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Can the increase in body mass index explain the
rising trend in asthma in children?

S Chinn, R J Rona

Abstract

Background—The reported association
between asthma and obesity and the
documented rise in each over time have
led to suggestions that rising obesity
might explain the increase in the preva-
lence of asthma. Trends in both in British
children participating in the National
Study of Health and Growth were marked
from 1982 to 1994.

Methods—QOdd ratios for trends in asthma
and symptoms in 8 and 9 year old children
were calculated with and without adjust-
ment for body mass index (BMI).
Results—In a representative sample of
white children the odds ratio per year for
asthma was 1.09 (95% CI 1.07 to 1.11)
before and after adjustment for BMI for
boys and 1.09 (95% CI 1.07 to 1.12) and
1.09 (95% CI 1.05 to 1.12), respectively, for
girls. Unadjusted and adjusted odds ratios
were also virtually identical for wheeze
and “asthma or bronchitis”. The lack of
effect of adjustment was due to a change in
the association between BMI and symp-
toms with time.

Conclusions—Trends in overweight and
obesity do not explain the increase in
asthma. The evidence points towards the
association between asthma and obesity
being of recent origin. This may be
explained by obesity being a marker of
recent lifestyle differences now associated
with both asthma and overweight.

(Thorax 2001;56:845-850)
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There has been a recent increase in interest in
the association between asthma and obesity.
Positive associations have been reported be-
tween asthma and body mass index (BMI) in
young adult women in Britain,' in female ado-
lescents and adults in Canada,” and in Black
and Hispanic children in the United States.” *
Some support for this being a causal link is
provided by longitudinal studies in which
weight gain preceded an increased onset of
asthma in women and in girls,’® and a
randomised controlled trial of weight reduction
in obese subjects with asthma.’

It has been suggested that increases in
obesity may have contributed to the rise in
asthma.’®® Increases in asthma’'’ and in
weight-for-height or obesity”’ ¥ have been
reported in children in Britain over the past 20
years. The National Study of Health and
Growth (NSHG) was unique in collecting
standardised information in children on asthma
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symptoms, height, weight, and subcutaneous
fat over a long period of time. In a recent report
the study found an association between BMI
and asthma and persistent wheeze in a
representative sample of white children aged
4-11 years and in girls in a multiethnic inner
city sample.” In this paper we report on the
evidence from the NSHG as to whether the
increase in BMI contributed to the rise in
asthma in children. As asthma symptoms have
been reported to be associated with family size
or birth order in some studies' " and with low
birth weight' '® or greater birth weight,” we
also examined the potential of these variables
as alternative confounding or additional factors
for explaining the trend in asthma.

Methods

SUBJECTS

The NSHG was a mixed longitudinal study of
primary school children from 1972 to 1994 in
England and Scotland. In 1972, 22 employ-
ment exchange areas in England and six in
Scotland were selected by stratified random
sampling, with weighting towards poorer areas,
and state primary schools were selected to pro-
vide at least 300 children aged 5-11 years in
each area. In 1983 a new sample of English
inner city areas was selected® because, despite
the weighting, the social class distribution of
the English sample was found to be close to
that for England and Wales*' and an additional
eight Scottish areas were selected as the
original sample was too small for most
purposes. These areas were surveyed in odd
years from 1983 to 1993. The original 22 Eng-
lish areas and the 14 Scottish areas are termed
the representative sample. For simplicity, the
combined 1983/4 Scottish areas and the 1984
English areas are referred to as the 1984 sam-
ple, and similarly for subsequent years.

At each survey children were classified by the
field worker into ethnic origin groups and, for
the inner city sample, the language spoken at
home was recorded by the school. Data for the
few non-white children in the representative
sample were omitted from analyses. Otherwise,
all eligible children with data were included as
specified in the details of each analysis.
Children in the inner city sample were grouped
into four ethnic origin categories: white,
African-Caribbean, Indian subcontinent, and
other. Cohort age was defined as the difference
between the year of survey and the year of
birth.

