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Purpose: Muscle atrophy is a major clinical feature of chronic obstructive pulmonary
disease (COPD) and is considered a predictor of mortality in COPD patients. Recently, the
cross-sectional area (CSA) of the erector spinae muscles measured by chest computed
tomography (CT) scans (ESMcsa) has been reported as a clinical parameter reflecting
disease severity and future prognosis in patients with COPD. In addition, the serum creati-
nine (Cr)/cystatin C (CysC) ratio has been considered a quantitative marker of residual
muscle mass, because serum Cr levels are affected by muscle mass, and correction by CysC
counteracts the effect of renal function on serum Cr levels. The purpose of this study was to
assess whether the serum Cr level corrected by serum CysC can be used as a predictive
marker of pulmonary function and disease severity in patients with COPD.

Patients and Methods: A total of 99 patients without COPD and 201 patients with COPD,
with a smoking history of more than 10 pack-years were enrolled in this study, and serum Cr
and CysC levels were measured. On chest high-resolution CT images, %low attenuation area
(LAA%) (<960 Hounsfield units (HU)) and ESMcga at the Thy, level were identified.
Results: There was a significant correlation between the ESMcga and the Cr/CysC ratio.
The Cr/CysC ratio was significantly associated with forced vital capacity (FVC) and forced
expiratory volume in 1 second (FEV1) values, especially in former smokers.

Conclusion: The serum Cr/CysC ratio could be a convenient substitute for the measurement
of muscle atrophy and pulmonary function testing in patients with COPD.

Keywords: muscle atrophy, low attenuation area, sarcopenia, smoking status

Introduction

Muscle atrophy is a major clinical feature of chronic obstructive pulmonary disease
(COPD), and it is considered a strong predictor of mortality in COPD patients.'
Bioelectrical impedance analysis, dual-energy X-ray absorptiometry, magnetic reso-
nance imaging, B-mode ultrasound, and measurement of the cross-sectional area
(CSA) of skeletal muscles such as the psoas muscles, intercostal muscles, abdom-
inal muscles, or leg muscles on computed tomography (CT) scans are widely used

1 and these muscles are

to quantify both total and local skeletal muscle mass,
known to reflect patient s’ physical activity levels.'? There is a strong correlation
between the area of the psoas muscles and that of the dorsal muscles, which can be

assessed by chest CT scans,'> and CSA of the erector spinae muscle group
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(ESMg4) measured by chest CT scans has been reported
as a clinical parameter of disease severity and future
prognosis in patients with COPD.'* However, although
measurement of the area of these muscle groups could
provide accurate estimates of muscle atrophy in COPD
patients, it may cause problems due to cost and possible
radiation exposure, and it has limited accessibility for
follow-up and epidemiological surveillance.

The prevalence of chronic renal failure in patients
with COPD is underestimated when diagnosed by serum
creatinine (Cr) levels because of reduced skeletal muscle
mass.'” It becomes apparent that chronic renal dysfunc-
tion is a common comorbidity of COPD when renal
function is measured by the glomerular filtration rate
(GFR) or serum cystatin C (CysC), a surrogate marker
for the GFR.">"'® Serum Cr is the most commonly used
parameter of renal function in clinical practice, but the
serum and urinary Cr levels are affected by muscle
mass.'” Conversely, the serum Cr levels could be
a useful blood biomarker that reflects muscle mass in
patients with normal renal function.'® Currently, CysC
has been receiving considerable attention as a surrogate
marker for GFR,' since it is not affected by muscle
The CysC-based estimated GFR (eGFR) is

thought to be more appropriate for elderly persons
D, 15:20.21

mass.

who are susceptible to sarcopenia and COP
Recently, the Cr/CysC ratio has been considered to be
a quantitative marker of residual muscle mass and
adverse effects of chemotherapy in patients with lung
cancer, because serum Cr levels corrected by CysC are
independent of renal function and are, theoretically,
correlated with the muscle mass.”

