among the measured variables in IPF 
patients were analyzed using Pearson or Spearman’s 
rank correlation analysis. For exploring the inde-
pendent predictors of exercise capacity and QOL 
in IPF patients, multivariate regression models were 
created including the respiratory muscle strength, 
pulmonary function and physical activity level as 
independent variables, and backward stepwise selec-
tion was performed for creating subsequent models. 
Since FVC showed relatively high multicollinearity 
in the regression models (VIF=3.5-4.5), only FEV1 
was included in the models as an indicator of pul-
monary function. P<0.05 was considered statistically 
significance for all analyses.

In the literature, it is reported that there is 
a moderate association between MIP value and 
maximal exercise capacity metrics in patients 
with interstitial lung diseases (21). Accordingly, 
we  hypothesized to detect a moderate correla-
tion, with a correlation coefficient of 0.5, between 
MIP value and 6MWD in our study as well. To 
be able to detect such correlation with 80% power 
at 95% confidence level, it was calculated that  
30 participants should be included in the IPF co-
hort in the study (22). Then, an equal number of 
healthy volunteers were included in the study as 
well to be able to compare the clinical metrics of 
IPF patients.

Results

Demographics and clinical characteristics of IPF 
patients and healthy controls are shown in Table 1.  
Groups were similar in terms of demographical fea-
tures including age, gender and body mass index 
(p>0.05).
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Table 1. Demographics and clinical characteristics of IPF patients 
and controls.

IPF patients 
(n=30)

Healthy Controls 
(n=30)

Gender (male) 25 (83%) 20 (67%)

Age (years) 67.13±7.21 65.43±6.97

BMI (kg/m2) 26.82±3.22 26.30±2.87

SGRQ total (0-100) 49.21±19.99

FSS (9-63) 35.87±18.07

Abbreviations: BMI: Body mass index, FSS: Fatigue Severity 
Scale, IPF: Idiopathic pulmonary fibrosis, SGRQ: St. George Res-
piratory Questionnaire.

Table 2. Comparison of respiratory muscle strength, pulmonary function, exercise capacity and physical activity level between IPF patients 
and controls.

IPF patients (n=30) Healthy Controls (n=30) P value Effect size (d)

MIP (cmH2O) 81.00±28.49 72.73±20.24 0.200 0.33

MIP <80 cmH2O (n) 13 (47%) 17 (53%) 0.439

MEP (cmH2O) 93.30±31.46 92.87±33.65 0.959 0.03

FEV1 (pred%) 66.35±17.34 86.97±23.02 <0.001 1.04

FVC (pred%) 63.83±16.74 92.20±23.28 <0.001 1.39

6MWD (m) 437±184 488±46 0.152 0.09

6MWD (pred%) 87.47±36.12 97.30±12.98 0.169 0.35

PA (MET-min/week) 214 [195-1221] 174 [264-828] 0.666 0.15

Data is reported as mean±standard deviation, n (%) or median [95% CI]. Abbreviations: FEV1: Forced expiratory volume in 1 s, FVC: Forced 
vital capacity, IPF: Idiopathic pulmonary fibrosis, MEP: maximum expiratory pressure, MIP: Maximum inspiratory pressure, PA: Physical 
activity level, 6MWD: 6-min walk test distance

Comparison of respiratory muscle strength, 
pulmonary function, exercise capacity and physi-
cal activity level between IPF patients and healthy 
controls are shown in Table 2. Respiratory muscle 
strength was similar in IPF patients and healthy con-
trols. Number of cases having a MIP values below 
80 cmH2O in IPF patients and healthy controls were 
also similar. Among the measured variables, only 
FEV1 and FVC were significantly different between 
groups, favoring healthy controls (p<0.001).

