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ABSTRACT

Background Few large prospective studies have
investigated the impact of body mass index (BMI) on
lung function during childhood.

Methods Using data collected between 2002 and
2013, we analysed associations between BMI status
and lung function (assessed by spirometry) from 8 to 16
years, as well as cross-sectional associations with small
airway function (impulse oscillometry) at 16 years in the
BAMSE cohort (n=2889). At 16 years, cross-sectional
associations with local and systemic inflammation were
investigated by analysing FE, _, blood eosinophils and
neutrophils.

Results Overweight and obesity at 8 years were
associated with higher FVC, but lower FEV /FVC ratio

at 8 and 16 years. In boys, but not girls, obesity at

8 years was associated with a further reduction in
FEV./FVC between 8 and 16 years. In cross-sectional
analyses, overweight and obesity were associated with
higher frequency dependence of resistance (R, , ) and
larger area under the reactance curve (AX%) at 16
years. Increased blood neutrophil counts were seen

in overweight and obese girls, but not in boys. No
association was found between BMI status and FE, .
Persistent, but not transient, overweight/obesity between
8 and 16 years was associated with higher R, and
AX" and lower FEV /FVC (~2.8% (95% Cl —4.1 to
—1.2)in girls and —=2.7% (95% Cl —4.4 to —1.1) in boys)
at 16 years, compared with persistent normal weight.
Conclusion In childhood and adolescence, overweight
and obesity, particularly persistent overweight, were
associated with evidence of airway obstruction, including
the small airways.

NO!

INTRODUCTION

Obesity is a global health challenge associated
with several adverse health consequences.' The
respiratory system may be adversely affected due
to low-grade systemic inflammation and increased
mechanical load of the truncal fat on the chest
resulting from obesity.> > Most studies in chil-
dren have observed an association between high
body mass index (BMI) or waist circumference
and reduced ratio between FEV ,and FVC, but
unaffected or higher FEV, and FVC.*'? This was
also confirmed in a recent meta-analysis which
reported a 2.4% (—3.0; —1.8) lower FEV /FVC in

What is the key question?

» Are overweight and obesity associated with
reduced lung function, including small airway
obstruction in school-age and adolescence?

What is the bottom line?

» Both overweight and obesity, and particularly
persistent overweight, in childhood and
adolescence are associated with physiological
signs of airway obstruction, which also involves
the peripheral airways.

Why read on?

» This population-based longitudinal study is the
first to investigate the association between
overweight/obesity and peripheral airway
obstruction among adolescents.

overweight or obese, compared with normal weight
children.” These results indicate that childhood
overweight and obesity might be associated with
airway obstruction, although lung volume and flow
may be high or normal. In another recent analysis
including six cohorts of children, Forno et al**
provided new physiological insights by showing
that overweight and obesity were associated with
dysanapsis (incongruence between growth of the
lungs and the airways, characterised by abnormal
FEV /FVC despite normal FEV, and FVC) in both
children with and without asthma. The authors
discuss that childhood obesity results in anatom-
ical and/or developmental airflow obstruction that
are not related to airway inflammation, although
measurements using other methods are required to
confirm this hypothesis.'* In addition, the role of
local or systemic inflammatory mechanisms needs
to be explored further.

The majority of studies linking obesity and lung
function in children are based on spirometry, which
mostly reflects large airway function.”> Impulse
oscillometry (IOS) is an effort-independent tech-
nique to assess lung resistance and reactance,
with potential to discriminate between peripheral
and central airway function.'® Small airway func-
tion has been associated with asthma symptoms
such as dyspnoea, impaired asthma control and
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health-related quality of life.'” ' However, it is still unknown
how overweight and obesity affect the small airways in children
and adolescents.

Moreover, the temporal relation between obesity and lung
function development is unclear, as most evidence linking child-
hood obesity and lung function is cross-sectional. In the Dutch
PIAMA birth cohort, persistent but not transient high BMI
between 8 and 12 years was associated with lower FEV /FVC
among 1090 children at 12 years.' In the present study, we
extend these temporal analyses on overweight duration up to
16 years.

