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Changes in muscle-to-fat ratio are associated D
with lung function decline and airflow
obstruction in the general population

Funwoo Kim', Ah Young Leem?, Ji Ye Jung? Young Sam Kim? and Youngmok Park>*

Abstract

Background The long-term relationship between body composition and lung function has not yet been fully
demonstrated. We investigated the longitudinal association between muscle-to-fat (MF) ratio and lung function
among middle-aged general population.

Methods Participants were enrolled from a community-based prospective cohort between 2005 and 2014. Lung
function parameters (forced vital capacity [FVC], forced expiratory volume in 1 s [FEV,], and FEV,/FVC) and the MF
ratio (total body muscle mass [kgl/fat mass [kg]) were assessed biannually via spirometry and bioelectrical impedance
analysis, respectively.

Results We followed up 4,712 participants (age 53.9+ 7.9 years, men 45.8%) for 8 years. With an increase in MF ratio
of 1,in men, the FVC increased by 43.9 mL, FEV, by 37.6 mL, and FEV,/FVC by 0.320%, while in non-smoking women,
the FVCincreased by 55.8 mL, FEV, by 44.3 mL, and FEV,/FVC by 0.265% (all P<0.001). The MF ratio-decreased group
showed further annual deterioration in lung function than the MF ratio-increased group (men: FVC —44.1 mL vs.-284
mL, FEV, -55.8 mL vs.-39.7 mL, FEV,/FVC —0.53% vs. -0.42%; non-smoking women: FVC —34.2 mL vs.-30.3 mL, FEV,
-38.0 mL vs.-35.2 mL; all P<0.001, except FEV, in non-smoking women; P=0.005). The odds ratio for the incidence of
airflow obstruction according to the MF ratio was 0.77 (95% Cl, 0.68-0.87) in men and 0.85 (95% Cl, 0.74-0.97) in non-
smoking women.

Conclusions Long-term changes in the MF ratio are related to lung function deterioration and incidence of airflow
obstruction in middle-aged general population.
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Introduction

Changes in body composition, especially in muscle
and fat mass, are the most noticeable effects of aging
[1, 2]. As a result of a complex etiology, loss of muscle
mass and function, or sarcopenia, has increasing prev-
alence with age [3]. This geriatric change is commonly
matched by increased body fat, defined as obesity.
Obesity can independently cause sarcopenia because
of the negative effects of adipose tissue-dependent
metabolic disturbances such as oxidative stress and
inflammation [4]. Muscle loss may also contribute to
fat formation by lowering total energy expenditure [5,
6]. This vicious cycle of muscle loss and fat gain affects
the whole body, becoming a significant risk factor for
diverse diseases and frailty, which are especially harm-
ful to lung function [7-9].

Previous studies, via various body composition
parameters such as skeletal muscle index and fat-free
mass, have shown a close association between lung
function and muscle or fat mass. Most studies were
cross-sectional, not reflecting changes in the partici-
pants over time [10-12]. However, it is important to
show the longitudinal impact of body composition on
lung function because fat and muscle mass changes are
closely linked with aging [6]. Furthermore, most of the
studies were based on patients with chronic obstruc-
tive pulmonary disease (COPD) or those with lung-
associated diseases. Therefore, the influence of fat and
muscle change on lung function in the general popula-
tion remains unclear [11-15]. Thus, investigating the
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relationship in the general population who do not have
apparent lung diseases will be necessary.

In this study, we explored the long-term relation-
ship between lung function and muscle-to-fat (MF)
ratio in middle-aged general population. Thereafter,
we demonstrate the impact of the MF ratio on airflow
obstruction.

Methods

Study participants

This study used data from the Korean Genome and
Epidemiology Study (KoGES), a prospective commu-
nity-based cohort. The cohort consists of 10,030 men
and women aged 40-69 years old, living in Ansan (an
urban community) and Anseong (a rural community).
A follow-up study has been conducted there biannu-
ally from 2001 [16].

