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Abstract

Background
The serum creatinine / cystatin C (Cr/CysC) ratio has attracted attention as a marker for sarcopenia, but
has not been studied in patients with idiopathic pulmonary �brosis (IPF). This study aimed to con�rm the
utility of the serum Cr/CysC ratio in predicting sarcopenia and to investigate its clinical relevance.

Methods
This cross-sectional pilot study prospectively enrolled patients with stable IPF. IPF was diagnosed
through multidisciplinary discussions according to the 2018 international guidelines, and sarcopenia was
diagnosed according to the 2019 consensus report of the Asian Working Group for Sarcopenia. Patient-
reported outcomes (PROs) were evaluated using the modi�ed Medical Research Council (mMRC)
dyspnea scale, chronic obstructive pulmonary disease assessment test (CAT), and King’s Brief Interstitial
Lung Disease (K-BILD) questionnaire. The associations between serum Cr/CysC ratio and the presence of
sarcopenia and other clinical parameters, including PROs scores, were examined.

Results
A total of 49 Japanese patients with IPF with a mean age of 73.0 ± 7.7 years and a percent predicted
forced vital capacity of 80.4 ± 15.5%, were enrolled. Sarcopenia was diagnosed in 18 patients (36.7%),
and the serum Cre/CysC ratio was 0.86 [0.76–0.94] (median [interquartile range]). Receiver operating
characteristic curve analyses for detection of sarcopenia according to the serum Cr/CysC showed that
the area under the curve, optimal cutoff value, speci�city, and sensitivity were 0.85, 0.88, 0.65, and 0.94,
respectively. Sarcopenia was identi�ed in 13% of patients with a high serum Cr/CysC ratio (≥ 0.88) and
60% with a low serum Cr/CysC ratio (< 0.88) (P < 0.001). Multiple linear regression analysis showed that
the serum Cr/CysC ratio was an independent predictive marker of worse PROs evaluated using mMRC (P 
< 0.05), CAT (P < 0.05), and K-BILD (P < 0.05).

Conclusions
This study showed that the serum Cr/CysC ratio can be used as a surrogate marker of sarcopenia in
patients with IPF. Furthermore, it is important to pay attention to the serum Cr/CysC ratio because a lower
serum Cr/CysC ratio is associated with worse PROs.

Background
Idiopathic pulmonary �brosis (IPF) is an age-related progressive pulmonary disease with a poor
prognosis [1, 2]. As the disease progresses, patients with IPF experience exercise intolerance, physical
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inactivity, and impaired health-related quality of life. A prospective cohort of patients with interstitial lung
diseases, including 40 with IPF, showed signi�cantly lower muscle mass in patients with impaired
pulmonary function [3]. Patient-reported outcomes (PROs) measures, such as questionnaires or surveys
that ask patients about their perceptions of issues such as symptoms or health-related quality of life, play
an important role in the symptomatic multifaceted management of patients with IPF [4].

Sarcopenia is an age-related syndrome characterized by a progressive and generalized loss of skeletal
muscle mass and function and is strictly correlated with physical disability, poor quality of life, and death
[5, 6]. According to the consensus report of the Asian Working Group for Sarcopenia (AWGS) 2019 [6],
sarcopenia is diagnosed based on loss of muscle mass, low muscle strength, and/or low physical
performance.

Serum creatinine and serum cystatin C levels are usually used to assess renal function [7–12]. However,
because serum creatinine levels are affected by muscle mass, they are decreased in patients with
sarcopenia. In contrast, serum cystatin C levels are not affected by muscle mass [13–15]. Based on these
characteristics, the serum creatinine/cystatin C (Cr/CysC) ratio can predict muscle mass; thus, this ratio
has been studied in many diseases [7–12]. However, to the best of our knowledge, no study has
examined the utility of the serum Cr/CysC ratio in patients with IPF.

We hypothesized that the serum Cr/CysC ratio may be a surrogate marker for detecting sarcopenia in
patients with IPF. In this cross-sectional study, we diagnosed sarcopenia according to the AWGS 2019 [6]
and examined the association between the serum Cr/CysC ratio and the presence of sarcopenia and
other clinical parameters.