The main aim of the present study was to investigate the longi-
tudinal association between BMI status between school-age and
adolescence in relation to lung function, including small airway
function, in a large population-based prospective cohort. To
gain insight into potential mechanisms, a secondary aim was to
investigate whether overweight and obesity are associated with
airway and systemic inflammation biomarkers.

METHOD

Study population and study design

The study population includes children from the prospec-
tive birth cohort BAMSE, previously described in detail else-
where.?’ 2! The BAMSE study includes 4089 children from the
northwestern and central parts of Stockholm, Sweden (75% of
eligible children in the catchment area). Non-responders and
children who were actively excluded from the baseline cohort
were similar to the study population in terms of parental allergic
disease and pet keeping; however, the proportion of parental
smoking was somewhat higher.?! The children were subsequently
followed from around 2 months of age, with repeated parental
questionnaires on symptoms of allergic disease as well as on life-
style and environmental exposures. At 16 years, the adolescents
themselves also answered a questionnaire. The parental response
rate was 849 at 8 years and 78% and 76% for the parent and
adolescent, respectively, at 16 years.

Measurements of exposures and outcomes

When the children were approximately 8 and 16 years, clinical
investigations with measurements of height and weight were
performed by trained nurses using standard protocols among
2620 (64%) and 2599 (64%) of the children, respectively. BMI
was calculated as weight in kilograms divided by height in
metres squared (kg/m?) and categorised into thinness, normal
weight, overweight and obesity per gender-specific and age-spe-
cific cut-off values proposed by the International Obesity Task
Force.?* Lung function was measured by spirometry at 8 years
using a 2200 Pulmonary Function Laboratory (SensorMedics,
Anaheim, California, USA) and by 1OS followed by spirometry
at 16 years using a Jaeger MasterScreen-IOS system (Carefu-
sion Technologies, San Diego, California, USA).** All partici-
pants performed repeated maximal expiratory flow volume
(MEFV) measurements. The highest values of FVC and FEV,
were extracted and used for analysis, provided that the subject’s
effort was accepted as being maximal by the test leader, that the
MEFV curve passed visual quality inspection and that the two
highest FEV, and FVC readings were reproducible according
to American Thoracic Society/ European Respiratory Society
(ATS/ERS) criteria (n=1832 at 8 years and n=2056 at 16
years).** FEV /EVC ratios were calculated and expressed as
percentages. Dysanapsis was defined as normal to high FVC
z-score (20.674), normal FEV, z-score (21.645) and low FEV /
FVC (<80%)."

The 10S measurements have been described elsewhere.?® %°

Briefly, external pressure impulses are superimposed during
tidal breathing at frequencies between 5 and 35 Hz. Higher
frequencies are reaching the large airways, whereas lower
frequencies travel deeper into the lung. Participants wore a
nose clip and were instructed to tightly seal their lips around
the mouthpiece and support their cheeks with their hands.
After quality inspection, the mean value of resistance between
5Hz and 20Hz (R, ,)) and the square root of the area under
the reactance curve (AX’’) were used for analyses (n=2452).
Resistance is defined as the ratio of the pressure drop over
an airway segment,” whereas reactance can be viewed as the
rebound resistance of the lung.'® Measurements of FE,, were
performed at an expiratory flow of 50 mL/s (FE,,50), using
an online chemiluminescent (CLD88) analyser (Eco Medics
AG, Duernten, Switzerland) according to ERS/ATS guidelines
(n=2087).%° Peripheral blood samples (n=2558) were analysed
for eosinophil and neutrophil cell counts at 16 years (Depart-
ment of Clinical Chemistry, Karolinska University Hospital,
Stockholm, Sweden).

Asthma symptoms (current wheeze and breathing difficulties
during exercise) and medication use were reported by the parent
at 8 years and by the adolescent at 16 years. The definitions
of these variables are described in the online supplement. The
study was approved by the Regional Ethical Review Board in
Stockholm.

