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Abstract

Background: In patients with chronic obstructive pulmonary disease (COPD), de-
creased muscle mass is a frequently encountered comorbidity in clinical practice. How-
ever, the evaluation of muscle mass in patients with COPD in real-world practice is rare.
Methods: We retrospectively reviewed the electronic medical records of all patients 
with COPD who underwent bioelectrical impedance analysis at least once between 
January 2011 and December 2021 in three hospitals. Then, we analyzed the perfor-
mance rate of muscle mass measurement in the patients and the correlation between 
muscle mass, clinical parameters, and COPD prognosis.
Results: Among the 24,502 patients with COPD, only 270 (1.1%) underwent muscle 
mass measurements. The total skeletal muscle mass index was significantly correlated 
with albumin, alanine transaminase, and creatinine to cystatin C ratio in patients with 
COPD (r=0.1614, p=0.011; r=0.2112, p=0.001; and r=0.3671, p=0.001, respectively). 
Acute exacerbation of COPD (AE COPD) was significantly correlated with muscle mass, 
especially the truncal skeletal muscle mass index (TSMI) in males (r=–0.196, p=0.007). 
In the multivariate analysis, TSMI and cystatin C were significant risk factors for AE 
COPD (hazard ratio, 0.200 [95% confidence interval, CI, 0.048 to 0.838] and 4.990 [95% 
CI, 1.070 to 23.278], respectively). 
Conclusion: Low muscle mass negatively affects the clinical outcomes in patients with 
COPD. Despite its clinical significance, muscle mass measurement is performed in a 
small proportion of patients with COPD. Therefore, protocols and guidelines for the 
screening of sarcopenia in patients with COPD should be established.

Keywords: Sarcopenia; Chronic Obstructive Pulmonary Disease; Mortality; Exacerba-
tion

Introduction

Sarcopenia is defined sarcopenia as age-related loss 
of muscle mass with low muscle strength, and/or low 
physical performance1. The Asian Working Group for 
Sarcopenia 2019 guidelines provide definitions for low 
muscle mass and low muscle strength. Low muscle 
mass is defined as a muscle mass index of less than 
7.0 kg/m2 in men and less than 5.7 kg/m2 in women, as 

measured by bioimpedance. Low muscle strength is 
defined as hand grip strength values less than 27 kg in 
men and less than 16 kg in women.

Sarcopenia is commonly accompanied by chronic 
obstructive pulmonary disease (COPD) in 8% to 21% 
of cases2. COPD leads to decreased muscle mass, es-
pecially in patients with moderate-to-severe COPD or 
acute exacerbation COPD (AE COPD)3-6. Under mutual 
influence, decreased muscle mass leads to worsened 
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clinical outcomes, forced expiratory volume in 1 sec-
ond (FEV1), exercise capacity, and quality of life in pa-
tients with COPD7. In our previous study, sarcopenia 
was found to be significantly associated with inflamma-
tion and poor prognosis, such as acute exacerbation8. 
However, previous study had limitations such as a 
small sample size and a cross-sectional study design. 
Nevertheless, the findings suggest that regular evalu-
ation of nutritional status and physical condition is im-
portant for patients with COPD. Therefore, further stud-
ies are needed that include a larger number of patients. 
Recently, the importance of muscle mass evaluation in 
COPD has been highlighted; however, it remains under-
estimated in real-world clinical settings. Screening for 
high-risk patients with sarcopenia is also uncommon. 
In addition, data on indication, method, and interval of 
muscle mass measurement in patients with COPD are 
still insufficient.

This retrospective multi-center cohort study aimed 
to confirm the current status of muscle mass measure-
ment in patients with COPD and verify the correlation 
between muscle mass, clinical parameters, and COPD 
prognosis.

Materials and Methods

1. Study design and patients
We retrospectively reviewed the electronic medical 

records (EMR) of all patients with COPD who visited 
the following three hospitals between January 2011 
and December 2021: Severance Hospital, Gangnam 
Severance Hospital, and Yongin Severance Hospital in 
South Korea (Figure 1). COPD patients are defined by 
the International Classification of Diseases 10th Re-
vision (ICD-10) diagnostic codes for COPD or emphy-
sema (J43.0x–J44.x, excluding J43.0) and the prescrip-
tion of COPD medications, which include muscarinic 
antagonists, beta-2 agonists, inhaled corticosteroids, 
phosphodiesterase-4 inhibitors, and methylxanthines. 
Among COPD patients, we included all patients those 
who underwent bioelectrical impedance analysis (BIA) 
at least once during this period to evaluate muscle 
mass. We excluded patients who visited an outpatient 
clinic only once or those with an active lung disease, 
bronchial asthma (asthma-COPD overlap syndrome), 
lung resection, or transplantation. We also excluded 
patients who had missing laboratory data within the 
last 6 months.