Association of respiratory muscle strength with 
pulmonary function, exercise capacity, physical activ-
ity level, QOL and fatigue metrics in IPF patients are 
shown in Table 3. MIP demonstrated a significant 
correlation to FEV1, FVC, 6MWD, PA level, SGRQ 
total score and FSS score, with 6MWD was being the 
strongest correlate of MIP (r=0.553; p<0.01). MEP 
did not correlate to any of the measured variables 

(p>0.05). Comparison of 6MWD and SGRQ  total 
score between the IPF patients with MIP values 
below and above 80 cmH2O is shown in Figure 1.  
IPF patients with inspiratory muscle weakness  
(MIP<80 cmH2O) had significantly worse 6MWD 
(326±155 vs 522±160 m) and SGRQ total score 
(60±19 vs 41±17) compared to those do not have in-
spiratory muscle weakness (p<0.01).   

Multivariate models for exploring the inde-
pendent predictors of exercise capacity measured 
by 6MWD in IPF patients are shown in Table 4. 
Model 1 including MIP, MEP, FEV1, FVC and PA 
level was able to explain 74% variance in 6MWD 
(p<0.001), and MIP, FEV1 and PA level were inde-
pendent predictors of 6MWD. Model 2, which was 
created with backward stepwise selection, including 
MIP, FEV1 and PA level was able to explain 66% 
of variance in 6MWD, which was statistically sig-
nificant as well (p<0.001). However, in this model, 
MIP was not an independent predictor of 6MWD 
compared to FEV1 and PA level. Subsequent models 
revealed that FEV1 was the strongest predictor of 
6MWD, followed by PA level.

Multivariate models for exploring the inde-
pendent predictors of QOL measured by SGRQ 
 total score in IPF patients are shown in Table 5. 
Model 1 including MIP, MEP, FEV1, FVC and PA 
level was able to explain 32% of variance in SGRQ 
total score; however, the model was statistically in-
significant. Model 2 including MIP, FEV1 and PA 
level was able to significantly explain 30% of variance 
in SGRQ total score (p=0.021); however, none of the 
variables in the model was an independent predictor 
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Table 3. Association of MIP and MEP with pulmonary function, 
exercise capacity, physical activity, quality of life and fatigue sever-
ity metrics in IPF patients (n=30).

MIP MEP

FEV1 (pred%) 0.437* 0.122

FVC (pred%) 0.472** 0.123

6MWD (m) 0.553** 0.091

PA (MET-min/week) 0.491** 0.280

SGRQ (0-100) -0.428* -0.253

FSS (9-63) -0.433* -0.327

Correlation coefficients (r or rs) are presented: *p<0.05 and 
**p<0.01. Abbreviations: FEV1: Forced expiratory volume in 1 s, 
FSS: Fatigue Severity Scale, FVC: Forced vital capacity, IPF: Idi-
opathic pulmonary fibrosis, MEP: maximum expiratory pressure, 
MIP: Maximum inspiratory pressure, PA: Physical activity level, 
SGRQ: St. George Respiratory Questionnaire, 6MWD: 6-min 
walk test distance

Figure 1. Comparison of 6MWD and SGRQ total score between the IPF patients with MIP values 
below and above 80 cmH2O.

for SGRQ total score, indicating these three vari-
ables affect QOL only by influencing other variables. 
For further exploring this interaction, a new model 
(model 3) was created by adding 6MWD in a model 
alongside MIP, FEV1 and PA. This new model was 
able to significantly explain 44% of variance in 
SGRQ total score and revealed that 6MWD was an 
independent predictor for SGRQ compared to MIP, 

FEV1 and PA level. Considering MIP is significantly 
associated with both 6MWD and SGRQ (Table 3), 
results of the model 3 may be interpreted as MIP 
does not directly affect QOL but by influencing ex-
ercise capacity.

Discussion

Our study demonstrated that respiratory muscle 
weakness was not present in all IPF patients. Also, 
the exercise capacity of IPF patients does not seem 
to be severely impaired compared to their healthy 
counterparts. However, MIP value was a significant 
predictor for exercise capacity in these patients; pa-
tients having a higher MIP value had better exercise 
capacity. On the other hand, MIP value did not have 
a direct effect on quality of life, but an indirect effect 
by influencing exercise capacity. MEP value was not 
a significant correlate of neither exercise capacity nor 
quality of life. Our results suggest that close monitor-
ing of inspiratory muscle strength may help maintain 
an adequate level of exercise capacity throughout the 
disease process in IPF patients.