Methods
Ethics

This study was carried out in accordance with the amended Declaration of Helsinki, and was approved by
the ethics review board of Nagoya City University Hospital (approval number 60-20-0190). Written
informed consent was obtained from all participants.

Patients

IPF was diagnosed through multidisciplinary discussions according to the 2018 international guidelines
[1]. The following inclusion criteria were applied: written informed consent obtained for this study; and the
ability to perform a 6-minute walk test (6 MWT). The following exclusion criteria were applied: long-term
oxygen treatment at rest; active cancer; and inability to understand the questionnaires regarding PROs.
Between April 2021 and December 2021, outpatients with stable IPF were screened at Nagoya City
University Hospital (Nagoya, Japan), and 60 patients were identi�ed. Four patients received long-term
oxygen therapy at rest. One patient was unable to undergo the 6 MWT because of unstable angina. Two
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patients were unable to perform the 6 MWT because they typically used wheelchairs. Four patients
declined to participate in the study. Finally, 49 outpatients were enrolled in the study.

Diagnosis of sarcopenia

Sarcopenia was diagnosed according to the current criteria of the AWGS 2019 [6]. Sarcopenia was
diagnosed based on the loss of muscle mass, low muscle strength, and/or low physical performance.
Detailed methods and criteria are described below. Muscle mass: The appendicular skeletal mass index
(ASMI) was calculated using a multifrequency bioelectrical impedance (BIA) analyzer (InBody 720;
InBody Japan, Tokyo, Japan). The cutoff values for low muscle mass were <7.0 kg/m2 for males and
<5.7 kg/m2 for females. Muscle strength: Handgrip strength was measured in the standing position with
full elbow extension using an electronic dynamometer (HG-251; N-Force, Wakayama, Japan).
Measurements were performed twice for each hand, with the largest value used as the grip strength value
for analysis. The cutoff values for low muscle strength were de�ned as <28.0 kg for men and <18.0 kg for
women. Physical performance: Usual gait speed was used to evaluate physical performance. It was
calculated by measuring the time taken by the study participants to walk a 10-m corridor. The
participants were instructed to walk down the corridor at their usual speed. The cutoff value for low
physical performance was de�ned as <1.0 m/s for both men and women.

Pulmonary function tests and 6-minute walk test

All patients completed pulmonary function tests using spirometry (CHESTAC-8900; Chest, Tokyo, Japan)
according to the American Thoracic Society/Respiratory Society (ATS/ERS) criteria [16]. The diffusion
capacity of carbon monoxide (DLco) was also measured (CHESTAC-8900). The percentage of predicted
FVC (%FVC), percentage of predicted forced expiratory volume in 1.0 s (FEV1), and percentage of
predicted DLco (%DLco) were calculated based on the patient’s height, age, and sex, according to
Japanese standardized methods [17]. The 6 MWT was performed without supplemental oxygen, in
accordance with ATS guidelines [18].

Clinical staging of IPF

Clinical staging of IPF was conducted according to the gender, age, and physiology (GAP) staging system
[19].

Patient reported outcomes 

PROs are based on assessments of breathlessness, symptoms, and health-related quality of life.
Breathlessness was evaluated using the 5-grade modi�ed Medical Research Council dyspnea scale
(mMRC). Symptoms and health-related quality of life were evaluated using the chronic obstructive
pulmonary disease assessment test (CAT) [20, 21], and King’s Brief Interstitial Lung Disease (K-BILD)
questionnaire [22, 23]. The CAT is a self-administered quality of life questionnaire that measures the
impact of lung disease on health status. The CAT consists of eight items, each of which is scored on a



Page 6/21

scale of one to �ve. The total score ranges from 0 to 40. Higher scores indicate a greater impact on
patients’ lives. The K-BILD comprises 15 items in three domains: psychological health, breathlessness
and activities, and chest symptoms. The K-BILD score ranges from 0 to 100, with higher values indicating
better health.

