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Incidence of asthma and net change in
symptoms in relation to changes in obesity

S. Chinn*, S.H. Downs?, J.M. Anto’, M.W. Gerbase*", B. Leynaert’, R. de Marco’,
C. Janson**, D. Jarvis*, N. Kiinzli"##", J. Sunyer’, C. Svanes', E. Zemp?,

U. Ackermann-Liebrich#, P. Burney* and on behalf of the ECRHS and SAPALDIA
teams

ABSTRACT: The incidence of asthma has been reported to be associated with obesity. An
alternative analysis, of net change in prevalence, does not require exclusion of those with asthma
at baseline.

Follow-up data were obtained from 9,552 participants in the European Community Respiratory
Health Survey and the Swiss cohort Study on Air Pollution and Lung Disease in Adults. Incidence
of asthma was analysed by proportional hazards regression, and net changes in symptoms and
asthma status by generalised estimating equations, by obesity group.

Incidence and net change in ever having had asthma were greater in females than in males, and
in participants who remained obese compared with those who were never obese (hazard ratio
2.00, 95% confidence interval 1.25-3.20; excess net change 2.8%, 0.4-5.3% per 10 yrs). The effect
of being obese on net change in diagnosed asthma was greater in females than in males, but for

net change in wheeze without a cold it was greater in males.

The present results are consistent with asthma being more frequently diagnosed in females,
especially obese females. These findings may help to explain the reports of a stronger association
between asthma and obesity in females than in males.
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espite numerous reports of an association
D between asthma and obesity, the nature

of the association is still controversial [1].
Several possible mechanisms have been sug-
gested [2], but no consensus has been reached,
and among the unresolved issues is the question
of whether the association is stronger in females
than in males [3].

If obesity is a cause of asthma then change in
body mass index (BMI) should be associated with
asthma incidence. Not all longitudinal studies
have analysed the effects of both change in BMI
and baseline BMI [4-8]. Results have been
inconsistent [3], with significantly greater inci-
dence reported with greater increase in weight in
two studies [9, 10], but not in four other studies
[11-14].

Most of the previously mentioned studies
adjusted for baseline smoking [4, 5, 7-9, 11, 12,
14] and some reported greater incidence in those
who smoked [4, 10, 12], although others found no
statistically significant difference in incidence
with smoking status [7, 8, 11]. However, none
of these studies examined the effect of change in
smoking habits.
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It has been shown that measurement of the
incidence of asthma is dependent on the exclu-
sion criterion for cases prevalent at baseline [15],
a more sensitive criterion leading to lower esti-
mates. Conversely, an insensitive criterion can give
biased estimates of relative risk [16], due to
undiagnosed cases in the denominator. Net change
in asthma, which is not dependent on exclusion
criteria and does not require an age of onset, was
previously used by the European Community
Respiratory Health Survey (ECRHS) [17].

Data including BMI and smoking were collected
in the clinical stage of the ECRHS [18, 19], and in
the Swiss cohort Study on Air Pollution and Lung
Diseases in Adults (SAPALDIA) [20, 21].
SAPALDIA was developed at the same time as
the ECRHS and used mostly identical methods
and instruments. The current authors estimated
incidence of asthma in relation to sex, change in
obesity and change in smoking using a sensitive
criterion to exclude possible cases at baseline. Net
change in symptoms was then analysed in
relation to the same factors. Results for net
change in asthma were compared with results
relating to incidence.

VOLUME 28 NUMBER 4

RS B #8

AFFILIATIONS

*Respiratory Epidemiology and Public
Health Group, Imperial College London,
London, UK.

#Institute of Social and Preventive
Medicine, University of Basel, Basel,
and,

*Division of Pulmonary Medicine,
University of Geneva, Geneva,
Switzerland.

“Centre de Recerca en Epidemiologia
Ambiental (CREAL-IMIM), Universitat
Pompeu Fabra (UPF), and,
##nstitucié Catalana de Recerca i
Estudis Avangats (ICREA), Barcelona,
Spain.

$INSERM - The French Institute of
Health and Medical Research, Unit 700
- Epidemiology, Faculty of Medicine X
Bichat, Paris, France.

University of Verona, Department of
Medicine and Public Health, Division of
Epidemiology and Statistics, Verona,
Italy.

**Respiratory Medicine and
Allergology, University of Uppsala,
Uppsala, Sweden.

TKeck School of Medicine, University
of Southern California, Los Angeles, CA,
USA.

