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Background: Nonalcoholic fatty liver disease (NAFLD) is highly prevalent in patients with
chronic obstructive pulmonary disease (COPD) and is independently associated with cardi-
ometabolic comorbidities and systemic inflammation. Although several factors are associated
with NAFLD, the influence of sarcopenia on NAFLD has not been fully determined in
patients with COPD. We explored whether sarcopenia is associated with NAFLD in a COPD
population.

Methods: Data from the Korean National Health and Nutrition Examination Surveys 2008-2011
were analyzed. The subjects were defined as having NAFLD when they had a hepatic steatosis
index (HSI) score >36, which is a previously validated NAFLD prediction score. Sarcopenia BMI
(=total appendicular skeletal muscle mass [kg]/body mass index [kg/m?]), sarcopenia BW (=total
appendicular skeletal muscle mass [kg]/body weight [kg] x 100), and sarcopenia_height (= total
appendicular skeletal muscle mass (kg)/height® (m)) measured using dual-energy X-ray absorp-
tiometry was used to diagnose sarcopenia.

Results: NAFLD was identified in 124 (14.6%) of 850 COPD subjects using the HSI.
Multivariable logistic analyses adjusted for age, sex, hypertension, diabetes mellitus (DM),
forced vital capacity (FVC), and metabolic syndrome demonstrated that sarcopenia
(sarcopenia_BMI, odds ratio [OR] = 1.95; 95% confidence interval [CI], 1.11-3.46, p =
0.022; sarcopenia BW, OR = 2.25; 95% CI, 1.30-3.92, p = 0.004) was associated with
NAFLD in patients with COPD. The proportion of sarcopenia BMI was higher in patients
with a high fibrotic burden from NAFLD (Q3, Q4) than in subjects with a low fibrotic burden
from NALFD (Q1, Q2) (54.8% vs 24.2%, p = 0.024). The proportion of sarcopenia BW was
also higher in patients with a high fibrotic burden from NAFLD than in patients with a low
fibrotic burden from NAFLD (51.6% vs 30.6%, p = 0.029).

Conclusion: Sarcopenia was associated with an increased risk for NAFLD in patients with
COPD, independent of age, sex, lung function, and metabolic factors. Sarcopenic COPD was
also associated with a high fibrotic burden in NAFLD patients. Pulmonologists should be
aware of possible liver comorbidities in the sarcopenic COPD phenotype.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is hepatic fat accumulation with evi-
dence of hepatic steatosis, either by imaging or by histology; it excludes secondary
causes, such as heavy alcohol consumption, chronic viral hepatitis, use of steato-
genic medication, and a hereditary disorder. The long term prognosis of NAFLD
patients includes increased overall mortality, increased frequency of cardiovascular
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disease, and increased liver-related mortality." NAFLD
presents a wide spectrum of liver damage, ranging from
fatty liver to steatohepatitis and cirrhosis.? Several studies
have reported an association between chronic obstructive
pulmonary disease (COPD) and NAFLD. Liver disease is
highly prevalent in patients with COPD, and NAFLD is
associated with poor pulmonary function, particularly
a restrictive ventilatory defect.>”’ Patients with NAFLD
and liver fibrosis have more cardiovascular events and
a higher mortality from COPD.®

Sarcopenia frequently occurs in patients with COPD, with
a prevalence of 15-25% in previous studies. Sarcopenia has
important clinical meaning in patients with COPD, such as
reduced physical activity, reduced exercise tolerance, reduced
quality of life, and reduced survival.”

Several studies have reported the relationship between
sarcopenia and NAFLD in the general population. Koo et al
reported that low muscle mass is associated with an increased
risk for NAFLD and significant fibrosis using a large biopsy-
proven NAFLD cohort.'” Lee et al also reported that sarco-
penia is associated with an increased risk for NAFLD, and
sarcopenia is associated with significant liver fibrosis in
NAFLD patients according to nationwide surveys.'''?
Sarcopenia and NAFLD share common pathophysiological
mechanisms, such as insulin resistance, vitamin D deficiency,
and chronic low-grade inflammation, which are also com-
mon mechanisms of COPD.'> However, no study has
assessed the relationship between sarcopenia and NAFLD

in a COPD cohort until now. We investigated the relationship
between sarcopenia and NAFLD in patients with COPD,
using a nationwide cross-sectional survey database (The
Korea National Health and Nutrition Examination Survey,
KNHANES).

