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Association of Body Mass Index with Risk of Chronic Obstructive
Pulmonary Disease: A Systematic Review and Meta-Analysis

Xiaofei Zhang, Hongru Chen, Kunfang Gu, Jiahao Chen, and Xiubo Jiang

Department of Epidemiology and Health Statistics, the School of Public, Health of Qingdao University, Qingdao, Shandong Province, China

ABSTRACT
The association between body mass index (BMI) and chronic obstructive pulmonary disease
(COPD) remains controversial. Therefore, a meta-analysis was conducted to further evaluate the
relationship. A comprehensive literature search was performed in PubMed, Web of Science,
EMBASE, China National Knowledge Infrastructure (CNKI), and Wanfang databases to identify eli-
gible articles until July 15, 2020. Random effect model (REM) was used to compute the pooled
results with 95% confidence intervals (CIs). We conducted meta-regression and subgroup analysis
to explore potential sources of heterogeneity. Publication bias was evaluated by funnel plots and
Egger’s test. Thirty articles with 1,578,449 participants were included in the meta-analysis. The
pooled OR of COPD was 1.96 (95% CI: 1.78–2.17) for the underweight group, 0.80 (95% CI:
0.73–0.87) for overweight group, and 0.86 (95% CI: 0.73–1.02) for obesity group. After further
excluding 5 studies of high between-study heterogeneity in sensitivity analysis, the pooled OR of
COPD was 0.77 (95% CI: 0.68–0.86) for the obesity group. This meta-analysis indicated that BMI
was associated with COPD. Specifically, underweight might increase the risk of COPD; overweight
and obesity might reduce the risk of COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD), one of the
most common respiratory diseases, is characterized by irre-
versible airflow limitation and respiratory obstruction [1].
Airflow limitation has a profound effect on gas exchange and
heart function, and leads to comorbidities such as skeletal
muscle atrophy and heart failure [2]. Comorbid diseases
increase the morbidity and mortality of COPD. In 2015, 3
million people worldwide died of COPD, accounting for 5%
of the all deaths. Compared with 1990, the number of deaths
from COPD in 2015 increased by 10% and the prevalence
increased by 44% [3]. It is estimated that there were 13 mil-
lion (6.5%) patients with COPD in the United States in 2011
[4]. And direct costs of COPD treatment accounts for $18 bil-
lion a year, posing a major challenge to the health care sys-
tem [5].

Recent years, available evidences found that dietary
intake, life habits, and physical conditions could affect the
prevalence and development of COPD [6]. Some modifiable
dietary intake factors may decrease the risk of COPD such
as high fiber [7], vitamin C [8] and fatty acids [9]. In life
habits, using biomass fuels [10] and smoking [11] could
increase the risk of COPD. As physical status indicators, a
history of allergies [12] and high body mass index (BMI)
were protective factors to the development of COPD [13].

Over the past 40 years, the global prevalence of under-
weight was more than double that of obesity. The prevalence
of obesity exceeded that of underweight in 2004 among
women and in 2011 among men. In 2014, the global age-
standardized prevalence of underweight (BMI < 18.5 kg/m2)
was 8.8% (7.4%–10.3%) among men and 9.7% (8.3%–11.1%)
among women [14]. Underweight might have significant
association with osteoporosis, puberty retardation, mental
disorders, and respiratory parameters [15]. In 2014, the glo-
bal age-standardized prevalence of obesity was 10.8%
(9.7%–12.0%) among men and 24.0% (18.9%–29.3%) among
women [14]. It is estimated that 1.9 billion and 609 million
adults were overweight and obesity in 2015, accounting for
approximately 39% of the world’s population [16]. Obesity
plays a key role in the pathogenesis of multiple system and
organ diseases, such as cardiovascular disease, diabetes mel-
litus, cancers, respiratory disease and so on [17].

