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Increased risk of acute exacerbation of chronic obstructive pulmonary disease (COPD) has been reported in
patients who are overweight and obese. However, the effects of body fat in patients with normal or low body
mass index (BMI) and COPD remain unknown. This study aimed to examine the association between acute ex-
acerbations of COPD and the lean-to-fat (LTF) ratio in patients with a normal or low BMI.

Patients with COPD (n=68) underwent assessment of body composition, in whom 43 cases had a normal BMI
(18.5 to 25 kg/m?) and 14 cases were underweight (<18.5 kg/m?). Patients with COPD were treated according
to current clinical guidelines and underwent regular follow-up for one year. Acute exacerbations of COPD were
recorded.

BM\I, the fat-free mass index (FFMI), skeletal muscle mass index (SMMI), and LTF ratio had no significant effect
of the risk of acute exacerbations of COPD in the whole study cohort, but a low LTF ratio was significantly as-
sociated with reduced risk of acute exacerbations of COPD in the subgroup with a BMI<25 kg/m? (OR=4.528;
P<0.05). The Fat Mass Index (FMI) had a protective effect in the whole cohort (OR=0.292; P=0.024) and in the
subgroup with BMI <25 kg/m? (OR=0.253, P=0.049). The cumulative incidence of acute exacerbations of COPD
was significantly increased in the patients with a high LTF ratio in the whole cohort (P=0.047) and in the sub-
group with BMI <25 kg/m? (P=0.014).

In patients with BMI <25 kg/m?, the LTF ratio was positively correlated with the risk of occurrence of acute ex-
acerbations of COPD.
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Background

Worldwide, chronic obstructive pulmonary disease (COPD) is
a leading cause of morbidity and mortality that results in in-
creasing economic and social burden [1,2]. An acute exacerba-
tion of COPD is defined as an acute worsening of respiratory
symptoms that results in the requirement for additional ther-
apy [3]. Recently, with the aim of achieving more effective clin-
ical management, the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) proposed a new grading system for pa-
tient groups (ABCD), based on patient symptoms and their his-
tory of acute exacerbations of COPD in the previous year [1].

Current clinical guidelines for the management of COPD in-
clude monitoring nutritional status as an important part of
the routine evaluation of patients with COPD. Surrogate mea-
sures, such as the use of body mass index (BMI), gives no in-
dication of body composition, muscle mass, the proportion of
fat to muscle, or the patient nutritional status. Recently, sev-
eral studies have shown that parameters of body composition,
including the use of the fat-free mass index (FFMI), have been
shown to be associated with exercise capacity, disease severity,
mortality, and quality of life in patients with COPD [4-9].

Weight loss and depletion of muscle mass are common sys-
temic manifestations in COPD and have been reported to be
associated with disease prognosis [10]. It has been shown that
both overweight and obesity, as determined using the BMI,
increase the severity of symptoms in patients with COPD [11].
However, during the past decade, and contrary to previous find-
ings, overweight and obese patients with COPD were shown
to have lower mortality [12]. Previous studies on the impact
of body composition on acute exacerbation of COPD are lim-
ited and the findings are contradictory [13,14]. Also, existing
studies have been undertaken mainly in Europea or the US,
where overweight and obesity are prevalent, and there have
been few studies that have investigated Asian patients who
generally have a lower BMI.

Therefore, this study aimed to examine the association be-
tween acute exacerbations of COPD and the lean-to-fat (LTF)
ratio in patients with a normal or low BMI in a Chinese pa-
tient population.

Material and Methods

Study design

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Soochow University (No. 2017-017), and
all the patients provided written informed consent before re-
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Patients with chronic obstructive pulmonary disease (COPD)
in the retrospective cohort were consecutively enrolled from
the outpatient department of the First Affiliated Hospital of
Soochow University, between 1 August 2016 to 30 July 2017.
The inclusion criteria were: (1) diagnosis of COPD with a ratio of
forced expiratory volume in one second by forced vital capacity
(FEV,/FVQ) less than 70% after administration of a bronchodi-
lator, according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria [1], and stable COPD. The exclu-
sion criteria included pulmonary infection (<4 weeks), bronchial
reversibility (>12% after administration of B-agonists), other
conditions known to affect muscle or cause dyspnea, includ-
ing acute or chronic heart failure, renal failure, hepatic failure,
cancer, diabetes, and severe arthritis, edema, dehydration, and
drugs known to affect fluid balance.