Methods
Study Subjects

The KNHANES is a national cross-sectional survey sys-
tem that has evaluated the health and nutrition status of
Koreans since 1998 and is conducted by the Korean
Centers for Disease Control and Prevention (KCDC).
The survey uses a stratified, multi-stage clustered prob-
ability design to sample non-institutionalized Korean citi-
zens living in Korea. The KNHANES consists of three
component surveys: a health interview, a health examina-
tion and a nutrition survey.'*'

A flow diagram of the study subjects is shown in
Figure 1. Of the 21,303 subjects from the KNHANES
2008-2011, we initially selected 12,730 subjects aged
>40 years. Subjects with missing data for dual-energy
X-ray absorptiometry (DXA), body mass index (BMI),
platelets, aspartate transaminase (AST), or alanine transa-
minase (ALT) were excluded (n = 2727). Subjects who did
not meet the criteria for NAFLD were also excluded (n =
2819), as follows: positive serological markers for hepati-
tis B or positive serological markers for hepatitis C or
excessive alcohol consumption (>210 g alcohol per week

| Total n=21,303 assessed for eligibility |

Exclude those with age <40 years (n=8573)

| n=12,730 age = 4

0 years |

Excluded (n=11,880)
- No data of DXA, BMI, platelet, AST, or ALT (n=2727)

- HBV, HCV, excessive alcohol consumption (n=2819)
- No COPD (n=6334)

| COPD patients aged over 40 years (n=850) |

l

| Without NAFLD (n=726) |

I

| With NAFLD (n=124) |

Figure | A flow diagram of the study subjects in the KNHANES IV and V (2008-2011).
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; COPD, chronic obstructive pulmonary disease; DXA, dual-energy
X-ray absorptiometry; HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, nonalcoholic fatty liver disease.
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for men and >140 g alcohol per week for women). A total
of 6334 subjects without COPD were further excluded.
Ultimately, 850 subjects were included in the analyses
and categorized according to the presence of NAFLD.

Clinical and Laboratory Measurements
Trained interviewers administered a standardized question-
naire to the study subjects to determine their age, height,
body weight, waist circumference, and smoking status.
Blood samples were collected after at least 8 h of fasting.
All blood samples were processed, transported to a central
testing center (Neodin Medical Institute, Seoul, Korea), and
analyzed within 24 h after transport. The blood samples were
analyzed using the KNHANES protocol and a Hitachi 7600
automated chemistry analyzer (Hitachi, Tokyo, Japan).
Qualified technicians performed the spirometry, and these
data were sent to the principal investigator to assess whether
the results met the criteria for acceptability and reproduci-
bility. Body composition was measured using DXA (QRA
4500A; Hologic Inc., Bedford, MA, USA).

Definitions

COPD was defined if forced expiratory volume in 1 s (FEV;)
/forced vital capacity (FVC) was <0.7 by spirometry. NAFLD
was defined according to a hepatic steatosis index (HSI) > 36,
which is a previously validated fatty liver prediction model:'®

HSI = 8 x (ALT/AST ratio) + BMI (+ 2 for diabetes
mellitus; + 2 for female)

NAFLD severity with significant liver fibrosis was
assessed using the NAFLD fibrosis score (NFS).!” Serum
levels of albumin were not used because they were not
included in the KNHANES data. Fibrosis severity was
divided into quartiles according to the NFS.

Metabolic syndrome was defined according to the revised
National Cholesterol Education Program Adult Treatment
Panel III criteria, and the International Diabetes Foundation
thresholds  in
circumference.'® Metabolic syndrome was diagnosed as the

considering  ethnic  specific waist
presence of three of five factors: waist circumference > 90 cm
in men and >80 cm in women; triglycerides > 150 mg/dL or
taking medication; high-density lipoprotein (HDL) choles-
terol <40 mg/dL in men or <50 mg/dL in women or taking
medications; systolic blood pressure > 130 mmHg or diasto-
lic blood pressure > 85 mmHg or taking medications; and
glucose > 100 mg/dL or taking medications.