2. Measurement of muscle mass and strength
Muscle mass was quantified using BIA. The fat mass 
index (FMI) and fat free mass index (FFMI) were calcu-
lated as the fat mass and fat free mass (FFM), respec-
tively, divided by the square of the patient’s height (kg/
height2). The skeletal muscle mass index (SMI) was 
calculated as the skeletal muscle mass (SMM) divided 

Patients with COPD attending out-patient clinics
between January 2011 and December 2021 at 3 hospitals

24,502 patients

Patients with COPD who underwent bioelectrical impedance analysis
270 patients

Exclusion criteria

253 Patients

1) Patients who visited an outpatient clinic only once (n=12)
2) Patients with an active lung disease, bronchial asthma (asthma-COPD overlap syndrome),

lung resection, or transplantation (n=3)
3) Patients who have missing value in laboratory data within recent 6 months (n=2)

1) Evaluation of clinical outcomes
2) Correlation analysis between muscle mass, clinical parameters, and clinical outcomes

Figure 1. Study flow. COPD: chronic obstructive pulmonary disease.
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Table 1. Baseline characteristics

Group Total
(n=253)

Male
(n=189)

Female
(n=64) p-value

Age, yr 71.0 (64.5–77.1) 71.7 (65.8–77.0) 68.5 (62.9–79.1) 0.321

Height, cm 164.1±7.9 167.1±6.0 155.2±5.9 <0.001*

Weight, kg 61.0 (54.1–68.0) 63.0 (57.8–69.9) 54.2 (44.5–62.2) <0.001*

BMI, kg/m2 22.8 (20.4–25.0) 22.9 (20.8–24.9) 22.4 (19.6–25.4) 0.270

Fat mass index, kg/m2  6.0 (4.5–8.0)  5.8 (4.2–7.5)  7.0 (5.1–10.2) 0.002*

Fat free mass index, kg/m2 16.4±2.2 17.0±2.0 14.9±1.9 <0.001*

SMI, kg/m2 14.2 (12.7–15.5) 14.7 (13.6–15.9) 12.5 (10.8–13.2) <0.001*

   TSMI  7.4 (6.7–8.1)  7.6 (7.1–8.3)  6.7 (5.7–7.2) <0.001*

   ASMI  6.8 (6.0–7.4)  7.1 (6.5–7.7)  5.7 (4.9–6.1) <0.001*

Waist hip ratio  0.9 (0.9–1.0)  0.9 (0.9–1.0)  0.9 (0.8–1.0) 0.668

Comorbidities

   CCI score (points)  4.0 (3.0–7.0)  4.0 (3.0–6.0)  5.0 (3.0–7.5) 0.190

      Myocardial infarction 20 (7.9) 17 (9.0) 3 (4.7) 0.403

      Congestive heart failure 80 (31.6) 55 (29.1) 25 (39.1) 0.185

      Peripheral vascular disease 55 (21.7) 43 (22.8) 12 (18.8) 0.620

      Cerebrovascular disease 91 (36.0) 68 (36.0) 23 (35.9) 1.000

      Dementia 48 (19.0) 29 (15.3) 19 (29.7) 0.019*

      Chronic pulmonary disease 253 (100.0) 189 (100.0) 64 (100.0) 1.000

      Rheumatic disease 7 (2.8) 6 (3.2) 1 (1.6) 0.811

      Peptic ulcer disease 63 (24.9) 41 (21.7) 22 (34.4) 0.063

      Mild liver disease 41 (16.2) 28 (14.8) 13 (20.3) 0.404

      DM without chronic complication 99 (39.1) 75 (39.7) 24 (37.5) 0.872

      DM with chronic complication 46 (18.2) 36 (19.0) 10 (15.6) 0.670

      Hemiplegia or paraplegia 49 (19.4) 34 (18.0) 15 (23.4) 0.441

      Renal disease 54 (21.3) 42 (22.2) 12 (18.8) 0.682

      Any malignancy* 81 (32.0) 58 (30.7) 23 (35.9) 0.533

      Moderate or severe liver disease 2 (0.8) 1 (0.5) 1 (1.6) 1.000

      Metastatic solid tumor 16 (6.3) 9 (4.8) 7 (10.9) 0.145

      AIDS/HIV 0 0 0 1.000

   History of osteoporosis 59 (23.3) 44 (23.3) 15 (23.4) 1.000

Laboratory data

   Protein  5.9 (4.9–6.8)  6.0 (5.0–6.9)  5.5 (4.8–6.6) 0.154

   Albumin  3.4 (2.7–4.2)  3.5 (2.7–4.2)  3.2 (2.6–3.9) 0.120

   Aspartate aminotransferase 17.0 (14.0–22.0) 17.5 (14.0–22.0) 17.0 (13.0–19.0) 0.160