Statistical analyses

Continuous variables were tested for normality using the Shapiro-Wilk test and are presented as mean ±
standard deviation, whereas non-normally distributed variables are presented as median and interquartile
range. The relationships between the serum Cr/CysC ratio and other continuous variables were evaluated
using Spearman’s rank correlation coe�cients. Differences among groups were analyzed using the
Student's t-test or the Mann-Whitney U test, as appropriate. The chi-squared test or Fisher's exact test was
used to assess the differences in the percentages of patients. Receiver operating characteristic (ROC)
curve analyses were performed to predict sarcopenia according to the serum Cr/CysC ratio, serum
creatinine, and serum cystatin C level. Multiple linear regression analysis was performed to con�rm that
the serum Cr/CysC ratio was a predictive marker of patient-reported outcomes. To assess
multicollinearity, the variance in�ation factor (VIF) values were computed. Statistical signi�cance was set
at P<0.05. Statistical analyses were performed using IBM SPSS Statistics version 28 (IBM Corp., Armonk,
NY, USA).

Results
Patient characteristics

Patient characteristics are presented in Table 1. A total of 49 Japanese patients with IPF (mean age, 73.0
± 7.7 years, mean %FVC, 80.4 ± 15.5%) were enrolled in this study. Sarcopenia was diagnosed in 18
patients (36.7%), and the serum Cre/CysC ratio was 0.86 [0.76–0.94].

Correlations between serum creatinine/cystatin C ratio and appendicular skeletal muscle index, handgrip
strength, and usual gait speed

The correlations between serum Cr/CysC ratio and ASMI, handgrip strength, and usual gait speed are
shown in Figure 1. The serum Cr/CysC ratio was signi�cantly correlated with ASMI (r=0.59, P<0.001),
handgrip strength (r=0.62, P<0.001), and usual gait speed (r=0.41, P<0.01).

Relationships between serum creatinine/cystatin C ratio and clinical parameters

As presented in Table 2, the serum Cr/CysC ratio was correlated with age (r=0.56, P<0.001), body mass
index (r=0.42, P<0.01), GAP index (r=-0.41, P<0.01), PaO2 (r=0.54, P<0.001), distance walked during the 6
MWT (r=0.42, P<0.01), lowest SpO2 during the 6 MWT (r=0.31, P<0.05), ASMI (r=0.59, P<0.001), mMRC
(r=-0.54, P<0.001), CAT (r= -0.38, P<0.01), K-BILD-breathlessness and activity scores (r=0.52, P<0.001),
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and K-BILD total score (r=0.40, P<0.005). In contrast, the serum Cr/CysC ratio was not signi�cantly
correlated with %FVC (r=0.26, P=0.07) or %DLco (r=0.18, P=0.21).

Receiver operating characteristic (ROC) curve analyses for detecting sarcopenia

ROC curve analyses of sarcopenia according to the serum Cr/CysC ratio, creatinine level, and cystatin C
level are shown in Figure 2. The areas under the curve (AUC) by ROC curve analyses of the serum Cr/CysC
ratio, creatinine, and cystatin C were 0.85 (95% con�dence interval [CI], 0.73 · 0.97, P<0.001), 0.46 (95%CI,
0.28 · 0.63, P=0.60), and 0.75 (95%CI, 0.60 · 0.89, P<0.01), respectively. The AUC by ROC analysis of the
serum Cr/CysC ratio was signi�cantly higher than that of cystatin C (P<0.001). We calculated the serum
Cr/CysC cutoff to be 0.88, using the Youden index that maximizes the value of “sensitivity + speci�city-1”.
Based on the calculated cutoff value of 0.88, the speci�city was 0.65, and the sensitivity was 0.94.
Whereas secondly candidate cutoff value had been 0.83 (speci�city, 0.74; sensitivity, 0.83). Because the
cutoff value of 0.88 has high sensitivity, it may be considered appropriate for the screening of sarcopenia
in patients with IPF.

Clinical characteristics of the high-versus the low-serum creatinine / cystatin C ratio group

The rates of sarcopenia in patients with a high serum Cr/CysC ratio (≥ 0.88) and low serum Cr/CysC ratio
(<0.88) are shown in Figure 3. Sarcopenia was detected in 13% (n=3) of the patients with a high serum
Cr/CysC ratio and in 60% (n=15) of patients with a low serum Cr/CysC ratio (chi-squared test, P<0.001).
Patient characteristics in patients with a high serum Cr/CysC ratio (≥ 0.88) and patients with a low serum
Cr/CysC ratio (<0.88) are shown in Table 3. There were signi�cant differences in age (P <0.001), body
mass index (P<0.01), GAP stage (P<0.001), PaO2 (P<0.005), handgrip strength (P<0.001), ASMI (P<0.001),
mMRC (P<0.001), CAT (P<0.05), K-BILD-breathlessness and activity scores (P<0.01), and serum cystatin C
(P<0.01). There were no signi�cant differences in %FVC (P=0.485) or %DLco (P=0.651). 

