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Body mass index and chronic
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population-based study
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Abstract
Nutritional status has been associated with clinical outcome in chronic airflow limitation (CAL), but
epidemiological studies are scarce. We aimed to assess the relationship between body mass index (BMI)
and CAL, taking into account confounding factors. 18,606 participants (49% male, 21% smokers, mean age:
55.8 + 11.2 years, mean BMI: 26.7 + 5.5 kg/m2) of the BOLD initiative from 26 sites in 23 countries were
included. CAL was defined as post-bronchodilator forced expiratory volume in the first second/forced vital
capacity < lower limit of normal. Low and obese BMI were defined as <21 kg/m2 and �30 kg/m2, respectively.
Multivariate logistic regression analysis controlled for confounders age, sex and smoking, and meta-analysis of
between-site heterogeneity and clustering. Prevalence of low and obese BMI, smoking history and prevalence
of CAL were highly variable between sites. After adjustment for confounders, the meta-analysis of all sites
showed that compared to subjects without CAL, low BMI was more frequent, (adjusted odds ratio (OR): 2.23
(95% confidence interval: 1.75, 2.85)) and conversely, obesity was less frequent in subjects with CAL (adjusted
OR: 0.78 (0.65, 0.94)). In a worldwide population sample, CAL was associated with lower BMI, even after
adjusting for confounding factors age, gender, smoking and between-site heterogeneity. These results indicate
a CAL-specific association with body composition.
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Introduction

Low body weight has been observed in 10–20% of

outpatients with mild-to-moderate chronic obstructive

pulmonary disease (COPD)1,2 and in 37% of patients

with severe disease referred for pulmonary rehabilita-

tion.3 Moreover, low body mass index (BMI) is

related to increased mortality in these patients,4–7

independent of disease severity.6 Also, in the general

population, increased mortality in subjects with low

to normal BMI is mainly due to respiratory diseases.8

This inverse association is much stronger for smo-

kers than for non-smokers.8 Nevertheless, the asso-

ciation between low body weight and chronic airflow

limitation (CAL) remains incompletely understood

as it has only been studied in selected patient popu-

lations.1,7 Earlier studies did not account for the
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impact of smoking,9 gender10 and age11 on body

weight.

On the other hand, obesity is increasingly recog-

nized as a risk factor for respiratory symptoms12 and

functional limitation13 in COPD. Furthermore, while

obesity may be associated with low mortality in

patients with severe airflow obstruction, a higher mor-

tality rate was seen in mild-to-moderate COPD

patients with obesity.3,6 Epidemiologic data on obe-

sity in subjects with CAL in general population sam-

ples are scarce and conflicting.14,15

The burden of obstructive lung disease (BOLD)

initiative is an international population-based study

implementing rigorous standardized methods for esti-

mating CAL prevalence (high-quality postbronchodi-

lator spirometry) and its risk factors. While BMI has

already been described in the context of other possible

risk factors for the presence of airflow limitation in

BOLD,16,17 the principal objective of the present

study was to study in detail the relation between low

and obese BMI and the presence of CAL in a general

worldwide population, taking into account the impact

of gender, smoking status, age and site-to-site

heterogeneity.

Methods

Study design and participants

The design and rationale for the BOLD initiative and

prevalence data have been previously published.18,19

Participants were recruited with use of population-

based sampling plans. The following sampling strate-

gies were used: simple random sample, stratified

random sample, and cluster sample. The sampling

methodology of each site has been reviewed and

approved by the operations center. Representative

samples of the non-institutionalized population over

the age of 39 years were selected for all study sites. As

of February 2014, 26 sites (in 23 countries) had com-

pleted data collection and are included in this analy-

sis: Adana (Turkey), Annaba (Algeria), Bergen

(Norway), Cape Town (South Africa), Fes (Morocco),

Guangzhou (China), Hannover (Germany), Ife

(Nigeria), Krakow (Poland), Lexington (USA), Lis-

bon (Portugal), London (England), Maastricht (the

Netherlands), Manila (Philippines), Mumbai (India),

Nampicuan Talugtug (Philippines), Pune (India),

Reykjavik (Iceland), Salzburg (Austria), Sousse

(Tunisia), Srinagar (India), Sydney (Australia), Tartu

(Estonia), Tirana (Albania), Uppsala (Sweden), and

Vancouver (Canada).