MEASUREMENTS

All children were measured and weighed unless
the child’s parents refused. Height was
measured on a specially designed stadiometer
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Figure 1
SDS in white boys in the representative sample.
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(Holtain) using the method described by Tan-
ner et al.”> Height was recorded to the last
0.5 cm from 1972 to 1976, and to 0.1 cm from
1977;0.25 or 0.05 cm was added as appropri-
ate to correct the bias. Children were weighed
in underpants, with weight recorded to the last
complete 100 g. The standard deviation score
(SDS) for BMI was calculated from the UK
1990 reference curves.” Cut off points for
overweight and obesity were defined as the
SDS corresponding to BMI 25 and 30, respec-
tively, at age 19.5 years, and the limit for
underweight was defined similarly to corres-
pond to BMI 20.

Triceps skinfold thickness was measured as
recommended by Tanner and Whitehouse
except that the mid point between the tip of the
acromion and olecranon was marked with the
arm hanging straight instead of bent.* Triceps
skinfold SDS was calculated using the NSHG
1990 data for white English children as this
sample formed the majority of the data for
5-11 year olds used to calculate the national
reference curves.”

QUESTIONNAIRE DATA
Other data were collected by a self-
administered questionnaire sent to the parent
or guardian, normally completed by the child’s
mother. The total time period for which data
on asthma were available was 1973-94, with a
reduced sample including few 5 year old
children from 1973 to 1976.

The respiratory questions analysed were:
“Has he or she suffered from either of the fol-
lowing illnesses in the last 12 months? Asthma:
If yes, how many attacks has he or she had in
the last 12 months?” and a similar question for
bronchitis: “Does his or her chest ever sound
wheezy or whistling? If you answered yes, does
he or she get this on most days or nights?” Posi-
tive answers to the last two questions are
referred to as “ever wheeze” and “persistent
wheeze”. The questions on asthma and bron-
chitis were asked in all years from 1973 to
1994. A child was considered to have asthma if
at least one attack had occurred during the
year. The questions on wheeze were asked from
1973 to 1977, and from 1982 to 1994.
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Birth weight was requested at entry to the
study. Length of gestation was collected from
1977 to 1994, and birth weight was internally
standardised by sex and ethnic group to the
mean for non-multiple births for gestational
age using the method of Bland et al.”® This birth
weight SDS was then categorised according to
the SDS corresponding to the categories
<2500 g, 2500-<3000 g, 3000-<3500 g, and
3500+ g at 40 weeks gestation for white
children—that is, a similar procedure to that
for the definitions of under and overweight.
The total number of siblings and number of
older siblings were recorded at each survey.
Whether the mother smoked in pregnancy with
the child was asked in 1982 and from 1987 to
1994, and information on the total number of
cigarettes smoked per day was also available for
these surveys. To maximise the data available
and minimise the recall time for the mother,
the earliest information for each child was ana-
lysed.

DATA ANALYSIS

Trends in asthma symptoms and BMI SDS
were examined graphically for the period of
availability of the data.

The primary aim of this paper was to exam-
ine the potential of BMI to explain the increas-
ing prevalence of asthma. A single observation
for each child was selected by restricting the
data at each survey to the cohorts reaching the
age of 8 or 9 years from 1982 to 1994 for the
representative sample and from 1983 to 1993
for the inner city sample. This age group was
chosen as pubertal events would have minimal
impact at that age and BMI increased more in
children aged 8 years or over than in those aged
7 or less.” Logistic regression was used to cal-
culate trends in asthma and/or bronchitis, ever
wheeze, persistent wheeze, and cough which
were expressed as odds ratio per year.”
Adjusted odds ratios were calculated on adding
BMI SDS or category to the model. The effect
of including triceps skinfold SDS, family size
and birth weight, with and without adjustment
for length of gestation, was also studied. Paren-
tal smoking was analysed in addition from
1987 to 1994.

The possibility that the relation of asthma to
BMI had changed over time was investigated in
the representative samples by testing the inter-
action of year of survey and BMI SDS on out-
come variables using 1982 and 1994 data from
children across the full age range of the study,
and across all years in the selected cohorts.