Statistical analyses

Associations between BMI status and lung function (spirometry
and I0S) were considered as main analyses, whereas associa-
tions with FE_, eosinophil/neutrophil cell counts and asthma
symptoms were considered as secondary analyses. Differences
between children who were included and excluded from the
study population were analysed by the t-test (continuous vari-
ables) and by the y* test (categorical variables). Associations
between BMI status at 8 years (using normal weight as referent)
and spirometry up to 16 years were analysed longitudinally
by mixed-effects linear regression with a random intercept, an
unstructured correlation matrix and restricted maximum like-
lihood estimation. Mixed-effect models for longitudinal data
take the correlation between repeated measurements on the
same individual into account. An interaction term between BMI
status and the time indicator variable was incorporated into the
model to estimate age-specific associations at 8 and 16 years and
changes in lung function between 8 and 16 years. For outcomes
collected at 16 years only, ordinary linear regression (contin-
uous variables) and logistic regression analysis (categorical vari-
ables) were used. I0S, FE_, and eosinophil/neutrophil cell count
were analysed on the median using quantile regression, due to
non-normally distributed data.”’

Analyses were stratified by gender, and any potential inter-
action between BMI status and gender, as well as with wheeze,
was tested by the Wald test using an interaction term between
overweight and gender and overweight and wheeze, respectively,
in the statistical model. Results were expressed as z-scores using
the Global Lung Initiative reference values for FEV, and FVC*
and as height-adjusted and age-adjusted per cent for FEV /FVC,
to facilitate interpretation. As a sensitivity analysis, FEV /FVC
was also analysed as z-scores to ensure that the results were
comparable. IOS results were not transformed to z-scores, due to
lack of reference values, but adjusted for height and age. Over-
weight and obesity were sometimes analysed together due to low
numbers in each subgroup.
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Covariates were identified from previous literature and eval-
uated as potential confounders in the present study by adding
them one by one to the crude model with FEV /FVC as the
outcome for girls and boys separately. The tested variables
were parental allergic disease, maternal smoking during preg-
nancy and/or in infancy, socioeconomic status at baseline, birth
weight, gestational age, maternal BMI in early pregnancy, breast-
feeding =4 months, pubertal status at 12 and 16 years, physical
activity at 16 years and self-reported smoking at 16 years. All
these variables affected the estimate by less than 10% and were
therefore not included in the final model, with the exception
of the analyses on FE_ which were adjusted for smoking at 16
years. However, an adjusted analysis including key potential
confounding factors (socioeconomic status at baseline, maternal
smoking during pregnancy and/or in infancy and pubertal status
at 16 years) was also performed for completeness. In order to
investigate whether asthma or asthma symptoms could explain
the association between BMI status and lung function, separate
cross-sectional analyses were also performed with adjustment for
asthma and wheeze. Definitions of covariates are described in
the online supplement.

Children were included in the present analyses if spirometry
and BMI status were available at 8 or 16 years or if IOS and BMI
status were available at 16 years (n=2889); however, the number
of children with available data for the different outcomes varied.
Children with missing data on one of the exposures, outcomes
or covariates were not included in that specific analysis, except
for the mixed-effect models analyses which require data on the
outcome from at least one time point (see exact number in each
table). All analyses were performed using the statistical software
STATA V.13 (StataCorp).

RESULTS

Descriptive results on exposure and outcomes

Only small differences were observed between children who
were included in the study population (n=2889) compared
with children who did not fulfil the inclusion criteria (n=1199,
online supplementary table 1).

At 8 years, 17.8% of the girls and 15.2% of the boys were
overweight, and another 3.8% and 3.4% were obese (table 1).
The prevalence of overweight and obesity declined to 11.7%
and 2.0%, respectively, in girls at 16 years, but was rather stable
in boys. The majority of children with obesity were moderately
obese, and less than 1% fulfilled the definition of obesity class II
(which corresponds to BMI 35 kg/m” at 18 years). At 16 years,
15.9% of the girls and 10.0% of the boys reported wheezing in
the past year, and 15.1% of the girls and 18.7% of the boys had
had a doctor’s diagnosis of asthma.