Multiple linear regression analysis for patient-reported outcomes scores

The relationships between the serum Cr/CysC ratio and PROs scores were good, and signi�cant
differences in PROs scores were observed between the high and low serum Cr/CysC groups. The results
of the multiple linear regression analyses of PROs scores are shown in Table 4. The serum Cr/CysC ratio
was an independent factor contributing to the mMRC score (P<0.05), CAT (P<0.05), K-BILD-
breathlessness score (P<0.01), and K-BILD-total score (P<0.05). In contrast to the serum Cr/CysC ratio,
pulmonary function parameters such as %FVC and %DLco were not independent predictive factors. The
VIF values of the serum Cre/CysC ratio, age, %FVC, %DLco, distance walked during the 6 MWT, and lowest
SpO2 during the 6 MWT were 1.1918, 1.932, 1.973, 1.842, 1.922, and 1.770, respectively. All VIF values
were <10, and there was no multicollinearity among these factors.

Discussion
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The present study showed that the serum Cr/CysC ratio is a good predictor of sarcopenia based on the
consensus report of the AWGS 2019 [6]. We calculated the best serum Cr/CysC cutoff value to be 0.88
(speci�city, 0.65; sensitivity, 0.94). Because the cutoff value of 0.88 has high sensitivity, it is considered
appropriate for the screening of sarcopenia in patients with IPF. Based on this cutoff value of 0.88, the
percentage of sarcopenia was 60% in the low serum Cr/CysC ratio group and 13% in the high serum
Cr/CysC ratio group in the present study. The serum Cr/CysC ratio is a useful marker for screening
sarcopenia.

According to the consensus report of the AWGS 2019 [6], measurements of ASMI, handgrip strength, and
usual gait speed are recommended. However, it is di�cult to evaluate these measurements in all patients
with IPF in daily practice. In the present study, the serum Cr/CysC ratio correlated well with the
recommended measurements: ASMI via BIA (r = 0.561, P < 0.001), handgrip strength (r = 0.604, P < 0.001),
and usual gait speed (r = 0.41, P < 0.01). Similar results were reported in patients with chronic obstructive
pulmonary disease (COPD), in which the serum Cr/CysC ratio correlated well with ASMI via BIA (r = 0.44,
P < 0.001) and handgrip strength (r = 0.54, P < 0.001) [12]. These results are consistent with the �nding
that the serum Cr/CysC ratio is a good predictor of sarcopenia.

One of the strengths of the present study is that the serum Cr/CysC ratio was demonstrated to be a
marker of poorer PRO scores as evaluated by mMRC, CAT, and K-BILD on multiple linear regression
analysis. The mMRC, CAT, and K-BILD scores are indicators of health-related quality of life in patients
with IPF [19–23]. PROs may be helpful in determining patients’ subjective understanding of IPF and the
disease burden on various aspects of their lives. The serum Cr/CysC ratio could contribute to the
management of IPF by identifying poorer PROs, which may be associated with complicated sarcopenia.

In contrast to serum Cr/CysC ratio, pulmonary function parameters such as %FVC and %DLco were
discarded in the multiple linear regression analysis of PRO scores. A possible explanation for this is the
low proportion of patients with severe IPF in the present study. Furthermore, age and exercise tolerance
capacity may affect PRO scores more than pulmonary function parameters in IPF patients. However,
many reports indicate that lower muscle mass is associated with impaired pulmonary function in
patients with IPF [3, 24, 25].

Elevated serum cystatin C is a sensitive indicator of various chronic in�ammatory diseases and has been
reported to be associated with the exacerbation of COPD [26]. In the present study, ROC analysis showed
that the serum cystatin C level had a moderate AUC of 0.75. In patients with COPD, the serum cystatin C
levels were reported to be higher in the sarcopenia group than in the robust group; however, the serum
Cr/CysC ratio was signi�cantly more useful than serum cystatin C level [12]. Similarly, in the present
study, ROC analysis showed that the AUC of the serum Cr/CysC ratio was signi�cantly larger than that of
cystatin C (P < 0.001).