Appendicular skeletal muscle mass (ASM) was mea-
sured using DXA, as described above. We adopted three

definitions of sarcopenia:

Sarcopenia BMI = total appendicular skeletal muscle
mass (kg)/body mass index (kg/m*) was defined as ASM/
BMI < 0.789 in men or ASM/BMI < 0.512 in women. The
Foundation for the National Institutes of Health sarcopenia
project recommends the ASM/BMI ratio."®

Sarcopenia BW = total appendicular skeletal muscle
mass (kg)/body weight (kg) x 100 was defined as less than
two standard deviations (SDs) below the sex-specific mean
for healthy young adults according to the 2008-2011
KNHANES data (ASM/BW x 100 < 29.0 in men or ASM/
BW x 100 < 22.9 in women was defined as sarcopenia).'®°

Sarcopenia_height = total appendicular skeletal muscle
mass (kg)/height’ (m) was defined as ASM/height® <
7.0 kg/m® in men or ASM/height® < 5.4 mg/m® in
women. Asian Working Group for Sarcopenia (AWGS)
recommends using height-adjusted skeletal muscle mass.?

Statistical Analyses

As the KNHANES data are generated from a complex sam-
pling survey design, all analyses were conducted using survey
weighting. Continuous variables are expressed as mean +
standard error and were compared to Student’s f-test.
Categorical variables were compared using the chi-square
test. Multivariable logistic regression analyses were used to
identify the independent association between sarcopenia and
NAFLD in COPD subjects. Model 1 was adjusted for age and
sex; model 2 was adjusted for model 1 and FVC; model 3 was
adjusted for model 2 and hypertension and diabetes mellitus;
and model 4 was adjusted for model 3 and metabolic
syndrome.

All statistical analyses were performed using R statistical
software (version 3.4.4, R Foundation for Statistical
Computing, Vienna, Austria). A p-value <0.05 was considered
significant.

Ethics Statement

This study was conducted in accordance with the Declaration
of Helsinki. This study was approved by the Institutional
Review Board of the KCDC (2008-04EXP-01-C, 2009-
01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C).
Written informed consent was obtained from all patients.

Results

Baseline Characteristics

In total, 850 COPD patients were eligible for the study: 726
without NAFLD (85.4%) and 124 with NAFLD (14.6%).
The baseline characteristics of the patients are presented in
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Table 1. The NAFLD subjects were younger (65.4 £ 9.5 vs
63.0 = 10.2 years, p = 0.010), had a higher BMI (22.9 +2.4
vs 27.0 £ 2.6 kg/m*, p < 0.001), and had a higher waist
circumference (82.5 £7.8 v§s 93.6 + 7.3 cm, p <0.001) than
subjects without NAFLD. Subjects with NAFLD had
a significantly lower ASM/BMI ratio (0.8 = 0.2 vs 0.7 £
0.2,p<0.001) and ASM/BW ratio (29.5+4.0 vs 27.3 £3.8,
p < 0.001) than those without NAFLD. NAFLD subjects
were significantly more likely to have comorbidities, such

as metabolic syndrome (30.9% vs 68.5%, p <0.001), hyper-
tension (47.1% vs 57.3%, p < 0.001), and diabetes mellitus
(13.1% vs 39.5%, p <0.001) than subjects without NAFLD.
The subjects with NAFLD showed a decrease in FVC
compared to subjects without NAFLD (89.7 £ 15.5 vs
85.3 £ 15.3, p = 0.004). NAFLD subjects also had higher
blood pressure, lower HDL cholesterol levels, higher trigly-
ceride levels, higher liver enzyme levels, and higher glucose
levels than those without NAFLD.