The purpose of this study was to assess whether the
serum Cr level corrected by serum CysC can be used as
a predictive marker of pulmonary function and disease
severity in patients with COPD. We hypothesized that
the serum Cr/CysC ratio is a convenient and substitute
biomarker for the measurement of ESMcga in patients
with COPD, which is considered a valuable clinical para-
that with
prognosis.

meter correlates symptoms and disease

Patients and Methods

Patients

From December 2015 to November 2017, 372 patients
were recruited from the outpatient department of the
Kanazawa

Department of Respiratory Medicine,

Medical University Hospital. The inclusion criteria for
enrollment were: age >40 years; at least a 10 pack-year
history of smoking; and meeting the Global Initiative for
Obstructive Lung Disease (GOLD) stage criteria for
COPD based on post-bronchodilator spirometry. Two
patients on hemodialysis for chronic renal failure were
excluded. Seventy patients were also excluded because of
having had any cancer across the entire lifespan.
Ultimately, 300 patients participated in the present
study. The study was approved by the Research Ethics
Committee of Kanazawa Medical University (Protocol:
No. 1100), and all subjects gave their written, informed
consent. This study was conducted in accordance with the
Declaration of Helsinki.

The estimated glomerular filtration rate (eGFR) was
calculated based on serum Cr and serum CysC levels
using the following equations according to the guideline
of the Japanese Society of Nephrology:

eGFR based on serum Cr (eGFR(,) level = 194x
Cr 0% Agefo‘z87 (mL/min/1.73 m?) for men and 194x
Cr 9% Age ™*?%%x0.739 (mL/min/1.73 m?) for women,

eGFR based on serum CysC (eGFRcys) level = (104x
CysC '19x0.996¢%) —8 (mL/min/1.73 m?) for men and
(104x CysC '919x0.996"€° x0.929) —8 (mL/min/1.73 m?)
for women.

Pulmonary Function Tests

Pulmonary function tests were performed to determine
forced vital capacity (FVC) and forced expiratory volume
in 1 second (FEV1). The predicted pulmonary function
values were calculated according to the Japanese
Respiratory Society guidelines.”> The diagnosis of COPD
was made based on the clinical history, physical examina-
data, GOLD
classification.®* This study included 201 patients with
COPD and 99 smokers without COPD. The COPD

patients were classified into 3 categories (mild, stage I;

tion, and spirometric following the

moderate, stage II; severe, stages III and IV) based on
spirometric data (Table 1).

Measurement of LAA%

LAA% was measured as previously reported.”> >’ Briefly,
high-resolution CT scans were acquired using a 128-
multidetector CT scanner (Somatom Definition FLASH;
Siemens Medical Solutions, Erlangen, Germany) with
a slice thickness of 2 mm. LAA% was calculated using
a threshold of —960 Hounsfield units (HU) to assess the
emphysematous changes and the total lung volume using
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Table | Characteristics of Patients

Characteristics Smoker Control Mild COPD Moderate COPD Severe COPD
GOLD Stage | Stage Il Stage lll, IV
No. of patients 99 87 55
Age, year 704 + 8.0 714 + 86 71.5+82 738+ 9.0
Sex, male (female) 96 (3) 55 (4) 83 (4) 50 (5)
Smoking, pack-year 55.8 + 31.2 52.0 £ 285 61.6 +36.2 67.2 + 485
Current smoker, NO. 32 29 12

BMI (kg/m?) 23.1 + 338 23.0 + 3.1 22.7 £33 20.7 + 3.8%*
FVC, % predicted 97.8 £ 15.2 112.5 + 13.4* 96.1 £ 13.0 77.7 £ 18.9*
FEVI/FVC, % 774 + 6.0 64.0 + 5.5* 52.7 £ 9.2* 39.5 £ 10.7*
FEVI, % predicted 96.8 + 14.5 95.0 £ 13.3 64.9 + 8.6* 37.5 + 8.0*
CRP (mg/dL) 0.16 £ 0.14 0.33 £ 0.55 0.31 +0.68 0.53 + 1.06*
LAA, % 63 %69 12.1 + 11.8* 16.0 £ I1.1* 23.6 + 15.4*

Notes: Values are expressed as means + SD. *P < 0.05, **P < 0.0 versus smoker control.
Abbreviations: COPD, Chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease; FVC, % predicted, Forced Vital Capacity %
predicted; FEV1% predicted, Forced Expiratory Volume in | Second % predicted; CRP, C reactive protein; LAA, Low attenuation area.

the computer software LungVision™ version 2.1
(Cybernet Systems Co., Ltd., Tokyo, Japan).