Finally, as longitudinal data were available,
the incidence was examined in relation to BMI
by linking data for children at cohort age 5 or 6
years with that collected 4 years later. Asthma
at cohort age 9 or 10 was analysed by BMI
group in children who were not reported to
have asthma at the age of 5 or 6. Similar analy-
ses were performed in relation to “ever
wheeze”.

Results

The response rate to measurement exceeded
94% in all years and in each sample, except in
the inner city sample in 1993 when it was 91%.
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Table 1  Trends in potential explanatory variables from 1982 to 1994 in the representative
sample children aged 8 or 9 years* with information on symptoms

Variable Boys Girls

Linear increase per year (95% confidence interval)

Body mass index SDS

Triceps skinfold SDS

Birth weight (g)

Birth weight for gestational age SDS
Number of older siblings

Total number of siblings

Parental smoking: cigarettes per day

0.011 (0.006 to 0.016) 0.009 (0.014 to 0.024)
0.012 (0.007 to 0.016) 0.008 (0.003 to 0.013)
0.78 (=3.70 to 2.18) 2.75 (=0.19 to 5.69)
0.001 (=0.005 t0 0.007)  0.010 (0.004 to 0.006)
0.01 (0.01 to 0.02) 0.01 (0.00 to 0.02)
0.02 (0.01 to 0.02) 0.02 (0.01 to 0.02)
~0.07 (~0.14 to —0.01) —0.03 (=0.09 to 0.04)

Odds ratio per year (95% confidence interval)
Mother smoked in pregnancy with child 1.01 (0.99 to 1.02) 1.01 (0.99 to 1.02)

*Selected by year of birth as detailed in text.

Table 2 Unadjusted trends in outcome variables, and with adjustment for BMI SDS, from
1982 10 1994 in 95747 representative sample in boys aged 8 or 9 years* with information
on symptoms and BMI

Odds ratio per year (95% confidence interval)

Variable Unadjusted Adjusted for BMI SDS

Attacks of asthma
Ever wheeze

1.09 (1.07 to 1.11)

1
Persistent wheeze 1

0

1

4 (1.03 to 1.06)

0 1.09 (1.07 to 1.11)
0 1
02 (0.99 to 1.05) 1
9 0
0 1

0

04 (1.03 to 1.06)
02 (0.99 to 1.05)
9
0

Attacks of bronchitis
Asthma or bronchitis

.95 (0.92 t0 0.98)
.05 (1.02 to 1.07)

.94 (0.91 to 0.97)
.04 (1.02 to 1.07)

*Selected by year of birth as detailed in text.
TMinimum number, with data for attacks of asthma and bronchitis and BMI.

Table 3 Unadjusted trends in outcome variables, and with adjustment for BMI SDS, from
1982 to 1994 in 89747 representative sample of girls aged 8 or 9 years* with information
on symptoms and BMI

Odds ratio per year (95% confidence interval)

Variable Unadjusted Adjusted for BMI SDS

Attacks of asthma

Ever wheeze
Persistent wheeze
Attacks of bronchitis
Asthma or bronchitis

1.09 (1.07 to 1.12)
1.04 (1.02 to 1.05)
1.04 (1.00 to 1.07)
0.94 (0.91 to 0.98)
1.04 (1.01 to 1.07)

1.09 (1.05 to 1.12)
1.03 (1.02 to 1.05)
1.04 (1.00 to 1.07)
0.94 (0.91 to 0.98)
1.04 (1.01 to 1.07)

*Selected by year of birth as detailed in text.
TMinimum number, with data for attacks of asthma and bronchitis and BMI.