Quality-controlled spirometry results were first
obtained during the 2nd follow-up. Therefore, we
used 7,515 participants from the 2nd follow-up (2005—
2006) in this study, and they were tracked to the 6th
follow-up (2013-2014). Those with valid spirometry
and body composition analysis results from the ini-
tial assessment and at least another set of these results
from the 3rd to the 6th follow-up were selected. Par-
ticipants with a history of chronic lung disease or
missing smoking data were excluded. Chronic lung
disease was defined as a forced expiratory volume in
1s (FEV;)/forced vital capacity (FVC) ratio of less
than 70% or the use of inhalers [17]. Due to the lack
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Fig. 1 Flowchart of the participant selection process
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Table 1 Baseline characteristics and follow-up data of study participants

Total (N=4,712) Men (N=2,159) Women (N=2,553) P-value

Age, years 539+79 53.1£74 54.6£8.2 <0.001
Height, cm 1604+86 1674+57 1544+55 <0.001
Body mass index, kg/m? 244+24 245+24 244425 038
Smoking <0.001

Never 3070 (65.2) 576 (26.6) 2494 (97.7)

Ex-smoker 872(18.5) 854 (39.6) 22(0.8)

Current-smoker 770(16.3) 729 (33.8) 41(1.6)
Smoking exposure, pack-year 8.64+1561 18.54+£1851 027 £2.64 <0.001
Residential area <0.001

Rural 1976 (41.94) 792 (36.7) 1184 (46.4)

Urban 2736 (58.06) 1367 (63.3) 1369 (53.6)
Exercise, hr/week 2.13£356 242+383 1.89+3.29 <0.001
Fat mass, kg 164+44 14.6+4.2 179141 <0.001
Fat mass index, |<g/m2 6.47+£1.99 5224149 752+1.74 <0.001
Muscle mass, kg 440480 51.1£55 380+£39 <0.001
Muscle mass index, kg/m2 16.97£1.65 1821+£132 15.92+1.08 <0.001
Muscle/Fat ratio 295£1.19 379+£1.19 2.23£0.54 <0.001
Lung function

FVC, L 3.59+0.84 4.27+0.63 3.02+0.50 <0.001

FVC, % predicted 104.6+125 102.0+£11.76 106.8+12.7 <0.001

FEV,, L 2.87+0.65 3.37+0.52 246+042 <0.001

FEV,, % predicted 113.0+£14.7 1086+13.1 116.8+15.0 <0.001

FEV,/FVC 80.26+4.79 78.89+4.78 81.41+449 <0.001
Measurements

Spirometry, times 5(4-5) 5 (4-5) 5 (4-5) 0.001

BIA, times 5 (4-5) 5(4-5) 5(4-5) 0.001

Exercise evaluation, times 5 (4-5) 5 (4-5) 5 (4-5) 0.003

Follow-up duration, year 8(8-8) 8(8-8) 8(8-8) 0.008

*Data are presented as numbers (%), meanststandard deviation, or median (interquartile range) unless otherwise indicated

FEVI forced expiratory volume in 1s, FVC forced vital capacity, BIA bioelectrical impedance analysis

of handgrip strength and appendicular skeletal muscle
mass data in the KoGES dataset, we could not exclude
participants with sarcopenia. Instead, individuals with
a body mass index (BMI) <18.5 kg/m? (underweight)
or >30.0 kg/m? (severe obesity) were excluded [18, 19].
Consequently, 4,712 participants were enrolled in the
study (Fig. 1).

Spirometry

At baseline and during all the follow-up studies, lung
function was evaluated through spirometry (Vmax-
2130, Sensor-Medics, Yorba Linda, CA). All tests were
performed under the standardized protocols of the
American Thoracic Society. Morris and Polgar’s equa-
tion was taken as a reference for normal lung function
[20, 21].

Body composition analysis

All anthropometric parameters were assessed using
multi-frequency bioelectrical impedance analysis
(InBody 3.0, InBody, Seoul, South Korea) [22]. An
eight-point tactile electrode on the device measured

impedance by analyzing the electrical characteristics
of biological tissue. Previous research has established
the validity of bioelectrical impedance analysis, exhib-
iting good agreement with dual-energy X-ray absorpti-
ometry [23, 24].