Quantitative Analysis of the
Cross-Sectional Area (CSA) of the

Erector Spinae Muscles (ESM)

The CSA of ESMs (ESMcsa) was measured based on
a previous study by Tanimura et al.'* Briefly, ESMcsa
was measured on a single-slice, axial chest CT image at
the level of the lower margin of the 12th thoracic vertebra
using a computer software (Image J, National Institutes of
Health, Bethesda, MD, USA). The left and right ESMs
were selected manually, the areas of both ESMs were
selected, and the CSAs of both ESMs were calculated

Figure | Representative chest computed tomography (CT) image used to measure
the cross-sectional area of erector spinae muscles (ESMcsa). The manually selected
area (yellow) is used to measure ESMcsa using the computer software, Image ).

(Figure 1). The intra- and interobserver reliabilities were
determined in 45 subjects (Control n=10, stage I n=11,
stage II n=19, stage III n=5, stage IV n=0) with K.N. and
M.N. (pulmonary physicians) as the observers. The intra-
class correlation coefficient (ICC) of intra-observer agree-
ment was 0.998, and the ICC of inter-observer reliability
was 0.973.

Statistical Analysis

Comparisons of age, smoking index (expressed as pack-
years), pulmonary function parameters, ESMcga, and
LAA% were performed using analysis of variance
(ANOVA) with Bonferroni corrections for multiple com-
parisons. Correlations were analyzed by Pearson’s cor-
data
between current smokers and former smokers and
between GOLD stage III and IV COPD patients were
performed using Student’s #-test. The significance of

relation coefficient. Comparisons of clinical

differences in the distributions of sex and disease sever-
ity between the groups was determined by the chi-
squared test and the chi-squared test for trend.
Comparisons were considered significant at p <0.05.
Binary logistic regression analysis of the Cr/CysC ratio
was performed using the statistical software SPSS 26.0
(SPSS Inc., Chicago, IL, USA) to exclude the effects of
sex, age, BMI, CRP, %FVC, FEV1%, %FEV1, LAA%,
and ESMcga. The patients were divided into 2 groups
using cut-off values of 18.5kg/m” for BMI, 0.2 mg/dL
for CRP, 80% for %FVC, 50% for FEV1%, 50% for %
FEV1%, and 5% for LAA%.*® Similarly, the patients
were divided into 2 groups using cut-off values of 24.7
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Table 2 Serum Creatinine, Cystatin C, and Estimated Glomerular Filtration Rates

Smoker Control Mild COPD Moderate COPD Severe COPD
Cr (mg/dL) 0.90 £+ 0.23 0.87 + 0.25 0.88 + 0.30 0.78 £ 0.18*
Cys C (mg/L) 1.03 £ 0.31 1.03 + 0.42 1.02 £ 0.33 1.00 + 0.24
eGFR¢, (mL/min /I.73m2) 688 + 17.6 709 £ 17.0 713 +£213 78.6 £ 19.0*
eGFR¢ys (mL/min/I.73m2) 70.6 £ 3.7 704 + 43 703 £ 3.8 69.7 £ 4.0

Notes: Values are expressed as means * standard deviation. *P < 0.05 versus smoker control.
Abbreviations: COPD, chronic obstructive pulmonary disease; Cr, creatinine; CysC, cystatin C; eGFRc,, estimated glomerular filtration rate based on Cr; eGFRcys,

estimated glomerular filtration rate based on CysC.

for ESMcga and 0.885 for Cr/CysC, which were
obtained from the receiver operating -characteristic
(ROC) curves. Furthermore, ROC curve analysis was
performed to calculate the area under the ROC curve
(AUC) of ESMcga and the Cr/CysC ratio for severe
COPD.