In patients with IPF, respiratory function tests 
reveal a restrictive pattern anomaly due to diffuse fi-
brotic tissue in the lungs (23). The extent to which 
respiratory muscle strength is affected by the current 
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Table 5. Multivariate analysis for exploring the independent predictors of quality of life (SGRQ total score) in IPF patients (n=30).

B Std Error Std. β p R R2 Adj. R2 VIF

Model 1 0.044 0.560 0.314 0.204

(Constant) 96.560 16.054 <0.001

MIP -0.145 0.144 -0.207 0.323 1.539

MEP -0.061 0.124 -0.096 0.628 1.397

FEV1 -0.443 0.217 -0.384 0.052 1.289

PA -0.001 0.003 -0.048 0.790 1.181

Model 2 0.021 0.555 0.307 0.228

(Constant) 92.595 13.669 <0.001

MIP -0.176 0.128 -0.250 0.183 1.257

FEV1 -0.428 0.211 -0.371 0.054 1.263

PA -0.001 0.002 -0.076 0.657 1.068

Model 3 0.005 0.662 0.438 0.348

(Constant) 86.724 12.787 <0.001

MIP -0.062 0.127 -0.088 0.632 1.459

FEV1 -0.069 0.244 -0.060 0.780 2.002

PA 0.002 0.003 0.125 0.483 1.377

6MWD -0.067 0.028 -0.616 0.023 2.901

Abbreviations: FEV1: Forced expiratory volume in 1 s, FVC: Forced vital capacity, IPF: Idiopathic pulmonary fibrosis, MEP: maximum 
expiratory pressure, MIP: Maximum inspiratory pressure, PA: Physical activity level, SGRQ: St. George Respiratory Questionnaire, VIF: 
Variance inflation factor, 6MWD: 6-min walk test distance.

Table 4. Multivariate analysis for exploring the independent predictors of exercise capacity (6MWD) in IPF patients (n=30).

