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Abstract

common childhood health problems.

Background: There is ample evidence that childhood overweight is associated with increased risk of chronic
disease in adulthood. The aim of this study was to investigate associations between childhood overweight and

Methods: Data were used from a general population sample of 3960 8-year-old children, participating in the
Dutch PIAMA birth cohort study. Weight and height, measured by the investigators, were used to define BMI status
(thinness, normal weight, moderate overweight, obesity). BMI status was studied cross-sectionally in relation to the
following parental reported outcomes: a general health index, GP visits, school absenteeism due to illness, health-
related functional limitations, doctor diagnosed respiratory infections and use of antibiotics.

Results: Obesity was significantly associated with a lower general health score, more GP visits, more school
absenteeism and more health-related limitations, (adjusted odds ratios around 2.0 for most outcomes). Obesity was
also significantly associated with bronchitis (adjusted odds ratio (aOR) and 95% confidence intervals (95%Cl): 5.29
(2.58;10.85) and with the use of antibiotics (aOR (95%Cl): 1.79 (1.09;2.93)). Associations with flu/serious cold, ear
infection and throat infection were positive, but not statistically significant. Moderate overweight was not
significantly associated with the health outcomes studied.

Conclusion: Childhood obesity is not merely a risk factor for disease in adulthood, but obese children may
experience more illness and health related problems already in childhood. The high prevalence of the outcomes
studied implies a high burden of disease in terms of absolute numbers of sick children.

Background

Childhood overweight is becoming increasingly preva-
lent all over the world and this trend is seen as an
alarming development by public health professionals.
The most frequently stated reason for their concern is
that overweight children tend to become overweight
adults and that adult overweight is a strong risk factor
for a number of chronic diseases [1]. Literature reviews
show that most studies on the consequences of child-
hood overweight have indeed focused on early symp-
toms or risk factors for later chronic diseases such as
diabetes and cardiovascular disease [2-5]. For overweight
children and their parents, current overweight-related
health problems, might be more reason for concern
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than the risk of adverse health effects in future. The
objective of this study was to investigate the general
health status of overweight children and the possible
impact of overweight on diseases that have a high preva-
lence in childhood.

In a general population sample of 3,960 8-year-old
children, we compared overweight to normal weight
children with respect to the following indicators of gen-
eral health: the RAND general health index, GP (general
practitioner) visits, school absenteeism due to illness
and health-related functional limitations. In addition, we
studied respiratory infections, which are highly prevalent
childhood illnesses, and the use of antibiotics in relation
to overweight. The health outcomes studied, were
reported by the parents in questionnaires and we
hypothesized that these reports might be influenced by
the parents’ perception of their child’s body shape. We
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therefore also investigated the role of parental percep-
tion in the associations between overweight and health.

Methods

Study design and study population

The study population consisted of children who partici-
pated in the Dutch Prevention and Incidence of Asthma
and Mite Allergy (PIAMA) birth cohort study. In this
study, pregnant women were recruited from the general
population in three different regions of the Netherlands
(n = 4,146). Their children were born in 1996-1997 and
were followed up to the age of 8 years. A detailed
description of the study design has been published pre-
viously [6].

Data were collected mainly by annual postal question-
naires, which included questions on the child’s weight
and height, lifestyle and different aspects of health and
disease. At the age of 8 years, the children were invited
for a medical examination, which included measure-
ment of weight and height. The study protocol was
approved by the medical ethics committees of the parti-
cipating institutes and all parents gave written informed
consent.

Of the baseline population of 4,146 mothers, 186 (5%)
were lost to follow-up before any data on the child had
been collected. The study therefore started with 3,960
newborns. When the medical examination of 8-year-
olds was planned, 3,668 children (88% of 4,146) were
still in the study, 3,522 children were invited and 2,214
participated (63% of those invited). When the question-
naires on 8-year-olds were sent out, 3,653 families were
still in the study and received the questionnaire. Ques-
tionnaires were completed by 3,268 families (90% of
those who received the questionnaire and 79% of the
baseline study population).