Table 4  Trends in selected outcome variables and in body mass index (BMI) and triceps
skinfold thickness from 1983 to 1993 in an English inner city sample of children aged 8 or

9 years* with information on symptoms and BMI, adjusted for ethnic group

Variable

Boys (n=4474)f

Girls (n=4509) 1

Odds ratio per year (95% confidence interval)

Attacks of asthma
Ever wheeze
Persistent wheeze
Attacks of bronchitis
Asthma or bronchitis

1.06 (1.02 to 1.10)
1.02 (0.99 to 1.04)
1.00 (0.97 to 1.04)
0.94 (0.90 to 0.99)
1.01 (0.97 to 1.04)

1.08 (1.04 to 1.13)
1.02 (0.99 to 1.04)
1.02 (0.98 to 1.06)
0.94 (0.89 to 0.99)
1.01 (0.97 to 1.05)

Linear increase per year (95% confidence interval)
0.013 (0.003 to 0.023) 0.013 (0.003 to 0.022)
0.000 (—0.008 to 0.009) 0.005 (—0.003 to 0.014)

Body mass index SDS
Triceps skinfold SDS

*Selected by year of birth as detailed in text.
+Minimum number, with data for attacks of asthma and bronchitis and BMI.

The response rate to the questionnaire ranged
from 84% to 96% in the representative sample
and from 78% to 83% in the inner city sample.

The trends in asthma and wheeze and in
BMI are shown in fig 1 for all white boys in the
representative sample (about 3600 children per
year of survey from 1973 to 1982 and 5000
from 1984 to 1994). Although a trend in
asthma symptoms was detected before 1982, a
greater increase in asthma, ever wheeze, and
BMI took place from 1982 onwards. A similar
pattern was seen for girls in the representative
sample.
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As the potential for BMI to explain the trend
in asthma was from 1982 onwards, the inner
city sample was surveyed from 1983, and not
all data were collected for the potential
confounding variables in the earlier period, all
formal analyses were carried out on the
1982-94 data.

Trends in potential explanatory variables are
shown for the representative sample in table 1.
There was a highly statistically significant
(p<0.001) increase in BMI in both boys and
girls. Triceps skinfold thickness showed a posi-
tive trend in both sexes (p<0.001 and p=0.003,
respectively). Family size increased slightly, as
measured either by total number of siblings or
number of older siblings. Birth weight showed
a significant change only in girls after adjusting
for gestational age. Parental smoking showed a
small decline in total number of cigarettes
smoked at home, which was statistically signifi-
cant for boys, but there was no evidence for a
change in mother smoking in pregnancy.

Trends in asthma, bronchitis, and symptoms
are shown for the representative sample in
tables 2 and 3. The unadjusted odds ratios
show that there were increasing trends in all
outcomes except for attack(s) of bronchitis,
which showed a decrease in both boys (table 2)
and girls (table 3). When “at least one attack of
asthma or bronchitis” was analysed there was a
positive trend which was statistically significant
for both sexes. The BMI adjusted odds ratios
and their 95% confidence intervals differ from
the corresponding unadjusted estimates by
0.01 at most. Adjusting for BMI divided into
categories of underweight, normal, overweight,
and obese gave similar estimates. Adjustment
for other variables in table 1, whether singly or
in combination, also had no detectable effect
on the odds ratios for trend.

Table 4 shows trends in asthma, wheeze,
bronchitis, BMI, and triceps skinfold SDS in
the English inner city sample, with adjustment
for ethnic group. Attacks of asthma showed a
significant increase in both boys and girls, and
bronchitis a significant decrease, but no statis-
tically significant trend was seen in the other
outcome variables. BMI SDS increased in both
boys and girls but neither trend in triceps skin-
fold SDS was statistically significant. The
trends in asthma were unchanged on adjusting
for BMI SDS. Trends in BMI and asthma were
inconsistent when examined by the four
categories of ethnic group (not shown).