The MF ratio was designated as the ratio of total
body muscle mass (kg) to fat mass (kg). Muscle mass
and fat mass divided by the square of height in meters
were indicated as the muscle mass index and fat mass
index, respectively [25, 26].

Long-term changes in individuals’ MF ratio were cal-
culated through linear regression, and the participants
were classified into three groups according to their
MEF ratio change slopes: “MF ratio-increased” with
the upper 25% of MF ratio change slope, “MF ratio-
decreased” with the lower 25% of MF change slope,
and “MF ratio-stable” with between the upper 25% and
lower 25% of MF change slope, including a zero-degree
slope. This categorization was selected because the MF
ratio lacks a standard cut-off point or normal range,
and the cut-off points were determined based on the
sample distribution. A three-group classification was
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Fig. 2 Association between MF ratio and baseline lung function in men and women. Pearson correlation between (a) FVC and MF ratio in men (r=0.26,
P<0.001), (b) FEV1 and MF ratio in men (r=0.23, P<0.001), (c) FEV1/FVC and MF ratio in men (r=-0.06, P=0.009), (d) FVC and MF ratio in women (r=0.28,
P<0.001), () FEV1 and MF ratio in women (r=0.25, P<0.001), (f) FEV1/FVC and MF ratio in women (r=-0.08, P<0.001)

FEV, forced expiratory volume in 1s, FVC forced vital capacity, MF ratio muscle-to-fat ratio

adopted to offer a precise and meaningful representa-
tion of the long-term changes in the MF ratio.

Statistical analyses

Pearson x2 test and Fisher’s exact test compared cat-
egorical variables; these are presented as the numbers
and their percentages (%). The Student’s t-test or the

Mann—-Whitney U test was used for continuous vari-
ables; these are presented as meansz*standard devia-
tion, or median (interquartile range [IQR], the first
quartile (Q1)—the third quartile (Q3)). The association
between the MF ratio and baseline lung function in
men and women was derived through Pearson correla-
tion analysis.
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FVC change rate of -6%/year was excluded

FEV, forced expiratory volume in 1s, FVC forced vital capacity, MF ratio muscle-to-fat ratio

To show the overall longitudinal correlation between
MEF ratio change rate and lung function change rate,
we calculated the change rates of MF ratio, FEV,, FVC,
and FEV,/FVC through linear regression analyses.

Multiple linear mixed regression analyses were
employed to clarify the longitudinal associations
between MF ratio and lung function in each sex. We
included only non-smoking women in the linear mixed
regression analysis because a disproportionately low
proportion (2.3%) of women had ever smoked. Age,
height, residential area, exercise duration, and baseline
lung function were adjusted. We calculated the weekly
moderate-intensity exercise time at every follow-
up and incorporated the change in exercise duration
into the analyses. Smoking exposure (pack-years) was
adjusted for men. In addition, we adjusted baseline

lung function in the models because it might have
affected the degree of lung function decline [27].

Generalized estimating equations (GEE) were used
to clarify the odds ratio (OR) for the incidence of air-
flow obstruction according to the MF ratio. Airflow
obstruction was defined as FEV,;/FVC less than 70%
[28]. GEE analyses require no missing data from the
variables being applied. Therefore, we selected those
who had undergone valid spirometry, body composi-
tion analysis, and exercise time evaluation at least 4 or
5 times during the follow-up periods. For the partici-
pants who had undergone these analyses 4 times, the
missing values were replaced through multiple impu-
tation, a popular generic method for examining data
with missing value. Women who had smoked were
excluded from the GEE analyses.
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We used restricted maximum likelihood methods to
calculate beta parameters, and the Wald test was used
for the P-value. All statistical analyses were performed
using R software v4.3.3 (The R Foundation for Statis-
tical Computing, Vienna, Austria). The Ime4 package
was used for multiple linear mixed regression analyses,
and the geepack package was used for GEE. Statisti-
cal significance was defined as a two-tailed P-value of
<0.05 for all analyses.