   Alanine aminotransferase 11.0 (8.0–15.0) 12.0 (9.0–16.0) 10.0 (6.0–13.0) 0.002*

   Total bilirubin  0.4 (0.3–0.6)  0.5 (0.3–0.6)  0.3 (0.2–0.5) 0.002*

   Blood urea nitrogen 10.9 (8.5–14.7) 11.5 (8.9–14.8)  9.7 (8.1–11.8) 0.009*

   Creatinine  0.7 (0.5–0.9)  0.7 (0.6–0.9)  0.5 (0.4–0.6) <0.001*

   Cystatin C  1.2 (0.9–1.5)  1.2 (1.0–1.5)  1.0 (0.9–1.4) 0.201

   Creatinine to cystatin C ratio  0.7±0.2  0.7±0.2  0.6±0.2 0.047*

   C-reactive protein  1.1 (0.5–2.8)  1.1 (0.5–3.3)  1.2 (0.5–2.2) 0.627
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by the square of the patient’s height (kg/height2). The 
appendicular skeletal muscle mass index (ASMI) and 
truncal skeletal muscle mass index (TSMI) reflected 
the muscle mass of the limbs and trunk, respectively.

3. Data collection
The demographic characteristics included age, sex, 
height (cm), weight (kg), body mass index (BMI; kg/m2), 
and waist-to-hip ratio. Comorbidities were evaluated 
using Charlson comorbidity index (CCI) and classified 
as follows by using the algorithm of Quan et al.9 His-
tory of osteoporosis was evaluated by ICD-10 (M80-
82). Laboratory data were obtained, including protein, 
albumin, aspartate aminotransferase (AST), alanine 
transaminase (ALT), total bilirubin, blood urea nitrogen 
(BUN), creatinine, cystatin C, and C-reactive protein 
(CRP) levels. Because these laboratory values were 
influenced by the acute conditions of the patients, we 
defined the median value of these laboratory data over 
a year as the baseline.

4. Clinical outcomes
Clinical outcomes included AE COPD, pneumonia de-
velopment, outpatient/emergency room (ER) visits, and 
admissions to the general ward or intensive care unit 
for a year after muscle mass measurement. Cases of 
all-cause in-hospital mortality were evaluated for the 
entire study period. AE COPD was defined with wors-
ening of clinical symptoms and use of systemic steroid. 
Pneumonia was diagnosed by clinical symptoms and 
radiologic findings. The evaluation of events per year 
was based on recorded events in the EMR during a 
1-year period after the visit for the BIA test. The fol-
low-up period utilized in the Cox regression analysis 

was defined as the duration from the date of the visit 
for the BIA test up to the last follow-up.

5. Ethics
This study was approved by the Institutional Review 
Board of Gangnam Severance Hospital (number: 
3-2022-0417). Data were collected in accordance with 
the Declaration of Helsinki. All data for the retrospec-
tive analysis of clinical outcomes were fully anonymized 
before access, and the ethics committee waived the 
requirement for written informed consent because of 
the retrospective nature of this study.

6. Statistical analysis
Between-group comparisons of categorical variables 
were performed using the Chi-squared test or Fisher’s 
exact test. Based on the Shapiro–Wilk test, parametric 
and non-parametric continuous variables were com-
pared using an independent two-sample t-test and 
Kruskal–Wallis rank sum test, respectively. Correlations 
between variables were analyzed using Pearson’s 
correlation analysis. Hazard ratios for AE COPD were 
analyzed using the Cox regression model. Statistical 
significance was set at p<0.05. Statistical analyses 
were conducted using the R software version 4.0.2 (R 
Foundation for Statistical Computing, Vienna, Austria). 
Pearson’s correlation analysis was performed using the 
“stats” package in R. Cox regression analysis was per-
formed using the “survival” package in R.

Results

1. Baseline characteristics
Among 24,502 patients with COPD, only 270 (1.1%) un-

Table 1. Continued

Group Total
(n=253)

Male
(n=189)

