
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it.The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Oğuz et al. BMC Pulmonary Medicine          (2024) 24:373 
https://doi.org/10.1186/s12890-024-03188-2

BMC Pulmonary Medicine

*Correspondence:
Gülfer Okumuş
gulferokumus@yahoo.com

Full list of author information is available at the end of the article

Abstract
Background The six-minute walk test (6MWT) is widely used to assess functional capacity and prognosis in patients 
with idiopathic pulmonary fibrosis (IPF). However, studies on oxygen saturation recovery after the 6MWT in patients 
with IPF are rare. In our study, we investigated the relationship between oxygen saturation recovery time and 
dyspnea, fatigue, quality of life, prognostic markers and pulmonary hypertension (PH).

Methods In this cross-sectional study, IPF patients diagnosed according to current guidelines and followed up 
in our Interstitial Lung Disease Outpatient Clinic between 2021 and 2022 were included. Demographics, data 
from spirometry, diffusion capacity measurement, arterial blood gas analysis, transthoracic echocardiography and 
the 6MWT were recorded. The oxygen saturation recovery time, distance saturation product (DSP), gender-age-
physiology (GAP) index and composite physiological index (CPI) scores were calculated. Dyspnea severity was 
assessed by the modified Medical Research Council (mMRC) and Dyspnoea-12 (D-12) scales, fatigue severity by the 
Multidimensional Fatigue Inventory (MFI-20) and quality of life by the St George’s Respiratory Questionnaire (SGRQ).

Results Fifty IPF patients (34 men, 16 women, age: 66.8 ± 7.3 years) were included in the study. The mean FVC was 
77.8 ± 19.3%, the DLCO was 52.9 ± 17.1%, the 6-minute walk distance (6MWD) was 385.7 ± 90.6 m, the GAP index 
was 3.5 ± 1.5, and the CPI was 43.7 ± 14.1. Oxygen saturation after the 6MWT reached pretest values at an average of 
135.6 ± 73.5 s. The oxygen saturation recovery time was longer in patients with higher GAP index scores (Rs = 0.870, 
p < 0.001), CPI scores (Rs = 0.906, p < 0.001), desaturation (Rs = 0.801, p < 0.001), FVC%/DLCO% (Rs = 0.432, p = 0.002), 
sPAP (Rs = 0.492, p = 0.001), TRV (Rs = 0.504, p = 0.001), mMRC (Rs = 0.913, p < 0.001), MFI-20 (Rs = 0.944, p < 0.001), D-12 
scale (Rs = 0.915, p < 0.001) and SGRQ scores (Rs = 0.927, p < 0.001); lower FVC (%) (Rs=-0.627, p < 0.001), DLCO (%) 
(Rs=-0.892, p < 0.001), PaO2 (Rs=-0.779, p < 0.001), DSP (Rs=-0.835, p < 0.001), and 6MWD (Rs=-0.763, p < 0.001). A total 
of twenty patients (40%) exhibited an increased risk of PH. According to our multiple regression analysis, oxygen 
saturation recovery time was independently associated with the GAP index (p = 0.036), the lowest oxygen saturation 
occurring during the 6MWT (p = 0.011) and the SGRQ score (p < 0.001).
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Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic and pro-
gressive fibrotic lung disease that mainly affects older 
individuals [1]. The average life expectancy after diag-
nosis is 3 to 5 years [2]. Markers associated with prog-
nosis and mortality have been defined for the follow-up 
and treatment of patients with IPF [3]. The physiologi-
cal markers included low baseline values of forced vital 
capacity (FVC), low diffusing capacity of the lung for 
carbon monoxide (DLCO), the composite physiological 
index (CPI) and the gender, age and physiology (GAP) 
staging system was shown to be associated with survival 
[4–10].

The six-minute walk test (6MWT) is widely used to 
assess the functional status and prognosis of patients 
with IPF [11, 12]. The six-minute walk distance (6MWD) 
at diagnosis and/or the decline in 6MWD at follow-up 
have been identified as an independent predictor of mor-
tality [11]. In addition, the presence of desaturation dur-
ing the 6MWT was associated with patient prognosis and 
mortality [13]. The distance-saturation product (DSP) is 
the product of the distance walked and the lowest oxygen 
saturation during the 6MWT and has been correlated 
with survival in IPF patients [14]. However, there are lim-
ited data, and further studies are needed to confirm this 
claim.