Table 5 shows the odds ratio for asthma in
underweight, overweight, and obese children
compared with normal weight children in the
representative sample in 1982 and 1994, with
adjustment for age. In 1982 there was a statis-
tically significant variation in the odds ratio in
boys (p=0.007) but no linear trend and no
relation of asthma to BMI in girls, while in
1994 there was a greater prevalence of asthma
attacks in obese boys and girls than in children
of normal weight and statistically significant
trends with BMI SDS. However, no statisti-
cally significant interaction was found between
BMI SDS and year. A similar test of interaction
between asthma and BMI categories across all
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Table 5 Odds ratio, adjusted for age, for asthma in underweight, overweight and obese children in the representative

sample compared with children of normal weight aged 4—11 years in 1982 and 1994

Chinn, Rona

Boys Girls

n Odds ratio (95% CI) n Odds ratio (95% CI)
1982
Total 3458 3282
Underweight 767 1.66 (1.12 to 2.46) 1100 1.17 (0.75 to 1.84)
Normal weight (reference) 2349 1.00 1888 1.00
Overweight 799 2.15 (1.30 to 3.58) 255 0.90 (0.38 to 2.13)
Obese 43 1.48 (0.35 t0 6.22) 39 1.00 (0.13 to 7.44)
p value for trend with BMI SDS 0.76 0.69
1994
Total 4778 4578
Underweight 965 0.99 (0.78 to 1.25) 1277 0.83 (0.63 to 1.10)
Normal weight 3110 1.00 2633 1.00
Overweight 573 1.22 (0.93 to 1.59) 554 0.95 (0.66 to 1.37)
Obese 130 1.79 (1.12 to 2.85) 114 2.27 (1.33 to 3.88)
p value for trend with BMI SDS 0.003 0.011
p value for BMI SDS/year interaction 0.32 0.15

years in the cohorts aged 8 or 9 years was sta-
tistically significant for boys (p=0.01) but not
for girls (p=0.54).

Table 6 shows the 4 year incidence of asthma
and “ever wheeze” in children free of asthma
attacks or wheeze, respectively, at age 5 or 6
years in the representative samples. There was
a clear trend of increasing incidence of both
asthma and wheeze with increased BMI in both
boys and girls. Although the numbers of obese
children were small, there was a substantially
increased risk of asthma or wheeze in these
children compared with children of normal
weight.

Discussion

The primary aim of this paper was to
investigate whether the increase in BMI could
explain the increase in asthma, as has been
suggested.’ ® * As far as we are aware, this is the
first such analysis. The results show clearly that
the increase in BMI cannot explain the increase
in asthma. Given that the NSHG data showed
a cross sectional relation between BMI and
asthma,'” and trends in asthma’ '* and BMI" "
have previously been reported, this finding is
surprising and at first sight contradictory.
However, adjustment of the trends in asthma
and symptoms by BMI assumes a constant
relation of outcome to BMI SDS or BMI
categories over time, and our results suggest
that this was not the case.

Table 6 Incidence and odds ratio for asthma or “ever wheeze”

Added evidence that the association between
asthma and BMI is recent is provided by a
contrast with results from the British 1958
birth cohort for the children at age 11 years.*®
The only statistically significant difference
found was that children with frequent current
attacks of asthma and/or wheezy bronchitis had
lower mean relative weight than other children.
Indirect evidence for the positive association
between asthma and BMI being recent is pro-
vided by the recent surge in interest in the topic
which is not due to previous failure to investi-
gate.”” Diagnostic shift cannot explain the
whole of the rise in asthma as “asthma or
bronchitis” also showed an increase.

A direct causal link between increased BMI
per se and asthma now seems unlikely, firstly
because the evidence suggests that it is a recent
phenomenon, and secondly because the associ-
ation is inconsistent in boys and girls in some
groups.” While possible mechanisms have
been suggested for sex differences,’ ® none of
those proposed can explain the sex difference
in inner city children in England.” The study
in adults’ that showed obesity to precede the
onset of asthma has been taken as evidence in
favour of causality,’ and the comparable
findings here might add to this view. However,
if obesity is now a marker of a lifestyle or
dietary risk factor for asthma that takes time to
produce symptoms, an increased incidence in
obese children or adults would be observed.