Table | Characteristics of COPD Patients According to NAFLD Status

Variables All (n = 850) No NAFLD (n = 726, 85.4%) NAFLD (n = 124, 14.6%) P-value
Age (years) 65.0 + 9.6 654 + 95 63.0 £ 10.2 0.010
Male sex 581 (68.4) 498 (68.6) 83 (66.9) 0.713
BMI (kg/m?) 235+28 229 +24 27.0 £ 2.6 <0.001
Waist circumference (cm) 84.1 + 88 825+78 93.6+73 <0.001
Smoking status 0.485

Never smoker 435 (51.2) 371 (51.1) 64 (51.6)

Ex-smoker 178 (20.9) 148 (20.4) 30 (24.2)

Current smoker 237 (27.9) 207 (28.5) 30 (24.2)
ASM (kg) 182 £ 4.0 17.8 £ 3.9 19.6 + 4.4 <0.001
ASM/BMI (m?) 0.8 +£0.2 0.8 +£0.2 07+02 <0.001

Sarcopenia_BMI 174 (20.5) 131 (18.0) 43 (34.7) <0.001
ASM/BW (%) 29.2 + 40 29.5 + 4.0 273 £3.8 <0.001

Sarcopenia_ BW 181 (21.3) 130 (17.9) 51 (41.1) <0.001
ASM/height? 68+ 1.0 67+ 1.0 73+ 1.0 <0.001

Sarcopenia_height 278 (32.7) 234 (32.2) 44 (35.5) 0.476
Metabolic syndrome 309 (36.4) 224 (30.9) 85 (68.5) <0.001
Hypertension 413 (48.6) 342 (47.1) 71 (57.3) 0.001
Diabetes mellitus 144 (16.9) 95 (13.1) 49 (39.5) <0.001
Pulmonary Function Test

FVC (%) 89.0 £ 155 89.7 £ 155 853 + 153 0.004

FEV, (%) 763 + 164 76.6 + 168 749 £ 139 0.240

Ratio of FEV,/FVC (%) 0.6 £ 0.1 0.6 £ 0.1 0.6 £ 0.1 0.002
Systolic blood pressure (mmHg) 125.0 £ 16.8 124.5 £ 16.8 1284 £ 16.6 0.017
Diastolic blood pressure (mmHg) 75.1 £ 103 745 + 103 783 £ 9.7 <0.001
Total cholesterol (mg/dL) 190.2 £ 36.1 190.9 £ 35.5 186.5 + 39.3 0.211
HDL cholesterol (mg/dl) 45.0 £ 10.5 45.6 £ 10.6 41.7 £93 <0.001
Triglyceride (mg/dl) 146.7 £ 93.6 139.7 £ 84.2 187.1 £ 1294 <0.001
AST (IU/L) 23.1 £85 228 + 8.0 25.0 £ 10.8 <0.001
ALT (IU/L) 211 £ 12.1 19.0 + 9.4 33.1 £ 180 0.025
Platelet (x10%/L) 246.1 + 60.2 246.7 + 59.9 242.7 + 62.0 0.497
Glucose (mg/dl) 102.1 £ 23.6 99.7 £20.7 1162 + 32.7 <0.001

Note: Data are mean * standard error (range) or number (percentage).

Abbreviations: ALT, alanine aminotransferase; ASM, appendicular skeletal muscle mass; AST, aspartate aminotransferase; BMI, body mass index; BW, body weight; COPD,
chronic obstructive pulmonary disease; FEV, forced expiratory volume in | sec; FVC, force vital capacity; HDL, high-density lipoprotein; NAFLD, nonalcoholic fatty liver

disease.
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Association Between Sarcopenia and
NAFLD in Patients with COPD