The present study had some limitations. First, the results were obtained by analyzing all Japanese
patients from a single center with a small sample size. Ninety percent of the patients were men. Thus,
future studies are necessary to examine the serum Cr/CysC cutoff values in more facilities, in other races,
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in females, and in larger samples. Second, this was a cross-sectional study. A longitudinal survey will
clarify the clinical signi�cance of an increase or decrease in the serum Cr/CysC ratio. Third, we used BIA
instead of dual-energy X-ray absorptiometry to assess ASMI. However, the AWGS 2019 criteria do
recommend BIA as an alternative option for muscle measurement.

Conclusion
In conclusion, the present study showed that the serum Cr/CysC ratio can be used as a surrogate marker
of sarcopenia in patients with IPF. Moreover, it is important to pay attention to the serum Cr/CysC ratio
because a lower serum Cr/CysC ratio is associated with worse PRO scores.
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Table 1. Characteristics of patients included in the study
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IPF (n = 49)

Age, years 73.0 ± 7.7

Sex, female, n (%) 5 (10.2%)

Body mass index, kg/m2 22.3 ± 3.11

Smoking history

Current or ex-smoker, n (%) 41 (83.7%)

  Pack-years 30 [10 – 46]

Histological diagnosis, n (%) 15 (30.6%)

Severity

  GAP index 3 [3-4]

  GAP stage (I/II/III), n (%) 30 (61%)/19 (39%)/0 (0%)

Pulmonary function

  FVC, % predicted 80.4 ± 15.5

  FEV1/FVC, % 81.9 ± 8.81

  DLCO, % predicted  67.4 ± 19.1

  PaO2, mmHg 87.9 [79.1-98.1]

Physical assessment

  Handgrip strength, kg

Male 7.0 ± 0.9

    Female 5.3 ± 0.5

  Usual gait speed, m/s 1.10 ± 0.26

  6MWT

    Distance, m 416 ± 88

Lowest SpO2, % 89 [85-92]

  ASMI, kg/m2

Male 7.0 ± 0.9

Female 5.3 ± 0.5

Patient reported outcome  



Page 14/21

mMRC score 1 [0-2]

  CAT 13 [6.5-21]

  K-BILD 

    Psychological 56.9 [48.4-64.3]

    Breathlessness and activities 50.2 [41.9-58.5]

    Chest symptoms 73.4 [63.7-79.3]

    Total 59.5 [54.2-62.7]

Blood examination

  Creatinine (mg/dL) 0.84 [0.75-0.99]

  Cystatin C (mg/L) 1.00 [0.89-1.21]

  Cre/CysC ratio 0.86 [0.76-0.94]

Comorbidity

  Hypertension, n (%) 28 (57.1%)

  Dyslipidemia, n (%) 18 (36.7%)

  Diabetes mellitus, n (%) 13 (26.5%)

  Coronary artery disease, n (%) 5 (10.2%)

  Chronic kidney disease, n (%) 2 (4.1%)

  Sarcopenia, n (%) 18 (36.7%)

Data are presented as the mean (± standard deviation), median [interquartile range], or number (%).

Abbreviations: GAP, gender, age, and physiology; FVC, forced vital capacity; FEV1, forced expiratory
volume in 1.0 s; DLCO, diffuse capacity of the lung for carbon monoxide; PaO2, partial pressure for
oxygen; 6 MWT, 6-minute walk test; SpO2, oxygen saturation by pulse oximetry; ASMI, appendicular
skeletal muscle index; mMRC, modi�ed Medical Research Council; CAT, chronic obstructive pulmonary
disease assessment test; K-BILD, King's Brief Interstitial Lung Disease; Cre/CysC ratio, creatine/cystatin C
ratio.