>at 9 or 10 years of age in relation to normal weight children

at 5 or 6 years of age in children symptom free at 5 or 6 years of age in the representative sample, 1982—94

Boys Girls
Odds ratio (95% CI) compared Odds ratio (95% CI) compared with

BMI at age 5 or 6 (n, boys/girls) % with normal weight % normal weight
Asthma
Underweight (n=756/958) 4.5 0.87 (0.59 to 1.28) 2.8 0.92 (0.58 to 1.45)
Normal weight (n=2332/2093) 5.1 1.00 3.1 1.00
Overweight (n=283/243) 5.7 1.10 (0.65 to 1.89) 4.5 1.50 (0.78 to 2.89)
Obese (n=44/35) 20.5 4.74 (2.23 t0 10.09) 11.4 4.09 (1.40 to 11.93)
p value between groups 0.0005 0.037
Ever wheeze
Underweight (n1=682/902) 6.6  0.92 (0.65 to 1.30) 4.3 0.96 (0.65 to 1.40)
Normal weight (n=2084/1948) 7.1 1.00 45 1.00
Overweight (n=250/217) 8.8 1.25 (0.78 to 2.00) 6.5 1.46 (0.81 to 2.61)
Obese (n=38/16) 237 4.03 (1.87 to 8.67) 125 4.70 (1.89 to 11.67)
p value between groups 0.0027 0.005
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The incidence studies do, however, make
reverse causality a less likely explanation. In
favour of direct causality is the small ran-
domised controlled trial of weight reduction in
obese (BMI 30-48) asthmatic subjects.” How-
ever, the asthmatic subjects randomised to the
intervention group received a “very low energy
dietary preparation” which “contained daily
allowance of all essential nutrients”. Thus, the
intervention group may have experienced a diet
more balanced than their usual one as well as
weight reduction.

An alternative explanation for reports of the
association being recent is that only with suffi-
cient prevalence of obesity or a very large sam-
ple is a statistically significant association likely
to be found. Although this could explain the
evidence in the UK, it is harder to explain the
lack of earlier reports from the USA where
trends were more substantial before 1982,
and the mean BMI from NHANES I and II
showed that before 1980 girls were already of a
comparable weight to those in the UK in
1990.

Obesity is associated with dyspnoea on exer-
cise’ which could account for part of the cross
sectional association between reported wheeze
and obesity, but this could be expected to be
consistent over time. Our results therefore sug-
gest that this is at most only a small part of the
explanation for the association.

Although the NSHG provided no evidence
for a contribution of any of the other variables
studied to the increase in asthma, we cannot
rule these out totally as birth weight, length of
gestation, and parental smoking were self-
reported, usually by the mother. However,
they cannot explain the association between
asthma and BMI, or why the trend in BMI
does not account for any of that in asthma.
Family size increased slightly from 1982 to
1994 but decreased in the earlier period of
the study when the trend in asthma was
lower. Adjustment for social class (not
shown) did not change any of the findings,
unsurprisingly for the main results as there has
been no appreciable trend in social class
distribution.

Among possible explanations for the associ-
ation that are compatible with the various find-
ings are lifestyle differences between obese and
non-obese subjects that have recently emerged
or become more marked. Camargo et al’
suggested that obese individuals may have
greater exposure to indoor allergens than sub-
jects of normal weight because they spend
more time indoors or that there might be
dietary differences between the groups. They
found no evidence that differences in nutrient
intake could explain the association. However,
both diet, especially micronutrient intake, and
activity levels are difficult to measure, and this
possibility remains.

Among other factors that may have changed
over time, possibly differentially between over-
weight and normal weight children, are partici-
pation in sport within and outside school and
control of food intake, either through increased
choice at school lunch or through increased
pocket money spent on food. Unfortunately, in
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the UK data on these factors are -either
non-existent or lacking in consistency over the
time frame studied here.

The suggestion that the increase in obesity
could explain the increase in asthma was a
simple hypothesis that had temporal plausibil-
ity. The NSHG data provide strong evidence
against this hypothesis while confirming an
association between asthma and obesity which
seems to have arisen relatively recently.
Surveys which include diet and physical activ-
ity may suggest an explanation for the
association which is unlikely to be directly
causal.

Susan Chinn and Roberto Rona are currently funded by the
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