Longitudinal associations between BMI status at 8 years and
lung function from 8 to 16 years

Figure 1 shows the results from the mixed-effect models analyses
of the longitudinal association between BMI status at 8 years and
lung function up to 16 years. Both overweight and obesity were
associated with higher FVC (eg, SD 0.66 (95% CI 0.35 to 0.97)
and SD 0.49 (95%CI 0.11 to 0.87) in obese, compared with
normal weight girls and boys, respectively, at 16 years). Over-
weight was also associated with higher FEV, in boys at 8 and 16
years and in girls at 16 years, and obesity was associated with
higher FEV | in girls at 8 and 16 years and in boys at § years.
However, overweight and obesity were associated with lower
FEV /FVC (eg, —2.0% (95% CI —4.0% to 0.0%) and —3.8%
(95% CI —6.3% to —1.2%) in obese, compared with normal

weight girls and boys, respectively, at 16 years). Thinness was
associated with lower FVC and FEV , but there were no signif-
icant associations between thinness and FEV /FVC. Analysing
FEV /FVC by z-score instead of percentage had no impact on the
interpretation of results (results not shown). Additional adjust-
ments for maternal smoking during pregnancy and/or infancy,
socioeconomic status at baseline and pubertal status at 16 years
did not have any major impact on the observed associations
(results not shown).

Changes in lung function between 8 and 16 years were anal-
ysed in relation to BMI status at 8 years by estimating the inter-
action between BMI and age. In males, obesity was associated
with a further reduction in FEV /FVC between 8 and 16 years,
whereas there was no association between overweight and
change in FEV /FVC. In females, overweight, but not obesity,
was associated with a small positive change in FEV, and FVC
between 8 and 16 years, whereas no association was observed
between overweight or obesity and change in FEV /FVC.

In addition, we analysed the cross-sectional association
between BMI status and dysanapsis at 16 years. Out of 2052
participants with available information on FEV , FVC and BMI
status at 16 years, 180 children (8.8%) fulfilled the definition of
dysanapsis. Dysanapsis was more common among overweight/
obese children compared with normal weight children (OR 1.61
(95% CI 0.90 to 2.86) in girls and 1.77 (95% CI 1.08 to 2.92) in
boys) (thinness excluded, n=1641).

Associations between BMI status at 8 and 16 years and small
airway impairment at 16 years
BMI status at 8 and 16 years was further analysed in relation
to small airway function at 16 years (table 2). Cross-sectional
analyses at 16 years showed that overweight and obesity were
associated with higher AX** and R, ,, at 16 years (table 2), with
stronger associations in overweight girls, compared with boys (P
value for interaction=0.03 for R, , and 0.004 for AX%). Thin-
ness was associated with lower R .
Analysing BMI status at 8 years in relation to IOS at 16 years
resulted in somewhat weaker associations, compared with BMI
at 16 years. Overweight in girls and obesity in boys at 8 years

were associated with higher R, , and AX" at 16 years.

Associations between BMI status and asthma symptoms at 16
years

Overweight (including obesity) was significantly associated with
asthma symptoms (wheeze and breathing difficulties during
exercise), doctor’s diagnosis of asthma and asthma medica-
tion in cross-sectional analyses at 16 years among girls (online
supplementary table 2), whereas weaker associations were seen
for boys.

Categorisation of children into groups of overweight
(including obesity) and/or wheeze at 16 years (figure 2) showed
that overweight and wheeze were both independently associated
with lower FEV /FVC at 16 years (—2.5% (95% CI —3.6% to
—1.3%) and —2.6% (95% CI —3.7% to —1.4%), respectively,
among girls and —2.0% (95% CI —3.2% to —0.8%) and —3.1%
(95% CI —4.6% to —1.5%), respectively, among boys). Concom-
itant overweight and wheeze were associated with further reduc-
tion in FEV /FVC (=3.8% (95% CI —5.9% to —1.8%) in girls
and —3.6% (95% CI —6.3% to —0.94%) in boys), but there was
no significant interaction between overweight and wheeze.