 

 

Table 2. Relationships between serum creatinine/cystatin C ratio and clinical parameters
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 r 95 CI P value

Age, years -0.56 -7.31 to -3.25 <0.001

Body mass index, kg/m2 0.42 0.16 to 0.64 <0.01

GAP index -0.41 -0.62 to 0.14 <0.01

FVC, % predicted, % 0.26 -0.28 to 0.51 0.07

DLCO, % predicted, % 0.18 -1.1 to 0.45 0.21

PaO2, mmH 0.54 0.19 to 0.66 <0.001

6MWT     

Distance, m 0.42 0.15 to 0.63 <0.01

  Lowest SpO2, % 0.31 0.026 to 0.55 <0.05

mMRC -0.54 -0.72 to -0.30 <0.001

CAT -0.38 -0.61 to -0.99 <0.01

K-BILD      

Psychological 0.27 -0.20 to 0.52 0.06

Breathlessness and activities 0.52 0.27 to 0.71 <0.001

Chest symptoms 0.25 -0.05 to 0.50 0.09

Total 0.4 0.13 to 0.61 <0.005

Abbreviations: GAP, gender, age, and physiology; FVC, forced vital capacity; DLCO, diffuse capacity of the
lung for carbon monoxide; PaO2, partial pressure of oxygen; 6 MWT, 6-minute walk test; SpO2, oxygen
saturation by pulse oximetry; ASMI, appendicular skeletal muscle index; mMRC, modi�ed Medical
Research Council; CAT, chronic obstructive pulmonary disease assessment test; K-BILD, King's brief
interstitial lung disease.

 

Table 3. Clinical characteristics of the high-versus the low-serum Creatinine / Cystatin C ratio group
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 High (Cr/CysC

≧0.88)

Low (Cr/CysC

<0.88)

P value

Number of patients 24 25  

Age, years 69.0 ± 8.3 76.8 ± 4.8 <0.001

Sex, Female, n (%) 1 (4.2) 4 (16.0) 0.35

Body mass index, kg/m2 23.5 ± 2.3 21.1 ± 3.4 <0.01

Severity     

  GAP index 3 [2.5-4] 3 [3-4] 0.06

  GAP stage ( / / ), n (%) 17/(71)/7(29)/0(0) 13(52)/12(48)/0(0) <0.001

Pulmonary function     

  FVC, % predicted 82.0 ± 13.5 78.9 ± 17.4 0.49

  FEV1, % predicted 81.2 ± 13.0 82.6 ± 16.5 0.74

  DLCO, % predicted  68.7 ± 15.5 66.3 ± 22.2 0.65

  PaO2, mmH 92.3 [87.1-101] 82.0 [74.4-88.7] <0.005

Physical assessment     

  Handgrip strength, kg 35.5 ± 5.7 27.4 ± 8.4 <0.001

  Usual gait speed, m/s 1.17 ± 0.23 1.04 ± 0.28 0.08

  6MWT     

Distance, m 441 ± 81 392 ± 90 0.05

Lowest SpO2, % 90 [86-93] 88 [82-92] 0.13

  ASMI, kg/m2 7.25 ± 0.78 6.34 ± 0.93 <0.001

Patient-reported outcomes     

  mMRC 0 [0-1] 2 [1-3] <0.001

  CAT 10 [5-17] 13 [8.5-25] <0.05

  K-BILD     

Psychological 57 [48-64]  55 [42-63] 0.22

Breathlessness and activities 50 [42-56] 46 [32-54] < 0.01

Chest symptoms 73 [64-79] 73 [54-85] 0.20
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Total 60 [54-63] 55 [47-61] 0.05

Blood examination     

  Creatinine (mg/dL) 0.90[0.79-1.08] 0.77[0.72-0.97] 0.06

  Cystatin C (mg/L) 0.91[0.82-1.13] 1.08[0.95-1.26] <0.01

  Cre/CysC ratio 0.94[0.90-1.05]  0.77[0.71-0.80] <0.001

Comorbidity     

  Hypertension, n (%) 14 (58%) 14(56%) 0.87

  Dyslipidemia, n (%) 10 (42%) 8 (20%) 0.48

  Diabetes mellitus, n (%) 7 (29%) 6 (24%) 0.68

  Coronary artery disease, n (%) 4 (17%) 1(0.4%) 0.14

  Chronic kidney disease, n (%) 2 (0.8%) 0 (0%) 0.14

  Sarcopenia, n (%) 3 (13%) 15 (60%) <0.001

Abbreviations: Cre/CysC ratio, creatine/cystatin C ratio; GAP, gender, age, and physiology; FVC, forced vital
capacity; FEV1, forced expiratory volume in 1.0 s; DLCO, diffuse capacity of the lung for carbon monoxide;
PaO2, partial pressure for oxygen; 6 MWT, 6-minute walk test; SpO2, oxygen saturation by pulse oximetry;
ASMI, appendicular skeletal muscle index; mMRC, modi�ed Medical Research Council; CAT, chronic
obstructive pulmonary disease assessment test; K-BILD, King's Brief Interstitial Lung Disease.