On the other hand, the presence of pulmonary hyper-
tension (PH) is also associated with poor prognosis and 
increased mortality in IPF patients [15]. A study revealed 
an association between patients with IPF and PH who 
walked significantly shorter 6MWD and had significantly 
lower peripheral capillary oxygen saturation (SpO2) lev-
els measured by pulse oximetry at rest and at the end of 
exercise [16]. The present study demonstrated that SpO2 
at the end of exercise could independently predict the 
presence of PH in patients with IPF through multivariate 
logistic regression analysis. In this study, PH was defined 
as a pulmonary artery systolic pressure (sPAP) greater 
than 36 mmHg, estimated by echocardiography. Exist-
ing a few studies have shown that the efficiency of the 
DSP in detecting PH in patients with IPF is variable [17, 
18]. It has also been shown that a change in heart rate of 
less than 13 beats per minute within 1 min of a 6MWT 
is predictive of PH in patients with IPF [19]. Addition-
ally, impaired heart rate recovery following the 6MWT 
is associated with an increased risk of mortality in IPF 
patients [19, 20]. However, there is insufficient research 

on the relationship between SpO2 recovery time and 
prognosis, mortality, and PH [21, 22].

The aim of this study was to investigate the relationship 
between 6MWT results, in particular SpO2 recovery time 
and DSP, with prognostic factors, PH, dyspnoea severity, 
quality of life and fatigue severity in patients with IPF.

Method
Our study included IPF patients who were followed up 
between 2021 and 2022 at the Interstitial Lung Diseases 
Outpatient Clinic, Department of Chest Diseases, Istan-
bul University, Istanbul Faculty of Medicine. Patients 
who were diagnosed IPF in with a multidisciplinary 
council in accordance with the 2022 American Thoracic 
Society (ATS), European Respiratory Society (ERS), Japa-
nese Respiratory Society, and Latin American Thoracic 
Association IPF diagnosis guidelines, and who were able 
to speak and read Turkish, were included in the study. If 
the diagnosis could not be confirmed through on high-
resolution computed tomography, and clinical evaluation 
alone, a pathological diagnosis via surgical biopsy was 
performed to ensure the accuracy of the IPF diagnosis.

The exclusion criteria were having IPF exacerbation in 
the last 1 month; any extrapulmonary impairment that 
could interfere with physical activity, such as signifi-
cant comorbid conditions or orthopedic problems that 
prevent physical activity; a diagnosis of psychiatric or 
cognitive disorders; or progressive neurological or neuro-
muscular disorders; receiving any medical treatment that 
may affect heart rate; or having a rhythm disorder.

Clinical and laboratory parameters, including age, 
sex, body mass index (BMI), environmental and occu-
pational exposures, comorbidities, active symptoms, 
physical examination findings, use of antifibrotic therapy, 
N-terminal pro-B-type natriuretic peptide (proBNP) 
levels, and long-term oxygen therapy requirements, 
were recorded. All patients underwent spirometry, dif-
fusion capacity measurement, arterial blood gas analysis 
in room air and a 6MWT. The 6MWT was performed 
by an experienced physiotherapist using an Edan-IT-20 
model telemetry system to continuously measure and 
record SpO2 in a 30-meter corridor according to estab-
lished guidelines [23, 24]. Patients with a resting SpO2 of 
88% or higher underwent the 6MWT in room air, while 
patients with a resting SpO2 of less than 88% underwent 
the test with supplemental oxygen support titrated to 
achieve a resting SpO2 of 92% [25]. We recorded SpO2, 

Conclusions Our results showed that oxygen saturation recovery time is associated with dyspnea, fatigue, quality of 
life, increased risk of PH and prognostic markers in IPF. Therefore, we recommend continuous measurement of oxygen 
saturation after 6MWT until pretest values are reached.
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pulse rate, blood pressure, Borg scale dyspnoea and 
fatigue scores and total walking distance at the beginning 
and end of the test. We calculated the lowest SpO2 during 
the 6MWT and the time to return to resting. Desatura-
tion during the 6MWT was defined as the lowest SpO2 of 
88% or less [12, 13, 21]. DSP was defined as the product 
of the final 6MWD in metres and the lowest SpO2 during 
the 6MWT [14]. The CPI was calculated according to the 
CPI formula: CPI = 91.0- (0.65 expected DLCO%) -(0.53 
expected FVC%) + (0.34 expected forced expiratory vol-
ume in 1 s [FEV1]%) [7]. The GAP index was calculated 
based on gender (0–1 points), age (0–2 points), %FVC 
(0–2 points) and %DLCO (0–3 points) [9]. Dyspnoea 
severity was assessed according to the modified Medi-
cal Research Council (mMRC) and Dyspnoea-12 (D-12) 
scales, fatigue severity according to the Multidimensional 
Fatigue Inventory (MFI-20) and quality of life according 
to the St George’s Respiratory Questionnaire (SGRQ) 
[26–29].