Results

Patients’ Characteristics

Age, sex, smoking history, pulmonary function data, serum
C-reactive protein (CRP), and LAA% of COPD patients clas-
sified by pulmonary function are summarized in Table 1. No
significant differences were observed in age, sex, or smoking
history between the groups, except for the serum CRP, pul-
monary functions, and LAA%. The serum CRP level was
significantly higher in patients without COPD than in severe
COPD patients. Although there were no significant differences
in serum CysC and eGFRcy; levels between smoker control
and COPD patients, there was a significant decrease in serum
Cr levels and an increase in eGFR; levels in severe COPD

A p < 0.0001
p < 0.001
reeee
60- p <0.01
| —— |
g 40+ o.. . ..o ..'. e 2 0...’ b
< —ttves
3 oo
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w .
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» | @ )
O @\\6 S
& & ()
€ & )

patients compared with those in smoker control patients
(Table 2).

Association of ESMcsa and the Serum Cr/
CysC Ratio

The ESMcga was significantly decreased in severe COPD
patients compared with smoking control, mild, and mod-
erate COPD patients (Figure 2A). The serum Cr/CysC
ratio was also significantly decreased in severe COPD
patients compared with smoking control, mild, and mod-
erate COPD patients (Figure 2B).

The serum Cr levels in all patients were not correlated
with ESMcga (Figure 3A), but the serum Cr level in
patients with normal serum CysC levels (CysC <
0.95 mg/L) was significantly correlated with the ESMcga
(Figure 3B). Furthermore, the serum Cr/CysC ratio was
significantly correlated with the ESMcg4 in all patients in
the present study (Figure 3C).

According to the ROC analysis, the cut-off points of
ESMcgsa and Cr/CysC for severe COPD were 24.7 (AUC

B p < 0.001

p<0.01
m—F—eeee
1.5+ p <0.01
| —— |

Cr/CysC ratio

Figure 2 The cross-sectional area of the ESMcsa measured from chest CT (A) and the serum creatinine/cystatin C (Cr/CysC) ratio (B) of smoker control patients (control)
and patients with mild, moderate, and severe chronic obstructive pulmonary disease (COPD). Both ESMcsa and the Cr/CysC ratio are significantly lower in severe COPD

patients than in other groups. Data are expressed as means * standard deviation.
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Figure 3 The figures show the correlation analyses between serum Cr levels and ESMcsa measured from chest CT in the total patient sample (A) and in patients with
normal serum CysC levels (B), and the correlation analysis between the serum Cr/CysC ratio and ESMcsa (C). The Cr levels in patients with normal CysC levels and the

Cr/CysC ratio are significantly correlated with ESMcsa,
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vO 5.0 160

100% - Specificity%
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Figure 4 Receiver operating characteristic (ROC) curves and areas under the ROC curves (AUCs) of Cr/CysC and ESMcsa. The ROC curve and AUC of ESMcsa for severe
COPD. The cut-off point of ESMcsa for severe COPD is 24.65 (AUC 0.705 (95% confidence interval [CI] 0.625-0.785), sensitivity = 59.3%, specificity = 76.3%) (A). The
ROC curve and AUC of Cr/CysC for severe COPD. The cut-off point of Cr/CysC for severe COPD is 0.865 (AUC 0.688 (95% Cl 0.616-0.760), sensitivity = 76.4%,

specificity = 56.7%) (B).

0.705 [95% CI 0.625-0.785] (Figure 4A), sensitivity =
59.3%, specificity = 76.5%) and 0.885 (AUC 0.688 [95%
CI 0.616-0.760], sensitivity = 81.8%, specificity =
51.4%), respectively (Figure 4B).