Patients who had been enrolled into the retrospective study
were invited to participate in a prospective study, and re-
ceived treatment according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) [1], and underwent regu-
lar follow-up for one year. Treatment included inhaled sal-
meterol/fluticasone or budesonide/formoterol (ICS+LABA),
tiotropium bromide powder (LAMA), salmeterol/fluticasone
or budesonide/formoterol and tiotropium bromide powder
(ICS+LABA+LAMA) [1]. If an acute exacerbation of COPD oc-
curred, additional treatment included systemic corticosteroids,
and if an infection was present, antimicrobial therapy [1].

The results of body composition measurements, pulmonary
function tests, the modified Medical Research Council (mMMRC)
grading system, the 6-minute walking distance (6MWD), and
any history of acute exacerbations of COPD in the previous
year before inclusion were recorded for all patients of the ret-
rospective cohort at the time of inclusion. Patients underwent
regular follow-up and monitoring of drug treatment at two-
monthly follow-up in the outpatient clinic, or during hospital or
physician visits when an acute exacerbation of COPD occurred
in the following one year after being enrolled in the study.

Assessment of body composition

Weight and height were assessed with the patient being bare-
foot and wearing light clothes. The body mass index (BMI) was
calculated as weight/height? (kg/m?). According to the criteria
of the World Health Organization (WHO) [15], patients were di-
vided into four categories, obese (BMI >30 kg/m?), overweight
(BMI, 25-30 kg/m?), normal weight (BMI, 18.5-25 kg/m?), and
underweight (BMI <18.5 kg/m?. Body composition was as-
sessed using a BCA-2A bioelectrical impedance body composi-
tion analyzer (Tsinghua Tongfang Co., Ltd., Beijing, China). Body
weight, fat-free mass (FFM), fat mass (FM), skeletal muscle mass
(SMM) and other body composite variables were measured.
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The fat-free mass index (FFMI) was calculated as the FFM/
height? The skeletal muscle mass index (SMMI) was calculated
as the SMM/height?. The lean-to-fat (LTF) ratio was calculated
as the FFM/FM [16]. Because overweight and obese people in
China account for a minority of the population, a subgroup of
underweight and normal patients was identified with a BMI
<25 kg/m?, to determine the role of body composition that was
more representative of the Chinese population.

Pulmonary function tests

All the enrolled patients underwent spirometry using a Master
screen-PFT system (Vyaire, Mettawa, Ill, USA), and the forced
expiratory volume during one second (FEV,) and forced vital ca-
pacity (FVC) were measured, according to the American Thoracic
Society (ATS) consensus guidelines [17,18]. The FEV,, FEV /FVC,
and the ratio of FEV, to predicted FEV, (FEV,%) after inhaling
bronchodilators were recorded. According to the category of
airflow limitation in COPD (based on FEV, after the adminis-
tration of a bronchodilator) in patients with FEV,/FVC <0.70,
stable COPD was divided into four subgroups: mild (GOLD 1),
>80% of predicted FEV,; moderate (GOLD 2), 50~80% of pre-
dicted FEV; severe (GOLD 3), 30-50% of predicted FEV,; very
severe (GOLD 4), <30% of predicted FEV..

The 6-minute walking distance (6MWD)

All enrolled patients performed a 6-minute walking distance
(6MWD) test, according to American Thoracic Society (ATS) cri-
teria [17,18]. The 6MWD was used to evaluate exercise capac-
ity and the distance in meters was recorded for each patient.

Dyspnea during activities of daily living (ADL)

As recommended by GOLD [1], the modified Medical Research
Council (MMRC) questionnaire for the assessment of symp-
toms of COPD was used [19]. In this study, the eight-item uni-
dimensional COPD Assessment Test (CAT) measure of health
status impairment in COPD was not used because of its com-
plexity and subjective nature [20].