Assessment of exposure: BMI status

The 8-year-old children were weighed and measured in
their underwear by trained research staff using cali-
brated measuring equipment. Weight was measured to
0.1 kg and height to 0.1 cm. BMI (body mass index:
weight (kg)/height (m)?) was calculated and ‘moderate
overweight’ and ‘obesity’ were defined according to age
and gender specific international standards that use
cut-off points equivalent to the 25 kg/m? and 30 kg/
m? cut-offs that are commonly used for adults [7]. We
use the term ‘overweight’ for the total group of chil-
dren who are either moderately overweight or obese.
Because thinness too may be associated with a child’s
health, we considered thin children as a separate group
apart from normal weight and overweight children.
Thinness was defined using international age and gen-
der specific cut-off points equivalent to an adult BMI
of 18.5 kg/m” [8].
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Assessment of health outcomes

Data from the questionnaires filled in by the parents
when the children were 8 years old, were used to inves-
tigate the following health outcomes as indicators of
general health, health related problems and (respiratory)
infections:

- The RAND general health rating index for children,
which is based on 7 questions about the child’s general
health and susceptibility to illness. The total score has a
minimum of 7 and a maximum of 32 and a higher score
indicates a better health [9,10].

- School absenteeism due to illness (at least 1 day in
the last 2 months); health related limitations (a positive
answer to the question “Did your child face any health-
related limitations in daily functioning during the last 2
months?”); GP contacts (at least 1 in the last 2 months)
(Note: in the Netherlands, general practitioners and not
pediatricians provide primary care for children).

- Doctor diagnosed flu/serious cold, doctor diagnosed
throat infection, doctor diagnosed ear infection and doc-
tor diagnosed bronchitis in the last 12 months and use
of antibiotics in the last 12 months.

Data analyses

Cross-sectional associations between BMI status and the
outcome variables were analysed by linear regression for
continuous outcomes and by logistic regression for
dichotomous outcomes.

The regression models were adjusted for gender,
maternal education (low, intermediate, high), breast
feeding (never, 0-16 weeks or > 16 weeks), region
(North, West, central) and smoking in the home at least
once a week (yes/no). Data on confounders were
obtained from the questionnaire that was administered
at 1 year, except tobacco smoke exposure which was
obtained from the questionnaire at 8 years. Apart from
the confounders mentioned above, we also assessed the
role of parental perception of the child’s body shape,
using the answers to the following 2 questions from the
questionnaire for 8-year-olds: “Do you find your child
rather heavy or chubby? (yes/no)"; and “Do you find
your child rather slim or slender? (yes/no)”.

For 3,120 children, complete questionnaire data on
each of the health outcomes were available. Weight and
height were measured in 2,214 children. Of the original
3,960 newborns in the PIAMA study, 1,997 children had
complete data on health outcomes as well as measured
weight and height at 8 years of age and 1,971 of these
children also had complete data on confounders. Of all
the potentially available data (15 variables x 3960 sub-
jects = 59400 data) 15% was missing, but 50% of the
study population had missing data on at least 1 of the
variables and 44% had missing data on BMI. With half
of the baseline population having incomplete data, a
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complete case analysis does not make efficient use of
the data, because a large amount of the available infor-
mation is discarded, resulting in imprecise estimates of
associations. In addition, if data are not ‘missing com-
pletely at random’ (MCAR), complete case analysis may
lead to biased results [11,12]. If the probability of data
being missing is associated with variables measured in
the study and is not influenced by unobserved external
factors, multiple imputation is an appropriate method to
avoid bias that may occur in complete case analysis due
to selective missing of data. In our dataset, the probabil-
ity of data being missing was strongly associated with
factors that were measured in the study. Although the
possibility that also unmeasured factors may have influ-
enced data being missing, can never be excluded in
observational studies, we therefore chose multiple impu-
tation as the best available method to deal with missing
data in our study.

Missing data were multiple times imputed, using the
‘Multivariate Imputation by Chained Equations’ (MICE)
procedure [13,14], that runs under the statistical pro-
gram R version 2.5.0 [15]. The variables used to impute
the missing BMI status measurements at the age of 8
years included all data used in the analyses and, in addi-
tion, data on BMI status at the ages 0-8 years based on
annual parental reports of the child’s weight and height.
After 100 iterations, convergence was achieved resulting
in 20 imputed datasets. Each imputed dataset was ana-
lyzed by standard complete data procedures, which
ignore the distinction between real and imputed values.
The results of the analyses were combined using PROC
MIANALYZE in SAS. All analyses were performed on
the complete case data and on the imputed data. In the
paper we present the results of the analyses in the
imputed data. In addition, the main results of the ana-
lyses in the complete cases are presented for
comparison.