Each participating site aimed to recruit a

population-based sample of at least 600 adults (300

men and 300 women) living in a well-defined admin-

istrative area in which the total population exceeded

150,000. Approval was obtained from each local

ethics committee and written informed consent was

obtained from each participant. All participants

included in this analysis performed post-bronchodilator

spirometry.

Spirometry testing

Spirometry was performed according to the American

Thoracic Society (ATS) criteria20 by trained and cer-

tified technicians using the nddEasyOne spirometer

(ndd Medical Technologies; Zurich, Switzerland)

with participants in a seated position. Separate mea-

surements of forced expiratory volume in the first

second (FEV1) and forced vital capacity (FVC) were

made before and at least 15 min after two puffs of

salbutamol (200 mg) administered with a metered

dose inhaler with Volumatic spacer (GlaxoSmithK-

line; Uxbridge, England). Spirometry data were sent

electronically to the Pulmonary Function Quality

Control Center in Salt Lake City, Utah, or London,

where each spirogram was reviewed and graded using

ATS guidelines.20

Definitions

Chronic airflow limitation. The definition of CAL was

based on the post-bronchodilator lung function and

defined according to lower limit of normal (LLN),

which is beneath the 5th percentile of the population

distribution for the FEV1/FVC ratio. Non-obstructive

lung function was defined as a post-bronchodilator

FEV1/FVC ratio � LLN. We used the term CAL to

describe our results as well to refer to other

population-based studies. We used the term COPD

to refer to clinical studies, evaluating patients with

previously diagnosed COPD.

Smoking status. A current or ex-smoker was defined as

a person who had smoked >20 packs of cigarettes in a

lifetime or >1 cigarette/day for a year. An ex-smoker

was further defined by a self-report of having stopped

smoking.

Body mass index. Body height was measured to the

nearest 0.5 cm. Body weight was assessed to the near-

est 0.1 kg after emptying the bladder and with the

subjects standing barefoot and wearing light indoor
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clothing. BMI was calculated as body weight/height2

(kg/m2). A priori, BMI was categorized into low (<21

kg/m2)6, normal (21–24.9 kg/m2), high (25–29.9 kg/

m2),21 and obese (�30 kg/m2).21

Statistical analysis

Statistics were performed using SAS version 9.3.

Results are mainly expressed as mean + standard

deviation for quantitative variables. Independent sam-

ples Student’s t-test and the Wilcoxon–Mann–Whit-

ney test were used to investigate the differences in

mean BMI between subjects with and without CAL.

Kernel density estimation (KDE), a non-parametric

way to estimate the probability density function of a

random variable, was used to create the distribution

figures. To test whether two or more distributions are

different, the w2 test was used.

The meta-analyses of the calculated adjusted odds

ratios (ORs) and 95% confidence intervals were cal-

culated using the Cochrane meta-analysis software

RevMan 5.1. The v2-based Cochran’s Q statistic and

the I2 metric were used to quantify between-study

heterogeneity. A p < 0.10 for the Q statistic was con-

sidered significant. An I2 metric of >25% and >50%
was considered indicating moderate and large hetero-

geneity, respectively. Since significant between-study

heterogeneity was found, random effects meta-

analysis was used to combine data across sites.

Results

General characteristics

A total of 18,606 subjects �40 years had acceptable

post-bronchodilator spirometry, weight and height

measurement, and available information on smoking

status (Figure 1).

In general, subjects were overweight with a mean

age of 56 + 11 years. CAL was present in 11% of

subjects. Prevalence of CAL ranged from 6.2% in

Pune, India, to 18.9% in Cape Town, South Africa.

More than half of the subjects never smoked and

almost a quarter were current smokers.

Characteristics for each site are shown in Table 1.

Important differences in BMI were observed between

sites. For example, in Uppsala, Sweden, low BMI was

only seen in 3% of subjects while in Nampicuan

Talugtug, the Philippines, this percentage was up to

47%. On the other hand, obesity was present in only

3% of Chinese subjects, but was present in 47% of

participants from Lexington, USA.

Distribution of BMI in the pooled data set

Subjects with CAL had lower mean BMI compared to

subjects without CAL (mean BMI, kg/m2: CAL: 25.4

+ 5.5; non-CAL: 26.8 + 5.4; p < 0.0001) (Figure 2).

Likewise, in subjects with CAL compared to subjects

without CAL, a higher proportion with a low BMI

(21.8% vs. 12.3%; p < 0.001) and lower proportion

with an obese BMI (17.6% vs. 24.3%; p < 0.001) was

found. Even when gender-, age-, and smoking-

specific strata were investigated, the presence of CAL

was consistently associated with a shift of the distri-

bution towards lower BMI, when compared to sub-

jects without CAL (Supplemental Figures S1–S3).

