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Background: Little is known about factors associated with lung
function decline in asthma.
Objective: To identify the determinants of FEV1 decline in
adults with asthma with and without airflow obstruction at
baseline.
Methods: An international cohort of 638 subjects with asthma
(20-44 years old) was identified in the European Community
Respiratory Health Survey (1991-1993) and followed up from
1998 to 2002. Spirometry was performed on both occasions.
FEV1 decline was related to potential determinants evaluated at
baseline and during the follow-up by random intercept linear
regression models. The analyses were stratified by the presence
of airflow obstruction (FEV1/forced vital capacity < 0.70) at
baseline.
Results: In the group of individuals without airflow obstruction
(n 5 544), a faster FEV1 decline was observed for subjects with
intermediate body mass index (BMI) than for lean and obese
subjects. FEV1 decline was associated with weight gain
independently of baseline BMI, and this association was
stronger in men (20; 95% CI, 10-30, mL/y/kg gained) than in
women (6; 95% CI, 1-11, mL/y). In the group of individuals with
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airflow obstruction (n 5 94), the absence of allergen
sensitization and a low BMI at baseline were associated with a
faster FEV1 decline, whereas weight gain was not associated
with decline.
Conclusions: The detrimental effect of weight gain on FEV1

decline is particularly relevant in subjects with asthma who still
do not have an established airflow obstruction. Our findings
support the importance of weight management in asthma and
recommend weight loss in overweight or obese individuals with
asthma. (J Allergy Clin Immunol nnnn;nnn:nnn-nnn.)

Key words: Asthma, lung function decline, airflow obstruction, body
mass index, weight gain, obesity, FEV1, allergen sensitization, pro-
spective cohort study, predictors

Impaired pulmonary function, as measured by a low FEV1, is a
predictor of mortality in the general1 as well as in the asthmatic
population.2 Subjects with asthma have a faster FEV1 decline
than subjects without asthma,3 and FEV1 decline leads to persis-
tent airflow obstruction for some individuals with asthma. Com-
pared with subjects without obstruction, subjects with airflow
obstruction have a more severe form of asthma, they may be on
an inadequate asthma treatment, and their airways may already
have been remodeled by chronic inflammation.4 Subjects in the
2 groups may have different individual characteristics and past
exposures, a different history of asthma, and different determi-
nants of lung function change over time. Some recent articles
have suggested that long-term treatment with inhaled steroids
may slow down the decline in FEV1,5-7 particularly in subjects
with elevated total IgE levels.7 However, little is known about
other factors associated with rapid FEV1 decline in adult asthma.
We aimed at investigating the determinants of FEV1 decline in a
large, international, population-based cohort of subjects with
asthma with or without airflow obstruction at baseline, who
were followed up for 9 years in the European Community Respi-
ratory Health Survey (ECRHS).
METHODS

Study design
The ECRHS is an international multicentre study of asthma. The first

survey (ECRHS I)8 was carried out from 1991 to 1993 on random community-

based samples of adults age 20 to 44 years. Each participant was sent a brief

questionnaire (stage 1), and from those who responded, a 20% random sample

was invited to undergo a more detailed clinical examination (stage 2). In ad-

dition, a sample (called ‘‘symptomatic sample’’ in the article) consisting of
1
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nvironmental tobacco smoke
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Q3: 3
rd quartile
subjects not already included in the random sample who reported asthmalike

symptoms in the last 12 months, or who were using asthma medication in stage

1, was also studied. Subjects from the random and from the symptomatic

samples were examined at the same time and with the same methods and

accuracy. The ECRHS II9 was a follow-up study of all the participants in stage

2 of the ECRHS I, performed between 1999 and 2002 (the full protocol can be

found at http://www.ecrhs.org). In both studies, subjects answered a standard-

ized questionnaire administered by trained interviewers and they underwent

lung function and blood tests. The current study includes data from 26 centers

that took part in the ECRHS II. Ethical approval was obtained for each center

from the appropriate institutional or regional ethics committee, and written

consent was obtained from each participant.
Subjects and definitions
All individuals with current asthma identified in the ECRHS I (1991-1993)