The relationship between overweight/obesity and COPD
is being increasingly explored. However, there are inconsis-
tencies in the current data. A cohort study by Merja
Kanervisto [13] found that overweight and obesity could
reduce the risk of COPD. Other studies also suggested that
overweight and obesity were protective factors for COPD
[11, 18, 19]. And a large cross-sectional, population-based
study conducted in America concluded that overweight and
obesity were risk factors for COPD [20]. In addition, some
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studies showed that there was not statistical significance
between overweight/obesity and COPD [21–23].

Given these inconsistencies, we conducted this meta-ana-
lysis to further elucidate the relationship between BMI
and COPD.

Methods

Search strategy

A literature search was performed to identify available
articles up to July 15, 2020 from PubMed, Web of Science,
EMBASE, China National Knowledge Infrastructure (CNKI)
and Wanfang, Search terms included the following search
terms: (BMI or ‘body mass index’ or obesity or overweight
or ‘surplus weight’ or waist or hipline or ‘waist hip rate’ or
WHR or ‘abdominal obesity’ or ‘visceral adiposity’) and
(‘chronic obstructive pulmonary disease’ or COPD). The
language was restricted to English and Chinese. Moreover,
the reference lists of retrieved articles were reviewed to iden-
tify further undetected relevant articles.

Inclusion criteria

Two investigators independently reviewed all identified stud-
ies. The inclusion criteria were as follows: (1) observational
study designs (cohort, case-control, cross-sectional); (2) the
exposure of interest were BMI, underweight, normal weight
(reference group), overweight, and obesity; (3) the outcome
of interest was COPD; (4) odds ratio (OR), risk ratio (RR)
or hazard ratio (HR) with 95% confidence interval (CI) were
provided; (5) studies were reported in English or Chinese;
(6) the most recent and complete article was chosen if data
from the same population had been published more
than once.

Studies were excluded according to the following criteria:
(1) were not original study or full texts; (2) did not report
OR, RR or HR with 95% CI (or no data available to calcu-
late them); (3) outcomes were associated with mortality
of COPD.

Data extraction

The following information was extracted from every study:
(1) name of first author; (2) publication year; (3) country
and continent; (4) study type; (5) age range of cases/con-
trols; (6) number of cases; (7) sample size; (8) BMI category;
(9) BMI criteria; (10) assessment of COPD; (11) reported
form of COPD; (12) OR, RR or HR with 95% CI, and (13)
adjusted covariates.

BMI is now used to define a person as underweight, nor-
mal weight, overweight or obesity. Currently, there are sev-
eral different criteria for BMI, including WHO criteria,
Chinese criteria, Asian criteria and so on. Furthermore,
there are two primary measurements of COPD, including
GOLD (Global Initiative for Chronic Obstructive Lung
Disease) criteria which is defined as post-bronchodilator
FEV1/FVC (FVC: Forced vital capacity) < 70%, and LLN

(Lower Limit of Normal) criteria which is defined as post-
bronchodilator FEV1/FVC< cutoff based on lower limit of
normal [24].

Statistical analysis

The study-specific log ORs were weighted by the inverse of
their variance to calculate pooled ORs with corresponding
95% CIs of the association between BMI and COPD. The I2

was used to assess heterogeneity (I2 values of 0, 25, 50, and
75% represent no, low, moderate and high heterogeneity
respectively) [25]. We used random-effect model (REM) if
high heterogeneity (I2 >50%) was found; otherwise, the
fixed-effect model (FEM) was adopted. Meta-regression was
performed to explore the potentially important covariates
that might exert substantial impacts on between-study het-
erogeneity. Influence analysis was used to assess whether the
results could be significantly affected by a single study which
removed at a time. Leave-one-out sensitivity analysis was
carried out to evaluate the key studies that have substantial
impact on between-study heterogeneity. Subgroup analysis
was performed by year, gender, study type, continent, assess-
ment forms of COPD, reported forms of COPD, BMI crite-
ria, and controls. Publication bias was estimated using
Egger’s test, trim and fill method, and visualization of funnel
plots.