As BMI and asthma were associated, we aimed to investi-
gate whether asthma or asthma symptoms could explain the
association between overweight/obesity and lung function.
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Table 1  Anthropometric and lung function characteristics among children in the 8-year and 16-year examination in the BAMSE cohort (n=2889)
8years 16years
Girls Boys Girls Boys
n* Mean SD n* Mean SD n* Mean SD n* Mean SD
Age, year 1216 83 0.5 1331 8.6 0.5 1323 16.7 0.4 1241 16.7 0.4
n* nt % n* nt % n* nt % n* nt %
BMI status#
Thinness 1213 37 3.1 1226 30 2.5 1321 97 73 1241 84 6.8
Normal weight 1213 914 75.4 1226 968 79.0 1321 1043 79.0 1241 927 74.7
Overweight 1213 216 17.8 1226 186 15.2 1321 155 11.7 1241 190 15.3
Obesity§ 1213 46 3.8 1226 42 3.4 1321 26 2.0 1241 40 3.2
n* Mean SD n* Mean SD n* Mean SD n* Mean SD
FEV,, ml 920 17321 256.6 912 1820.5 279.9 1121 3480.5 445.6 933 4491.4 650.2
FEV,, z-score 919 0.47 0.94 912 0.36 0.93 1119 —-0.04 0.91 933 -0.04 0.97
FVC, ml 920 1987.7 294.1 912 21445 339.7 121 4033.2 522.8 933 5380.4 7771
FVC, z-score 920 0.62 0.90 912 0.56 0.91 1119 0.15 0.89 933 0.15 0.96
FEV,/FVC, % 920 87.3 5.3 912 85.2 5.9 121 86.5 6.1 933 83.8 6.6
n* Median  IQR n* Median IQR
Rs (Pa-L™"s) 1260 20.0 55.0 1191 15.0 45.0
AX®? (Pa-L™)*? 1260  16.4 5.8 1190 126 5.0
FE,, (Ppb) 1044 140 10.1 1015 175 13.8
Blood eosinophils (1 0% cells/L) 1225 0.1 0.1 1168 0.2 0.1
Blood neutrophils (10° cells/L) 1225 3.5 1.6 1168 3.0 1.4
n* nt % n* nt % n* nt % n* nt %
Current wheeze| 1410 125 8.9 1362 167 12.3 1362 216 15.9 1267 127 10.0
Breathing difficulties during exercise, 1413 64 4.5 1273 98 7.2 1392 409 294 1298 272 21.0
*%
Doctor’s diagnosis of asthmat+ 1394 146 10.5 1349 196 14.5 1397 211 15.1 1337 250 18.7
Asthma medication], * 1415 83 5.9 1367 127 9.3 1391 13 8.1 1309 100 7.6

*Number with available data.
tNumber of exposed/cases.

tCole T, Lobstein T. Extended International (IOTF) body mass index cut-offs for thinness, overweight and obesity. Paediatric Obesity 7; 284-94.
8At 8 years, 11 girls (0.9%) and 5 boys (0.4%) fulfilled the definition of obesity class Il (corresponds to BMI 35 kg/mZ at 18 years. At 16 years, 7 girls (0.5%) and 5 boys (0.4%)

fulfilled this definition.
flAnswered by the parent at 8 years and by the adolescent at 16 years.
**Doctor’s diagnosis up to 8 and 16 years, respectively.

t1Defined as wheezing or raspy breathing at 8 years and as wheezy or raspy breathing, difficulty breathing or troublesome cough at 16 years.
t#Inhaled steroids occasionally or regularly (as steroids only or as a combination of inhaled steroids and long-acting beta-agonist).
AX®®, area under the reactance curve; BMI, body mass index; R, frequency dependence of resistance.

We therefore performed separate cross-sectional analyses on
overweight/obesity and lung function at 16 years, adjusted for
wheeze and asthma. Neither asthma nor wheeze was found to
have any major impact on the estimates between overweight/
obesity and lung function (results not shown).