who had performed spirometry complying with the American Thoracic

Society (ATS) criteria for reproducibility10 and who had participated in the

ECRHS II were eligible for these analyses. Current asthma was defined as

having reported, in the ECRHS I, asthma confirmed by a doctor, and having

had asthmalike symptoms (wheeze; nocturnal chest tightness; attacks of

breathlessness after activity, at rest, or at night time; asthma attacks), and/

or having used inhaled/oral medicines because of breathing problems during

the last 12 months. In the ECRHS I, 1348 subjects with current asthma had

their lung function measured according to the ATS criteria. Compared with

subjects from the symptomatic sample (n 5 648), subjects from the random

sample (n 5 700) had a longer duration of the disease (median, 17 vs 15

years; P < .01), had a lower body mass index (BMI; 23 vs 24 kg/m2; P <
.01) and included a smaller percentage of individuals with a low educational

level (9% vs 15%; P < .01). Of these 1348 individuals, 860 (64%) participated

in the second study (1999-2002) and were therefore eligible for the analyses.

In the ECRHS II (1999-2002), some eligible subjects did not repeat spirom-

etry (135 subjects), or their lung function was not measured in compliance

with the ATS criteria (32 subjects), or they had used inhaled long-acting

b2-agonists in the 12 hours before the test (26 patients), and were therefore

excluded from the analyses.
Lung function
The maximum FEV1 and forced vital capacity (FVC) of at least 2 and as

many as 5 technically acceptable maneuvers were recorded, according to

the ATS criteria for reproducibility.10 FEV1 % predicted and FVC % predicted

were calculated on the basis of the equations by Quanjer et al.11 The average

decline in FEV1 (or FVC) during the follow-up was computed as the difference

between FEV1 (or FVC) measured in the ECRHS I and II, divided by the du-

ration of the follow-up (expressed in mL/y). %FEV1/FVC decline was also

computed as the difference between %FEV1/FVC in the ECRHS I and II, di-

vided by the duration of the follow-up (expressed in %/y). Baseline airflow

obstruction was defined as FEV1/FVC <0.7012 at the first visit (ECRHS I). Be-

cause a bronchodilator challenge test was not part of the ECRHS core proto-

col, the follow-up spirometry was used to confirm baseline airflow obstruction.

Accordingly, 29 subjects with baseline airflow obstruction, who had FEV1/

FVC �0.70 at the follow-up, were excluded from the analyses to reduce the

number of false-positive individuals.13 A sensitivity analysis was performed

to confirm that this did not affect our results (data not shown).
Clinical and questionnaire data
The clinical interview included questions on asthma and respiratory

symptoms, smoking habits (smoking status, number of cigarettes smoked

per day, age when subjects started smoking, age when they gave it up if they

did), environmental tobacco smoke (ETS; ie, regular exposure to other

people’s smoke for 1 h/d or more), educational level (low if a subject had

completed full-time education before the age of 16 years), age at first asthma

attack, family asthma (mother/father ever had asthma), and use of inhaled

steroids during the follow-up. Pack-years smoked were calculated for the

period before the ECRHS I and for the follow-up period.14 Asthma duration

was estimated as the difference between the age of the subject at the ECRHS

I interview and the age when the first asthma attack occurred. The subject’s

weight (kg) and height (m) were measured, and BMI was calculated

(weight/height2). BMI gain (kg/[m2�y]) or weight gain (kg/y) during the fol-

low-up was computed as the difference between BMI/weight, measured in

the ECRHS II and I, divided by the duration of the follow-up.

At baseline (ECRHS I), total IgE and specific IgE against house dust mite,

cat dander, timothy grass, Cladosporium species, and a local allergen were

measured. A subject was considered sensitized to any allergen if the assay re-

sult for at least 1 allergen was higher than 0.35 kU/L. Subjects performed a

methacholine challenge test,15 but bronchial hyperresponsiveness was not

considered in the analyses because about 20% of the subjects had not per-

formed the challenge test, and the exclusion criteria for the test were associ-

ated with baseline FEV1 (eg, FEV1 < 70% predicted; FEV1 < 1.5 L).
Statistics
Overall, 638 subjects were included in the analyses. All the analyses were

stratified by the presence of airflow obstruction (FEV1/FVC < 0.70) at base-

line. Data were summarized as percentages, or medians with interquartile

ranges (1st quartile-3rd quartile [Q1-Q3]). The x2 test, the Fisher exact test,

and the Wilcoxon test were used to test differences, where appropriate (a 5

0.05). To assess the association between FEV1 decline and the potential deter-

minants, 2-level (with level-1 units, subjects, nested into level-2 units, centers,