Female
(n=64) p-value

Purpose of a BIA test 0.147

   Rehabilitation program 132 (52.2) 98 (51.9) 34 (53.1) 0.860

   Sarcopenia screening 79 (31.2) 65 (34.4) 14 (21.9) 0.062

   Body fluid evaluation 4 (1.6) 3 (1.6) 1 (1.6) 0.989

   Endocrine disorders evaluation 26 (10.3) 15 (7.9) 11 (17.2) 0.035*

   Health examination 12 (4.7) 8 (4.2) 4 (6.2) 0.512

History of previous AE COPD 59 (23.3) 44 (23.3) 15 (23.4) 1.000

Values are presented as median (interquartile range), mean±standard deviation, or number (%).
*p<0.05 (including lymphoma and leukemia, except malignant neoplasm of skin).
BMI: body mass index; SMI: skeletal muscle mass index; TSMI: trunk muscle mass index; ASMI: appendicular muscle mass index; CCI: 
Charlson comorbidity index; DM: diabetes mellitus; AIDS: acquired immunodeficiency syndrome; HIV: human immunodeficiency virus; 
BIA: bioelectrical impedance analysis; AE: acute exacerbation; COPD: chronic obstructive pulmonary disease.
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derwent BIA for the measurement of muscle mass, and 
253 patients were finally included in the analysis (Figure 
1). The most common purpose for conducting BIA was 
rehabilitation with 132 patients (52.2%), followed by 
sarcopenia screening with 79 patients (31.2%) (Table 
1). There were no significant sex-related differences in 
age, BMI, waist-to-hip ratio, CCI score, and comorbid-

ities, except in dementia (male vs. female: 15.3% vs. 
29.7%, p=0.019). FFMI, and SMI were higher in males 
than in females (male vs. female; mean±standard devi-
ation or median [interquartile range]: 17.0±2.0 kg/m2 vs. 
14.9±1.9 kg/m2, p<0.001; and 14.7 kg/m2 [13.6 to 15.9] 
vs. 12.5 kg/m2 [10.8 to 13.2], p<0.001; respectively). 
The FMI was higher in females than in males (male vs. 

Table 2. Comparison of clinical outcomes between the muscle mass tertile groups 

Variable 1st tertile 2nd tertile 3rd tertile p-value

Total patients 84 83 86

   All-cause in-hospital mortality† 12 (14.3) 10 (12.0) 1 (1.2) 0.006*

   AE COPD within 1 year 7 (8.3) 2 (2.4) 4 (4.7) 0.216

      1 event/yr 2 (2.4) 1 (1.2) 0

      2 events/yr 1 (1.2) 1 (1.2) 1 (1.2)

      Above 3 events/yr 4 (4.8) 0 3 (3.5)

   Pneumonia within 1 year 4 (4.8) 3 (3.6) 2 (2.3) 0.692

      1 event/yr 1 (1.2) 1 (1.2) 0 

      2 events/yr 0 0 1 (1.2)

      Above 3 events/yr 3 (3.6) 2 (2.4) 1 (1.2)

   ER visits within 1 year 9 (10.7) 3 (3.6) 2 (2.3) 0.037*

      1 event/yr 4 (4.8) 2 (2.4) 1 (1.2)

      2 events/yr 1 (1.2) 0 0 

      Above 3 events/yr 4 (4.8) 1 (1.2) 1 (1.2)

   Admissions within 1 year 17 (20.2) 10 (12.0) 11 (12.8) 0.259

      1 event/yr 5 (6.0) 4 (4.8) 1 (1.2)

      2 events/yr 0 1 (1.2) 5 (5.8)

      Above 3 events/yr 12 (14.3) 5 (6.0) 5 (5.8)

   ICU admissions within 1 year 2 (2.4) 2 (2.4) 1 (1.2) 0.800

Male 63 62 64

   All-cause in-hospital mortality† 9 (14.3) 8 (12.9) 1 (1.6) 0.027*

   AE COPD within 1 year 6 (9.5) 1 (1.6) 4 (6.2) 0.165

   Pneumonia within 1 year 4 (6.3) 1 (1.6) 2 (3.1) 0.358

   ER visits within 1 year 9 (14.3) 3 (4.8) 2 (3.1) 0.036*

   Admissions within 1 year 13 (20.6) 6 (9.7) 9 (14.1) 0.221

   ICU admissions within 1 year 2 (3.2) 0 1 (1.6) 0.365

Female 21 21 22

   All-cause in-hospital mortality† 3 (14.3) 2 (9.5) 0 0.205

   AE COPD within 1 year 1 (4.8) 1 (4.8) 0 0.582

   Pneumonia within 1 year 0 2 (9.5) 0 0.121

   ER visits within 1 year 0 0 0 1.000

   Admissions within 1 year 4 (19.0) 4 (19.0) 2 (9.1) 0.581

   ICU admissions within 1 year 0 2 (9.5) 0 0.121

Values are presented as number (%).
*p<0.05. †The observation period for the results ranged from 365 to 4,239 days, with a median observation period of 1,223 days.
AE: acute exacerbation; COPD: chronic obstructive pulmonary disease; ER: emergency room; ICU: intensive care unit.
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female: 5.8 kg/m2 [4.2 to 7.5] vs. 7.0 kg/m2 [5.1 to 10.2], 
p=0.002). In the baseline laboratory data, there were 
no significant sex-related differences in serum protein, 
albumin, AST, cystatin C, or CRP levels (Table 1). On the 
contrary, ALT, total bilirubin, BUN, and creatinine were 
higher in males than in females (Table 1). Creatinine to 
cystatin C ratio was significantly higher in males than in 
females (0.7±0.2 vs. 0.6±0.2, p=0.047).