Statistical analyses were conducted using STATA 15.0
software (Stata Corporation, College Station, TX, USA). All
reported P values were two-sided, and p< 0.05 was regarded
as statistically significant.

Results

Literature search and study characteristics

The search strategy identified 4,748 articles from PubMed,
4,237 articles from Web of Science, 3,989 articles from
EMBASE, 2,452 articles from CNKI, 173 articles from Wan
Fang. Six additional articles were found through the refer-
ence lists of included articles. After duplicates being
removed, 10,512 articles were excluded on screening of titles
and/or abstract. After reading full text, 37 articles were
excluded for the following reasons: duplicated reports from
the same study population (n¼ 3); lacking OR, RR or HR
and 95% CI (n¼ 31); review (n¼ 3). Finally, 30 articles were
included in this meta-analysis [6, 10–13, 18–23, 26–44]. The
detailed steps of our literature search are shown in Figure 1.

Thirty articles (22 cross-sectional articles, 7 cohort articles
and 1 case-control article) were included, involving
1,578,449 participants. In thirty articles, seven articles were
conducted in North America (NA), 18 in Asia, four in
Europe, and one in Africa. As for assessment of COPD, 13
articles used GOLD, one article used LLN, one article used
both GOLD and LLN. As for reported form of COPD, 19
articles were based on spirometry, six articles on question-
naires, one on face-to-face interviews and one on database.
The detailed characteristics of included articles are shown in
Supplementary Table S1.
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Quantitative synthesis

For underweight group, the pooled OR of 24 articles [6, 10–13,
18–23, 27, 28, 30–34, 38, 39, 41–44] was 1.96 (95% CI:
1.78–2.17; I2¼67.3%, Pheterogeneity <0.01; Figure 2). For over-
weight group, the pooled OR of 30 articles [6, 10–13, 18–23,
26–44] was 0.80 (95% CI: 0.73–0.87; I2¼83.8%, Pheterogeneity
<0.01; Figure 3). For obesity group, the pooled OR of 23 articles
[10, 12, 13, 18, 19, 22, 23, 26–34, 36–39, 42–44] was 0.86 (95%
CI: 0.73–1.02; I2¼89.4%, Pheterogeneity <0.01; Figure 4).

Subgroup analysis

In the underweight group, subgroup analysis was performed
by the year (�2013; >2013), study type (cross-section;
cohort), gender (female; male), smoking status (never

smoked; smoked), assessment form of COPD (GOLD; LLN),
reported form of COPD (spirometry; questionnaires; others),
continent (NA; Asia; Europe), and BMI criteria (China;
WHO; Asia; others), the results indicated that underweight
was a risk factor for COPD. The details of results are sum-
marized in Table 1.

In the overweight group, subgroup analysis was per-
formed by year, gender, study type, continent, smoking sta-
tus, assessment forms of COPD, reported forms of COPD,
BMI criteria, and controls. The results showed a significant
inverse association in the subgroup analysis by year (�2013;
>2013) and study type (cross-section; cohort). In stratified
analysis by assessment and reported forms of COPD, the
findings showed a significant inverse association in GOLD
method (OR ¼ 0.65, 95% CI: 0.54–0.78) and spirometry
method (OR ¼ 0.68, 95% CI: 0.59–0.78). For the subgroup

Figure 1. Flowchart of the selection of studies included in the meta-analysis.
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analysis by the continent, a significant inverse association
was found for Asia (OR ¼ 0.76, 95% CI: 0.68–0.85) and
Europe (OR ¼ 0.58, 95% CI: 0.38–0.88). The details of
results are summarized in Table 2.