Effects of smoking in the pooled data set

BMI was significantly different between current, for-

mer and never smokers (25.5 + 5.2; 26.9 + 5.2, and

26.8 + 5.6 kg/m2; p < 0.001, respectively) and was

lowest in current smokers. The prevalence of low

BMI in current smokers with CAL (28.8%) was sig-

nificantly increased compared to current smokers

without CAL (16.7%; p < 0.001) as also compared

to never smokers with CAL (21.1%; p < 0.001). Never

smokers without CAL had the lowest proportion of

subjects with a low BMI (13.1%; Figure 3).

Both in subjects with CAL (19.8% vs. 13.9%; p <

0.001) and in subjects without CAL (25.4% vs.17.9%,

p < 0.001), obesity was more frequent in never smokers

compared to current smokers. The lowest prevalence of

obesity was in smokers with CAL, which was signifi-

cantly lower compared to smokers without CAL

(respectively 13.9% vs. 17.9%; p ¼ 0.009). (Figure 5).

A meta-analytical approach

The present study consists of different surveys in mul-

tiple countries. In order to adjust for confounding by

18,818 subjects with acceptable
post bronchodilator spirometry

18,606 subjects with full data
collected

18,732 subjects

86 younger than 40 years

126 without weight
measurement

Figure 1. Flowchart of the study population.
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site and also to take into account the clustering of data

within sites we performed a meta-analysis of the site-

specific ORs relating BMI with CAL, adjusting for

age, gender, and smoking history using multivariate

logistic regression. The weighted meta-analyses of

adjusted ORs for low BMI and obese BMI in subjects

with CAL compared to subjects without CAL are

shown in Figures 4 and 5, respectively. For low body

weight, a large heterogeneity between sites was found

(I2: 59%). But even when taking into account the site-

to-site heterogeneity of our data and adjusting for age,

gender, and smoking status, the OR for low BMI was

increased in subjects with CAL, compared to subjects

without CAL. Secondly, overall a lower adjusted OR

was found for the presence of obesity in CAL sub-

jects. Here, the association seems consistent across

sites (I2: 15%).

Differences in mean BMI between subjects with

and without CAL for each site are shown in supple-

mental Table S1.

Discussion

This study is the first to evaluate BMI in subjects with

and without CAL as defined by rigorously standar-

dized post-bronchodilator spirometry in a worldwide

population-based sample of adults, taking into

account the possible impact of age, gender, smoking

status, and geography. The results of our study indi-

cate a positive association between the presence of

CAL and low BMI and a negative association

between CAL and obesity. Given the cross sectional

nature of our data, the direction of this relationship

remains unclear.

Evaluating data from the BOLD cohort, Lam-

precht et al.16 showed that low BMI was a risk

factor for the presence of CAL in never smokers.

Hooper et al.17 showed that subjects with obese

BMI, compared to those with normal body weight,

had lower likelihood to have CAL. The current

manuscript extends this knowledge by studying the

association between both low and obese BMI and

the presence of airflow limitation evaluating the

impact of gender, smoking status, age, and site-

to-site heterogeneity.

Only two other population-based studies have

reported on BMI in relation to CAL and compared

results to control subjects. In elderly subjects from

the general population participating in the ‘‘health

ABC’’ study, no difference in mean BMI was

observed between those with pre-bronchodilator-

defined airflow limitation and smokers without air-

flow limitation.11 Secondly, the South-American

population-based PLATINO study reported a 7% pre-

valence of spirometrically defined CAL in subjects

with BMI <20 kg/m2, which was significantly higher

compared to non-CAL subjects, but no adjustments or

stratification for smoking or other confounding fac-

tors were done.15 Hence, although low body weight is

Figure 2. Distribution of BMI in subjects with and without
CAL. Legend: mean BMI (kg/m2): CAL: 25.4 + 5.5 versus
non-CAL: 26.8 + 5.4, p < 0.001; difference in KDE: p <
0.001. BMI: body mass index; KDE: Kernel density estima-
tion; CAL: chronic airflow limitation.