2. Low muscle mass and clinical outcomes in 
patients with COPD

We obtained tertiles of ASMI in each male and female 
patient and divided them into three groups (Table 
2). The first tertile (T1, 33rd percentile) and second 
tertile (T2, 66th percentile) were 6.727 and 7.407 kg/
m2 in males and 5.269 and 6.027 kg/m2 in females, 
respectively. All-cause in-hospital mortality and ER 

Figure 2. Pearson’s correlation plot between laboratory parameters and muscle mass. (A) Association of albumin levels 
with total skeletal muscle mass index (SMI). (B) Association of alanine aminotransferase (ALT) levels with total SMI. (C) 
Association of total bilirubin levels with total SMI. (D) Association of blood urea nitrogen (BUN) levels with total SMI. (E) 
Association of creatinine (Cr) levels with total SMI. (F) Association of Cr to cystatin C ratio with total SMI.
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visits within 1 year were significantly higher in patients 
with lower muscle mass (T1 group vs. T2 group vs. T3 
group; 14.3% vs. 12.0% vs. 1.2%, p=0.006; and 10.7% 
vs. 3.6% vs. 2.3%, p=0.037; respectively). Specifically, 
male COPD patients with an ASMI lower than 6.727 
kg/m2 have a higher prevalence of all-cause in-hospital 
mortality and ER visits within 1 year compared to male 
COPD patients with an ASMI higher than 7.407 kg/m2 
(14.3% vs. 1.6%, p=0.007; and 14.3% vs. 3.1%, p=0.025; 
respectively). Although not significant, AE COPD and 

admission within 1 year were also higher in the lower 
muscle mass group (Table 2).

3. Laboratory parameters associated with muscle 
mass in patients with COPD

Total SMI was significantly correlated with albumin, 
ALT, total bilirubin, BUN, creatinine, and creatinine/
cystatin C levels in all patients (correlation coefficient 
[r]=0.1614, r=0.2112, r=0.3048, r=0.1345, r=0.1758, and 
r=0.3671, respectively) (Figure 2 and Supplementary 

Figure 2. Continued.

40

30

20

10

0

B
U

N

10 14 18 22

Total SMI

Total patients
Pearson s r=0.1345, p=0.034

4

2

1.25

1.00

0.75

0.50

0

0.25

C
r

C
r/

c
y
s
ta

ti
n

C

10

10

14

14

18

18

22

22

Total SMI

Total SMI

Total patients
Pearson s r=0.1758, p=0.005

Total patients
Pearson s r=0.3671, p=0.001

40

30

20

10

0

B
U

N
9 15 18

Total SMI

Males
Pearson s r=0.0729, p=0.322

5

4

3

2

1

1.25

1.00

0.75

0.50

0.25

0

C
r

C
r/

c
y
s
ta

ti
n

C

9

9

15

15

18

18

Total SMI

Total SMI

Males
Pearson s r=0.1404, p=0.055

Males
Pearson s r=0.2787, p=0.039

12

12

12

20

10

0

B
U

N

10 14 18 22

Total SMI

Females
Pearson s r=0.1157, p=0.367

3

2

1

0.8

0.6

0.4

0

C
r

C
r/

c
y
s
ta

ti
n

C
10

10

14

14

18

18

22

22

Total SMI

Total SMI

Females
Pearson s r= 0.0321, p=0.803

Females
Pearson s r=0.3692, p=0.076

1.0

D

E

F



Low skeletal muscle mass in COPD

https://e-trd.org/Tuberc Respir Dis 2023;86:272-283 279

Table S1). In males, ALT, total bilirubin, and creatinine/
cystatin C levels were significantly correlated with total 
SMI (r=0.1721, r=0.2751, and r=0.2787; respectively). 

Conversely, no parameters were significantly related 
to total SMI in females (Supplementary Table S1). Al-
though no significant difference was observed in fe-

Table 3. Correlation between clinical outcomes, muscle mass, and laboratory parameters