**Dept of Thoracic Medicine, 5021
Haukeland Hospital, Bergen, Norway.

CORRESPONDENCE

S. Chinn: Dept of Public Health
Sciences: King's College London, 5th
Floor Capital House, 42 Weston Street,
London, SE1 3QD, UK. Fax: 44
2078486605

E-mail: sue.chinn@kcl.ac.uk

Received:

December 21 2005
Accepted after revision:
July 13 2006

SUPPORT STATEMENT

For a complete list of the Institutions
and centres involved in funding the
present study, please see the
Acknowledgements section. N. Kinzli is
supported by NIEHS P30 ES07048 and
the Hastings Foundation.

European Respiratory Journal
Print ISSN 0903-1936
Online ISSN 1399-3003

763



NET CHANGES IN SYMPTOMS, ASTHMA AND OBESITY

METHODS

Subjects

The ECRHS was a population study carried out in 1991-1993,
which included a random sample in centres in most western
European countries [18]. Each ECRHS survey had a self-
completed postal questionnaire (stage 1), followed by stage 2,
which included an administered questionnaire and measure-
ment of lung function. Participants in ECRHS I stage 2 were
eligible for ECRHS II. The majority of the centres that
participated in ECRHS I stage 2 took part in ECRHS II. The
first SAPALDIA survey was conducted in a random popula-
tion sample in eight centres in Switzerland in 1991. Survey II
took place in the ECRHS study from 1998-2002 [19], and in
SAPALDIA from 2001-2003 [21]. The eight centres in
SAPALDIA were chosen to represent the variety of environ-
mental conditions within Switzerland [20]. All centres in the
first SAPALDIA survey participated in the second survey 11
yrs later, and all participants were invited to the second
examination. SAPALDIA participants were aged 20-59 yrs at
baseline, but only those aged 20-44 yrs were included in these
analyses, for comparability with the ECRHS.

Respiratory symptoms and asthma diagnosis

Symptom data, referring to the last 12 months, were taken
from the interview-administered questionnaires; the relevant
questions were identical in the two studies. Participants were
asked: “Have you had wheezing or whistling in your chest at
any time in the last 12 months?”’, and, if yes, ““Have you been at
all breathless when the wheezing noise was present?”’, and
““Have you had this wheezing or whistling when you did not
have a cold?”. In addition, responses to the questions “Have
you ever had asthma?” and, for those who answered
positively, “Was this confirmed by a doctor?”’, “How old were
you when you had your first attack of asthma?”’, “Have you had
an attack of asthma in the last 12 months?” and ““Are you
currently taking any medicines, including inhalers, aerosols or
tablets, for asthma?”” were included. Participants were also asked
““Have you had an attack of shortness of breath that came on
following strenuous activity at any time in the last 12 months?”
and “Have you been woken by shortness of breath at any time
in the last 12 months?”’. The latter two questions were used only
to exclude undiagnosed asthmatics from the incidence analysis.

BMmI

BMI was calculated for each participant at each survey as
weight in kilogram divided by the square of height in metres.
Height and weight were recorded prior to lung function
assessment. Measurement of height was to the same or better
standard in the follow-up surveys; therefore, height at follow-
up was used in each calculation of BMI. Categories of BMI at
each survey were defined as underweight (BMI <20), normal
weight (BMI 20-<25), overweight (25-<30) and obese (>30).
A priori, the current authors decided to analyse change in BMI
in four categories, due to the stronger relationship of incident
asthma with obesity than with “overweight but not obese” in
most studies. Calculations demonstrated that despite the
smaller size of the obese category the study had greater power
to detect a relationship with obesity than with being over-
weight. The categories were: 1) not obese at either survey; 2)
obese at both; 3) change from not obese to obese; and 4) change
from obese to not obese.
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Smoking

Information on smoking history was collected in the
interviewer-administered questionnaire at each survey. For
participants who answered “yes” to the lead question (“Have
you ever smoked for as long as a year?”’), additional questions
were asked on age at starting, amount smoked currently,
whether they had stopped or cut down, and amount smoked
previously. Seven categories of change in smoking status were
derived from data that were unambiguous [22]. Participants
with ambiguous information were excluded from the analyses.
The number of new smokers and those who started and
stopped again between surveys were too few for analysis.
Never-smokers, sustained quitters (stopped before first sur-
vey), smokers (at each survey), quitters (stopped between
surveys) and re-starters were included [22].