Correlation Analyses of the Serum CysC
Level, Cr/CysC Ratio, and Clinical

Parameters

The Cr/CysC ratio in patients with COPD was signifi-
cantly inversely related to age. This ratio was also weakly
positively correlated with BMI and weakly inversely cor-
related with LAA% (Figure SA—C). FEV1 and FVC values
were also significantly correlated with the Cr/CysC ratio,
and FEV1%, %FEV1, and %FVC were weakly correlated
with this ratio (Figure 5SD-H). Better correlations were

observed between the Cr/CysC ratio and pulmonary func-
tion, such as FEV1, FVC, %FEV1, and %FVC in patients
under 65 years of age than in patients 65 years of age and
older (Figure 6). Binary logistic analysis was performed
with age, BMI, CRP, %FVC, FEV1%, % FEV1, LAA%,
ESMcga, and Cr/CysC, respectively. Sex and %FEV1
affected the Cr/CysC ratio (Table 3). When the patients
were divided into 2 groups using an age cut-off value of 75
years instead of 65 years, age affected the Cr/CysC ratio
either.

In the present study, stage III and IV COPD patients
were combined to from the severe COPD group because of
the relatively small number of stage IV COPD patients
(Tables 1 and 4). To clarify the usefulness and character-
istics of Cr/CysC in patients with stage III and IV COPD,
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Figure 5 The figures show the correlation analyses between the serum Cr/CysC ratio and age (A), BMI (B), low attenuation area (LAA%) (C), forced expiratory volume in
| second (FEV1) (D), FEV | /fforced vital capacity (FVC) (FEV1%) (E), FEV1% predicted (%FEV1) (F), FVC (G), and FVC % predicted (%FVC) (H). Age, FEVI, FVC, and %FVC
are significantly correlated with the serum Cr/CysC ratio.
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Figure 6 The figures show the correlation analyses between the serum Cr/CysC ratio and age (A), BMI (B), low attenuation area (LAA%) (C), forced expiratory volume in
| second (FEVI) (D), FEVI/forced vital capacity (FVC) (FEV1%) (E), FEV1% predicted (%FEVI) (F), FVC (G), and FVC % predicted (%FVC) (H).

characteristics of stage III and IV COPD patients were

compared. However, there were no significant differences
in age, sex, smoking history, BMI, CRP, LAA%, Cr, and

CysC levels between the stage III and IV COPD patients,
despite significant deterioration in pulmonary functions

(Table

4). Furthermore,

correlation

analyses
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Table 3 Binary Logistic Regression Analysis of Cr/CysC Ratio

95% ClI Odds Ratio P value

Two groups: age 2 65 years and < 65 years

Sex 0.01-0.89 0.10 0.04
Age 0.73-2.70 1.40 0.31
FVC, % predicted 0.28-1.45 0.63 0.28
FEVI, % predicted 0.12-0.85 0.32 0.02
FEVI/FVC 0.51-1.75 0.95 0.86
ESMcsa 0.43-1.65 0.84 0.6l
LAA% 0.45-1.52 0.83 0.54
CRP 0.72-2.34 1.30 0.39
BMI 0.17-1.32 0.47 0.15
Two groups: age 2 75 years and < 75 years

Sex 0.01-0.66 0.08 0.02
Age 1.47-4.36 2.53 < 0.0l
FVC, % predicted 0.28-1.36 0.6l 0.23
FEVI, % predicted 0.14-0.86 0.35 0.02
FEVI/FVC 0.57-1.81 1.02 0.95
ESMcsa 0.53-1.96 1.02 0.96
LAA% 0.57-1.78 1.01 0.98
CRP 0.79-2.40 1.37 0.26
BMI 0.18-1.25 0.47 0.13

Abbreviations: FVC, % predicted, forced vital capacity % predicted; FEVI% pre-
dicted, forced expiratory volume in | second % predicted; ESMcsa, cross-sectional
area of erector spinae muscles; LAA, low attenuation area; CRP, C-reactive protein;
BMI, body mass index.