Associations between BMI status and local and systemic
inflammatory biomarkers

Subsequently, we analysed cross-sectional associations
between BMI status and local and systemic inflammatory
biomarkers at 16 years. There was no association between
BMI status and FE_ (online supplementary table 3). Over-
weight and obesity were associated with higher blood neutro-
phil cell count in girls (P=0.03and 0.007, respectively),
but the association was weaker and non-significant in boys
(online supplementary table 3). Obesity, but not overweight,
was associated with somewhat higher blood eosinophil

cell count in girls (P<0.001), whereas no association was
observed in boys (online supplementary table 3).

Associations between change in BMI status between 8 and 16
years and lung function and inflammation at 16 years

Figure 3 shows the association between BMI status, anal-
ysed longitudinally between 8 and 16 years, and FEV /FVC
at 16 years. Mean (SD) BMI for each group is presented in
online supplementary table 4. Persistent, but not transient,
overweight (including obesity) between 8 and 16 years was
associated with lower FEV /FVC at 16 years, among girls
(—2.8% (95% CI —4.1% to —1.2%)) and boys (—2.7% (95%
Cl —4.4% to —1.1%)), compared with persistent normal
weight. Overweight at 16 years, but not 8 years, was border-
line associated with lower FEV /FVC. Overweight at 16
years, but not 8 years, and persistent overweight were further

associated with higher AX’? and R, ,, (online supplementary
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Figure 1  Association between BMI status (thinness (@), normal weight (e, referent), overweight (A) and obesity (Hl)) at 8 years and lung function
(FEV, (z-scores), FVC (z-scores) and FEV,/FVC (%)) up to 16 years. B-Coefficients and 95% Cls were estimated using mixed-effect models (n=1158
girls with 1827 observations and n=1135 boys with 1689 observations). Changes in lung function between 8 and 16 years (‘change 8-16 years') were
estimated by the interaction between BMI status and the time indicator variable. BMI, body mass index.

Table 2 Associations between BMI status at 8 and 16 years and impulse oscillometry 16 years (n=1016 girls at 8 years and 1258 girls at 16 years,
n=999 boys at 8 years and 1191 boys at 16 years)

R, ,, (Pa-L™"s) AX®? (Pa-L™)*®
Girls Boys Girls Boys
B* 95%Cl Pvalue p* 95%Cl Pvalue p* 95%Cl Pvalue B* 95%Cl P value
BMI status 8years
Thinness 86 -10.0t027.2 0.36 -8.8 -2521075 0.29 0.8 -1.0to0 2.7 0.36 -1.0 -26t006 021
Normal weight Referent Referent Referent Referent
Overweight 10.9 20t019.7 0.02 6.8 -0.57 to 14.1 0.07 1.1 03t02.0 0.009 04 -03to12 0.23
Obesity 116 -82t0313 025 31.7 16.7 to 46.7 <0.001 -04 -24t01.5 0.65 23 0.8t03.8 0.003
BMI status 16 years
Thinness -159 -25.8t0-6.0 0.002 -129 -219t0-3.9 0.005 -04 -1.4t00.6 0.42 -03 -12t00.7 058
Normal weight Referent Referent Referent Referent
Overweight 327 24510409 <0.001 223 16.1 0 28.5 <0.001 3.1 231039 <0.001 1.6 09t02.2 <0.001
Obesity 56.8 38310754  <0.001 47.8 34.9 t0 60.7 <0.001 3.1 131049 0.001 35 22t04.8 <0.001

*Represent median difference in outcome compared with the reference group, calculated by linear regression on the median adjusted for age and height.
AX®?, area under the reactance curve; BMI, body mass index; R, frequency dependence of resistance.