Statistical analysis

Incidence of asthma was estimated with ever-asthma as the
outcome, and the following criterion to exclude those with
diagnosed and undiagnosed asthma at baseline [16]: all those
who answered at the first survey that they had ever had
asthma or had any of following three symptoms in the last 12
months, wheeze, woken with shortness of breath or an attack
of shortness of breath following strenuous exercise. Analysis of
incidence was by Cox proportional hazards regression survival
analysis, to allow for variable follow-up, in relation to obesity
category, smoking, sex, and age group (2024, 25-34 and 3544
yrs at survey I), with clustering by centre and robust standard
errors. The timescale was number of years from survey I to
reported age of first attack, or to survey II in those without
incident of asthma. When age of onset was missing for an incident
case it was assumed to be at mid follow-up. Incident cases who
reported at survey Il that age of onset was at an age prior to age at
survey I were treated in two ways. In the first analysis, time of
onset was set to 0.1 yrs, and in the second they were treated as
having asthma atbaseline and omitted. No participant stated that
onset was at an age greater than that at survey IL

Absolute change in wheeze and asthma per year of follow-up
was estimated using population-averaged, generalised esti-
mating equations for a binomial outcome with identity link,
with participants identified as the clustering factor and length
of follow-up as an independent variable [17]. Associations of
change in wheeze and asthma outcomes with sex, smoking
group and obesity group were investigated by including
interaction terms with length of follow-up, with adjustment for
centre or country and age group where possible. Due to
problems of convergence of the model when numbers were
low, full adjustment and tests of interactions could not be
carried out for all outcomes. Results are expressed as
unadjusted net change per 10 yrs of follow-up, stratified as
necessary, and as unadjusted and adjusted differences between
obesity groups. Interactions of sex with smoking group or
obesity group were tested when at least one of the main effects
was statistically significant at the 1% level.

RESULTS

Response to follow-up

Height and weight were recorded in 27 ECRHS centres at each
survey, and in the eight SAPALDIA centres, representing 13
countries in total. There were 20,172 participants in survey I
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stage 2 of ECRHS or the first SAPALDIA survey, who were
therefore eligible for survey II. Of these, 12,829 (33%
SAPALDIA) completed the survey II administered question-
naire (6,133 males and 6,696 females). Median follow-up time
varied between centres ranging 5.0-11.0 yrs. The overall
median was 9.4 yrs with an interquartile range of 8.6-10.8 yrs.

The number of subjects eligible for the study, the number of
participants in survey II with BMI and smoking data at each
survey in the included groups, and the prevalence of outcomes
at baseline are shown in table 1. In total, 9,552 participants had
BMI and useful smoking data. Answers regarding presence or
absence of symptoms were missing for some subjects, ranging
from 12 (0.1%) for wheeze to 112 (1.2%) for current medication,
and these subjects were omitted from the analyses of these
variables. The prevalence of each outcome at baseline was
slightly less in those followed up, and in those who had BMI
and unambiguous smoking data at survey II, than in the entire
eligible sample. Of participants who reported ever having had
asthma, 88% reported that it was doctor diagnosed.

Change in BMI

The majority of participants remained in the same BMI
category (table 2), 61.6, 63.4 and 59.8% in total, males and
females, respectively. A greater percentage of females than
males moved to a lower weight category, 4.5% compared with
2.9%, and to a higher weight category, 35.7% compared with
33.6%. Overall, 5.2% of participants remained obese and 7.9%
became obese; <1% moved from obese to a BMI <30. Weight
gain was substantial in all groups who became obese,
including those who were overweight at ECRHS I (table 2).

Incidence of asthma

There were 208 incident cases of asthma in those without
asthma or symptoms at survey I, a rate of 36 per 10,000 person-
yrs (95% confidence interval (CI) 32-41). Excluding those who