Table 4 Characteristics of Patients with Severe COPD

Characteristics Severe COPD P value
GOLD Stage Il Stage IV

No. of patients 45 10

Age, y 73.7 £ 9.1 742 £ 9.0 0.99
Sex, male (female) 41 (4) 9(l 091
Smoking, pack-years 69.6 £ 51.7 | 56.6 +29.2 0.84
Current smoker, No. 10 2 0.88
BMI (kg/m?) 207 +40 | 20633 0.99
FVC, % predicted 809 +17.6 | 63.3+19.0 < 0.0l
FEVI/FVC, % 404 £ 10.5 299 +£72 < 0.0l
FEVI, % predicted 402 £ 5.8 25.5 £ 4.7 < 0.0l
CRP (mg/dL) 059 £ 1.16 | 0.29 + 0.24 0.66
LAA, % 223+ 15 295+ 163 0.33
Cr (mg/dL) 079 £0.18 | 0.75+0.17 0.99
Cys C (mg/L) 1.03£025 | 091 £0.18 0.84
eGFRc(mLU/min /1.73 m?) | 77.7 £ 183 | 82.6 + 22.2 0.95
eGFRcys(mL/min/1.73 m?) | 69.5+4.0 | 703 +3.9 0.98

Notes: Values are expressed as means + standard deviation.

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global
Initiative for Obstructive Lung Disease; FVC, % predicted, forced vital capacity %
predicted; FEVI% predicted, forced expiratory volume in | second % predicted;
CRP, C-reactive protein; LAA, low attenuation area (LAA); Cr, creatinine; CysC,
cystatin C; eGFRc,, estimated glomerular filtration rate based on Cr; eGFRc,
estimated glomerular filtration rate based on CysC.

performed between the Cr/CysC ratio and age, BMI,
LAA%, FEV1, FEV1%, %FEV1, FVC% and FVC only
in patients with severe COPD, and there was a negative
correlation between the Cr/CysC ratio and age, as well as
positive correlations between the Cr/CysC ratio and FEV1
and FVC. Compared with the correlation analyses between
the Cr/CysC and these clinical parameters in total patients
(Figure 5), the p values of the correlation analyses between
the Cr/CysC ratio and %FEV1 and FEV1% were increased
(Figure 7).

The serum CysC level was weakly correlated with the
serum CRP level (Figure 8A), and there was no significant
correlation between the serum CysC level and LAA%
(Figure 8B).

Because the smoking status may affect serum CysC
levels,” the association of the Cr/CysC ratio with the
ESMcsa and FEVI1 value in these patients was evalu-
ated between former smokers and current smokers.
Although there were no significant differences in
serum CysC levels, Cr levels, the Cr/CysC ratio, and
%FEV1 between current smokers and former smokers,
there were significant decreases in age, LAA%, and
ESMcsa (Table 5). In addition, there were stronger
Cr/CysC ratio and both
ESMcga and the FEV1 value in former smokers than

correlations between the

in current smokers (Figure 9).

Discussion

In the present study, it was confirmed that the Cr/CysC
ratio was significantly associated with ESMcga and the
severity of COPD. The serum Cr level could be
a biomarker of muscle mass of COPD patients with nor-
mal renal function (Figure 3B), because the serum Cr

level was affected by muscle mass,' ">

and the present
findings showed that the Cr/CysC ratio might be a more
reliable marker than the serum Cr level to assess the
muscle mass of COPD patients (Figures 2 and 3C).
CysC, which is not affected by muscle mass, has been
largely studied in renal disease and cardiovascular dis-
ease, and it has been shown to be a valuable marker of
renal function, particularly in elderly persons.*® The use
of serum Cr levels adjusted for serum CysC will eliminate
the effect of renal function and reflect systemic muscle
mass, which is strongly associated with the severity and
prognosis of COPD patients.'**! According to the ROC
the ESMcga could be
a relatively better biomarker than the Cr/CysC ratio for
of COPD the

curve and AUC analyses,

the assessment severity. However,

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

https:

3519

Dove!