crossed by type of sample: random/symptomatic) random intercept multiple

linear regression models16 were fitted to the data. The independent variables

included in the models were BMI, educational level, pack-years, ETS expo-

sure, sensitization to allergens, asthma duration, and family asthma measured

at baseline; and BMI/weight gain, pack-years, and change in ETS exposure

measured during the follow-up. The models were also adjusted for sex, age,

height, and the interaction between inhaled steroid use during the follow-up

(<4 years vs �4 years) and baseline total IgE (�100 kU/L vs >100 kU/L).7

In the group of subjects without airflow obstruction, BMI squared was also in-

cluded in the model, because it significantly (P 5 .0009) improved the model

fitting. Statistical interactions were evaluated through likelihood ratio tests.

The statistical analyses were performed using STATA software, release 9.2

(Stata Corp, College Station, Tex).
RESULTS

Comparison between included and excluded

subjects
Subjects excluded from the analyses (n 5 710) were younger

(median age [Q1-Q3], 32 [26, 38] years vs 34 [28, 40] years; P <
.001), and they were more likely to be current smokers (38% vs
30%; P 5 .01) than subjects who were included (n 5 638). How-
ever, the 2 groups were similar in regard to all the other baseline
covariates (including BMI: median, 23 kg/m2 in both groups), as
well as baseline FEV1 and FVC.
Characteristics and lung function of the subjects

included in the analyses
Subjects in the random (n 5 299) and subjects in the symp-

tomatic (n 5 339) samples were similar for baseline FEV1

http://www.ecrhs.org


TABLE I. Baseline and follow-up characteristics of the subjects

with asthma, stratified by the presence of airflow obstruction at

baseline

Airflow obstruction at baseline

No Yes P value

No. of subjects (%) 544 (85) 94 (15) —

Sex (% female) 59 34 <.001

Baseline covariates

Age (y) 33 (28-40) 36 (30-43) .004

BMI (kg/m2) 23 (21-26) 23 (21-26) .57

Low educational level (%) 11 14 .50

Smoking habits

Nonsmokers (%) 49 40 .25

Ex-smokers (%) 21 26

Current smokers (%) 30 34

Pack-years 0 (0-9) 2 (0-10) .16

ETS (%) 48 44 .45

Sensitization to any

allergen (%)

67 75 .12

Duration of asthma (y) 15 (6-25) 22 (9-29) <.001

Family asthma (%) 26 26 .92

Follow-up covariates

Weight gain (%) 80 73 .12

BMI gain (kg/[m2�y]) 0.18 (0.04-0.35) 0.15 (0-0.24) .01

Pack-years between surveys 0 (0-2) 0 (0-4) .24

Change in ETS (%)

Unchanged 69 70 .74

Worsened 6 7

Improved 25 23

Data are provided as percentages or medians (Q1-Q3). Statistically significant results

(P < .05) are in boldface.
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(median [Q1-Q3], 3.4 [2.9, 4.0] L vs 3.3 [2.8, 4.1] L; P 5 .15), as
well as for FEV1 decline during the follow-up (median [Q1-Q3],
29 [7, 50] mL/y vs 29 [10, 52] mL/y; P 5 .75). As shown in Table
I, subjects with airflow obstruction at baseline (n 5 94; 15%) were
more likely to be men, to be older, and to have had asthma for a
longer time than subjects without airflow obstruction (n 5 544;
85%). Moreover, they had a lower BMI gain during the follow-
up. In subjects without baseline airflow obstruction, a high base-
line BMI was associated with a lower baseline FEV1, both in men
and in women (Fig 1). Obese subjects (BMI range, 30-47 kg/m2)
had a lower median FEV1 than nonobese subjects (3.0 vs 3.5 L;
P < .001), a lower median FVC (3.8 vs 4.2; P < .001) and a lower
FEV1/FVC (0.80 vs 0.82; P 5 .10).

Determinants of lung function decline
FEV1 decline and %FEV1/FVC decline were greater for sub-

jects without airflow obstruction than for subjects with airflow
obstruction (Table II).