 

Table 4. Multiple linear regression analysis for the scores of patient-reported outcomes (PROs). 
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 B 95%CI β P value

mMRC

Serum Cre/CysC ratio -2.54 -4.64 to -0.44 -0.23 <0.05

Age -0.26 -0.66 to 0.01 -0.17 0.19

FVC, percent predicted 0.02 -0.01 to -0.39 0.25 0.06

DLCO, percent predicted -0.01 -0.02 to 0.01 -0.08 0.49

  6MWT, distance -0.01 -0.10 to -0.03 -0.44 <0.001

  6MWT, lowest SpO2 -0.11 -0.16 to 0.07 -0.58 <0.001

CAT

Serum Cre/CysC ratio -23.5 -43.1 to -3.72 -0.34 <0.05

Age -0.32 -0.69 to 0.06 -0.28 0.10

FVC, percent predicted 0.13 -0.06 to 0.32 0.22 0.18

DLCO, percent predicted 0.01 -0.14 to 0.16 0.02 0.93

  6MWT, distance -0.02 -0.05 to 0.02 -0.17 0.30

  6MWT, Lowest SpO2 -0.82 -1.26 to -0.38 -0.59 <0.01

K-BILD (breathlessness and activities)

Serum Cre/CysC ratio 66.9 29.5 to 104.3 0.53 <0.01

Age 0.92 0.21 to 1.63 0.39 <0.05

FVC, percent predicted -0.32 -0.67 to 0.04 0.27 0.08

DLCO, percent predicted -0.09 -0.19 to 0.37 0.09 0.53

  6MWT, distance 0.06 -0.01 to 0.12 0.29 0.06

  6MWT, lowest SpO2 1.35 0.51 to 2.18 0.46 <0.01

K-BILD (total)

Serum Cre/CysC ratio 30.4 2.31 to 58.5 0.38 <0.05

Age 0.57 0.04 to 1.10 0.38 <0.05

FVC, percent predicted -0.17 -0.44 to 0.10 -0.23 0.21

DLCO, percent predicted 0.04 -0.17 to 0.26 0.07 0.67

6MWT, distance 0.04 -0.01 to 0.08 0.28 0.13
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6MWT, lowest SpO2 0.70 0.07 to 1.33 0.38 <0.05

Abbreviations: mMRC, modi�ed Medical Research Council; Swrum Cre/CysC ratio, serum
creatine/cystatin C ratio; FVC, forced vital capacity; DLCO, diffuse capacity of the lung for carbon
monoxide; 6 MWT, 6-minute walk test; SpO2, oxygen saturation by pulse oximetry; CAT, chronic
obstructive pulmonary disease assessment test; K-BILD, King's brief interstitial lung disease.

Figures

Figure 1

The correlations of serum Cr/CysC ratio with ASMI, handgrip strength, and usual gait speed

  The serum creatinine/cystatin C (Cr/CysC) ratio was signi�cantly correlated with (A) appendicular
skeletal muscle index, (B) handgrip strength, and (C) usual gait speed.
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Figure 2

Receiver operator characteristic curves presenting sarcopenia

Receiver operator characteristic curves presenting sarcopenia according to (A) serum creatinine/cystatin
C (Cr/CysC) ratio, (B) serum creatine, and (C) serum cystatin C. The areas under the curve were 0.85, 0.46,
and 0.75, respectively. As for Cr/CysC ratio, optimal cutoff value of 0.88 (speci�city: 0.65, sensitivity:
0.94) was identi�ed.



Page 21/21

Figure 3

Proportion of sarcopenia in patients with high Cr/CysC ratio and low Cr/CysC ratio

The proportions of sarcopenia in patients with high serum creatinine/cystatin C (Cr/CysC) (≥ 0.88) and
low serum Cr/CysC (<0.88) are shown.