Results

Baseline characteristics

Table 1 shows the baseline characteristics and the
follow-up data of the 4,712 participants (45.8% men)
stratified by sex. Significant variation of data between
men and women was demonstrated, including anthro-
pometric and lung function indices. Men had a
higher proportion of ever-smokers (73.4% vs. 2.4%,
P<0.001), higher muscle mass index (18.21+1.32 kg/
m? vs. 15.92+1.08 kg/m? P<0.001), and higher
MF ratios (3.79%£1.19 vs. 2.23+0.54, P<0.001) than
women, although fat mass index (5.22+1.49 kg/m? vs.
7.52+1.74 kg/m?, P<0.001) was lower in men. In terms
of lung function, men had higher FVC (4.27+0.63 L
vs. 3.02£0.50 L, P<0.001) and FEV, (3.37£0.52 L vs.
2.461+0.42 L, P<0.001) than women, although FEV,/
EVC (78.89£4.78% vs. 81.41+4.49%, P<0.001) was
lower. The median follow-up period was 8 years (IQR,
8-8), and the spirometry and body composition were
measured for both, a median of 5 times (IQR, 4-5).

Cross-sectional association between MF ratio and baseline
lung function

Since the results of body composition analyses differed
between men and women, further analyses were per-
formed in each sex. The associations between MF ratio
and baseline lung function in men and women are
shown in Fig. 2. MF ratio was positively related to FVC
(men: r=0.26, women: r=0.28; all P<0.001) and FEV,
(men: r=0.23, women: r=0.25; all P<0.001) and nega-
tively related to FEV,/FVC (men: r=-0.06, P=0.009;
women: r=-0.08, P<0.001).

Correlation between change rates of MF ratio and lung
function

The correlations between the change rates of the
MEF ratio and lung function are shown in Fig. 3. An
increase in MF ratio change rate (/year) was signifi-
cantly associated with an increase in lung function
change rate in both men and women (all P<0.001).
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Longitudinal association between MF ratio and lung
function

Longitudinal changes in body composition and lung
function between the initial assessment and 8 years
of follow-up are presented in Supplementary Table
1. Multiple linear mixed regression analyses demon-
strated the longitudinal association between the MF
ratio and lung function (Table 2). With an increase in
the MF ratio by 1, the FVC in men increased by 43.9
mL, FEV,; by 37.6 mL, and FEV,/FVC by 0.320% (all
P<0.001). Moreover, with an increase in the MF ratio
by 1, the FVC in non-smoking women increased by
55.8 mL, FEV; by 44.3 mL, and FEV,/FVC by 0.265%
(all P<0.001).

According to individual changes in the MF ratio dur-
ing the follow-up period, the patients were divided
into three groups: MF ratio increased, -stable (includ-
ing zero-degree slope), and -decreased. The longitudi-
nal associations between lung function and the three
groups are demonstrated in Fig. 4. In comparison with
the MF ratio-decreased group, the MF ratio-increased
group showed attenuation of lung function decline
for both men (FVC: -44.1 mL/year vs. -28.4 mL/year,
FEV;: -55.8 mL/year vs. -39.7 mL/year, FEV,/FVC:
-0.53%/year vs. -0.42%/year, all P<0.001) and non-
smoking women (FVC: -34.2 mL/year vs. -30.3 mL/
year, P<0.001; FEV;: -38.0 mL/year vs. -35.2 mL/year,
P=0.005).

Relationship between MF ratio and airflow obstruction
Table 3 demonstrates the relationship between the MF
ratio level and airflow obstruction in men and non-
smoking women. During the follow-up, 369 (20.1%)
out of 1,837 men and 154 (7.0%) out of 2,202 non-
smoking women developed airflow obstruction. As the
MF ratio increased, the incidence of airflow obstruc-
tion showed a significant decrease in both men (OR:
0.77, 95% CI: 0.68-0.87, P<0.001) and non-smoking
women (OR: 0.85, 95% CI: 0.74-0.97, P=0.014).

Discussion
We demonstrated that changes in the MF ratio are
associated with lung function decline in the middle-
aged general population. A cross-sectional analysis
found that the participants’ baseline FVC and FEV;
were positively related to the MF ratio. Longitudinally,
there was a positive correlation between lung function
and the MF ratio. Those with an increase in the MF
ratio had an attenuated decline in FVC and FEV, than
those with a decrease in the MF ratio over time. More-
over, an increase in the MF ratio decreased the risk of
airflow obstruction.