In subjects with asthma without airflow obstruction at baseline
(also see univariate analyses in this article’s Table E1 of the On-
line Repository at www.jacionline.org), FEV1 decline was associ-
ated with baseline BMI in a quadratic way (Table III, column 1).
In other words, men and women with an intermediate BMI had the
greatest FEV1 decline (Fig 2). Subjects with a high educational
level had a faster FEV1 decline than subjects with a low educa-
tional level (P 5 .003; Table III, column 1). Independently of
baseline BMI, FEV1 decline was 28 mL/y greater for every
BMI unit (1 kg/m2) gained during 1 year of follow-up (P <
.001). Moreover, there was an interaction between sex and BMI
gain (P 5 .003): FEV1 decline was 61.8 (95% CI, 32.0-91.7;
P < .001) mL/y greater per BMI unit gained during 1 year of
follow-up in men, and 20.2 (95% CI, 7.9-32.6; P 5 .001) mL/y
greater per BMI unit gained in women (Fig 3). This corresponds
to a FEV1 decline of 20.0 (95% CI, 10.4-29.5; P < .001) mL/y/kg
gained during 1 year of follow-up in men, and to 6.9 (95% CI, 2.5-
11.4; P 5 .002) mL/y/kg gained in women.

In subjects with asthma with airflow obstruction at baseline
(see this article’s Table E2 of the Online Repository at www.ja-
cionline.org), the absence of allergen sensitization (P 5 .035)
and a lower BMI (P 5 .008) at baseline were both associated
with a faster FEV1 decline (Table III, column 2).

No significant association was found between exposure to
active or passive smoking and FEV1 decline, either in subjects
with or in subjects without airflow obstruction.
DISCUSSION
A large community-based sample of subjects with asthma was

surveyed from 1991 to 93 and again from 1999 to 2002. In the
group of individuals without airflow obstruction at baseline, a
faster FEV1 decline was observed in subjects whose BMI was in-
termediate than for lean and obese subjects. FEV1 decline was as-
sociated with BMI gain independently of baseline BMI, and this
association was stronger in men than in women. In the group of
individuals with airflow obstruction at baseline, weight gain
was not associated with decline.

The analyses were stratified by the presence of airflow
obstruction at baseline to account for the heterogeneity of asthma
phenotypes.4 Because a bronchodilator challenge test was not part
of the ECRHS core protocol, we used the follow-up spirometry to
confirm baseline airflow obstruction.

The stratification by airflow obstruction at baseline seems to be
supported a posteriori by our findings, because the role played by
BMI and weight gain in FEV1 decline was different in the 2
groups. Furthermore, a joint post hoc analysis (data not reported)
showed a significant interaction between BMI gain and the pres-
ence of airflow obstruction (P 5 .001).

Compared with subjects with airflow obstruction, subjects
without airflow obstruction had a faster FEV1 decline and
%FEV1/FVC decline during the follow-up. This may be because
a steep decline had already occurred before the first visit in sub-
jects with airflow obstruction, as suggested by their lower baseline
FEV1.
Baseline BMI and FEV1 decline in subjects with

asthma without airflow obstruction at baseline
A high baseline BMI was associated with a lower baseline

FEV1, but not with a faster FEV1 decline during the follow-up.
Several studies have reported that obesity decreases lung volumes.
In fact, the adipose tissue increases chest wall loading.17-19 This
would also explain the concomitant FVC decline observed in
the obese (BMI > 30kg/m2). However, no evident restrictive pat-
tern (defined by BMI�30 kg/m2 and FEV1/FVC >0.70 and FVC
<80% predicted)20 was found at baseline in any of the subjects.

In the absence of a weight reduction, there is no evident reason
why the lung function decline in obese subjects should be blunted
with respect to nonobese subjects. However, asthma in the obese
may be different from asthma in normal-weight subjects. Obesity
causes lower than normal functional residual capacity, with the

http://www.jacionline.org
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FIG 1. Baseline FEV1 by categories of baseline BMI for men and women without airflow obstruction at base-

line. Medians with Q1-Q3 are reported. The number of subjects in the BMI categories <20, 20-24.9, 25-30, and

>30 kg/m2 are 12, 134, 71, and 7 (men) and 51, 182, 52, and 35 (women), respectively.