NET CHANGES IN SYMPTOMS, ASTHMA AND OBESITY

stated, at the second survey, an age of onset prior to the first
survey, the rate was 23 per 10,000 person-yrs (95% CI 19-27).
Females had a greater unadjusted incidence than males
(table 3), and the incidence was greatest in obese females. In
the multivariate analysis (table 4), results were qualitatively
similar in the two analyses, with some difference in the degree
of statistical significance. For all incident cases, the hazard ratio
(HR) for females compared with males was 1.47 (95% CI 1.04-
2.07, p=0.028). There was also evidence for differences
between the obesity groups (p=0.01), with greater incidence
in those obese at both surveys than those never obese (HR 2.00,
95% CI 1.25-3.20). The interaction between sex and the obesity
group was not statistically significant (p=0.68 adjusted for age
and smoking groups; p=0.61 without adjustment). There was
strong evidence for a difference between smoking groups
(p=0.0002), with the greatest incidence in ex-smokers, and
lower incidence in other smoking groups compared with
never-smokers, with no significant interaction between smok-
ing and obesity groups (p=0.56), and only weak evidence for
an interaction between sex and the smoking group (p=0.064).
However, there was no evidence for increased incidence in
those who became obese compared with those who were not
obese at either survey (HR 1.12, 95% CI 0.64-1.94).

Net changes in asthma and symptoms for males and
females

Overall separate net changes for males and females are shown
in table 5. Each asthma outcome showed a net increase, “‘ever
had asthma” 3.0% per 10 yrs follow-up (95% CI 2.5-3.5%), as
did wheeze with breathlessness and wheeze without a cold
(1.1% per 10 yrs, 95% CI 0.3-1.8). The overall net change in
nonspecific wheeze was not statistically significant. The
increase in wheeze without a cold was confined to males
(males 2.1%, females 0.1%, p=0.009), while females had a
greater net increase in ever had asthma (males 2.1%, females

with body mass index and smoking data at each survey

1y:\:1BR B Number and prevalence of symptoms at survey | for all participants in 35 centres, and prevalence at survey | for those

Question Total participants at Prevalence at Participants included in Prevalence at
survey | survey | analysis survey |
Wheeze 19953 3986 (20.0) 9540 1786 (18.7)
Wheeze with breathlessness 19904 1869 (9.4) 9489 820 (8.6)
Wheeze without a cold 19869 2298 (11.6) 9450 990 (10.5)
Shortness of breath following strenuous 19925 4410 (22.1) 9517 1985 (20.9)
activity
Woken with shortness of breath 19950 1081 (5.4) 9536 447 (4.7)
Ever had asthma 19944 1652 (8.3) 9540 746 (7.8)
Doctor-diagnosed asthma 19921 1451 (7.3) 9517 656 (6.9)
Attack of asthma in last 12 months 19930 692 (3.5) 9523 316 (3.3)
Current medication 19899 520 (2.6) 9440 199 (2.1)
Current asthma® 19891 776 (3.9) 9510 345 (3.6)
Ever-asthma, wheeze, shortness of breath 19912 7304 (36.7) 9503 3340" (35.1)

following strenuous activity or waking
with shortness of breath'

Data are presented as n and n (%).”: either attack of asthma in last 12 months, or current medication; ¥: used in baseline exclusion criterion for asthma incidence, but not

analysed as an outcome; *: the number excluded from the incidence analysis.
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ay:\:{8 B Change in body mass index (BMI) for participants with smoking data classified by BMI at each survey

BMI at first survey BMI at second survey kg-m? Total
kg-m
<20 20-<25 25-<30 >30

<20 493 (0.36+0.83) 737 (2.29+1.30) 27 (6.84+1.01) 2 (11.00+0.07) 1259 (1.65+1.70)
20-<25 126 (-1.96+1.44) 3425 (0.92+1.29) 1797 (3.20+1.53) 108 (8.35+4.79) 5456 (1.75+2.15)
25-<30 3 (-6.79+1.15) 169 (-2.09+1.28) 1469 (1.08+1.45) 642 (4.46+2.36) 2283 (1.79+2.56)
>30 0 10 (-9.75+8.54) 50 (2.57+1.73) 494 (2.84+3.48) 554 (2.13+4.16)
Total 622 (-0.14+1.43) 4341 (1.01+1.65) 3343 (2.21+1.96) 1246 (4.17 +3.46) 9552 (1.77+2.37)

Data are presented as n (mean+sD).

3.9%, p=0.001) and doctor-diagnosed asthma (males 2.0%,
females 3.4%, p=0.003).