Several cross-sectional studies assessed the associa-
tion between body composition and lung function [10,
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Table 2 Multiple linear mixed regression analysis of long-term associations between MF ratio and lung function in men and non-smoking women
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11, 15, 29]. Both sarcopenia and obesity were indepen-
dent risk factors for worsened lung function in male
patients with COPD [11]. Individuals without any
known lung diseases also had a positive correlation
between skeletal muscle index (skeletal muscle mass,
kg, divided by square of height, m?) and FVC, FEV,,
and peak expiratory flow [10]. A few longitudinal stud-
ies have investigated the influence of body composi-
tion on lung function, employing adiposity, especially
the increase in abdominal fat indices [27, 30]. How-
ever, few studies have longitudinally investigated both
muscle and fat mass with lung function in the general
population. A retrospective analysis of health check-
up data of individuals by Park et al. [9] showed that
gain of muscle mass with loss of fat mass was related
to decline in FEV,. In this study, we demonstrated the
long-term relationship between the MF ratio and lung
function using a large number of individuals randomly
selected from the general community.

Several parameters can reflect body composition.
This study used the MF ratio to represent overall mus-
cle and fat mass. The reasons were as follows. First,
investigating the MF ratio, rather than BMI, allowed
better discrimination between individuals with dif-
ferent body compositions. Individuals with the same
BMI may not have the same muscle and fat mass. Stud-
ies have demonstrated that BMI is imperfect when
evaluating body composition, including obesity [31].
Therefore, considering both muscle and fat composi-
tion can represent our body composition more pre-
cisely. Second, by combining both muscle and fat mass
into one variable, the MF ratio could demonstrate the
body composition comprehensively and simply, with-
out additional categorization, to clarify the impact of
muscle and fat on each other. Therefore, a more holis-
tic view of body composition improved the ability to
capture its significant effect on lung function [32].
Third, as the MF ratio is related to various diseases,
we believe examining the change in the MF ratio had
greater scientific significance. The MF ratio is an index
of sarcopenic obesity and indicates the metabolic and
inflammatory status, which predicts insulin resistance
and metabolic syndrome [33, 34]. Moreover, the MF
ratio is related to the development of chronic kidney
disease in individuals with normal renal function [33,
35].

The MF ratio affects lung function through mechan-
ical and inflammatory pathways. Gaining fat mass
increases carbon dioxide production and oxygen
consumption, which stiffens the respiratory system.
Obesity can also lower lung volumes, such as clos-
ing capacity and functional residual capacity, poten-
tially leading to hypoxemia and increasing the effort
of breathing [36, 37]. Conversely, loss of muscle mass
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AR A (-0.56, -0.49)  (-0.50, -0.34) S (-0.39,-0.33) (-0.45,-0.31) ks

Fig. 4 (See legend on next page.)
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Fig. 4 Multiple linear mixed regression analysis for lung function decline according to MF ratio change. Lung function decline is compared between the
MF ratio-decreased, -stable, and -increased groups in men and non-smoking women, respectively. MF ratio-decreased group is used as the reference
group. The decline in (@) FVC in men, (b) FEV1 in men, (c) FEV1/FVC in men, (d) FVC in non-smoking women, (e) FEV1 in non-smoking women, (f) FEV1/
FVC in non-smoking women. Individual changes in MF ratio during follow-up are calculated using linear regression analysis. Participants with a lower
25% MF ratio change are assigned to the MF ratio-decreased group, those between lower 25% and upper 25% are assigned to the MF ratio-stable group,
which includes a zero-degree slope, and those with an upper 25% MF ratio change are assigned to the MF ratio-increased group. Results are adjusted
for age, height, residential area, weekly moderate-intensity exercise duration, follow-up duration, and initial lung function. For men, smoking exposure
(pack-years) is also adjusted. The gray shadow and numbers in parentheses represent 95% confidence intervals. *P-value of MF ratio-increased group

compared with MF ratio-decreased group

FEV/, forced expiratory volume in 1s, FVC forced vital capacity, MF ratio muscle-to-fat ratio

further reduces lung volumes and increases lung
restriction [10]. As muscle mass declines, inflam-
matory mediators such as serum C-reactive protein
increase, which may compromise lung flexibility and
expansion [38, 39].