Variable
Exacerbation, /yr Pneumonia, /yr ER visit, /yr Admission, /yr

r p-value r p-value r p-value r p-value

Total patients

   Age –0.095 0.132 0.008 0.899 0.043 0.500 0.093 0.140

   CCI 0.045 0.474 –0.026 0.681 0.168 0.007* 0.135 0.032*

   Total SMI –0.117 0.064 –0.069 0.275 –0.084 0.185 –0.132 0.037*

   TSMI –0.127 0.043* –0.064 0.314 –0.106 0.092 –0.111 0.079

   ASMI –0.095 0.132 –0.067 0.290 –0.055 0.387 –0.138 0.029*

   Albumin –0.114 0.073 –0.100 0.116 –0.143 0.024* –0.143 0.024*

   ALT –0.017 0.787 –0.052 0.412 –0.097 0.125 –0.107 0.091

   Total bilirubin –0.071 0.374 –0.031 0.694 –0.007 0.926 –0.120 0.129

   BUN –0.103 0.104 –0.064 0.312 –0.043 0.501 –0.091 0.150

   Creatinine –0.067 0.295 –0.054 0.398 –0.049 0.445 0.342 <0.001*

   Cr/Cys C –0.149 0.189 0.077 0.499 –0.115 0.311 –0.085 0.457

Male

   Age –0.111 0.130 –0.015 0.843 0.045 0.538 0.029 0.692

   CCI 0.070 0.335 –0.082 0.259 0.214 0.003* 0.157 0.031*

   Total SMI –0.198 0.006* –0.130 0.074 –0.178 0.014* –0.091 0.213

   TSMI –0.196 0.007* –0.117 0.108 –0.191 0.008* –0.089 0.222

   ASMI –0.172 0.018* –0.123 0.091 –0.141 0.053 –0.080 0.277

   Albumin –0.132 0.071 –0.084 0.252 –0.175 0.017* –0.184 0.012*

   ALT –0.035 0.630 –0.072 0.327 –0.140 0.055 –0.081 0.269

   Total bilirubin –0.096 0.293 –0.053 0.561 –0.031 0.734 –0.130 0.152

   BUN –0.125 0.090 –0.034 0.648 –0.065 0.379 –0.107 0.147

   Creatinine –0.087 0.235 –0.048 0.514 –0.076 0.298 0.275 <0.001*

   Cr/Cys C –0.202 0.140 –0.036 0.795 –0.178 0.193 –0.068 0.621

Female

   Age –0.131 0.302 0.070 0.583 NA NA 0.189 0.134

   CCI –0.110 0.385 0.140 0.271 NA NA 0.115 0.366

   Total SMI –0.175 0.166 0.038 0.767 NA NA –0.150 0.237

   TSMI –0.183 0.149 0.038 0.768 NA NA –0.102 0.421

   ASMI –0.154 0.225 0.035 0.783 NA NA –0.192 0.129

   Albumin –0.120 0.348 –0.157 0.220 NA NA –0.104 0.416

   ALT –0.034 0.792 –0.009 0.946 NA NA –0.127 0.323

   Total bilirubin –0.032 0.851 0.999 0.999 NA NA –0.153 0.360

   BUN –0.136 0.288 –0.173 0.176 NA NA –0.068 0.594

   Creatinine –0.105 0.413 –0.094 0.463 NA NA 0.625 <0.001*

   Cr/Cys C –0.345 0.099 0.401 0.052 NA NA –0.099 0.644

*p<0.05.
ER: emergency room; CCI: Charlson comorbidity index; SMI: skeletal muscle mass index; TSMI: trunk muscle mass index; ASMI: appen-
dicular muscle mass index; ALT: alanine transaminase; BUN: blood urea nitrogen; Cr: creatinine; Cys C: cystatin C; NA: not applicable.
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males, in both total patients and males, creatinine/cys-
tatin C was the most highly correlated with total SMI 
(r=0.3671 and r=0.2787, respectively) (Figure 2).

4. Muscle mass, laboratory parameters, and clinical 
outcomes in patients with COPD

The AE COPD frequency was significantly correlated 
with muscle mass (r=–0.127) (Table 3). TSMI was sig-
nificantly associated with AE COPD in all male patients 
(r=–0.196). Total SMI and ASMI were significantly asso-
ciated with AE COPD in male patients (r=–0.198 and r= 
–0.172, respectively). The frequency of pneumonia was 
not significantly correlated with either muscle mass or 
laboratory parameters (Table 3). ER visit frequency was 
correlated with comorbidities (CCI score) and albumin 
level in all patients (r=0.168 and r=–0.143, respectively). 
In male patients, CCI score, total SMI, TSMI, and serum 
albumin level were correlated with ER visit frequency 
(r=0.214, r=–0.178, r=–0.191, and r=–0.175, respec-

tively). Admission frequency was correlated with CCI 
score, total SMI, ASMI, albumin, and creatinine in all 
patients (r=0.135, r=–0.132, r=–0.138, r=–0.143, and 
r=0.342, respectively). In males, CCI score and albumin 
and creatinine levels were correlated with admission 
frequency (r=0.157, r=–0.184, and r=0.275, respective-
ly). Creatinine/cystatin C was not significantly associat-
ed with the frequency of exacerbation, pneumonia, ER 
visits, or admission in patients with COPD (Table 3).