Figure 3. Prevalence of low BMI (a) and obese BMI (b) in
patients with and without CAL according to smoking sta-
tus. *p < 0.01: compared to non-CAL NS; #p < 0.01:
compared to non-CAL CS; $p < 0.01: compared to CAL
NS; CS: current smoker; NS: never smoker; BMI: body
mass index; CAL: chronic airflow limitation.
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commonly observed in COPD or CAL, the relation-

ship between airflow limitation and BMI per se has

not been well studied and the impact of confounding

factors has remained unclear.

The presence of a low body weight in patients with

COPD is commonly recognized. A great variation of

the reported prevalence of low BMI in COPD was

seen in previous studies, depending on the setting and

population studied. In an outpatient population of

moderately severe COPD patients, low BMI was seen

in 10% of males and 18% of females.1 Similarly, 15%
of patients at first diagnosis of COPD had a low BMI.2

In the National Institutes of Health-Intermittent Pos-

itive Breathing trial, 25% of 779 male patients with

stable but severe COPD had a body weight <90% of

their ideal body weight and body weight was posi-

tively associated with FEV1.4 For 255 COPD patients

entering an inpatient pulmonary rehabilitation pro-

gram, Schols et al. showed that the prevalence of

underweight was 37% and increased in parallel with

the severity of airflow obstruction and the presence of

hypoxia.3 These studies showed that underweight is

occurring frequently in subjects with COPD and that

it is related to the severity of the disease. However,

these studies were uncontrolled for the effects of age,

gender, and smoking, and data were not compared to

subjects without airflow limitation. More recently, in

a sub-analysis on body composition of the ECLIPSE

study, the prevalence of a low BMI was 14% in

COPD, compared to 7% in controls.22 However, the

control group was significantly younger, had smoked

fewer pack-years, and consisted of significantly more

current smokers compared to the COPD subjects

(61% vs. 36%, p < 0.001).

Figure 4. Forest plot showing the meta-analysis of age, gender and smoking adjusted site-specific ORs for low BMI in
subjects with CAL compared to subjects without CAL. BMI: body mass index; CAL: chronic airflow limitation; OR: odds
ratio.
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The present study identified subjects with and with-

out CAL using guideline-based post-bronchodilator

spirometry. In addition, the standardized assessment

of smoking status by interviewed questionnaires

allowed for stratification. Smoking is not only an

important risk factor in the development of COPD but

also may adversely affect body composition.9 Nicotine

has appetite suppressant effects in the brain resulting in

lower nutrient intake in smokers.23 Also, one of the

acute systemic effects of smoking is an increase in

resting energy metabolism.24 It is well known that quit-

ting is frequently followed by a rapid weight gain.25,26

Also in the present study, smokers had a lower BMI

compared to ex- and never smokers. However, the

present study clearly demonstrated that smoking does

only partly account for the high prevalence of low BMI

in subjects with CAL.

CAL is importantly associated with older age as

years of exposure to tobacco smoke precede the

development of CAL.27 Older people tend to weigh

less than younger adults and old age is also associated

with a tendency to lose weight.11,28 However, the

present study showed that even after stratification for

age, subjects with CAL had a higher prevalence of

low BMI compared to subjects with normal lung func-

tion. Neither gender nor site-related BMI differences

influenced these results. Hence, we conclude that

the relationship between the presence of CAL and the

presence of low BMI is independent of age, gender,

and smoking.

Figure 5. Forest plot showing the meta-analysis of adjusted ORs for age, gender and smoking, for obese BMI in subjects
with CAL compared to subjects without CAL. OR was not estimable in China (Ghuangzhou) and India (Pune) because no
subjects with CAL had obese BMI. N.T.: Nampicuan–Talugtug; BMI: body mass index; CAL: chronic airflow limitation; OR:
odds ratio.

96 Chronic Respiratory Disease 13(2)



Having excluded smoking and age as possible rea-

sons for subjects with CAL being more frequently

underweight, two possibilities remain: either (at least

some) subjects with CAL lose weight or thin subjects

are at higher risk of developing CAL.

Weight loss occurs when energy expenditure

exceeds energy intake and this balance can be dis-

turbed on both sides in patients with CAL. A

decreased appetite and low dietary intake have been

associated with aggravation of disease symptoms

related to exacerbations of COPD.29 On the other

hand, an elevated resting energy expenditure has been

reported in patients with COPD and has been associ-

ated with weight loss.30 Also, increased energy

expenditure related to physical activities has been

reported in COPD. This is likely due to a decreased

oxidative capacity of the peripheral muscle, as a con-

sequence of a shift from type 1 to type 2 fibres, which

likely results in decreased mechanical efficiency

when performing activity.31 Also, the increased oxy-

gen cost of breathing might contribute to the elevated

energy expenditure during activities in subjects with

COPD.32 A low BMI in COPD is commonly associ-

ated with low fat-free mass.3 A loss of muscle bulk is

a common complication in patients with COPD,

among other things related to physical inactivity.