Net changes in relation to obesity groups

Adjustment for smoking and sex, and for age group and centre
or country when also possible, had little effect on differences in
net change between obesity groups (table 6). Only overall
differences in nonspecific wheeze were statistically significant,
including outcomes not shown. The greatest increase in
wheeze was in those obese at each survey compared with
those not obese at either survey (adjusted difference 7.6% per
10 yrs, 95% CI 2.8-12.4). Figures 1 and 2 display unadjusted net
changes for males and females, showing the net increase in
wheeze in males and females who were obese at each survey,
or who became obese (sex—obesity group interaction p=0.591).
There was a different pattern of asthma in males and females;
males showed a small net increase with little difference
between the obesity groups, while females showed a larger
increase, with the greatest net change in those obese at each
survey (sex—obesity group interaction p=0.050). The pattern
for doctor-diagnosed asthma was similar to that for ever-
asthma, although the sex—obesity group interaction was not
statistically significant (p=0.153). The net increase in wheeze
without a cold was less in females than in males. It was weakly
related to obesity in males (p=0.073), but not in females
(p=0.699); the sex—obesity group interaction was not statisti-
cally significant (p=0.187).

1/.:18 58 Incidence of asthma by sex and change in obesity

Assessment of heterogeneity

There was a suggestion of a greater net change in ever had
asthma in obese females than in males, compared with those
not obese, which was largely reflected in doctor-diagnosed
asthma. Hence, heterogeneity between countries in net change
in obese females was investigated [23]. No estimate could be
obtained for Estonia (one centre in Tartu) or Belgium (two
centres in Antwerp). There was no suggestion of heterogeneity
in net change in asthma in obese females between the
remaining 11 countries (p=0.628).

Net changes in relation to smoking groups

There were large differences in net change in wheeze by
smoking group (p<0.0001, unadjusted or adjusted), with a
decrease in quitters (-10.9% per 10 yrs, 95% CI -14.3— -7.5%)
and a large increase in re-starters (8.3% per 10 yrs, 95% CI 3.1-
13.6%). The interaction with sex was not significant (p=0.133).
Wheeze without a cold showed a similar pattern of differences,
with a decrease in quitters (-5.9% per 10 yrs, 95% CI -8.6-
-3.2%), but the biggest increase in continuing smokers (3.4%
per 10 yrs, 95% CI 1.6-5.3%). No asthma outcome showed an
overall difference between smoking groups; however, for
doctor-diagnosed asthma, there was a borderline significant
interaction between sex and smoking group (p=0.060). There
was some evidence for differences in doctor-diagnosed asthma
between smoking groups in males (p=0.031), with the greatest
net increase in ex-smokers.

Not obese at either Obese at each Changed from not obese Changed from obese to Total
survey survey to obese not obese
Males
Person-yrs 25099 (25096) 1096 (1096) 2177 (2177) 112 28484 (28480)
Number of incident cases 72 (41) 4 (3) 6 (4) 0 82 (48)
Incidence per 10000 person-yrs 28.7 (16.3) 36.5 (27.4) 27.6 (18.4) 0 28.8 (16.9)
Females
Person-yrs 25542 (25539) 1196 (1195) 2011 (2011) 189 28939 (28935)
Number of incident cases 104 (70) 12 (8) 10 (7) 0 126 (85)
Incidence per 10000 person-yrs 40.7 (27.4) 100.3 (66.9) 49.7 (34.8) 0 43.5 (29.4)

Data are presented as n and data in parentheses are the number of subjects excluding the incident cases who stated age of onset prior to the first survey.
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1y/:\:18 W8 Asthma incidence by sex, age group, smoking group and obesity group, each mutually adjusted, in participants

without asthma or symptoms reported at baseline”

Comparison All incident cases Excluding cases with age of onset prior to first survey
HR (95% CI) p-value HR (95% CI) p-value
Females relative to males 1.47 (1.04-2.07) 0.028 1.71 (1.17-2.48) 0.005
Age group at baseline’ 0.197 0.658
25-34 yrs 1.24 (0.80-1.92) 1.10 (0.73-1.65)
>35 yrs 0.94 (0.61-1.45) 0.87 (0.53-1.45)
Obesity group” 0.011 0.036
Obese each survey 2.00 (1.25-3.20) 2.20 (1.19-4.08)
Became obese 1.12 (0.64-1.94) 1.21 (0.62-2.36)
Lost obesity No estimate No estimate
Smoking group® 0.0002 0.012
Ex-smokers 1.26 (0.96-1.65) 1.33 (0.91-1.94)
Smokers 0.67 (0.49-0.91) 0.67 (0.41-1.08)
Quitters 0.61 (0.33-1.11) 0.67 (0.35-1.30)
Re-starters 0.72 (0.35-1.47) 0.38 (0.11-1.31)

HR: hazard ratio; Cl: confidence interval. #: estimated by Cox proportional hazards regression with centre as a random effect; ' reference 20-24 yrs; *: reference not

obese either survey; °: reference nonsmokers.