In the obesity group, subgroup analysis was performed by
year, gender, study type, continent, reported forms of COPD,
BMI criteria, and controls. According to the continent, a stat-
istically significant association was found in Asia (OR ¼ 0.74,
95% CI: 0.62–0.89), but not in those conducted in the other
continents. With regard to the selection of controls, the asso-
ciation between obesity and COPD was significant (OR ¼
0.83, 95% CI: 0.70–0.99) in normal weight controls, but not
in non-overweight controls (OR ¼ 1.06, 95% CI: 0.44–2.57).
The details of results are summarized in Table 3.

Meta-regression

To explore the sources of heterogeneity, meta-regression
with the covariates of year, study type, gender, assessment

form of COPD, reported form of COPD, continent, and
BMI criteria were performed. The P value of these covariates
in underweight group was 0.002, 0.094, 0.453, 0.170, 0.041,
0.131, and 0.674, respectively, which suggested that year and
reported form of COPD were the important sources of het-
erogeneity. The P value in overweight group was 0.759,
0.541, 0.028, 0.000, 0.011, 0.039, and 0.841, respectively,
which suggested that gender, assessment form of COPD,
reported form of COPD, and continent were the important
sources of heterogeneity. The P value in obesity group was
0.396, 0.815, 0.032, 0.002, 0.011, 0.074, and 0.069, respect-
ively, which suggested that gender, assessment form of
COPD and reported form of COPD were the important
sources of heterogeneity.

Sensitivity analyses

By using the leave-one-out sensitivity analysis, two studies
contributed to high between-study heterogeneity in

Figure 2. Forest plot of the odds ratio (ORs) with corresponding 95% confidence intervals (CIs) of the association between underweight and risk of COPD.
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underweight group. After further excluding these two stud-
ies, low heterogeneity (I2¼ 40.7%) was found and the pooled
OR was 2.00 (95% CI: 1.80–2.22). In overweight group,
three studies contributed to high between-study heterogen-
eity. After further excluding these three studies, low hetero-
geneity (I2 ¼ 39.3%) was found and the pooled OR was 0.81
(95% CI: 0.77–0.87). In obesity group, five studies contrib-
uted to high between-study heterogeneity. After further
excluding these five studies, low heterogeneity (I2 ¼ 45.4%)
was found and the pooled OR was 0.77 (95% CI: 0.68–0.86).

Influence analysis and publication bias

Influence analysis showed that no studies had an excessive
influence on the pooled results in three groups
(Figure 5(a–c)). For the association of underweight and
COPD, Egger test showed that there was publication bias

(p¼ 0.037). Seven articles were trimmed after running trim
and fill technique. The pooled OR was 1.86 (95% CI:
1.73–1.88) after trimming. In the overweight and obesity
groups, Egger test showed that the P values were 0.013 and
0.041, indicating there were publication biases. However, no
articles were trimmed after running trim and fill technique.
In three groups, the funnel plots appeared to be asymmet-
rical (Figure 6(a–c)).

Discussion

In this meta-analysis, we evaluated the intricate relationship
between BMI and COPD. Thirty articles with 1,578,449 par-
ticipants were included in the meta-analysis. The pooled
results indicated that BMI is associated with COPD.
Specifically, underweight might increase the risk of COPD.

Figure 3. Forest plot of the odds ratio (ORs) with corresponding 95% confidence intervals (CIs) of the association between overweight and risk of COPD.

COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 105



In addition, overweight and obesity could reduce the risk
of COPD.

The mechanism of the relationship between BMI and
COPD is unclear, but several possible mechanisms have
been summarized as follows. Underweight partially mediates
the effect on lung function through its impact on respiratory
muscles [26]. The increased risk of COPD in underweight
individuals may be associated with reduced skeletal muscles
mass, which affects both respiratory and non-respiratory
muscles [45]. Furthermore, underweight is related to malnu-
trition or low socioeconomic status. Malnutrition is one of
the causes of respiratory muscle dysfunction that often
occurs in patients with COPD [46]. In addition, malnutri-
tion increases respiratory muscular atrophy and susceptibil-
ity to infection, subsequently impairs lung function [33].