5. Muscle mass index as a risk factor for AE COPD
In Cox regression, low TSMI was a significant risk fac-
tor for AE COPD in both univariate and multivariate 
analyses (hazard ratio [95% confidence interval]: 0.615 
[0.385 to 0.982], p=0.042; and 0.200 [0.048 to 0.838], 
p=0.028; respectively) (Table 4). A high cystatin C level 
was also a significant risk factor for AE COPD in both 
univariate and multivariate analyses (3.375 [1.372 to 
8.299], p=0.008; and 4.990 [1.070 to 23.278], p=0.031; 

Table 4. Cox regression model for acute exacerbation of COPD within 1 year

Variable
Univariate Multivariate†

VIF
HR (95% CI) p-value HR (95% CI) p-value

Age, yr 0.983 (0.939–1.029) 0.459 1.071 (0.960–1.195) 0.219 1.156

Sex (vs. female) 1.856 (0.411–8.373) 0.421 41.283 (1.203–1,416.885) 0.039* 1.479

CCI (score) 1.088 (0.928–1.274) 0.298 0.890 (0.607–1.303) 0.548 1.348

History of osteoporosis 0.861 (0.191–3.887) 0.846 0.945 (0.124–7.206) 0.956 1.103

Previous AE COPD 1.408 (0.434–4.574) 0.569 3.304 (0.427-25.548) 0.252 1.277

Total SMI 0.807 (0.637–1.023) 0.077

TSMI 0.615 (0.385–0.982) 0.042* 0.200 (0.048–0.838) 0.028* 2.187

ASMI 0.733 (0.471–1.141) 0.169

BMI 0.881 (0.760–1.022) 0.095 0.946 (0.747–1.197) 0.644 1.646

Protein 0.709 (0.452–1.110) 0.133

Albumin 0.724 (0.472–1.111) 0.139

Aspartate aminotransferase 0.963 (0.848–1.093) 0.555

Alanine aminotransferase 0.977 (0.898–1.063) 0.587

Total bilirubin 0.125 (0.004–4.123) 0.243

Blood urea nitrogen 0.998 (0.901–1.106) 0.968

C-reactive protein 0.965 (0.836–1.113) 0.624

Creatinine 0.988 (0.354–2.762) 0.982

Cystatin C 3.375 (1.372–8.299) 0.008* 4.990 (1.070–23.278) 0.031* 1.188

Creatinine/cystatin C 0.071 (0.002–3.165) 0.172

*p<0.05. †In the multivariate analysis, we included variables known to influence exacerbation and muscle mass measurements, such 
as age, sex, Charlson comorbidity index, osteoporosis, previous AE COPD, and BMI, along with variables with a univariate p-value of 
<0.05.
COPD: chronic obstructive pulmonary disease; HR: hazard ratio; CI: confidence interval; VIF: variance inflation factor; CCI: Charlson 
comorbidity index; AE: acute exacerbation; SMI: skeletal muscle mass index; TSMI: trunk muscle mass index; ASMI: appendicular 
muscle mass index; BMI: body mass index.
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respectively). Among the demographic variables, 
male sex was a significant risk factor for AE COPD in 
the multivariate analysis (17.304 [1.127 to 265.786], 
p=0.041).

Discussion

Our study revealed that only approximately 1.1% of all 
COPD patients underwent muscle mass evaluation, 
and among those patients, only 31.2% underwent BIA 
for sarcopenia screening. This highlights the lack of 
effort for sarcopenia screening and diagnosis in the 
real-world clinical setting of COPD. Currently, there are 
no clear guidelines regarding which COPD patients 
should be performed muscle mass evaluation for sar-
copenia screening, which modality should be used, 
and what treatments are necessary for sarcopenia 
patients. This study emphasizes the need for a related 
working group and guidelines for clinicians. 

As per our findings, low muscle mass was associated 
with all-cause mortality, exacerbation frequency, ER 
visit frequency, and admission frequency in patients 
with COPD. Low muscle mass was also correlated with 
clinical parameters such as serum albumin level, ALT, 
total bilirubin, BUN, creatinine, and creatinine/cystatin 
C. However, unlike muscle mass, these parameters did 
not reflect the prognosis of COPD. Only albumin was 
associated with ER visits and admissions in the cor-
relation analysis, and cystatin C levels were associated 
with AE COPD in the Cox regression analysis.

These findings demonstrate the necessity of eval-
uating muscle mass and recommending nutritional 
supplementation and exercise for patients with COPD. 
The main muscle mass parameter for the diagnosis 
of sarcopenia in the general population is ASMI2,10-12. 
Appendicular muscle is important for movement and 
exercise. In terms of respiratory muscles, TSMI may 
be more crucial than ASMI in patients with COPD. In 
the current study, TSMI was significantly associated 
with AE COPD compared with total SMI or ASMI in 
both Pearson’s correlation analysis and Cox regression 
analysis. Therefore, TSMI may be a better parameter 
than ASMI for evaluating muscle mass in patients with 
COPD. Further research is needed regarding this mat-
ter. To reflect the clinical course of COPD, it is neces-
sary to establish specialized screening criteria for sar-
copenia in the patients by supplementing the existing 
sarcopenia diagnostic criteria. Therefore, long-term, 
large-scale research is required.