In our cohort, individuals with an increased MF ratio
likely experienced reduced fat mass and preserved or
increased muscle mass, which positively affected lung
function. Reduced fat mass improves lung compliance
and decreases respiratory system stiffness, whereas
increased muscle mass enhances respiratory muscle
strength and breathing efficiency. These changes col-
lectively explain the observed associations, where a
higher MF ratio correlated with better lung function
measures, reinforcing its role as a key determinant of
lung function over time.

This study has strengths in that it excluded those
who had chronic lung diseases and those who were
underweight or severely obese. Moreover, because we
prospectively followed up the participants for 8 years,
we explored the impact of the MF ratio on lung func-
tion more accurately and adequately. Nonetheless, this
study has some limitations. First, airflow obstruction
was defined solely based on pulmonary function test
without considering symptoms. Second, underdiag-
nosed airflow obstruction may result from using the
definition of FEV,/FVC less than 70%. The physiologi-
cally appropriate cut-off for airflow obstruction may
be the lower limit of normal, which is determined sta-
tistically by a reference population’s lower fifth percen-
tile [40]. However, evidence indicates no significant
differences in comorbidities or prognosis between
patients classified by the fixed ratio and the lower limit
of normal [41]. Therefore, we adopted the fixed ratio
(FEV,/FVC<70%) as a definition of airflow obstruc-
tion in alignment with both international guidelines
and its established relevance to our study population
[42, 43]. Third, the causality between the MF ratio and
lung function remains unclear. Whether an increase in
the MF ratio results in less decline in lung function or
whether worsening of lung function causes a decrease
in the MF ratio cannot be fully demonstrated. Fourth,
the adjusted models did not account for dietary habits,
which may have influenced the relationship between

body composition and lung function. Although previ-
ous studies using KoGES data have explored various
dietary factors and their association with lung func-
tion [44, 45], incorporating these diverse variables into
a single statistical model was deemed impractical and
potentially confounding. Finally, lung function assess-
ments were done exclusively through pre-bronchodila-
tor spirometry, without including post-bronchodilator
spirometry or imaging studies. However, by conduct-
ing spirometry under strict quality-controlled condi-
tions, we ensured the reliability of our lung function
assessments.

In conclusion, longitudinal changes in the MF ratio
positively correlate with lung function. Furthermore,
the probability of airflow obstruction decreases as the
MEF ratio increases. Therefore, individuals with altered
body composition, especially of the MF ratio, should
be monitored for lung function deterioration and the
possibility of developing obstructive lung diseases.
Further studies are necessary to investigate whether
increasing the MF ratio can help prevent lung function
decline and development of chronic obstructive pul-
monary disease.
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Table 3 Odds ratio for incidence of airflow obstruction according to MF ratio in men and non-smoking women

Men (N=1,837)

Women, non-smoker (N=2,202)

OR (95% Cl) P-value OR (95% Cl) P-value
MF ratio 0.77 (0.68,0.87) <0.001 0.85(0.74,0.97) 0.014
Age, years 1.05 (1.03, 1.06) <0.001 1.05(1.02,1.07) <0.001
Smoking exposure, pack-year 1.01(1.01,1.02) <0.001 - -
Area — Urban 2.19(1.71,2.80) <0.001 1.90 (1.29, 2.80) 0.001
Exercise, hr/week 1.00 (0.98,1.02) 0.659 0.99 (0.94,1.03) 0.589
MF ratio muscle-to-fat ratio, C/ confidence interval, OR odds ratio
Abbreviations References

COPD  Chronic obstructive pulmonary disease
MF Muscle-to-fat

BMI Body mass index

FEV, Forced expiratory volume in 1s

FVC Forced vital capacity
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cl Confidence interval
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