Transthoracic echocardiography was performed in all 
patients by an experienced cardiologist. sPAP was deter-
mined using the formula: sPAP = 4 x tricuspid regurgi-
tant velocity (TRV)² + right atrial pressure. According 
to the 2022 European Society of Cardiology/ERS guide-
lines for the diagnosis and management of pulmonary 
hypertension, echocardiographic findings suggestive of 
PH include peak tricuspid regurgitation velocity (TRV), 
right ventricular/left ventricular basal diameter ratio, 
interventricular septal flattening, right ventricular out-
flow Doppler acceleration time, mid-systolic notching, 

early diastolic pulmonary regurgitation velocity, pulmo-
nary artery diameter, inferior vena cava diameter with 
reduced inspiratory collapse, and right atrial area. A 
TRV ≥ 2.9 m/s or a TRV ≤ 2.8 m/s with at least two addi-
tional echocardiographic signs from different categories 
were considered to indicate a risk of PH [30].

Statistical analysis
The data was analysed using the IBM SPSS 29.0.2.0 pack-
age program (AIMS, Istanbul, Turkey). Descriptive sta-
tistics were reported as mean ± standard deviation for 
continuous variables and as number (%) for categorical 
variables. The normality of the distribution of the data 
was assessed using a histogram, q-q plots, and the Sha-
piro‒Wilk test. The homogeneity of variance was tested 
using Levene’s test. The Mann‒Whitney U test was used 
to compare independent groups. The chi-square test was 
used to compare categorical variables, while the Spear-
man correlation test was used to analyze the relationship 
between two variables. Multiple regression analysis was 
used to evaluate the independent variables associated 
with the SpO2 recovery time.

Results
The study included 50 patients, 34 (68%) of whom were 
male and 16 (32%) of whom were female. The mean age 
of the patients was 66.8 ± 7.3 years (range: 51–80 years), 
and the mean BMI was 27.8 ± 3.2  kg/m² (range: 20.9–
35 kg/m²). A smoking history was present in 80% of the 
patients (n = 40), with a mean of 30.6 ± 22.6 pack-years. 
Ten patients (20%) were current smokers. Comorbidi-
ties were present in 41 patients (82%). The most com-
mon comorbidities were hypertension (n = 24, 48%) and 
gastroesophageal reflux (n = 14, 28%). Six (12%) patients 
had concomitant chronic obstructive pulmonary dis-
ease. The most common IPF-related symptoms were 
cough (n = 43, 86%) and dyspnea upon exertion (n = 41, 
82%). In addition, 90% of patients received antifibrotic 
therapy, 25 patients received pirfenidone, and 20 patients 
received nintedanib. Three patients (6%) were on long-
term oxygen support. A surgical biopsy was performed in 
eight patients (16%), while 42 patients (84%) were diag-
nosed with IPF based on clinical and radiological criteria. 
Patient demographics and clinical parameters are shown 
in Table 1.

The results of the functional evaluation showed a mean 
FVC (%) of 77.8 ± 19.3, FEV1 (%) of 83.4 ± 20.1 and DLCO 
(%) of 52.9 ± 17.1. The arterial blood gas concentrations 
in room air were as follows: partial pressure of oxygen 
(PaO2): 76 ± 10.2 mmHg, partial pressure of carbon diox-
ide: 38.2 ± 3.4 mmHg, and oxygen saturation: 94.3 ± 2.9%. 
The mean GAP index was 3.5 ± 1.5 (range: 1–7) and the 
CPI was 43.7 ± 14.1 (range: 6.7–71.6) values. According 
to the GAP index, 28 (56%) patients were in stage 1, 18 

Table 1 Demographic parameters of idiopathic pulmonary 
fibrosis patients
N = 50 Mean ± SD, % Min.-Max.
Age (years) 66.8 ± 7.3 51–80
Male (n, %) 34, %68
BMI (kg/m2) 27.8 ± 3.2 20.9–35
Cough n, % 43, %86 -
Dyspnoea upon exertion n, % 41, %82
Dyspnoea at rest n, % 23, %46 -
Smoking status (n, %) Past-smoker 30, %60

Current smoker 10, %20
Non-smoker 10, %20

Past smoking history (pack-year) 30.6 ± 22.6 5–150
Comorbidities n, % 41, %82

Hypertension 24, %48
GERD 14, %28
OSA 10, %20
Depression 10, %20
COPD 6, %12

Antifibrotic treatment n, % 45, %90
LTOT n, % 3, %6
BMI: Body mass index, COPD: Chronic Obstructive Pulmonary Disease, GERD: 
Gastroesophageal reflux disease, LTOT: Long-Term Oxygen Therapy, OSA: 
Obstructive sleep apnoea, N: Number, %: percent