Assessment of acute exacerbation risk for patients with
stable COPD

Based on the mMRC score and history of moderate to severe
exacerbations and/or episodes of hospitalization in the previ-
ous year, the patients in the retrospective cohort were classi-
fied into GOLD A, B, C, and D subgroups [1]. Patients in group
C and D were considered to be at high risk for an acute ex-
acerbation of COPD, and group A and B were considered as
at low risk. When follow-up was completed, each subject in
the prospective cohort was also evaluated by ABCD assess-
ment based on the data in the second year. An updated ABCD
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assessment for stable COPD was used, as follows: A. mMRC
0-1, 0-1 exacerbation that did not lead to hospital admis-
sion in the previous year; B. nMRC >2, 1-2 exacerbations not
leading to hospital admission in the previous year; C. mMRC
0-1, >2 exacerbation or >1 leading to hospital admission in
the previous year; D: mMRC >2, >2 exacerbation or >1 lead-
ing to hospital admission in the previous year.

Statistical analysis

Numerical variables were shown as the mean + standard de-
viation (SD), or the median and the interquartile range (IQR),
and compared using the Kruskal-Wallis test. Categorical vari-
ables were expressed as the frequency and compared using
the chi-squared (x? test. The occurrence of acute exacerba-
tion of COPD was calculated by the Kaplan-Meier method and
compared by the log-rank test. The impact of covariates was
analyzed either by adjusted logistic regression for the risk of
acute exacerbation of COPD, or by Cox proportional hazard
model for the cumulative occurrence of acute exacerbation
of COPD. All tests were performed with a two-tailed P-value
(=0.05). Statistical analysis was conducted using SPSS ver-
sion 19 (SPSS Inc., Chicago, IL, USA). A P-value <0.05 was con-
sidered to be statistically significant.

Results

There were 68 patients with chronic obstructive pulmonary
disease (COPD) who were enrolled in the retrospective study.
The majority of patients were men (n=66), and there were two
women. Using the body mass index (BMI), most patients in the
study were underweight (BMI <18.5 kg/m?) (n=14), and of nor-
mal weight (BMI, 18.5-25 kg/m?) (n=43), and only two patients
were obese (BMI >30 kg/m?), and nine patients were over-
weight (BMI, 25-30 kg/m?). Of the 68 cases in the retrospec-
tive study, 50 cases participated in the prospective or one-year
follow-up study. The baseline characteristics of both the retro-
spective cohort and prospective cohort are shown in Table 1.

The impact of body composition on the risk of acute exacer-
bation of COPD for the retrospective cohort was analyzed by
adjusting the parameters of age, gender, smoking history, the
percentage of forced expiratory volume during one second
(FEV, %), the modified Medical Research Council (nMRC) grade,
and the six-minute walking distance (6MWD) (Table 2). The BMI,
the fat-free mass index (FFMI), the skeletal muscle mass in-
dex (SMMI), and the lean-to-fat (LTF) ratio showed no signif-
icant correlation with acute exacerbation of COPD. However,
and increased LTF ratio showed a minimally significant associ-
ation with an increased risk of an acute exacerbation of COPD
(P=0.072). In the subgroup with a BMI <25 kg/m?, patients with
a low LTF ratio showed a significantly reduced risk of acute
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Table 1. Patient characteristics in the retrospective and prospective cohorts.

Retrospective cohort (n=68) Prospective cohort (n=50) P- value

Age (years) 68 (54-85) 68 (54-85) 0.505

LTF (median, IQR) 3.9 (2.9-6.2) 3.8 (2.9-6.9) 0.673

COPD - chronic obstructive pulmonary disease; mMRC — modified Medical Research Council; BMI — body mass index; SMMI — skeletal
muscle mass index; FFMI — fat-free mass index; LTF — lean-to-fat; SD — standard deviation; IQR — interquartile range; GOLD — Global
Initiative for Chronic Obstructive Lung Disease.
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Table 2. Risk factor analysis in the retrospective cohort.

Cohort (n=68)

LTF 3.362 0.899-12.569 0.072 4.528 1.066-19.232 0.041*

* P<0.05. BMI — body mass index; SMMI — skeletal muscle mass index; FFMI — fat-free mass index; LTF — lean-to-fat; OR — odds ratio;
Cl - confidence interval.

Table 3. Risk factor analysis for predicting the risk of an acute exacerbation (AE) of chronic obstructive pulmonary disease (COPD) in
the prospective cohort.