https://www.dovepress.com
https://www.dovepress.com

Nishiki et al Dove
A1oo- R=-0.31 B4o_ R=0.119 C 80+ R =-0.109 Dzo- R =0.335
p <0.05 p =0.393 p =0.428 p<0.05
o5 30 60 . 15 s
T s0- 2 .: . o &’ Q9 ‘o ) .
EY = y 1 s . < Yy 3
O Ot ™ I A B BT
< . 104 20- O~ “ os] °* s o'b
[ ] ‘ [ ) ..
o 00 o
40 ' r . 0 r ’ . 0 oo %o . 0.0 r r .
0.0 0.5 1.0 15 0.0 0.5 1.0 15 0.0 0.5 1.0 15 0.0 0.5 1.0 15
Cr/CysC ratio Cr/CysC ratio Cr/CysC ratio Cr/CysC ratio
E R =-0.086 F R =0.039 G R =0.347 H R =0.215
80+ p =0.531 60+ p=0.775 51 e P<0.01 1501 p=0.115
L]
604 .°.. 41 S .
< JX L < 404 - R g o 100+ . ;3 o
< 404 ° w
=40 i Q| 2 . i .}.& .
w XN S~ 20- b Fooge, 50- e
204 @ 14 ® ® o.
0.0 0.5 1.0 15 0.0 0.5 1.0 15 0.0 05 1.0 15 0.0 05 1.0 15

Cr/CysC ratio Cr/CysC ratio

Cr/CysC ratio Cr/CysC ratio

Figure 7 The figures show the correlation analyses between the serum Cr/CysC ratio and FEVI, %FEV I, FVC, and %FVC. Comparing the group 65 years and older (A) with
the group younger than 65 years (B), the pulmonary functions are better correlated with the Cr/CysC ratio in the group younger than 65 years. Age, FEVI, and FVC are

weakly correlated with the serum Cr/CysC ratio.
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Figure 8 The figures show the correlation analyses between serum CysC levels and both serum CRP levels (A) and LAA% (B). The CRP level is weakly correlated with the
CysC level, and there is no significant correlation between LAA% and the serum CysC level.

differences in the AUC are slight, not marked. We believe
that both ratios can be equivalent biomarkers of the sever-
ity of COPD (Figure 4).

The serum Cr/CysC ratio has been reported as
a predictive marker for adverse effects of chemotherapy
in lung cancer.”? Kim et al also reported that an equation
based on serum Cr and CysC levels was useful to estimate
total-body muscle mass.*> Similar to these previous

reports, it was confirmed in the present study that the Cr/
CysC ratio would have clinical significance for assessing
the disease severity of COPD as well as ESMcga
(Figure 2). Moreover, this ratio may be useful to estimate
FEV1 and FVC values of COPD patients (Figure 5D).
However, this ratio was significantly affected by age and
sex (Figure SA and Table 3), and it would have limited
power in the evaluation of airflow limitations (Figure S5E
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Table 5 Characteristics of Current and Former Smokers

Characteristics Current Former P value
Smoker Smoker

Sex (m/f) 85/10 199/6 < 0.05
Age (y) 67.9 + 8.7 73277 < 0.001
Pack-years 56.1 +28.2 60.1 +39.3 0.37
FVC, % predicted 984 + 145 95.7 £ 20.0 0.23
FEVI/FVC (%) 62.1 + 149 59.7 £ 16.9 0.24
FEVI, % predicted 780+ 213 75.6 £ 27.5 0.44
CRP (mg/dL) 031 +0.54 0.28 + 0.48 0.63
LAA, % 97 £ 103 15.1 £13.2 < 0.001
Cr (mg/dL) 0.83 + 0.23 0.88 + 0.26 0.07
CysC (mg/L) 1.00 + 0.35 1.03 £ 0.32 0.51
Cr/CysC ratio 0.85 + 0.16 0.87 £ 0.15 0.17
ESMcsa (cm?) 307 £76 280+ 76 < 0.005
GOLD stage -/I/ll/ (32/23/19/11) (67/36/68/44) 0.03
[11=\%

Note: Values are expressed as means * standard deviation.