Page 4 of 8Oğuz et al. BMC Pulmonary Medicine          (2024) 24:373 

(36%) were in stage 2 and 4 (8%) were in stage 3. Only 
three patients (6%) received supplemental oxygen sup-
port during the 6MWT. The mean baseline SpO2 was 
96.0 ± 2.1%, while the mean end-test SpO2 was 88.4 ± 6.6%. 
The minimum SpO2 was 85.8 ± 7.3%, and the 6MWD was 
385.7 ± 90.6 m. The mean DSP was 334.8 ± 97.7 m%, and 
the SpO2 recovery time was 135.6 ± 73.5 s. Tables 2 and 3 
show the functional parameters and questionnaire results 
of the IPF patients included in the study.

In the 6MWT, 21 patients (42%) exhibited exertional 
desaturation as evidenced by end-test SpO2 values, while 
31 patients (62%) demonstrated desaturation when the 
lowest SpO2 was continuously monitored during the test. 
Patients who desaturated during the 6MWT had signifi-
cantly greater GAP (4.2 ± 1.2 vs. 2.2 ± 0.9, p < 0.001) and 
CPI (51.6 ± 8.5 vs. 30.9 ± 12, p < 0.001) scores than did 
those who did not. In addition, the FVC (69.9 ± 17.4% 
vs. 90.7 ± 15.1%, p < 0.001), DLCO (43.3 ± 10.7% vs. 
68.4 ± 14%, p < 0.001) and 6MWD (342.6 ± 80.8  m vs. 
456.1 ± 55  m, p < 0.001) were significantly lower in the 
exercise-induced desaturation group.

In 14% of the patients (n = 7), the DSP was less than 
200  m. No patient in the DSP less than 200  m% group 
had GAP stage 1 disease. The group with a DSP less than 
200 m had higher sPAP (p = 0.021), GAP index (p < 0.001), 
CPI (p < 0.001), MFI-20 (p < 0.001), D-12 scale (p = 0.001), 
mMRC (p < 0.001) and SGRQ scores (p < 0.001). The 
group with DSP less than 200 m% exhibited lower FVC 
(%), DLCO (%) and room air PaO2 values (p = 0.001, 
p < 0.001, p = 0.004, respectively). Table  4 shows the 
comparative data between patients with a DSP less than 
200  m% and those with a DSP greater than or equal to 
200 m%.

The mean sPAP was 33.4 ± 9.1 mmHg, and the mean 
TRV was 2.7 ± 0.7 m/s. Twenty patients (40%) were iden-
tified as being at risk of PH based on the echocardio-
graphic findings. The mean sPAP was 41.6 ± 6.3 mmHg, 
and the mean TRV was 3.1 ± 0.7 m/s. Of these patients, 
13 had TRV ≥ 2.9  m/s. Among those at risk of PH, 70% 
(n = 14) exhibited a FVC%/DLCO% ratio of > 1.6. No sta-
tistically significant differences were observed in sex, age, 
BMI, ProBNP (pg/ml), and FVC (%) between patients 
with and without an increased risk of PH. The FVC%/
DLCO%, the presence of desaturation on the 6MWT, the 
GAP index, the CPI score, the MFI-20, the mMRC, the 
D-12 scale and the SGRQ total scores were found to be 
significantly higher in patients with an increased risk of 
PH than in those without a risk of PH (p = 0.001, p = 0.001, 
p = 0.001, p = 0.005, p < 0.001, p = 0.006, p = 0.003, p = 0.003, 
respectively). In addition, the 6MWD, DSP, DLCO (%) 
and PaO2 values were significantly lower in patients 
at risk of PH than in those without such risk (p = 0.047, 
p = 0.01, p = 0.001, p = 0.038, respectively). The group at 
increased risk of PH exhibited a significantly longer SpO2 

recovery time than the group without an increased risk 
of PH (p = 0.001). Table 5 shows the data for patients with 
and without an increased risk of PH.