Cohort (n=50) Underweight cohort BMI <25 kg/m? (n=41)

LTF 9.307 0.905-95.737 0.061 8.971 1.179-68.271 0.034*

* P<0.05. BMI — body mass index; SMMI — skeletal muscle mass index; FFMI — fat-free mass index; LTF — lean-to-fat; OR — odds ratio;
Cl — confidence interval.

Table 4. Analysis of risk factors for the prediction of the occurrence of acute exacerbation (AE) of chronic obstructive pulmonary
disease (COPD) in the prospective cohort.

Cohort (n=50) Underweight cohort BMI <25 kg/m? (n=41)

LTF 3.686 1.196-11.353 0.023* 19.874 2.613-151.170 0.004**

* P<0.05; ** P<0.01. BMI — body mass index; SMMI — skeletal muscle mass index; FFMI — fat-free mass index; LTF — lean-to-fat;
OR - odds ratio; Cl — confidence interval.
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Figure 1. Cumulative incidence of acute exacerbations (AEs) of chronic obstructive pulmonary disease (COPD) in the high and low lean-
to-fat (LTF) ratio subgroups. (A) Cumulative incidence of acute exacerbations (AEs) of chronic obstructive pulmonary disease
(COPD) of the prospective cohort in the high lean-to-fat (LTF) ratio subgroup and the low lean-to-fat (LTF) ratio subgroup.
(B) Cumulative incidence of acute exacerbations (AEs) of chronic obstructive pulmonary disease (COPD) of the subjects with
a body mass index (BMI) <25 kg/m? in the high lean-to-fat (LTF) ratio subgroup and the low lean-to-fat (LTF) ratio subgroup.

exacerbation of COPD (OR=4.528; P<0.05). The FMI showed
a significant protective effect and reduced risk of acute exac-
erbation of COPD in the whole cohort (OR=0.292; P=0.024) and
in the lower BMI subgroup (OR=0.253; P=0.049).

In the prospective cohort, during the one-year follow-up, there
was a similar effect of the LTF ratio on the risk of an acute
exacerbation of COPD in the lower BMI subgroup (OR=8.971;
P=0.034) rather than in the whole cohort (Table 3). Also, the LTF
ratio showed a significant impact on the occurrence of an acute
exacerbation of COPD (OR=3.686; P=0.023), particularly in the
lower BMI subgroup (OR=19.874; P=0.004) (Table 4). However,
the FMI had no impact on the risk of an acute exacerbation of
COPD or its occurrence in the prospective cohort, possibly due
to the limited patient sample size used in this study.

Based on these results above, in the prospective cohort of pa-
tients with COPD who were followed-up for one year, the cu-
mulative incidence of acute exacerbation events differed in
terms of the LTF ratio. In the whole cohort, the cumulative in-
cidence of acute exacerbation events was 64.4+12.7% for pa-
tients with a high LTF ratio (>the median of 3.84), which was
significantly increased when compared with the patients with
a low LTF ratio (42.9£12.8%; P=0.047) (Figure 1A), and the
difference was more significant in the lower BMI subgroup
(64.4+12.7% vs. 45.1+17.0%; P=0.014) (Figure 1B).

Discussion

Nutritional status is an important determinant of the extra-
pulmonary effects in patients with chronic obstructive pulmo-
nary disease (COPD) [1]. Body mass index (BMI) is a well-es-
tablished determinant of prognosis in patients with COPD, and
increased weight and obesity have been reported to be asso-
ciated with increased all-cause mortality and COPD-related
mortality, independent of the severity of COPD [5]. However,
BMI does not provide complete information about body com-
position and changes in body fat in patients with COPD, and
BMI mainly indicates nutritional status.