Abbreviations: FVC, % predicted, forced vital capacity % predicted; FEV % predicted,
forced expiratory volume in | second % predicted; CRP, C-reactive protein; LAA, low
attenuation area; Cr, creatinine; CysC, cystatin C; ESMcsp, cross-sectional area of
erector spinae muscles; GOLD, Global Initiative for Obstructive Lung Disease.

and F and Table 3), probably because muscle weakness
would decrease either FVC or FEV1.>® There was a better
correlation between the Cr/CysC ratio and pulmonary
functions in patients under 65 years of age than in patients
65 years of age and older (Figure 6). The Cr/CysC ratio
could be a better biomarker of pulmonary function in
middle-aged COPD patients than in elderly COPD
patients. It has been reported that muscle mass decreases
1-2% annually in patients with COPD over 50 years of
age,>® but 5-13% of patients over 65 years of age without
chronic diseases such as COPD develop sarcopenia.’
Therefore, it was assumed that, in the present study, the
worse correlations between the Cr/CysC ratio and pulmon-
ary function in patients over 65 years of age were affected
by the age-related muscle loss associated with sarcopenia.
In the present study, the number of the patients under 65
years of age (n=69) was relatively small compared with
that of those 65 years of age and older (n=231). It might be
necessary to increase patient numbers in the future. In
addition, the binary logistic analysis showed that FEV1
and the Cr/CysC ratio were lower in females than in
males. Patients over the age of 75 years had significantly
lower Cr/CysC levels than patients under the age of 75
years. These results are in line with previous studies that
showed that serum Cr levels are lower in women and the
elderly persons.’*® We assume that, although the Cr/
CysC ratio can be a predictive marker of pulmonary

function, it should be kept in mind that the Cr/CysC ratio
can be underestimated in women and patients over the age
of 75 years.

A limitation of this study is the relatively small
number of stage IV COPD patients, which makes it
difficult to assess the usefulness of this biomarker in
severe COPD patients. In the present study, there was
no correlation between the Cr/CysC ratio and airflow
limitation (FEV1% and %FEV1) in patients with stage
IIT and IV COPD (Figure 7), despite the fact that they
were significantly correlated in all patients (Figure 5).
These differences suggest that the Cr/CysC ratio is not
a suitable biomarker for classifying severe COPD
patients into stages III and IV, even though the Cr/
CysC ratio is a predictive biomarker for differentiating
severe COPD patients from all patients (Figure 4B).
However, it is possible that a study of the Cr/CysC
ratio with a larger number of patients with stage IV
COPD would confirm the usefulness of this biomarker
for classifying severe COPD patients into stages III and
IV in the future.

However, several previous reports showed that serum
CysC levels were associated with increased serum CRP
levels and smoking status.”*>° Conversely, CRP was
reported as one of the biomarkers of disease severity
in COPD patients.*” In the present study, the CRP level
was higher in severe COPD patients than in smoker
control patients (Table 1), and a weak correlation
between serum CysC and CRP levels was observed
(Figure 8A).

Furthermore, there were stronger correlations
between the Cr/CysC ratio and both ESMcgs and
FEV1 values in former smokers than in current smokers
(Figure 9). This result could be affected by the fact that
the current smokers entered in the present study
included more emphysema patients, because it has
been previously reported that emphysema correlates
with muscle loss.*! From these observations, it was
concluded that, in current smokers and patients with
high serum CRP levels, the Cr/CysC ratio would not
be a sensitive biomarker to assess the muscle mass and
disease severity of COPD patients.

Conclusion

In conclusion, the serum Cr/CysC ratio is associated
with ESMcga and pulmonary functions, especially
FVC and FEV1 values. Despite the fact that age and
smoking status may affect this ratio, measuring this
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Figure 9 The upper figures show correlation analyses between the serum Cr/CysC ratio and ESMcsa in current smokers (A) and former smokers (B). The lower figures
show the correlation analyses between the serum Cr/CysC ratio and the FEVI value in current smokers (C) and former smokers (D). There are stronger correlations
between the Cr/CysC ratio and both ESMcsa and the FEVI value in former smokers than in current smokers.

ratio is easy, repeatable, and inexpensive, without radia-
tion hazard, compared with measuring ESMcga.
Furthermore, this ratio will be useful to estimate muscle
mass in various settings, including retrospective cohorts,
if the serum of the patients is properly stored.
Additional studies will be necessary to confirm the clin-

ical value of this ratio in the monitoring of COPD patients.
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