The reduced risk of COPD in overweight/obesity individ-
uals could be explained from the following aspects. First of
all, BMI includes not only fat mass but also muscle mass
[47]. As a substitute for skeletal muscle mass, fat-free mass
(FFM) is positively correlated with cardiorespiratory fitness

(CRF) and respiratory muscle strength [48–50]. The lower
risk of COPD in obese people may be partly due to the pro-
tective effect of higher FFM [51]. Secondly, lung hyperinfla-
tion increases the volume of the lungs, shortens and flattens
the diaphragm. Therefore, the diaphragm loses the ability to
produce contractile force [52]. Compared with people of
normal or underweight, obese people have smaller expira-
tory reserve volume and end-expiratory lung volume,
breathe shallower and faster, and have less lung hyperinfla-
tion [49]. In addition, lower BMI was related to faster
FEV1(Forced expiratory volume in 1 s) decline; higher BMI
was related to slower FEV1 decline [47].

Some studies have found that obesity can also affect the
prognosis of chronic diseases [53–56]. The “obesity paradox”
is that overweight or obesity is associated with a better prog-
nosis in subjects with chronic diseases [57]. Some studies
showed that overweight or obesity had a protective effect on
the mortality of COPD patients [53, 58]. This is because
COPD patients need high respiratory muscle mass to cope
with increased airway resistance and airflow obstruction

Figure 4. Forest plot of the odds ratio (ORs) with corresponding 95% confidence intervals (CIs) of the association between obesity and risk of COPD.
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[52]. FFM and respiratory muscle mass of overweight/obes-
ity COPD patients are higher than those of normal or
underweight COPD patients [59, 60]. The obesity paradox
not only occurs in COPD, but also in some chronic diseases

such as pulmonary embolism [56], cancer [54], and cardio-
vascular disease [55]. A study on the survival benefits of
obese patients with pulmonary embolism showed that the
survival rate of pulmonary embolism patients in obesityIand

Table 1. Subgroup analysis of underweight and risk of COPD.

Subgroup Category I2 (%) P for I2 OR (95% CI) P for OR N

Year �2013 17.3 0.085 2.29 (2.03-2.59) <0.01 12
>2013 60.4 0.092 1.78 (1.60-1.97) <0.01 15
Total 67.3 <0.01 1.96 (1.78–2.17) <0.01 27

Study type Cross-section 26.1 0.138 2.10 (1.86–2.37) <0.01 21
Cohort 89.1 <0.01 1.79 (1.52–2.12) <0.01 5
Total 68.6 <0.01 1.97 (1.78–2.19) <0.01 26

Gender Female 82.1 <0.01 2.05 (1.37–3.07) <0.01 5
Male 72.3 0.013 3.94 (1.60–9.71) <0.01 4
Total 79.3 <0.01 2.22 (1.76–2.80) <0.01 9

Smoking
status

Never smoked 48.3 0.05 2.42 (1.87–3.14) <0.01 9
Smoked 0.0 0.827 1.58 (1.26–1.97) <0.01 4
Total 53.3 0.011 2.08 (1.67–2.58) <0.01 13

COPD
assessment

GOLD 35.8 0.104 2.08 (1.72–2.52) <0.01 15
LLN 39.2 0.200 2.96 (1.32–6.74) <0.01 2
Total 77.4 0.028 1.96 (1.78–2.17) <0.01 19

COPD
reported

Spirometry 32.2 0.019 2.13 (1.89–2.41) <0.01 19
Questionnaires 0.0 0.635 1.79 (1.54–2.07) <0.01 4
Others 88.0 <0.01 1.96 (1.78–2.17) <0.01 4
Total 67.3 <0.01 2.00 (1.80–2.23) <0.01 27

Continent NA 37.1 0.174 1.87 (1.48–2.38) <0.01 5
Asia 74.4 <0.01 1.99 (1.76–2.24) <0.01 19
Europe 0.0 0.859 1.85 (1.48–2.30) <0.01 2
Total 67.4 <0.01 1.95 (1.77–2.16) <0.01 26