In patients with IPF, longer SpO2 recovery time 
was correlated with a greater GAP index (Rs = 0.870, 
p < 0.001), CPI (Rs = 0.906, p < 0.001), presence of desatu-
ration in the 6MWT (Rs = 0.801, p < 0.001), FVC/DLCO% 
(Rs = 0.432, p = 0.002), sPAP (Rs = 0.492, p = 0.001), TRV 
(Rs = 0.504, p = 0.001), mMRC (Rs = 0.913, p < 0.001), 
MFI-20 score (Rs = 0.944, p < 0.001), D-12 scale score 
(Rs = 0.915, p < 0.001), and SGRQ score (Rs = 0.927, 
p < 0.001). In addition, longer recovery times were also 
associated with lower FVC (%) (Rs=-0.627, p < 0.001), 
DLCO (%) (Rs=-0.892, p < 0.001), room air PaO2 (Rs=-
0.779, p < 0.001), DSP (Rs=-0.835, p < 0.001) and 6MWD 
(m) (Rs=-0.763, p < 0.001). The SpO2 recovery time was 
not significantly associated with age, sex, BMI or comor-
bidities (Table 6).

Table 2 Functional parameters of patients with idiopathic 
pulmonary fibrosis
N = 50 Mean ± SD, % Min. - Max.
FVC (%) 77.8 ± 19.3 32–126
FVC (mL) 2518 ± 854 970–4540
DLCO (%) 52.9 ± 17.1 20–94
PaO2 (mmHg) 76 ± 10.2 53.9–94.6
GAP index 3.5 ± 1.5 1–7
CPI score 43.7 ± 14.1 6.7–71.6
6MWD (m) 385.7 ± 90.6 230–560
Desaturation at the end of 6MWT n, % 21, %42
Desaturation during 6MWT n, % 31, %62
DSP 334.8 ± 97.7 186.2-520.8
Saturation recovery time (s) 135.6 ± 73.5 12–308
6MWD: 6-Minute Walk Distance, 6MWT: 6-Minute Walk Test, CPI: Composite 
Physiological Index, DLCO: Diffusion Capacity of the Lung for Carbon Monoxide, 
DSP: Distance-Saturation Product, GAP: Gender-Age- Physiology PaO2: Partial 
Pressure of Oxygen, N: Number, %: Percent

Table 3 Results of symptom and quality of Life Questionnaire 
(SGRQ Questionnaire, MFI-20, mMRC and D-12 scale)
N = 50 Mean ± SD, % Min. -Max.
SGRQ total score 45.2 ± 16.6 11.8–71.1
SGRQ symptom score 45.2 ± 17.6 7.8–77.6
SGRQ activity score 47.4 ± 19.5 5.9–93.4
SGRQ sensation score 43.9 ± 15.9 10.5–69.8
MFI-20 score 55.8 ± 17.2 24–88

0 9, %18
mMRC n, % 1 15, %30

2 19, %38
3 5, %10
4 2, %4
Emotional 5.9 ± 3.3 0–15

D-12 scale Physical 10.3 ± 5.2 0–20
D-12 Scale: Dyspnea-12 Scale, MFI-20: Multidimensional Fatigue Inventory-
20,mMRC: Modified Medical Research Council, SGRQ: St George’s Respiratory 
Questionnaire, N: Number, %: Percent
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The regression model included the GAP index, 6MWD, 
lowest SpO2 during the 6MWT, PaO2, BMI, TRV and 
SGRQ total score, and 92% of the SpO2 recovery time 
(adjusted R2 = 0.917). These variables were explained 
by the independent variables. The SpO2 recovery time 
was found to be independently associated with the GAP 
index, lowest SpO2 and total SGRQ score (p = 0.036, 
p = 0.011, and p < 0.001, respectively).

Discussion
Our study showed that SpO2 recovery time after the 
6MWT was significantly associated with an increased 
risk of PH and prognostic markers in patients with IPF. 
A prolonged SpO2 recovery time was associated with a 
decrease in quality of life and an increase in symptoms 
such as fatigue and shortness of breath. The group with 
DSP < 200 m% had lower functional capacity and experi-
enced a decrease in quality of life as well as an increase in 
the severity of fatigue and shortness of breath. According 
to the transthoracic echocardiography, PH was detected 
in 40% of patients. The 6MWD, DSP, DLCO (%) and 
room air PaO2 values of patients with an increased risk 
of PH were significantly lower than those of patients 
without a risk of PH. In addition, SpO2 recovery time 
was longer in IPF patients with an increased risk of PH. 