Bioelectrical impedance analysis is a simple, inexpensive, quick
and non-invasive technique for assessing body composition,
and can be used in patients with COPD to evaluate the sys-
temic effects of the disease [21]. Recent studies have shown
that the fat-free mass index (FFMI) is an even more impor-
tant determinant of prognosis in moderate to severe COPD
than BMI [6], and is a significant indicator of exercise capac-
ity, disease severity, quality of life, and prognosis in patients
with COPD [22-24]. As a relative measure of body composi-
tion, the lean-to-fat (LTF) ratio is calculated by dividing lean
body mass by fat mass. The use of the LTF ratio has substan-
tive analytic advantages because it is independent of body
size and is not colinear with height. Previous studies have
shown that LTF is more closely related to functional limita-
tion than lean body mass alone, and is more closely associated
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with walking speed and self-reported functional limitation in
elderly adults than lean mass or fat mass [25,26]. Studies on
the relationship between FMI and COPD was limited, but obe-
sity has been considered to be an independent risk factor for
reduced survival [27], as well as for co-morbidity in patients
with COPD [28].

However, the distribution of body composition varies greatly in
the populations of different countries. The prevalence of obe-
sity in native Asian populations is much lower than Europeans
and North Americans, where obesity is fairly common, and
where 54% of patients with COPD have been reported to have
a BMI »30 kg/m?[16,17]. Existing epidemiologic data and stud-
ies on the prognostic value of body composition in patients
with COPD have been mainly evaluated in populations living
in Europe and the United States. Data on the relationship be-
tween body composition and COPD in countries with low BMI
of the population is very limited. Also, most previously pub-
lished studies have been aimed at investigating the correla-
tion between body compositions and exercise capacity, pul-
monary function tests, patient mortality, and quality of life,
while the impact of body composition on the risk of acute ex-
acerbation in COPD has been limited, especially in non-over-
weight and non-obese patients with stable COPD.

In the present study, most of the patients had a low BMI.
The study findings showed that the FFMI, skeletal muscle mass
index (SMMI), and the LTF ratio were not significantly associated
with past or future risk of acute exacerbation of COPD, but
that the LTF ratio showed a predictive trend. On further anal-
ysis, the LTF ratio represented an independent predictor for
the risk of acute exacerbation of COPD in the subgroups of
low BMI <25 kg/m? in both the retrospective cohort and the
prospective cohorts at one-year follow-up. A low value of the
LTF ratio may predict a reduced risk of an acute exacerbation
of COPD, which is a finding that appears contradictory with
previous studies [22-24]. However, the LTF ratio may be an
indicator that fat mass is a protective factor for acute exacer-
bation of COPD, especially for non-overweight and non-obese
patients. This finding was confirmed in the retrospective co-
hort. The finding of a significant correlation between acute ex-
acerbation of COPD in the previous and following year in this
study was supported by the findings from a previously pub-
lished study [29], However, the FMI was not an independent
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predictor for the future development of an acute exacerba-
tion of COPD.

The potential protective role of fat mass on clinical outcome for
patients with COPD is in contrast with the known association
between obesity and reduced life expectancy [30]. The phenom-
enon of an ‘obesity paradox’ in human disease [12] has also
been identified in several other chronic diseases [31], but the
pathophysiological mechanisms underlying this phenomenon
remain to be identified. Several recent studies have also re-
ported a significant protective effect of overweight and obesity
on all-cause mortality, indicating that also in COPD, an obesity
paradox may be present [32-34]. However, the findings from
these previous studies were based on obese subjects. It may
be speculated that in non-obese individuals, a low LTF ratio and
increased fat mass may prevent patients with COPD from acute
exacerbations of COPD, while repeated exacerbations are also
accompanied by an impaired energy balance that has a nega-
tive effect on body composition [14]. However, the correlation
between body composition and acute exacerbation events in
COPD remains inconclusion and further long-term prospective
studies are needed with larger patient numbers. The findings
and conclusion from the present study were limited by the rela-
tively small study size, the varied clinical course of the patients
who were included, the variable severity of COPD and the varied
patient treatment regimes. Future well-designed, large-scale,
multicenter clinical studies are required to further investigate
the role of body composition in the clinical progression of COPD.

Conclusions

The findings of this study showed that although there was
no association of body mass index (BMI), fat-free mass index
(FFMI), and skeletal muscle mass index (SMMI), the lean-to-fat
(LTF) ratio was significantly correlated with the risk of acute ex-
acerbations of chronic obstructive pulmonary disease (COPD)
in patients with a BMI <25 kg/m?. Therefore, in this group of
patients, body fat might have a protective role. These findings
require investigation with further clinical studies.
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