BMI criteria China 71.1 <0.01 2.09 (1.81–2.42) <0.01 13
WHO 43.0 0.081 1.94 (1.65–2.29) <0.01 9
Asia 36.6 0.209 1.61 (1.20–2.16) <0.01 2
Others 0.0 0.437 1.80 (1.44–2.26) <0.01 3
Total 67.3 <0.01 1.96 (1.78–2.17) <0.01 27

BMI, body mass index; COPD, chronic obstructive pulmonary disease; GOLD, global initiative for chronic obstructive lung disease; LLN, lower limit of normal; N,
number of studies; NA, north America; OR, odds ratio; WHO, World Health Organization.

Table 2. Subgroup analysis of overweight and risk of COPD.

Subgroup Category I2 (%) P for I2 OR (95% CI) P for OR N

Year �2013 38.5 0.087 0.77 (0.70–0.85) <0.01 14
>2013 87.4 <0.01 0.81 (0.71–0.91) <0.01 20
Total 83.8 <0.01 0.80 (0.73–0.87) <0.01 34

Study type Cross-section 83.9 <0.01 0.76 (0.65–0.89) <0.01 25
Cohort 85.2 <0.01 0.85 (0.75–0.95) <0.01 8
Total 83.7 <0.01 0.79 (0.72–0.87) <0.01 33

Gender Female 83.4 <0.01 1.08 (0.88–1.32) 0.447 3
Male 0.0 0.604 0.91 (0.85–0.98) <0.01 3
Total 85.4 <0.01 1.01 (0.88–1.17) 0.865 6

Smoking
status

Never smoked 82.1 <0.01 0.88 (0.73–1.05) 0.163 11
Smoked 45.4 0.139 0.75 (0.66–0.85) <0.01 4
Total 85.9 <0.01 0.83 (0.72–0.97) 0.020 15

COPD assessment GOLD 68.2 <0.01 0.65 (0.54–0.78) <0.01 14
LLN 0.0 0.679 0.83 (0.63–1.10) 0.198 2
Total 63.5 <0.01 0.67 (0.57–0.80) <0.01 16

COPD reported Spirometry 67.8 <0.01 0.68 (0.59–0.78) <0.01 21
Questionnaires 85.6 <0.01 0.95 (0.85–1.07) 0.853 7
Others 25.7 0.250 0.94 (0.88–1.01) 0.118 6
Total 83.8 <0.01 0.80 (0.73–0.87) <0.01 34

Continent NA 82.6 <0.01 0.98 (0.85–1.13) 0.798 9
Asia 71.3 <0.01 0.76 (0.68–0.85) <0.01 20
Europe 94.2 <0.01 0.58 (0.38–0.88) 0.010 4
Total 84.3 <0.01 0.80 (0.73–0.87) <0.01 33

BMI criteria China 77.5 <0.01 0.74 (0.64–0.87) <0.01 13
WHO 87.2 <0.01 0.86 (0.75–0.99) 0.039 12
Asia 0.0 0.831 0.91 (0.79–1.04) 0.162 2
Others 85.6 <0.01 0.73 (0.52–1.02) 0.067 7
Total 83.8 <0.01 0.80 (0.73–0.87) <0.01 34

Controls Non-overweight 94.2 <0.01 0.75 (0.53–1.05) 0.090 7
Normal weight 67.6 <0.01 0.80 (0.74–0.87) <0.01 27
Total 83.8 <0.01 0.80 (0.73–0.87) <0.01 34

BMI, body mass index; CC, case-control; COPD, chronic obstructive pulmonary disease; CS, cross-section; GOLD, global initiative for chronic obstructive lung dis-
ease; LLN, lower limit of normal; NA, north America; OR, odds ratio.
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II was higher [56]. Prerana Chittal et al. found that CRF
might also be an important factor leading to the obesity
paradox in patients with cardiovascular disease. Higher CRF
is believed to change the association between obesity and
outcome [60]. In addition, obesity, as a nutritional reserve,
is particularly important for older, weaker, and comorbid
patients. This can also explain why some obese patients with
chronic diseases have greater survival benefits [56].
Therefore, the protective effect of higher BMI on the prog-
nosis of certain chronic diseases in the obesity paradox is
consistent with the conclusion in our study that overweight
or obesity may reduce the risk of COPD.