Table 4 Comparison of patients with DSP < 200 and DSP ≥ 200
Parameter DSP < 200 DSP ≥ 200 p Value
Age (Year) 70.6 ± 4.4 66.2 ± 7.5 0.141
BMI (kg/m2) 28.6 ± 3.4 27.7 ± 3.2 0.522
TRV (m/s) 3.3 ± 1.3 2.6 ± 0.4 0.178
sPAP (mmHg) 40.6 ± 12.1 32 ± 7.9 0.021
FVC (%) 57 ± 18 81.2 ± 17.4 0.001
DLCO (%) 31.7 ± 6.3 56.3 ± 15.8 < 0.001
Room Air PaO2 (mmHg) 66 ± 5.9 77.6 ± 9.8 0.004
GAP Index 5.6 ± 1.3 3.1 ± 1.2 < 0.001
CPI Score 62.3 ± 6 40.7 ± 12.7 < 0.001
SGRQ Total Score 63.4 ± 5.7 42.2 ± 15.9 < 0.001
MFI-20 78.0 ± 8.3 52.2 ± 15.5 < 0.001
mMRC 2.9 ± 0.7 1.3 ± 0.9 < 0.001
D-12 Scale 25.6 ± 5.3 14.7 ± 7.5 0.001
DSP: Distance-Saturation Product, BMI: Body Mass Index, TRV: Tricuspid 
Regurgitation Velocity, sPAP: Systolic Pulmonary Arterial Pressure, FVC: Forced 
Vital Capacity, DLCO: Diffusing Capacity of the Lungs for Carbon Monoxide, 
PaO2: Partial Pressure of Arterial Oxygen, GAP: Gender-Age-Physiology, CPI: 
Composite Physiologic Index, SGRQ: St. George’s Respiratory Questionnaire, 
Test, MFI-20: Multidimensional Fatigue Inventory-20, mMRC: Modified Medical 
Research Council, D-12 Scale : Dyspnea-12 Scale

Table 5 Comparison of patients with and without an increased 
risk of pulmonary hypertension
Parameter PH (+) cases PH (-) cases p Value
Age (Year) 69.1 ± 6.6 65.3 ± 7.4 0.068
Sex (Female / Male) 6 / 14 10 / 20 0.804
BMI (kg/m2) 28.7 ± 3.2 27.3 ± 3.1 0.117
GAP index 4.3 ± 1.3 2.9 ± 1.2 0.001
CPI score 50.4 ± 9.9 39.3 ± 14.9 0.005
CPI score > 41 n, % 17, %85 16, %53 0.021
FVC (%) 75.8 ± 19.8 79.1 ± 19.2 0.555
DLCO (%) 43.4 ± 11.4 59.2 ± 17.5 0.001
Room Air PaO2 (mmHg) 72.3 ± 10.1 78.4 ± 9.7 0.038
FVC % / DLCO % 1.8 ± 0.6 1.3 ± 0.3 0.001
ProBNP (pg/ml) 385.7 ± 708.7 132.5 ± 90.6 0.128
6MWD (m) 354.8 ± 84.6 406.3 ± 89.9 0.047
DSP (m%) 291.8 ± 86.9 363.5 ± 95 0.01
Desaturation in 6MWT n, % 18, %90 13, % 43 0.001
Saturation recovery time (s) 174.7 ± 58.8 109.5 ± 71.4 0.001
MFI-20 66 ± 14.9 49 ± 15.4 < 0.001
mMRC 2 ± 1.1 1.2 ± 0.9 0.006
D-12 Scale 20.3 ± 8.5 13.5 ± 6.8 0.003
SGRQ Total Score 53.4 ± 15.7 39.7 ± 15.1 0.003
SGRQ Symptom Score 54.8 ± 14.5 38.8 ± 15.1 0.001
SGRQ Activity Score 56.9 ± 19.5 41 ± 17.1 0.004
SGRQ Sensation Score 50.9 ± 15.8 39.2 ± 14.5 0.01
PH: Pulmonary Hypertension, BMI: Body Mass Index, GAP: Gender-Age-
Physiology, CPI: Composite Physiologic Index, FVC: Forced Vital Capacity, DLCO: 
Diffusing Capacity of the Lungs for Carbon Monoxide, PaO2: Partial Pressure 
of Arterial Oxygen, ProBNP: Pro-Brain Natriuretic Peptide, 6MWD: 6-Minute 
Walk Distance, DSP: Distance-Saturation Product, 6MWT: 6-Minute Walk Test, 
MFI-20: Multidimensional Fatigue Inventory-20, mMRC: Modified Medical 
Research Council, D-12 Scale : Dyspnea-12 Scale, SGRQ: St. George’s Respiratory 
Questionnairre