B Std Error Std. β p R R2 Adj. R2 VIF

Model 1 <0.001 0.844 0.713 0.667

(Constant) 20.320 95.819 0.834

MIP 2.536 0.861 0.392 0.007 1.539

MEP -1.667 0.743 -0.284 0.034 1.397

FEV1 4.958 1.294 0.466 0.001 1.289

PA 0.055 0.016 0.407 0.002 1.181

Model 2 <0.001 0.810 0.655 0.616

(Constant) -87.939 88.999 0.332

MIP 1.709 0.836 0.264 0.051 1.257

FEV1 5.371 1.377 0.505 0.001 1.263

PA 0.044 0.016 0.326 0.011 1.068

Model 3 <0.001 0.775 0.600 0.570

(Constant) -29.073 89.033 0.747

FEV1 6.526 1.327 0.613 <0.001 1.050

PA 0.048 0.017 0.357 0.008 1.050

Model 4 <0.001 0.692 0.478 0.460

(Constant) -50.304 99.488 0.617

FEV1 7.358 1.452 0.692 <0.001

Abbreviations: FEV1: Forced expiratory volume in 1 s, FVC: Forced vital capacity, IPF: Idiopathic pulmonary fibrosis, MEP: maximum expira-
tory pressure, MIP: Maximum inspiratory pressure, PA: Physical activity level, VIF: Variance inflation factor, 6MWD: 6-min walk test distance
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clinical condition is a matter of debate. In a case re-
port involving long-term combined training includ-
ing aerobic and strengthening, it was reported that 
the average baseline MIP values of IPF patients 
were 110% of the predicted values, and an increase in 
respiratory muscle strength was observed following 
the training (24). In a study comparing respiratory 
muscle strength among different patient groups, it 
was reported that the MIP value of the IPF group 
was 99.9% of the expected (4). On the other hand, in 
a study comparing clinical parameters with healthy 
controls, the MIP values of IPF patients were meas-
ured at 37%, and there was no statistical difference 
compared to the control group (25). Consistent with 
the literature, we found that IPF patients do not have 
respiratory muscle weakness despite having impaired 
spirometric parameters. This may suggest that the al-
tered lung mechanics in our patient group have not 
yet affected the respiratory muscles.  On the other 
hand, it is reported that stiffness of the lungs in inter-
stitial lung diseases increases the work of breathing, 
and this may constitute a resistance training effect 
on respiratory muscles (2). This “pseudo” training as 
well may help explain how IPF patients retain their 
normal MIP and MEP values.

In a patient-reported study involving individu-
als with Idiopathic Pulmonary Fibrosis (IPF), both 
exercise capacity and disease symptoms emerged 
as independent risk factors for mortality. Notable 
symptoms included the use of supplemental oxygen, 
decreased forced vital capacity, and reduced carbon 
monoxide diffusing capacity (26). Similarly, another 
study emphasized the significance of insufficient 
exercise capacity, elevated levels of dyspnea, and ab-
normal ventilatory response as predictors of poorer 
survival outcomes (27). Furthermore, a study investi-
gating respiratory and peripheral muscle strength in 
Chronic Obstructive Pulmonary Disease (COPD) 
patients revealed a direct correlation between de-
creased muscle strength and worsened exercise ca-
pacity and functional limitations (28). Moreover, 
sarcopenia, a condition characterized by loss of 
muscle mass and function, is commonly observed in 
chronic respiratory diseases, exerting detrimental ef-
fects on muscle strength and, consequently, exercise 
capacity (29). This condition may also manifest in 
fibrotic lung patients in advanced disease stages, par-
ticularly those who are physically inactive (30, 31). 
However, no evaluation regarding sarcopenia could 
be made in our study.

In our study, we examined the factors associated 
with exercise capacity in IPF patients. Regression 
models created to identify the independent predic-
tors of exercise capacity in IPF patients revealed that 
inspiratory muscle strength directly influences ex-
ercise capacity, but FEV1 emerged as the strongest 
predictor of exercise capacity compared to other vari-
ables in the models. The fact that MIP is normal but 
FEV1 is impaired in IPF patients may help explain 
why FEV1 is a stronger predictor of exercise capac-
ity in these patients. It is not surprising that FEV1 
has the strongest influence on exercise capacity. In a 
study delving into the correlation between exercise 
capacity and spirometric measurements, researchers 
reported that chronic hypoxia could be one of the 
factors contributing to the simultaneous decline in 
FEV1 and exercise capacity (32).  Additionally, an-
other study exploring the interplay between per-
ceived dyspnea, leg exertion during exercise, FEV1, 
and airway limitation highlighted the significant 
roles of both leg muscle strength and FEV1 in in-
fluencing dyspnea severity and leg fatigue. Conse-
quently, individuals with lower FEV1 levels tend to 
experience heightened dyspnea, negatively impact-
ing exercise performance (33).