Heterogeneity between studies is common in meta-ana-
lysis, and mainly includes clinical heterogeneity (differences
in participants, interventions, and outcomes between stud-
ies), methodological heterogeneity and statistical heterogen-
eity [61]. Due to the high heterogeneity of this study, we
used the random effects model (REM) to calculate the
pooled results with 95% CIs. To explore the potential sour-
ces of heterogeneity, meta-regression and subgroup analysis
were carried out. The results indicated that gender, assess-
ment form of COPD and reported form of COPD could be
the important sources of heterogeneity. Two, three, and five
studies were found to contribute to high heterogeneity for
underweight, overweight, and obesity groups by sensitivity
analysis, respectively. After excluding these studies, the
results did not change in underweight and overweight
group, indicating our results were stable and reliable.
However, in obesity group, the result changed from insig-
nificance into significance after excluding five studies which
contributed to between-study heterogeneity. The results of
these excluded studies indicated that obesity was a risk fac-
tor for COPD. Compared with other studies, the BMI classi-
fication criteria of three excluded studies [12, 27, 44] were

not used common criteria. The OR of an excluded study
[42] was only for men. And the outcome of another
excluded study [30] was emphysema or COPD.

After analysis, reported form of COPD could be critical
sources of heterogeneity in this study. On the one hand,
although spirometry is recommended for the diagnosis of
COPD, there is considerable challenge based on spirometry
in implementing public screening programs. Spirometry is
not yet widely available and requires a major investment to
healthcare system [42]. Therefore, it is common that the
diagnosis of COPD without spirometry [62]. On the other
hand, patients might misjudge themselves as normal person
in the early stage of COPD because their symptoms are not
obvious enough. A study has shown that the prevalence of
measured chronic diseases (41.9%) is higher than that of
self-reported (24.1%) [63]. Moreover, other forms of COPD
reported may have some subjective intention and recall bias,
they are not accurate enough relative to the spirometry.

Another possible source of heterogeneity in the study
might be the assessment form of COPD. At present, the
Global Initiative for Chronic Obstructive Lung Disease tends
to use fixed ratio rather than LLN because simplicity and
consistency in diagnosis are critical for busy clinicians [24].
GOLD criterion is now widely accepted, mainly because of
its practicality. Using the GOLD criterion as a public lung
function screening program, although it may be an effective
and simple method, seems to overestimate COPD in the eld-
erly [64]. This could be due to the fact that FEV1 value
increases with age faster than FVC declines [65]. According
to the normal distribution, LLN criterion classifies the bot-
tom 5% of the healthy people as abnormal [66]. The use of
the LLN criteria instead of the fixed ratio could reduce age
bias and preferably reflect clinically irreversible airflow limi-
tation [21]. However, a study conducted by Surya and

Table 3. Subgroup analysis of obesity and risk of COPD.

Subgroup Category I2 (%) P for I2 OR (95% CI) P for OR N

Year �2013 85.9 <0.01 0.87 (0.69–1.10) 0.245 13
>2013 89.2 <0.01 0.84 (0.66–1.07) 0.152 12
Total 89.4 <0.01 0.86 (0.73–1.02) 0.065 25

Study type Cross-section 89.7 <0.01 0.85 (0.66–1.11) 0.235 18
Cohort 89.1 <0.01 0.80 (0.63–1.03) 0.091 6
Total 89.1 <0.01 0.84 (0.70–1.00) 0.046 24