Table 2 shows the association between sarcopenia and NAFLD
in multivariable logistic regression analyses. Using the defini-
tion of sarcopenia BMI, sarcopenia was associated with the
presence of NAFLD in COPD subjects (odds ratio [OR] 1.74,
95% confidence interval [CI], 1.09-2.77; p = 0.020). This
association was consistently maintained after adjusting for
age and sex (model 1; OR 2.69, 95% CI 1.59-4.55; p <
0.001), after additional adjustment for FVC (model 2; OR
2.59,95% CI 1.53—4.39; p<0.001), after additional adjustment
for hypertension and diabetes mellitus (model 3; OR 2.19, 95%
CI 1.29-3.72; p < 0.004), and after additional adjustment for
metabolic syndrome (model 4; OR 1.95, 95% CI 1.11-3.46;
p =0.022). Using the definition of sarcopenia BW, sarcopenia
was also associated with NAFLD based on model 1 (OR 2.99;
95% CI, 1.82-4.95; p < 0.001), model 2 (OR 2.88; 95% ClI,
1.73-4.81; p <0.001), model 3 (OR 2.57; 95% CI, 1.51-4.39;
p < 0.001), and model 4 (OR 2.25; 95% CI, 1.30-3.92;
p=0.004). However, using the definition of sarcopenia_height,
sarcopenia was not associated with NAFLD based on model 1
(OR 1.15; 95% CI, 0.77-1.72; p = 0.500), model 2 (OR 1.01;
95% CI, 0.73-1.65; p = 0.659), model 3 (OR 1.01; 95% CI,
0.70-1.70; p = 0.692), and model 4 (OR 1.06; 95% CI, 0.67—
1.68; p = 0.800). No differences in the prevalence of NAFLD
were observed between COPD GOLD grades (Figure 2A).
When analyzed in two groups (GOLD I and GOLD II-1V),
COPD GOLD II-IV patients were tended to have NAFLD
compared with COPD GOLD I (Figure 2B).

Association Between Sarcopenia and
Fibrotic Burden in NAFLD Subjects

Figure 3 reveals the association between sarcopenia and
fibrotic burden in NAFLD subjects. The proportion of
sarcopenia BMI was higher in patients with a high fibrotic

burden from NAFLD (Q3, Q4) than in patients with a low
fibrotic burden from NALFD (Q1, Q2) (54.8% vs 24.2%,
p = 0.024). The proportion of sarcopenia BW was also higher
in subjects with a high fibrotic burden than in subjects with
a low fibrotic burden (51.6% vs 30.6%, p = 0.029).

Discussion

This study demonstrated that sarcopenia is associated with
NAFLD in patients with COPD. This association was
significant after adjusting for age, sex, FVC, hypertension,
diabetes mellitus, and metabolic syndrome. Sarcopenia in
COPD was also associated with fibrotic burden in NAFLD
patients. The proportion of sarcopenia was higher in
patients with a high fibrotic burden from NAFLD than in
patients with a low fibrotic burden from NAFLD.

Several studies have demonstrated the relationship
between COPD and NAFLD. Low grade inflammation,
chronic intermittent hypoxia, and low physical activity
are contributing factors to the development of NALFD in
patients with COPD.?

Viglino et al® revealed that the prevalence of NAFLD is
high in patients with COPD. In that study, the prevalence of
NAFLD was based on noninvasive ultrasonography. The pre-
valence rates of steatosis, NASH, and fibrosis were 41.4%,
36.9%, and 61.3%, respectively, in patients with COPD.
Tumor necrosis factor-alpha (TNF-a) levels were significantly
higher in patients with NAFLD than in patients without
NAFLD. Liver fibrosis was a significant risk factor for cardi-
ovascular events and death during the 5-year follow-up of the
same cohort of COPD patients.® Moon et al** revealed that the
prevalence of NAFLD was 30.2% in patients with obstructive
lung disease based on a previously validated NAFLD liver fat
score.”> Other studies have revealed an association between
impaired lung function and NAFLD.>**** In our study, the
prevalence of NAFLD was 14.6% (124/850), and FVC was

Table 2 Association Between Sarcopenia and NAFLD in COPD Patients

Sarcopenia_BMI P value Sarcopenia_BW P value Sarcopenia_Height P value
OR (95% CI) OR (95% CI) OR (95% CI)
Unadjusted 1.74 (1.09-2.77) 0.020 2.44 (1.47-4.03) <0.001 1.16 (0.78-1.72) 0.476
Multivariable Model | 2.69 (1.59-4.55) <0.001 2.99 (1.82-4.95) <0.001 1.15 (0.77-1.72) 0.500
Multivariable Model 2 2.59 (1.53-4.39) <0.001 2.88 (1.73-4.81) <0.001 1.01 (0.73-1.65) 0.659
Multivariable Model 3 2.19 (1.29-3.72) <0.004 2.57 (1.51-4.39) <0.001 1.01 (0.70-1.70) 0.692
Multivariable Model 4 1.95 (1.11-3.46) 0.022 2.25 (1.30-3.92) 0.004 1.06 (0.67-1.68) 0.800
Notes: The multivariable model was not adjusted for ASM and BMI, as these variables were used for calculating definition of sarcopenia. Model | = adjusted for age, gender.