DISCUSSION

Neither the analyses of incidence or net change showed an
increase in asthma in participants who became obese, but
overall incidence and net change were higher in participants
who were obese at each survey, compared with those who
were never obese. Results for males and females separately
suggest that changes in diagnosed asthma do not parallel those
in symptoms, and may help to explain the stronger relation of
asthma to obesity found in females in some studies.

Overall, 7.9% of participants became obese and 5.2% remained
obese. Had the current authors found no difference in either
group compared with those who were never obese this might
of been attributed to lack of power, but a difference in the
smaller of the two groups was detected.

Previous studies that have analysed incidence in relation to
weight gain have not distinguished between increases at

different points on the weight scale [9-14]. This approach
could mask a relationship between incidence and the devel-
opment of obesity, due to the much stronger relation of
incidence to obesity than to overweight [5, 6], and the possibly
J-shaped relation between incidence and BMI [10]. Only two
previous studies have found a significant relationship between
incidence and weight gain. Height and weight in the Nurses
Health Study were self-reported, and weight gain was
calculated from that recalled at 18 yrs of age [9]. The largest
increases in weight were seen in females already obese at age
18 yrs, thus, the relationship may reflect an association with
extreme obesity rather than weight gain per se. BECKETT et al.
[10] reported a relationship of incidence to high BMI and to
change in BM], statistically significant in only females, but with
no interaction term reported. The current results do not conflict
with the literature, but help to clarify the nature of the
relationship of incidence to the development of obesity.

17::{BSE8 Net change in prevalence of symptoms and asthma per 10 yrs of follow-up in total and by sex

Outcome™ Total' Males* Females® p-value’
Wheeze 0.5(-0.4-1.3) 0.7 (-0.6-1.9) 0.2 (-1.0-1.5) 0.690
Wheeze with breathlessness 0.7 (0.0-1.4) 0.6 (-0.3-1.6) 0.8 (-0.2-1.7) 0.809
Wheeze without a cold 1.1 (0.3-1.8) 2.1 (1.0-3.2) 0.1 (-0.9-1.1) 0.009
Ever had asthma 3.0 (25-3.5) 2.1 (1.5-2.8) 3.9 (3.1-4.6) 0.001
Doctor-diagnosed asthma 2.7 (2.3-3.2) 2.0 (1.4-2.6) 3.4 (2.7-4.1) 0.003
Attack of asthma in last 12 months 0.5 (0.1-0.9) 0.6 (0.1-1.2) 0.4 (-0.2-1.0) 0.534
Current medication 1.3 (1.0-1.7) 1.3 (0.8-1.8) 1.4 (0.9-1.9) 0.778
Current asthma®* 1.5 (1.1-2.0) 1.4 (0.9-2.0) 1.6 (1.0-2.2) 0.665

Data are presented as % (95% confidence interval).”: symptoms in last 12 months; ¥: minimum n=9450; *: minimum n=4601; : minimum n=4849; /: difference between

males and females; ##: either attack of asthma in last 12 months, current medication or both. The minimum sample size was for wheeze without a cold; missing values

were fewer for other outcomes.
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ay:\:18 S8 Difference in net change in prevalence per 10 yrs of follow-up, unadjusted and adjusted for smoking group and sex

Outcome Difference from never-obese® Unadjusted Adjusted”
Net change p-value® Net change p-value®
Wheeze 0.001 0.0001
Obese each survey 7.4 (26-12.2) 7.6 (2.8-12.4)
Became obese 4.9 (1.3-8.6) 5.4 (2.0-8.8)
Wheeze without 0.280 0.140
a cold
Obese each survey 1.3 (-0.3-5.4) 0.3 (-3.4 —4.1)
Became obese 1.5 (-0.2-4.6) 1.3 (-1.4-4.0)
Ever-asthma 0.161 0.250
Obese each survey 2.8 (0.4-5.3) 2.5 (0.1-4.9)
Became obese 0.3 (-1.6-2.2) 0.1 (-1.8-2.0)
Doctor-diagnosed 0.361 0.267
asthma
Obese each survey 2.5 (0.0-4.9) 2.2 (-0.2-4.5)
Became obese 0.0 (-1.8-1.9) 0.0 (-1.8-1.9)

Data are presented as % (95% confidence interval). #: differences for group which changed from obese to not obese not shown due to wide confidence intervals; :
adjusted additionally for centre and age group (wheeze) and country (wheeze without a cold); *: p-values for overall differences between four groups defined by obesity status.