542 Ekstrom S, et al. Thorax 2018;73:538-545. doi:10.1136/thoraxjnl-2017-210716
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Girls

overweight, no wheeze

wheeze, no overweight

*

overweight and wheeze

Boys

overweight, no wheeze

*

wheeze, no overweight

overweight and wheeze| t <+ J
T T T T T T

4 3 2 4 0 1
FEV1/FVC (%)

Figure 2 Association between overweight (includes overweight
and obesity) and/or wheeze at 16 years and FEV./FVC (%) at 16 years
(n=1015 girls and 840 boys). The point estimate represents mean
difference in FEV,/FVC compared with the reference group (children
with no overweight and no wheeze) calculated by linear regression

adjusted for age and height. Children with thinness are excluded.

table 5), with significantly stronger associations among girls,
compared with boys in the persistent overweight category
(P value for interaction <0.05). Transient overweight was
not associated with AX%® or R, ,, at 16 years. There was no
association between change in BMI status between 8 and 16
years and FE . Persistent overweight between 8 and 16 years
was however associated with higher blood neutrophil, but
not eosinophil, cell count at 16 years (online supplementary

table 5).

DISCUSSION

In the present study, we analysed longitudinal and cross-sectional
associations between BMI status and lung function from 8 to 16
years among 2889 children from the BAMSE population-based
birth cohort. The main analyses showed that overweight and

Girls
overweight 8y, not 16y —e—
overweight 16y, not 8y L g
overweight 8y and 16y .

Boys
overweight 8y, not 16y L . g
overweight 16y, not 8y —e—H
overweight 8y and 16y e c—

4 3 2 4 0 1
FEV1/FVC (%)

Figure 3  Associations between overweight (includes overweight
and obesity) status between 8 and 16 years and FEV,/FVC at 16 years
(n=840 girls and 720 boys). The point estimate represents mean
difference in FEV,/FVC compared with the reference group (children
with normal weight at 8 and 16 years) calculated by linear regression
adjusted for age and height. Children with thinness are excluded.

obesity were associated with evidence of airway obstruction
(reduced FEV /FVC), but increased lung volume (FVC) and flow
(FEV,) up to 16 years, which is consistent with most previous
studies on spirometry in children.*'* Further, we found that
overweight and obesity were associated with indications of
peripheral airway obstruction as measured by the IOS technique
in cross-sectional analyses, with stronger associations in girls,
compared with boys. These results are novel and complement
and strengthen our spirometry findings of airway obstruction
(low FEV /FVC ratio). In boys, obesity at 8 years was associated
with further reduction in FEV /FVC between 8 and 16 years,
whereas in girls, there was no additional decrease from 8 to 16
years of age.

Forno et al'* showed that obesity is associated with airway
dysanapsis and suggested that obesity is primarily related to
anatomical and developmental airway obstruction that may
not be related to airway inflammation or bronchospasm.'* In
the present study, we observed similar associations with airway
dysanapsis in cross-sectional analyses at 16 years. In line with
their hypothesis, we found no association between BMI status
and FE . The results are consistent with previous cross-sec-
tional studies, which have found no or negative associations
between BMI and FE  in children.'#! Altogether, these find-
ings suggest that obesity is associated with airway obstruction
not driven by eosinophil airway inflammation.

Overweight and wheeze were both independently associated
with lower FEV /FVC in cross-sectional analyses at 16 years.
Concomitant overweight and wheeze were associated with
further reduction in FEV /FVC, but there was no significant
interaction between overweight and wheeze, indicating that the
association between overweight and FEV /FVC does not differ
by wheeze status. Also, adjusting for asthma or wheeze did not
affect the observed cross-sectional associations between BMI
status and lung function at 16 years, indicating that the results
are not explained by asthma or asthma symptoms. Overweight
and obesity were, however, associated with higher blood neutro-
phil cell count in cross-sectional analyses at 16 years, especially
in girls. Obese asthma in children has previously been shown
to mainly be non-eosinophilic in females but not in males.’
In adults, obesity has been associated with blood and sputum
neutrophils in asthmatic women, but not men.*? ** No signifi-
cant association was observed for eosinophils in these studies.
Altogether, these results suggest that overweight and obesity in
females are primarily associated with a neutrophilic, rather than
eosinophilic, systemic inflammation, whereas findings are less
clear for males. However, it should be noted that levels of both
eosinophils and neutrophils were increased in obese girls in our
study, indicating a general systemic inflammatory effect in these
subjects.