Table 6 Variables correlated with saturation recovery time
Variable Rs p Value
GAP index 0.870 < 0.001
GAP stage 0.826 < 0.001
CPI score 0.906 < 0.001
FVC (%) -0,627 < 0.001
DLCO (%) -0.892 < 0.001
FVC % / DLCO % 0.432 0.002
Room Air PaO2 (mmHg) -0.779 < 0.001
6MWD (m) -0.763 < 0.001
DSP (m%) -0.835 < 0.001
Lowest SpO2 during 6MWT (%) -0,931 < 0.001
Presence of Desaturation in 6MWT 0.801 < 0.001
sPAP(mmHg) 0.492 0.001
TRV (m/s) 0.504 0.001
mMRC 0.913 < 0.001
MFI-20 0.944 < 0.001
D-12 Scale 0.915 < 0.001
SGRQ total score 0.927 < 0.001
SGRQ symptom score 0.950 < 0.001
SGRQ activity score 0.882 < 0.001
SGRQ sensation score 0.884 < 0.001
GAP: Gender-Age-Physiology, CPI: Composite Physiologic Index, FVC: Forced 
Vital Capacity, DLCO: Diffusing Capacity of the Lungs for Carbon Monoxide, 
PaO2: Partial Pressure of Arterial Oxygen, 6MWD: 6-Minute Walk Distance, DSP: 
Distance-Saturation Product, SpO2: Peripheral Capillary Oxygen Saturation, 
6MWT: 6-Minute Walk Test, sPAP: Systolic Pulmonary Arterial Pressure, TRV: 
Tricuspid Regurgitation Velocity, mMRC: Modified Medical Research Council, 
MFI-20: Multidimensional Fatigue Inventory-20, D-12 Scale : Dyspnea-12 Scale, 
SGRQ: St. George’s Respiratory Questionnaire
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The negative impact of PH on quality of life, dyspnea and 
fatigue symptoms in IPF patients was demonstrated.

According to national and international registries, 
approximately 70% of patients diagnosed with IPF are 
male, with a mean age at diagnosis of 65 years [31, 32]. 
In our study, the majority of patients were male (68%), 
and the mean age was 66.8 ± 7.3 years. The demographic 
data of our patients are compatible with the literature, 
which increases the power of our study by ensuring that 
they are representative of the general population and that 
more reliable results are obtained.

Desaturation (SpO2 ≤ 88%) during or at the end of the 
6MWT has been found to be a significant predictor of 
mortality in some, but not all, studies of patients with IPF 
[13, 33, 34]. Furthermore, PH in IPF is associated with 
exercise-induced desaturation [35]. In clinical researches, 
there is considerable variability in how desaturation is 
defined during the 6MWT. For example, some stud-
ies identify oxygen desaturation as a decrease in SpO2 
of more than 4% from rest to end of test, accompanied 
by an end-test SpO2 of less than 90% or 88% [12, 13, 34, 
36–38]. In our study, we used a threshold of SpO2 ≤ 88% 
to define desaturation, as this threshold is considered to 
be a more accurate predictor of poor prognosis and mor-
tality [21, 22, 34]. There are different studies that define 
the presence of desaturation in the 6MWT according to 
the lowest SpO2 or the end-test SpO2 [13, 23, 24, 38–40]. 
In a study focusing on patients with interstitial lung dis-
ease, primarily those diagnosed with IPF, end-test SpO2 
measurements failed to detect desaturation events dur-
ing testing in 20% of patients [39]. In our study, 31 (62%) 
patients experienced desaturation during testing accord-
ing to the lowest SpO2 values recorded on the 6MWT. 
However, end-test SpO2 values indicated the presence 
of desaturation in only 21 (42%) of these patients. This 
finding is consistent with the literature showing that end-
test SpO2 did not accurately reflect desaturation during 
testing in 20% of our subjects. To correctly detect desat-
uration during the 6MWT, we support continuous satu-
ration monitoring throughout the test, as recommended 
by the 2014 ERS/ATS technical standard [24]. In our 
study, similar to the literature, the presence of desatura-
tion during the 6MWT was associated with an increase 
in GAP index and CPI score, whereas the FVC (%), 
DLCO (%) and 6MWD decreased.

The incidence of desaturation during the 6MWT was 
significantly greater in patients with detected PH than in 
those without PH. The presence of PH in IPF is associated 
with an unfavorable prognosis and a high mortality rate 
[35, 41, 42]. Across studies, the prevalence of PH in IPF 
patients ranged from 3 to 86%, with most estimates tend-
ing to be between 30% and 50% [16, 30, 43]. This wide 
range may be due to differences in patient populations, 
disease severity, diagnostic methods and criteria for PH. 

As there is currently no proven effective treatment for 
PH in patients with IPF, routine right heart catheteriza-
tion (RHC) is not recommended for these patients [30]. 
Studies of IPF primarily assess PH using transthoracic 
echocardiography, which has shown a higher incidence 
of PH in this patient population [41].