TABLE II. Baseline lung function and lung function decline of the

subjects with asthma, stratified by the presence of airflow

obstruction at baseline

Airflow obstruction at baseline

No Yes P value

FEV1 % predicted (%) 102 (101-103) 78 (75-82) <.001

FVC % predicted (%) 107 (106-108) 106 (102-110) .97

FEV1 (L)* 3.6 (3.5-3.6) 2.7 (2.6-2.8) <.001

FVC (L)* 4.4 (4.4-4.5) 4.4 (4.3-4.5) .65

FEV1/FVC� 0.82 0.63 —

FEV1 decline (mL/y)* 33 (28-37) 23 (14-32) .04

FVC decline (mL/y)* 22 (15-29) 26 (15-38) .43

%FEV1/FVC decline (%/y)� 0.35 (0.29-0.41) 0.16 (0.03-0.29) .008

Data are provided as means (with 95% CIs). Statistically significant results (P < .05)

are in boldface.

*Adjusted for sex, age, and height.

�Adjusted for sex and age.

TABLE III. Multiple regression coefficients* with 95% CIs for the

association between FEV1 decline and the covariates indicated in

subjects with asthma stratified by the presence of airflow

obstruction at baseline

Airflow obstruction at baseline

No (n 5 371)y Yes (n 5 76)y

Estimatek
(95% CI) (mL/y)

Estimatek
(95% CI) (mL/y)

Baseline covariates

BMI (kg/m2) 11.8 (5.4, 18.2)� 24.6 (28.1, –1.2) �
BMI2 ([kg/m2]2) 20.2 (20.3, –0.09) � —

Low educational level 218.7 (230.8, –6.5) � 20.2 (–15.2, 55.6)

Pack-years (1-U increase) 20.2 (–0.6, 0.3) 20.7 (–2.2, 0.8)

Exposure to ETS 5.9 (–4.4, 16.2) 229.3 (–62.2, 3.6)

Sensitization to any

allergen

24.0 (–13.1, 5.0) 229.2 (256.3, –2.1)

Duration of asthma (y) 20.3 (–0.7, 0.01) 20.4 (–1.5, 0.7)

Family asthma 20.8 (–9.1, 7.6) 221.4 (–47.8, 5.0)

Follow-up covariates

BMI gain(kg/[m2�y]) 28.1 (15.1, 41.1)� 27.4 (–51.4, 36.6)

Pack-years between

surveys (1-U increase)

20.2 (–1.3, 1.0) 3.7 (–0.6, 8.0)

Change in ETS

Worsened vs unchanged 23.9 (–20.4, 12.6) 26.2 (–23.5, 75.8)

Improved vs unchanged 26.8 (–17.9, 4.2) 13.7 (–22.6, 50.0)

Intercept§ 38.9 (27.2, 50.6)� 77.1 (44.9, 109.3)�

Statistically significant results (P < .05) are in boldface.

*Adjusted also for sex, age, height, and the interaction between total IgE and inhaled

steroid use.

�Number of subjects with complete information.

�P < .01.

§Quantitative variables were centered around their mean to calculate the intercepts;

the intercept represents the value of FEV1 decline when all categorical variables are

set to the reference category (eg, sex 5 male) and all the quantitative variables are set

to their mean.

kThe estimate for different variables represents the difference in the annual decline in

FEV1 between those with and those without these characteristics (eg, subjects without

airflow obstruction at baseline who gained 1 BMI unit per year of follow-up had an

additional decline in FEV1 of 28.1 mL/y compared with those who did not gain

weight).
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consequence of unloading the airway smooth muscle and allowing
it to shorten excessively when activated,19,21 and a decrease in op-
erational lung volume.22 Moreover, breathing at lower tidal vol-
umes inhibits the bronchodilating effect of tidal strain on the
airway smooth muscle.19,23 These mechanical and functional
changes within the respiratory system may explain the observed
link between obesity and bronchial asthma.24 Our data support
the hypothesis that asthma in the obese is less determined by in-
flammation than in the nonobese, in agreement with the reversible
nature of lung function decline observed with weight loss.25 This
hypothesis, if true, could lead to the implication that, in obese sub-
jects with uncontrolled asthma, weight loss should be primarily
targeted, and that it may be worth assessing the level of bronchial
inflammation before increasing inhaled steroid doses. However,
the faster FEV1 decline seen in the nonobese compared with the
obese could be a result of the fact that obese subjects had a lower
baseline FEV1, and that the process of decline may no longer be
progressive after the FEV1 had previously dropped to a consider-
able extent.