Although the FEV1 was the strongest contribu-
tor, MIP had a significant influence on exercise ca-
pacity as well in our study. Several mechanisms may 
help explain the association between MIP and exer-
cise capacity. In IPF patients, excessive dead space 
ventilation leads to an increased metabolic energy 
demand of the respiratory muscles, which can exceed 
50% of the total body oxygen delivery. As a result, 
insufficient energy is provided to the non-respiratory 
muscles supporting locomotion, leading to energy 
deficiency and exercise intolerance (34). In a study 
where the respiratory muscle load was alleviated 
during submaximal exercise through non-invasive 
ventilation, an increase in endurance time, arterial 
hemoglobin saturation, and a decrease in breathless-
ness were observed (35). This as well highlights the 
relationship between respiratory muscles and exer-
cise capacity. In a study investigating the impact of 
respiratory muscle strength on the benefits of pul-
monary rehabilitation, it was reported that individu-
als with lower inspiratory muscle strength experience 
more severe dyspnea and lower dose-response rela-
tionship physical activity and exercise capacity. Fur-
thermore, an increase in respiratory muscle strength 
was found to be associated with an improvement in 
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exercise capacity (36). In another study involving 
end-stage lung transplant candidates, the group that 
received inspiratory muscle training (IMT) demon-
strated a greater increase in 6MWD compared to 
the control group that did not receive IMT (7). We 
believe this strong interaction between inspiratory 
muscle strength and exercise capacity highlights the 
importance of preservation of the inspiratory muscle 
strength for maintaining an acceptable level of exer-
cise capacity.

Another factor influencing the exercise capacity 
in IPF patients in our study was PA level. In a study 
examining the impact of daily PA levels on exercise 
capacity in IPF, regression analysis revealed that 
the 6-minute walk distance was influenced by vital 
 capacity, quadriceps femoris muscle strength, and PA 
level (37). Similarly, in a study investigating the rela-
tionship between daily PA levels and the 6-minute walk 
distance in patients with fibrotic idiopathic intersti-
tial pneumonia, it was found that daily step count 
correlated with diffusion capacity, forced vital capac-
ity (FVC), and the 6-minute walk distance (38). It is 
even reported that 6MWD correlates more strongly 
with measures of peak work capacity and physical 
activity than with respiratory function in various 
chronic lung diseases, emphasizing the association of 
PA level and exercise capacity (39). Routine PA par-
ticipation is proven to be associated with a marked 
reduction in all-cause mortality in over 25 chronic 
diseases including chronic lung diseases. Many of the 
health benefits of PA are originated from its positive 
effects on cardiovascular fitness. There is a dose re-
lationship between PA level and its benefits. Even a 
little amount of physical activity can provide signifi-
cant health benefits (40). This may help explain why 
we found a strong association between PA level and 
exercise capacity, even though the PA level is rather 
low in our patients.

Progressive loss of respiratory function and ex-
ercise capacity in IPF patients results in a decrease in 
QOL. In a study where IPF patients were followed 
for 12 months, it was reported that QOL was as-
sociated with lung function, comorbidities, disease 
duration, and patient clinical characteristics (41). In 
our study, we found that inspiratory muscle strength, 
FEV1, and PA level significantly correlate to QOL 
in these patients. However, they were not directly 
influencing QOL, but rather indirectly by influenc-
ing exercise capacity. Exercise capacity was the main 
predictor for QOL in our study. Although our study 

did not find MIP to be an independent predictor of 
QOL, there are studies in the literature that demon-
strate a relationship between MIP and QOL. In a 
study conducted on patients with amyotrophic lat-
eral sclerosis, researchers found that individuals with 
lower QOL scores exhibited significantly lower MIP 
values. Lower MIP values were associated with lower 
scores in all domains of the Short Form-36 question-
naire except for pain and physical components (42).  
Another study focused on patients with chronic 
kidney disease who received IMT reported an im-
provement in their quality of life following the inter-
vention (43). While various mechanisms have been 
proposed to explain this improvement in different 
studies, the general consensus is that IMT reduces 
dyspnea during physical exertion, increases energy 
levels, and decreases fatigue during activity (44, 45). 
Exercise plays an important role in the intra and 
extra-pulmonary complex pathophysiological pro-
cesses of IPF. Exercise exerts a positive effect on 
pathological abnormalities and deficiencies through 
its chronic physiological stimulus on the cardiovas-
cular, pulmonary, and musculoskeletal systems (46). 
Studies have shown that there is a parallel between 
the decrease in exercise capacity and the decline in 
quality of life. This indicates that the decrease in 
exercise capacity is known to be associated with a 
decrease in QOL in these studies (46). Functional 
capacity is the ability to perform activities of daily 
living that require sustained aerobic metabolism. 
Most daily activities do not require maximal effort, 
thus the submaximal exercise capacity metrics such 
as 6MWD provide reliable estimates for a person’s 
ability to perform these activities (47, 48). Consider-
ing the ability to perform daily activities is one of the 
main components of the QOL concept (49, 50), it is 
not surprising to detect a strong association between 
6MWD and QOL in IPF patients as well. Taking 
into account the potential of MIP to affect exercise 
capacity and consequently, quality of life, preserving 
respiratory muscle strength in these patients will also 
contribute to maintaining their quality of life.