In the present cross-sectional study, data on weight

loss, energy balance, exacerbations, and physical

inactivity were not collected. Therefore, it is not pos-

sible to attribute the increased prevalence of under-

weight in subjects with CAL to any of these factors.

However, since the present study sample is

population-based and not a selected patient popula-

tion, the frequency of ‘disease exacerbations’ is low.

It has been suggested that subjects with a thin phe-

notype are at higher risk of developing CAL. A large

general population study showed that increased mor-

tality in people with low BMI was mainly associated

with respiratory diseases.8 Although this observed

association might be attributable to reverse causa-

tion.33 More specifically, the Baltimore Longitudinal

Study of Aging showed that, at least in men, a low

BMI was an independent risk factor for developing

CAL.34 Also in a previous report of the BOLD study,

low BMI was associated with the presence of CAL in

never smokers.16 In addition, studies have suggested

that malnutrition and starvation may contribute to the

development of emphysema. Autopsies undertaken

on starved patients during World War II revealed

signs of emphysema in relatively young individuals.35

In addition, early levels of emphysema have been

detected in patients with anorexia nervosa.36 Due to

the cross-sectional nature of the present data we can-

not determine whether the low BMI preceded the

CAL or was a consequence of the disease.

In the present study, on average, only one in five

subjects with CAL had low body weight. Together with

the worldwide obesity pandemic, also obesity in

COPD is increasingly recognized and importantly con-

tributes to the disease expression of patients with

COPD.37 Referring to the historical description of the

pink puffer (emphysematous type with underweight) and

the blue bloater (chronic bronchitis type with overweight)

body weight might discriminate different phenotypes

within the umbrella disease COPD.38 More recently,

low and obese body weight also showed to differentiate

different clusters of comorbidities in COPD.39

However, data on the prevalence of obesity in

COPD or CAL compared to subjects without COPD

or CAL are scarce and have been conflicting, proba-

bly as a result of differences in CAL-specific and

global risk factors for obesity between studied popu-

lations. In the population-based Canadian National

Health Survey, the prevalence of obesity was

increased in subjects with self-reported COPD

(24.6%) compared to non-COPD subjects (17.1%),40

while the South-American population-based PLA-

TINO study reported a lower prevalence of obesity

in subjects with CAL, compared to subjects without

CAL (23% vs. 30%).15 In the patient cohort

ECLIPSE, obesity prevalence was not different in

COPD subjects compared to smoking/former smok-

ing controls (respectively 22% vs. 20%).22 The pres-

ent study showed that the prevalence of obesity is

lower in subjects with CAL compared to subjects

without CAL, also when adjusted for gender, smoking

status, and age. The present study showed that the

influence of smoking history is greater than the influ-

ence of CAL on the presence of obesity.

Next to the overall mean effect in this study, the

international comparisons in baseline characteristics

and forest plots are intriguing. There is clearly quite a

lot of variation between countries. For example, in

Asian countries, overweight and obesity were only

present in a minority. In China and India, no OR could

be calculated for obesity because no obese subjects

were identified. At the same time, almost half of the

subjects in the US site was obese. Also regarding

smoking prevalence, important differences were

noted. For example, only 2.5% were current smokers

in Nigeria, and almost half of subjects were current

smokers in South Africa. Given the differences in the
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forest plots, it is also reasonable to anticipate that

cultural and socio-economic effects in smoking and

non-smoking populations are important.

In conclusion, this study was the first to demon-

strate that in a worldwide general population, the

presence of objectively assessed CAL was associated

with increased risk of low BMI and a reduced risk of

obese BMI, independent of age, gender, smoking his-

tory and geography.

These findings suggest a direct association

between CAL and low BMI, although the direction

of this association cannot be established from the

present cross-sectional data. Both low BMI as a risk

factor for development and progression of CAL as

well as (mechanisms of) weight loss in CAL need

exploration in future studies. In the meantime, clini-

cians and dieticians should stay aware of what is

already known, in fact that low BMI is related to poor

outcome in subjects with COPD or CAL and should

be appropriately managed.
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