Obese subjects tend to report doctor-diagnosed asthma, as well
as asthmalike symptoms and use of bronchodilators, more
frequently than nonobese subjects, even if they do not have an
objective impairment of lung function.26 In view of our epidemi-
ologic definition of asthma, one could hypothesize that asthma
has been overdiagnosed in the obese subgroup. However, for sub-
jects with BMI <20, BMI 20 to 24.9, BMI 25 to 30, and BMI >30
kg/m2, the prevalences of family asthma were 15%, 26%, 29%,
and 35% (P 5 .11), respectively. Thus, this explanation seems
unconvincing.
BMI gain and FEV1 decline in subjects with asthma

without airflow obstruction at baseline
In subjects without airflow obstruction, we found that BMI gain

during the follow-up was associated with FEV1 decline, and this



FIG 2. Plot of FEV1 decline vs baseline BMI, and of the curve representing the FEV1 decline predicted on the

basis of a linear regression on BMI and BMI squared, in men and women without airflow obstruction at

baseline.

FIG 3. Mean FEV1 decline (adjusted for all the covariates considered in the

multivariate analysis) by categories of BMI gain (according to tertiles) for

men and women without airflow obstruction at baseline. P value for trend:

P <.001 (men) and P 5.001 (women).
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association was stronger in men than in women. In men, FEV1

dropped by 20 (95% CI, 10-30) mL/y for every kilogram gained
during the follow-up, whereas in women, FEV1 decreased by 7
(95% CI, 2-11) mL/y for every kilogram gained. This might be ex-
plained by the fact that men who gain weight tend to accumulate
abdominal and visceral fat, whereas women who gain weight tend
to accumulate peripheral fat.27 Chinn et al14 found that the FEV1

decline in the general population of the ECRHS was about 40%
lower than the decline we found in the subjects with asthma.
Therefore, one could speculate that the negative effect of weight
gain on lung function is greater in subjects with asthma than in
people from the general population.

The observed association between BMI gain and FEV1 decline
was independent of baseline BMI. This is also confirmed when we
consider the group of subjects who were obese at baseline (n 5

42). Among them, 31 individuals gained weight during the fol-
low-up (median BMI gain [range], 0.5 [0.04, 3.0] kg/m2), and
11 individuals decreased their weight (median BMI gain [range],
–0.2 [–2.2, –0.05] kg/m2). FEV1 decline was faster in the obese
subjects who gained weight (median [Q1-Q3], 26 [–1, 47] mL/y)
than in the obese subjects who decreased their weight (median
[Q1-Q3], 5 [–38, 34] mL/y; P 5 .13).

Educational level and FEV1 decline in subjects with

asthma without airflow obstruction at baseline
In the population without asthma, a low socioeconomic level is

almost universally associated with worse health outcomes,
including lung function.28 In our data, subjects with asthma with-
out airflow obstruction who had a high educational level had a
faster FEV1 decline than those with a lower educational level.
However, the latter had a low FEV1 already at baseline (Table
E1). It is possible that a low educational level was associated
with an early drop of FEV1 and that, subsequently, the process
of FEV1 decline was no longer progressive.
Active smoking, passive smoking, and FEV1 decline

in subjects with or without airflow obstruction at

baseline
Many29-31 but not all32 studies have found that smokers with

asthma have a steeper decline in lung function than nonsmokers
with asthma. Several factors could explain the lack of an associ-
ation that was observed in our study. First, our subjects were rel-
atively young, and the detrimental effect of smoking could be
greater at older ages.30 Second, the exposure to active smoking
of our cohort was relatively low. In the Copenhagen City Heart
Study, about 70% of the subjects with asthma were smokers,29

and they had been exposed to smoking for more than 30 years
on average.33 In our study, only 30% were current smokers, and
the exposure to active smoking tended to diminish significantly
during the follow-up.34 Finally, our finding could reflect the
healthy smoker effect.
Determinants of FEV1 decline in subjects with

asthma with airflow obstruction at baseline
Among subjects with airflow obstruction at baseline, those who

were not sensitized to allergens had on average 29 mL/y more
decline than those who were sensitized to allergens. This is in line
with the finding that the rate of lung function decline is greater in
subjects with intrinsic asthma than in those with extrinsic
asthma,32 and with previous observations.7