Our study has several limitations. Firstly, we were 
unable to conduct stratified sampling to include IPF 
patients from each clinical stage and in equal numbers 
in our cohort due to the heterogeneous nature of IPF 
cases and the relatively low number of IPF patients 
followed up in our clinic. Comparing the respiratory 
muscle function among different stages of IPF pa-
tients may help better investigate the involvement of 
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lung function testing. Eur Respir J 2005;26:153-61.

15. Brooks D, Solway S, Gibbons WJ. ATS statement on six-minute walk 
test. Am J Respir Crit Care Med 2003;167:1287.

16. Holland AE, Spruit MA, Troosters T, et al. An official European 
Respiratory Society/American Thoracic Society technical stand-
ard: field walking tests in chronic respiratory disease. Eur Respir J 
2014;44:1428-46.

17. Enright PL, Sherrill DL. Reference equations for the six-minute walk 
in healthy adults. Am J Respir Crit Care Med 1998;158:1384-7.

18. Bozkurt B BA, Saryal S, Uzun Ö, Tulumoğlu Ş, Akkoca Ö.  Translation 
and validation of the Turkish version of the St. George’s Respiratory 
Questionnaire in patients with chronic obstructive  pulmonary dis-
ease. Tuberk Toraks 2012;60:138-47.

19. Craig CL, Marshall AL, Sjostrom M, et al. International physical 
activity questionnaire: 12-country reliability and validity. Med Sci 
Sports Exerc 2003;35:1381-95.

20. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue 
severity scale. Application to patients with multiple sclerosis and sys-
temic lupus erythematosus. Arch Neurol 1989;46:1121-3.

21. Pietro KM, Ricardo G, Rui G, et al. Relationship of pectoralis muscle 
area and skeletal muscle strength with exercise tolerance and dysp-
nea in interstitial lung disease. Sarcoidosis Vasc Diffuse Lung Dis 
2017;34:200-8.

22. Algina J, Olejnik S. Sample Size Tables for Correlation Analysis with 
Applications in Partial Correlation and Multiple Regression Analysis. 
Multivariate Behav Res 2003;38:309-23.

23. Casas JP, Abbona H, Robles A, López AM. [Normal lung volumes 
in patients with idiopathic pulmonary fibrosis and emphysema]. 
 Medicina (B Aires) 2008;68:282-4.
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Idiopathic Pulmonary Fibrosis: A Case Study. Int J Environ Res 
 Public Health 2020;17.
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respiratory muscles in this disease. Another limita-
tion is that we assessed respiratory muscle strength 
solely by measuring MIP and MEP. It has been re-
ported in the literature that measuring vital capacity 
in sitting and supine positions is a qualified measure 
to demonstrate diaphragm dysfunction (51). The rea-
son for this is the availability of only a mouth pressure 
measurement device in our clinic.

As a conclusion, the study indicates that IPF 
patients do not have respiratory muscle weakness. 
However, inspiratory muscle strength has a direct 
influence on exercise capacity in these patients, in-
dicating that inspiratory muscle strength should be 
monitored and addressed as well throughout the 
disease process for preserving the exercise capacity. 
Inspiratory muscle weakness in these patients may 
also result in impaired QoL since exercise capacity 
is one of the most important determinants of QoL, 
which further emphasize the close monitorization of 
inspiratory muscles.
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