The presence of PH adversely affects the functional 
status and quality of life of patients with IPF [44, 45]. 
Similarly, our study demonstrated that an increased risk 
of PH has a negative impact on the quality of life, dys-
pnea, and fatigue symptoms in patients with IPF. Studies 
have investigated the usefulness of noninvasive diagnos-
tic tests, such as the 6MWT and oxygen saturation level 
measured by pulse oximetry, for detecting the pres-
ence of PH in IPF patients. In a clinical trial of 488 IPF 
patients, the lowest SpO2 and baseline SpO2 values at the 
6MWT and 6MWD were found to be significantly lower 
in patients with PH than in those without PH [15]. One 
study defined abnormal heart rate recovery as a decrease 
of less than 13 beats per minute one minute after the 
6MWT and found it to be a predictor of PH in patients 
with IPF [19]. In a related study, a significant correla-
tion was observed between saturation recovery time and 
sPAP [46]. However, smaller retrospective studies have 
shown inconsistent results regarding whether the coexis-
tence of PH in patients with IPF leads to a reduction in 
the 6MWD [18, 47]. In our study, we found that patients 
with echocardiographic findings indicative of increased 
PH had a significant increase in desaturation during the 
6MWT, along with increased GAP index and CPI score, 
known prognostic markers in IPF. In addition, these 
patients had significantly lower 6MWD, DSP and room 
air PaO2. A significant correlation was found between 
prolonged saturation recovery time and PH. In line with 
our study results, we suggest that the assessment of PH 
risk in IPF patients should include a comprehensive eval-
uation of the 6MWD, the presence of desaturation during 
the 6MWT, impaired chronotropic response, and SpO2 
recovery time.

There are conflicting results regarding the impact of 
6MWT results in predicting prognosis and mortality [11, 
33, 48]. The main reason for this situation is the inade-
quate standardization of the 6MWT in patients with IPF, 
as well as the complexities in interpreting the test due to 
variability in patient effort, oxygen supplementation, and 
the presence of comorbid conditions [21, 22, 49]. The 
2002 ATS guidelines for the 6MWT and the 2014 ERS/
ATS technical standard on field walking tests in chronic 
respiratory disease, together with the work of Lancaster 
L et al. on standardizing the 6MWT in patients with IPF, 
provide a comprehensive framework for the performance 
and interpretation of the 6MWT in clinical practice [23, 
24, 49] These recommendations include the recommen-
dation to assess a wider range of 6MWT outcomes, to 
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include factors such as saturation recovery time and low-
est SpO2 and to develop indices that include more than 
one 6MWT outcome. The DSP is a robust and multidi-
mensional index that combines two important measures, 
the 6MWD and minimum SpO2 [14, 50]. In IPF, the DSP 
index is a stronger predictor of mortality than its indi-
vidual components. A related study showed that those 
with a DSP of less than 200 m% had a 6.5-fold increased 
annual risk of mortality compared to with those with a 
DSP of 200  m% or more [14]. In addition, median sur-
vival was 18% shorter [14]. Consistent with the literature, 
the GAP index and CPI score were significantly greater, 
and the FVC (%) and DLCO (%) were significantly lower 
in the DSP < 200 m% group. The mean SGRQ score, MFI-
20 score, mMRC and D-12 scale score were significantly 
greater in the group with a DSP < 200 m. In line with the 
findings in the literature and the results of our study, we 
recommend the use of DSP in the evaluation of follow-up 
and treatment response in IPF patients. We recommend 
the development of indices that include more than one 
outcome in the 6MWT (e.g., presence of desaturation, 
time to return to baseline saturation, baseline SpO2- min-
imum SpO2, etc.).

One of the strengths of our study is that it is prospec-
tive and examines the relationship between 6MWT 
results and quality of life, fatigue and dyspnea sever-
ity in addition to functional parameters. The main limi-
tation of our study is the inadequate standardization 
of the 6MWT in IPF patients, as well as the difficulties 
associated with interpreting the test results [21, 22, 49]. 
Supplemental oxygen support, especially during testing, 
may alter the results of the 6MWT. However, only three 
of our patients received supplemental oxygen support 
during the 6MWT, which did not significantly change 
our results. PH was not defined according to the RHC, 
which is the gold standard. Current guidelines do not 
recommend routine RHC in patients with IPF. Therefore, 
the study protocol avoided invasive intervention. In our 
study, transthoracic echocardiography was performed by 
a single experienced cardiologist.

Conclusion
In conclusion, we suggest that saturation recovery time 
and DSP are inexpensive, easily applicable, and noninva-
sive new markers that can be used to predict the clinical 
course of the disease and concomitant PH. Based on the 
results of our study, we recommend continuous satura-
tion monitoring during and after the 6MWT until the 
patient returns to baseline.
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