A 1 kg/m2 decrease in baseline BMI was associated with a 5
mL/y decrease in FEV1 during the follow-up. In this group of sub-
jects with airflow obstruction at baseline, leanness itself may be a
marker of an early form of chronic obstructive pulmonary dis-
ease.35 No association was found between FEV1 decline and
BMI gain, probably because mechanisms that are typical of milder
asthma (including the effect of weight gain) could be less impor-
tant in severe asthma, whereas a serious long-lasting inflammation



J ALLERGY CLIN IMMUNOL

nnn 2009

6 MARCON ET AL

ARTICLE IN PRESS
may play a crucial role. Moreover, subjects with airflow obstruc-
tion gained on average less weight than those without.
Conclusion
In European subjects with asthma without airflow obstruction

at baseline, individuals with a high BMI had the lowest FEV1 at
baseline. Weight gain was positively associated with FEV1 de-
cline, independently of baseline BMI, and this association was
stronger in men than in women. The detrimental effect of BMI
gain on lung function might be greater for subjects with asthma
than for subjects without asthma, but studies are needed to clarify
this. Among subjects with asthma with airflow obstruction at
baseline, lean subjects without sensitization to allergens had the
greatest FEV1 decline, whereas weight gain was not associated
with FEV1 decline.

We thank the ECRHS Coordinating Center (London), the Project Manage-

ment Group, and the Study Group for their assistance (for a list of principal

participants in ECRHS, see this article’s Online Repository at www.

jacionline.org).

Clinical implications: Weight management or weight loss
should be encouraged in patients with asthma. Asthma in the
obese may be different from asthma in the nonobese, possibly
because respiratory mechanical factors have a crucial role in
the obese.
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P. Immediate and long term effects of weight reduction in obese people with

asthma: randomised controlled study. BMJ 2000;320:827-32.

26. Sin DD, Jones RL, Man SF. Obesity is a risk factor for dyspnea but not for airflow

obstruction. Arch Intern Med 2002;162:1477-81.

27. Wise RA, Enright PL, Connett JE, Anthonisen NR, Kanner RE, Lindgren P, et al.

Effect of weight gain on pulmonary function after smoking cessation in the Lung

Health Study. Am J Respir Crit Care Med 1998;157:866-72.

28. Hegewald MJ, Crapo RO. Socioeconomic status and lung function. Chest 2007;

132:1608-14.

29. Lange P, Parner J, Vestbo J, Schnohr P, Jensen G. A 15-year follow-up study of

ventilatory function in adults with asthma. N Engl J Med 1998;339:1194-200.

30. Camilli AE, Burrows B, Knudson RJ, Lyle SK, Lebowitz MD. Longitudinal

changes in forced expiratory volume in one second in adults: effects of smoking

and smoking cessation. Am Rev Respir Dis 1987;135:794-9.

31. James AL, Palmer LJ, Kicic E, Maxwell PS, Lagan SE, Ryan GF, et al. Decline in

lung function in the Busselton Health Study: the effects of asthma and cigarette

smoking. Am J Respir Crit Care Med 2005;171:109-14.

32. Ulrik CS, Backer V, Dirksen A. A 10 year follow up of 180 adults with bronchial

asthma: factors important for the decline in lung function. Thorax 1992;47:14-8.

33. Lange P, Groth S, Nyboe GJ, Mortensen J, Appleyard M, Jensen G, et al. Effects of

smoking and changes in smoking habits on the decline of FEV1. Eur Respir J 1989;

2:811-6.

34. Janson C, K€unzli N, de Marco R, Chinn S, Jarvis D, Svanes C, et al. Changes in

active and passive smoking in the European Community Respiratory Health Sur-

vey. Eur Respir J 2006;27:517-24.

35. Agustı́ AG, Noguera A, Sauleda J, Sala E, Pons J, Busquets X. Systemic effects of

chronic obstructive pulmonary disease. Eur Respir J 2003;21:347-60.

http://www.jacionline.org
http://www.jacionline.org
http://www.goldcopd.com


ARTICLE IN PRESS
J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

MARCON ET AL 6.e1
ACKNOWLEDGMENTS

Coordinating Center
Project Leader: P. Burney; Statistician: S. Chinn; Principal

Investigator: D. Jarvis; Assistant Statistician: J. Potts; Data
Manager: S. Arinze.