Model 2 = model | + forced vital capacity. Model 3 = model 2 + hypertension, diabetes mellitus. Model 4 = model 3 + metabolic syndrome
Abbreviations: ASM, appendicular skeletal muscle mass; BMI, body mass index; BW, body weight; Cl, confidence interval; COPD, chronic obstructive pulmonary disease;

NAFLD, nonalcoholic fatty liver disease; OR, odds ratio.
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Figure 2 Prevalence of NAFLD in patients with COPD based on the GOLD grade. (A) GOLD |, II, Ill, and IV; (B) GOLD |, and [I-IV.
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, global initiative for chronic obstructive lung disease; NAFLD, nonalcoholic fatty liver disease.

lower in NAFLD subjects than in those without NAFLD. The
prevalence of NAFLD in our study was lower than that in
previous studies performed in COPD patients.>*> The gold
standard for diagnosing NAFLD (liver biopsy) was not fea-
sible in such studies, and the definition of NAFLD has varied
from study to study, which explains the variation in the pre-
valence of NALFD between studies.

Skeletal limb muscle dysfunction frequently occurs in
patients with COPD. The sarcopenia prevalence rates in
COPD patients have been reported to be 15-25% in previous
studies.?> 2’ In our study, the prevalence rates of sarcopenia in
all COPD patients were 20.5% (Sarcopenia BMI) and 21.3%
(Sarcopenia BW), respectively. Chronic inflammation, oxida-
tive stress, smoking, hypoxemia, physical inactivity, nutri-
tional imbalance, and the use of systemic corticosteroid are
contributing factors to the development of sarcopenia in
COPD patients.”*® Sarcopenia has a negative effect on

physical activity, exercise tolerance, quality of life, mortality,
and metabolism in COPD patients. Muscle atrophy, shift in
fiber type, mitochondrial dysfunction, and poor oxidative
capacity are morphological and structural changes that occur
in limb muscles of patients with stable COPD.*’ Sarcopenia
associated with COPD can be managed with exercise, nutri-
tional support, and medications, such as vitamin D.’

Several studies have demonstrated an association
between sarcopenia and NAFLD in the general population.
Furthermore, sarcopenia is associated with advanced fibrosis,
independent of obesity and metabolic components.'® %3031
A recent study showed that increasing skeletal muscle mass
over time can help reduce the development of NAFLD or
resolve preexisting NAFLD.*? Sarcopenia and NAFLD share
common pathophysiological mechanisms, such as insulin
resistance, vitamin D deficiency, and chronic low-grade
inflammation."?
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Figure 3 Association between sarcopenia and fibrotic burden in NAFLD patients (n = 124) according to the definitions of sarcopenia. (A) Sarcopenia_BMI; (B)

sarcopenia_BW.

Abbreviations: BMI, body mass index; BW, body weight; NAFLD, nonalcoholic fatty liver disease; NFS, NAFLD fibrosis score.

Skeletal muscle plays an important role in glucose
metabolism. Loss of skeletal muscle mass (sarcopenia)
may lead to reduced insulin signaling and action, which
is called insulin resistance. Insulin resistance enhances
hepatic fat accumulation by increasing free fatty acid
delivery to the liver, resulting in NAFLD.***** Many stu-
dies have also demonstrated that a low vitamin D level is
associated with an increased risk for sarcopenia and
NAFLD 30-35-37

Chronic low-grade inflammation is also a common
mechanism. Levels of pro-inflammatory mediators, such
as interleukin-6 (IL-6) and TNF-a, increase in sarcopenia
patients.*® High serum levels of TNF-a are associated with
the development and progression of NAFLD.** TNF-a
promotes liver inflammation, lipid accumulation, and
apoptosis of liver cells.***' It is also associated with
insulin resistance, which is the main cause of NAFLD.*