The higher R, and AX’S among overweight and obese indi-
viduals may be explained by compressed basal lung regions due to
the increased abdominal volume.** A compressed lung decreases
compliance in the overall respiratory system, including the small
airways. The larger lung volume among overweight and obese
individuals would theoretically lead to lower resistance and
greater compliance; however, this might not be the case as tidal
breathing mainly involves the basal, more compressed, parts of
the lung.* For the same reason, FEV /FVC might be lower among
overweight and obese individuals as the expired air is coming
from the compressed basal regions of the lung at the end of the
forced expiration. The physiological impacts of obesity on lung
function seem to be reversible, however, as bariatric surgery-in-
duced weight loss has been shown to improve small airway func-
tion and FEV /FVC in obese adult patients.”® Our longitudinal
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analyses on change in BMI status between 8 and 16 years showed
that persistent, but not transient, overweight between 8 and 16
years was associated with airway obstruction at 16 years. These
results build on to the Dutch PIAMA study which showed that
persistent, but not transient, high BMI between 8 and 12 years
was associated with reduced FEVl/FVC.19 From a public health
perspective, these findings are important as they, again, indicate
that obesity-related lung function reductions are reversible and
highlight the importance of managing overweight and obesity as
early as possible.

The strengths of the present study include the large popu-
lation-based cohort with a high response rate, the repeated
measurements of BMI status and spirometry and the assessment
of lung function using both spirometry and IOS. This enabled us
to perform longitudinal analyses, both analysing changes in BMI
status and changes in lung function over time. Some potential
limitations warrant mention. The majority of existing papers,
including our present study, lack assessment of body composi-
tion but rather rely on BMI to define overweight and obesity.
Although BMI, according to WHO, provides the most useful
population-level measure of obesity,’” it cannot differentiate
between lean and adipose tissue. During adolescence, increased
BMI could to some extent reflect pubertal status and gain in
lean mass, rather than fat mass. Pubertal status is also related to
lung development.*® In our study, pubertal status was therefore
evaluated as a potential confounder, but was not found to affect
the results. Analysing body composition might yet provide more
information about the obesity—lung function association, and
local fat deposits such as visceral fat might, at least partly, drive
the association between obesity and asthma.>® The adipose tissue
secretes several different proinflammatory cytokines, which may
explain this association; however, in the present study, we did
not have information on these cytokines.

In the present study, there was no assessment of total lung
capacity. In addition, asthma symptoms and medication were
defined based on parental or adolescents’ self-report. This might
cause overestimation of the associations if overweight children
are more observant about asthma symptoms, compared with
normal weight children. Also, although several factors were
evaluated as potential confounders, the observed associations
might, as virtually always in observational studies, be influenced
by residual or unmeasured confounding. Moreover, inflam-
mation markers were only measured at 16 years of age, and
no formal mediation analysis was performed to test whether
these mediated the observed association between overweight/
obesity and lung function. Finally, although the participants
were from a population-based cohort, selection bias cannot be
ruled out as there were some differences between children who
were included and not included in the analyses. In the present
study, children who participated in the clinical investigation
at 16 years had a slightly lower self-reported BMI than those
only answering the questionnaire (21.1kg/m* compared with
21.5kg/m?), which potentially could have led to an underesti-
mation of the true association. In addition, the prevalence of
overweight and obesity in our study population is somewhat
lower compared with current national surveys in Sweden® and
the US.*

With a rising prevalence of obesity among children and adoles-
cents, our results might have important clinical implications as
childhood lung function is an essential determinant for adult
lung function.*! Therefore, identifying modifiable risk factors,
such as overweight and obesity, is important for prevention of
impaired lung function and potentially, subsequent respiratory
disease.

CONCLUSION

In childhood and adolescence, both overweight and obesity, and
particularly persistent overweight, were associated with evidence
of airway obstruction, including the small airways. Female over-
weight and obesity were further associated with increased circu-
lating neutrophils. However, lung volumes and flows were in
general higher in overweight compared with normal weight chil-
dren, and the long-term impact of childhood obesity on respira-
tory health needs to be explored further.
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