Steering Committee for ECRHS II
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Lung Foundation, Swedish Foundation for Health Care Sciences
and Allergy Research, Swedish Asthma and Allergy Foundation,
Swedish Cancer and Allergy Foundation; Uppsala: Swedish



ARTICLE IN PRESS
J ALLERGY CLIN IMMUNOL

nnn 2009

6.e2 MARCON ET AL
Heart Lung Foundation, Swedish Foundation for Health Care Sci-
ences and Allergy Research, Swedish Asthma and Allergy Foun-
dation, Swedish Cancer and Allergy Foundation; Verona:
University of Verona; Italian Ministry of University and Scientific
and Technological Research; GlaxoSmithKline Italy.

Financial support for ECRHS I for centers in ECRHS

II
Belgian Science Policy Office, National Fund for Scientific

Research; Ministère de la Santé, Glaxo France, Insitut Pneumo-
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TABLE E1. Median FEV1 at baseline, median FEV1 decline during

the follow-up for subjects with asthma without airflow obstruc-

tion, according to different characteristics (quantitative variables

have been categorized*), and P value for the association be-

tween the characteristics and FEV1 decline

Median

FEV1 (L)

Median FEV1

decline (mL/y) P value

Baseline covariates

BMI (kg/m2) <.001

<20 3.1 20

20-24.9 3.5 28

25-29.9 3.6 37

�30 3.0 23

Educational level .09

High 3.5 30

Low 3.1 23

Pack-years .006

0 3.4 28

0.1-8.9 3.5 22

�9 3.4 35

Exposure to ETS .32

Present 3.4 28

Absent 3.4 31

Sensitization to any allergen .05

Present 3.4 35

Absent 3.4 26

Duration of asthma (y) .88

<15.7 3.3 29

�15.7 3.6 30

Family asthma .12

Present 3.5 29

Absent 3.3 33

Follow-up covariates

BMI gain (kg/[m2�y]) .001

22.2 to 0.1 3.4 21

0.2 to 0.3 3.5 32

0.4 to 4.8 3.3 32

Pack-years between surveys .74

0 3.4 28

<5.5 3.6 30

�5.5 3.5 32

Change in ETS .57

Unchanged 3.4 30

Worsened 3.4 28

Improved 3.5 29

Variables whose association was statistically significant (P < .05) are in boldface.

*Values used for the categorization: pack-years at baseline/during the follow-up (0 and

the median for subjects who smoked in the period considered), duration of asthma

(median), and BMI gain (tertiles). The quantiles were calculated on the whole sample

(subjects with 1 without airflow obstruction).
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TABLE E2. Median FEV1 at baseline, median FEV1 decline during

the follow-up for subjects with asthma with airflow obstruction,

according to different characteristics (quantitative variables have

been categorized*), and P value for the association between the

characteristics and FEV1 decline

Median

FEV1 (L)

median FEV1

decline (mL/year) P value

Baseline covariates

BMI (kg/m2) .35

<20 3.0 35

20-24.9 3.0 30

25-29.9 3.0 24

�30 2.1 8

Educational level .58

High 3.1 23

Low 2.0 38

Pack-years .39

0 2.7 28

0.1-8.9 2.7 27

�9 3.1 37

Exposure to ETS .93

Present 2.9 32

Absent 2.9 26

Sensitization to any allergen .16

Present 3.0 39

Absent 2.9 30

Duration of asthma (y)

<15.7 3.0 23

�15.7 2.9 33 .56

Family asthma .21

Present 3.0 39

Absent 2.7 19

Follow-up covariates

BMI gain (kg/[m2�y]) .82

22.2 to 0.1 2.7 32

0.2 to 0.3 3.0 31

0.4 to 4.8 2.8 23

Pack-years between surveys

0 2.7 16

<5.5 3.1 23 .03

�5.5 3.1 56

Change in ETS .65

Unchanged 2.9 30

Worsened 3.0 33

Improved 2.7 26

Variables whose association was statistically significant (P < .05) are in boldface.

*Values used for the categorization: pack-years at baseline/during the follow-up (0 and

the median for subjects who smoked in the period considered), duration of asthma

(median), and BMI gain (tertiles). The quantiles were calculated on the whole sample

(subjects with 1 without airflow obstruction).
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