Lee et al'? reported the relationship between sarcope-
nia and NAFLD in the general population over 20 years,

based on nationwide survey (KNHANES 2008-2011). The
study adopted sarcopenia BW as the definition of sarco-
penia. Sarcopenia was associated with NAFLD after
adjustment for BMI, diabetes status, triglyceride levels
and insulin resistance (OR 1.18; 95% CI, 1.03-1.34; p =
0.014) in the study. In comparison, our study showed the
association between sarcopenia and NAFLD in a COPD
population with adjusted OR 2.25, using the definition of
sarcopenia_ BW. Considering similar research designs for
the Korean by two studies, the relationship between sarco-
penia and NAFLD is thought to be stronger in COPD
patients than in the general population. Future research is
needed on why there is a stronger relationship in COPD
patients.

To the best of our knowledge, this is the first study
demonstrating an association between sarcopenia and
NAFLD in COPD patients. The common mechanisms
between sarcopenia and NAFLD (insulin resistance, vitamin
D deficiency, and chronic low-grade inflammation) are also
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common problems in COPD. First, low physical activity,
inflammatory and oxidative stress, abnormal body composi-
tion and the steroid treatment contribute to insulin resistance
in COPD.* Second, vitamin D deficiency is highly prevalent
in COPD patients, and vitamin D supplementation reduces
COPD exacerbations in patients with a low vitamin
D level.***> Third, COPD is a chronic inflammatory disease
that mainly occurs in the peripheral airways and lung par-
enchyma, and is characterized by macrophages, neutrophils,
and type 1 cytotoxic T cells.*® Sarcopenia, NAFLD, and
COPD share such common mechanisms, and sarcopenia is
associated with NAFLD in patients with COPD after adjust-
ing for several confounding factors.

Several limitations in this study should be discussed.
First, although liver biopsy is the gold standard for
diagnosing NAFLD and assessing liver fibrosis severity,
it was not available in this study. We used the HSI as
a validated noninvasive prediction model, and HSI > 36
was used to define NAFLD. A large cross-sectional
study conducted in Korea showed that the HSI has an
area under the receiver-operating curve of 0.812 for
diagnosing NAFLD. At values > 36.0, the HSI detected
NAFLD with specificity of 93.1% (95% CI, 92.0-94.0)
and a positive likelihood ratio of 6.505 (95% CI
5.628-7.519).'° Thus, a definition of NAFLD based on
the HSI can be considered appropriate for the Korean
population. We also used the NFS well-validated fibrosis
predictive model to assess liver fibrosis severity.'’
Second, as this study was a cross-sectional design, we
could not confirm the definite and dynamic relationship
between sarcopenia and NAFLD. More studies are
needed to reveal the dynamic association between
changes in skeletal muscle mass and the development
or progression of NAFLD. Third, using the definition of
sarcopenia_height, sarcopenia was not associated with
NAFLD in this study. The definition of sarcopenia var-
ies from group to group. More studies are needed using
various definitions of sarcopenia, to clarify the relation-
ship between sarcopenia an NAFLD. Fourth, we could
not adjust for confounders, such as markers of inflam-
mation or physical activity.

Our study also had several strengths. First, this is the
first study demonstrating an association between sarcope-
nia and NAFLD in COPD patients based on a noninvasive
diagnostic tool. Although sarcopenia and NAFLD are
common problems in patients with COPD, no study has
evaluated the association between sarcopenia and NAFLD
in patients with COPD. Future research on other cohort

groups is needed to generalize the results of this study.
Second, as this was a large-scale population-based study,
the results have strong power and reliability.

In conclusion, we found that sarcopenia was associated
with NAFLD in COPD patients. This association was
significant after adjusting for age, sex, FVC, hypertension,
diabetes mellitus, and metabolic syndrome. Sarcopenic
COPD was also associated with fibrotic burden in
NAFLD patients. In the sarcopenic COPD phenotype,
NAFLD should be considered a possible combined comor-
bidity. Prospective, longitudinal studies are needed to clar-
ify the relationship between sarcopenia and NAFLD in
patients with COPD.
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