Net change in ever-asthma was greater in those who were
obese at both surveys compared with the never-obese group,
but only in females. Net change in doctor-diagnosed asthma
followed the same pattern. However, net change in wheeze
was greater in those who became obese, as well as in those who
remained obese, rather than in the never-obese group, in both
males and females. There was weak evidence for a relationship
of wheeze without a cold to the obesity group but only in
males. There were also some differences between symptoms
and asthma outcomes in their relationships to smoking
groups. Incidence was greater in ex-smokers than in never-
smokers, and possibly lower in current smokers. Net change
analysis did not support this, suggesting a relationship of
change in diagnosed asthma to smoking status in males
only.
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Thus there is evidence, although weak, for sex modification on
the effect of the obesity group on wheeze without a cold and
doctor-diagnosed asthma, and of the smoking group on
doctor-diagnosed asthma. This evidence suggests that there
may be some differential diagnosis linked to the absence of
smoking in males and to the presence of obesity in females. If
this is the case, the latter appears to be a general finding and
not confined to a few countries, as there was no evidence for
heterogeneity between countries in the net change in ever-
asthma in obese females. In ECRHS I, evidence for a sex
difference in the cross-sectional associations of symptoms and
asthma with BMI was weak [24]. A similar analysis to that
presented in the current study, in a population showing a
stronger sex difference, would provide valuable information
on the possibility of differential diagnostic labelling.
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FIGURE 2. Mean change and 95% confidence interval in net change in
prevalence (%) per 10 yrs for selected outcomes in females by obesity group. —:
not obese at either survey; - - - -: obese at each survey; ------- . changed from not
obese to obese.
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The present authors found that incidence and net change in
ever-asthma were both greater in females than in males, while
there were some differences in the results by the two methods
of analysis in relation to the obesity groups. Incidence of
asthma was related to the obesity group overall. It was greater
in those who remained obese compared with those not obese at
either survey, with no suggestion of a difference between
males and females. A greater incidence of asthma in adult
females than males has been reported previously by a number
of studies [7, 10, 12, 15, 25-27]. Two of these studies shared
some participants with the current study [15, 28] but from a
small number of centres, and the studies were conducted using
a postal questionnaire rather than an interview-administered
questionnaire. Not all studies have found a statistically
significant difference in incidence in young adult males and
females [5, 13, 28, 29]. Differences in the definition of asthma
and in the exclusion criterion for cases at baseline will affect
absolute estimates of incidence, making comparisons between
studies difficult. It is known that insensitive exclusion criteria
may bias relative risk [16], and hence also HRs, so that these
too may not be comparable.

A date of onset was only available for analysis of incidence for
ever-asthma. Other outcomes were analysed using net change.
Doctor-diagnosed asthma showed a greater net increase in
females than in males. Overall, net change in wheeze without a
cold was significantly greater in males than in females, which
was not explained by differences in smoking. There was no
significant difference in net change between males and females
in the other outcomes.

There are several reasons why incidence and net change
analysis may give different results. Net change is comprised of
incidence and remission, a factor associated with each in
consistent directions has a large effect on net change, while a
factor associated either positively or negatively with both
incidence and remission may show no relationship with net
change. Net change analysis avoids the need to choose a
criterion to omit participants with asthma at baseline, and to
use a date of onset, and is applicable to all outcomes. As was
shown by the high proportion of incident cases of asthma who
reported age of onset before the first survey, there is poor recall
of this. The 95% limits of agreement for recall of age of first
attack of asthma were wide, ranging -11.4-11.6 yrs for those
with onset before survey 1.

The current study provides no evidence for increased asthma
in those who became obese. Net change in asthma was raised
in those who were obese at each survey compared with those
who were not obese, but only in females. The net increase in
ever-asthma and doctor-diagnosed asthma was greater in
females than in males, but the net change in wheeze without a
cold was greater in males. The present results are consistent
with wheeze increasing in individuals who become obese, but
of asthma being more frequently diagnosed in females,
especially obese females. These findings may help to explain
the stronger association between asthma and obesity in
females than in males which was found in some studies.
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