To establish screening criteria for sarcopenia in 
COPD patients, it is important to study the relationship 
between muscle mass and clinical parameters. Albu-

min level is one of parameters that has been associ-
ated with muscle mass. Baumgartner et al.13 reported 
that serum albumin level was associated with muscle 
mass after adjusting for age, protein intake, physical 
activity, and comorbidity in men and women. However, 
since the albumin level in patients with COPD is lower 
than that in the non-COPD population, the association 
between albumin and muscle mass in these patients 
may be different from that in the general population14. 
The current study found a significant association be-
tween albumin and muscle mass, even among patients 
with COPD. And consistent with previous research, low 
albumin levels were linked to poor prognosis in COPD 
patients in this study15,16. Therefore, evaluating serum 
albumin levels in patients with COPD is useful for pre-
dicting prognosis.

Serum ALT levels also positively correlated with mus-
cle mass in the current study. Several previous studies 
have reported an association between ALT level and 
muscle mass17-19. ALT level is commonly used to eval-
uate hepatic dysfunction; however, it can reflect SMM, 
as it is also distributed in the heart, muscles, and kid-
neys20. In addition, several studies have reported that 
low ALT levels are associated with COPD development, 
acute exacerbations, and mortality20,21. However, the 
current study did not show a significant association 
between ALT levels and COPD prognosis. The small 
number of patients and follow-up duration may have 
affected the results.

Cystatin C has been used as a simple, accurate, and 
rapid endogenous marker of the glomerular filtration 
rate22. Creatinine is generated in proportion to muscle 
mass; however, cystatin C levels are not affected by it23. 
Therefore, the serum creatinine to cystatin C ratio can 
be used to evaluate muscle mass in several diseas-
es24-26. Similar to the results of the previous study, this 
study also showed a significant correlation between 
the serum creatinine to cystatin C ratio and muscle 
mass in patients with COPD27. However, this study did 
not show a meaningful correlation between the serum 
creatinine to cystatin C ratio and clinical outcomes. 
Cystatin C was an independent risk factor for AE COPD. 
Chai et al.28 also reported that serum cystatin C levels 
were higher in patients with COPD than in controls 
and in patients with AE COPD than in those with stable 
COPD. In addition, serum cystatin C levels are negative-
ly correlated with FEV1 or forced vital capacity28. These 
results suggest the roles of cystatin C in COPD devel-
opment and progression. Further large-scale well-de-
signed studies are required.

The strengths of our study are as follows. First, be-
cause the study was conducted as a multi-center ob-
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servational cohort study, it included a relatively large 
number of patients compared to that in previous stud-
ies. Second, we defined the median value among the 
1-year laboratory data for each patient as the baseline; 
therefore, it better reflected the patient’s chronic con-
dition. Lastly, to the best of our knowledge, this is the 
first study to address low muscle mass on clinical out-
comes of Korean patients with COPD.

This study also had some limitations. First, the data 
were obtained through a retrospective review of EMR, 
which could have resulted in biases. There is the 
possibility of omitted confounding factors that could 
potentially influence the results, as well as selection 
bias or missed patients/events during the study period. 
Notably, as COPD exacerbations occurred in only 5.1% 
of all patients within 1 year, this small number of events 
could have an impact on the analysis results. Second-
ly, as a non-protocolized retrospective multi-center 
study, the equipment used for BIA measurements 
was not consistent, which may have had an impact 
on the results. Furthermore, BIA measurements can 
be influenced by BMI and sex, which may result in an 
overestimation of FFM when compared to dual-energy 
X-ray absorptiometry. These technical characteristics 
of BIA should be carefully considered when interpret-
ing the study’s findings. Thirdly, since patients with 
COPD were included for a long period of 11 years, it 
is possible that changes in the treatment guidelines 
might have affected the results. Finally, we were unable 
to completely exclude patients who had factors that 
could influence BIA measurements, such as obesity 
and osteoporosis. This may have affected the results. 
However, we attempted to minimize these effects by 
conducting multivariate analysis that included BMI and 
the presence of osteoporosis.

In conclusion, low muscle mass negatively affects 
clinical outcomes in patients with COPD. Despite its 
clinical significance, muscle mass measurement is per-
formed in a small proportion of these patients. There-
fore, protocols and guidelines for screening for sarco-
penia in patients with COPD should be established.
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