Gender Female 82.7 0.016 1.66 (0.92–3.00) 0.089 2
Male 0.0 0.384 0.86 (0.75–1.00) 0.043 2
Total 90.1 <0.01 1.26 (0.89–1.78) 0.199 4

COPD
reported

Spirometry 70.8 <0.01 0.72 (0.61–0.85) <0.01 17
Questionnaires 89.1 <0.01 1.08 (0.76–1.53) 0.671 4
Others 76.6 <0.01 1.43 (0.99–2.05) 0.054 4
Total 89.4 <0.01 0.86 (0.73–1.02) 0.065 25

Continent NA 85.2 <0.01 1.27 (0.91–1.76) 0.160 6
Asia 82.9 <0.01 0.74 (0.62–0.89) <0.01 16
Europe 94.5 <0.01 0.79 (0.33–1.87) 0.587 2
Total 88.7 <0.01 0.86 (0.72–1.01) 0.065 24

BMI criteria China 85.7 <0.01 0.71 (0.57–0.90) <0.01 12
WHO 94.7 <0.01 0.89 (0.59–1.34) 0.578 6
Others 78.1 <0.01 1.20 (0.82–1.75) 0.342 6
Total 89.1 <0.01 0.86 (0.73–1.02) 0.086 24

Controls Non-overweight 79.9 <0.01 1.06 (0.44–2.57) 0.898 3
Normal weight 89.6 <0.01 0.83 (0.70–0.99) 0.043 22
Total 89.4 <0.01 0.86 (0.73–1.02) 0.065 25

BMI, body mass index; CC, case-control; COPD, chronic obstructive pulmonary disease; CS, cross-section; GOLD, global initiative for chronic obstructive lung dis-
ease; LLN, lower limit of normal; NA, north America; OR, odds ratio.
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Figure 5. Influence analysis of the odds ratio (ORs) with corresponding 95% confidence intervals (CIs) of the association between BMI and risk of COPD. (a) under-
weight. (b) overweight. (c) obesity.
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Figure 6. Funnel plot of the odds ratio (ORs) with corresponding 95% confidence intervals (CIs) of the association between BMI and risk of COPD. Each dot repre-
sents a different study. (a) Underweight, (b) overweight, (c) obesity.
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colleagues [67] found that LLN criterion failed to identify
some patients with important lung pathology and respiratory
diseases.

There is growing evidence that BMI and body fat
distribution differ among different populations. Compared
with Europeans and Americans, Asians have a lower average
BMI value and a higher body fat percentage [68]. The cutoff
points of WHO, Asian and Chinese criteria for obesity are
30, 25, 28, respectively. In this meta-analysis, included
studies used different BMI criteria to define obesity and dif-
ferent BMI classifications as references, which might also be
another source of heterogeneity.

This meta-analysis has some advantages. First, plenty of
studies and participants were included, increasing the power
of the analyze. Second, we roundly analyzed the relationship
between BMI and COPD from three aspects of underweight,
overweight, and obesity. Third, after sensitivity analysis and
influence analysis, the results of underweight group and
overweight group did not change, indicating that the results
were stable. Fourth, all articles were adjusted for most
confounding factors.

Similarly, the present study also has several limitations.
First, there was a high heterogeneity in this meta-analysis,
but the heterogeneity was greatly reduced after sensitivity
analysis. Second, the articles included in this meta-analysis
have multiple non-uniform methods to classify BMI, which
could affect the results to certain extent. Third, for COPD
diagnosed by questionnaires or self-reported, it may be
misdiagnosed due to potential measurement errors and recall
bias. Fourth, the adjusted confounding factors were different
in each study, which may affect the observed association.

Conclusions

In summary, this meta-analysis indicated that underweight
might increase the risk of COPD; overweight and obesity
might reduce the risk of COPD. It deepens our understand-
ing and insight into the intricate relationship between BMI
and COPD. Further in-depth researches are needed to inves-
tigate the real cause and effect relationship between them.
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