Results

Characteristics of the study population

Table 1 shows the characteristics of the study popula-
tion for children with complete data on the health out-
comes, for the children with complete data on both the
exposure and the outcome variables, and for the
imputed data set.

In the group of children with missing data at the age
of 8 years (data not shown), there was a relatively high
prevalence of low maternal education (31.3%), of no
breast feeding (20.2%) and of smoking in the home at
the age of 1 year (30.8%). As expected, in the imputed
data the prevalence of these characteristics was some-
what higher than in the children with complete data. In
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the imputed data also the prevalence of thinness and
moderate overweight were slightly higher than in the
complete cases and the prevalence of obesity was 3.9%
in the imputed data set as compared to 2.7% in the
group of children with complete data (table 1). The pre-
valence of the health outcomes in the imputed data was
also slightly higher than the prevalence in the complete
cases.

Associations between BMI status and health

Tables 2 and 3 show the prevalence of the health out-
comes by BMI status and the associations of thinness,
moderate overweight and obesity (with normal weight
as the reference) with the health outcomes, for the com-
plete cases and the imputed data respectively. The data
consistently show poorer health in obese children for
each of the 4 general health outcomes. Obesity was
associated with a lower RAND score, with increased
likelihood of GP visit, health-related limitations and
school absenteeism (adjusted odds ratios around 2.0, see
table 3). The data suggest that these problems could
partly result from a higher incidence of respiratory
infections. The associations between obesity and the
respiratory infections were positive, and the association
with bronchitis was statistically significant, as was the
association between obesity and the use of antibiotics
(table 3). For most health outcomes, the results seem
suggestive of a dose-response relationship, with increas-
ing risk from moderate overweight to obesity. The asso-
ciations between moderate overweight and the health
outcomes were mostly weak however and not statisti-
cally significant. Thinness showed a statistically signifi-
cant association with a lower RAND score, but not with
any of the other health outcomes.

The role of respiratory infections

Our results show that the obese children had a lower
mean RAND score and a higher prevalence of GP visits,
school absenteeism due to illness and health related lim-
itations than the normal weight children. The data sug-
gest that these health problems could partly result from
a higher incidence of respiratory infections. To investi-
gate this issue in more detail, we analysed the associa-
tions between BMI status and these health outcomes in
the sub-group of children who did not have doctor diag-
nosed flu/serious cold, ear infection, throat infection or
bronchitis in the last 12 months. In this sub-group
(about 75% of all children) the mean RAND score was
higher and the prevalence of GP visits, school absentee-
ism due to illness and health related limitations were
lower than in the total population, confirming that
respiratory infections contribute to these health
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Table 1 Characteristics (in percentages, unless indicated otherwise) of the study population
Children with complete data on BMI status Children with complete data on the Imputed
and health outcomes health outcomes data set
n = 3960
Gender n=1997 n=3120
boys 503 513 517
Birth weight (grams) n = 1991 n = 3108
mean (s.d.) 3522 (537) 3524 (535) 3507 (546)
Region n=1997 n=3120
North 312 314 31.1
Central 421 41.7 400
West 26.7 269 289
Maternal education n = 1991 n=3106
Low 19.8 21.3 238
Intermediate 421 420 414
High 38.1 36.7 34.7
Breast feeding n = 1983 n = 3090
Never 154 164 179
0-16 weeks 444 465 497
> 16 weeks 40.2 37.1 324
Smoking in the home at 1 year n = 1992 n=3110 26.0
253 280
Smoking in the home at 8 years n = 1990 n = 3109 18.1
158 16.6
BMI status at 8 yrs n=1997 n = 1997
Thinness 7.0 6.9 83
Normal weight 78.7 788 75.7
Moderate overweight 11.7 11.7 12.1
Obesity 2.7 2.7 39
RAND score n = 1997 n=3120
mean (s.d.) 27.8 (3.5) 27.8 (3.5) 27.6 (3.6)
GP contact during last 2 months (yes) n = 1997 n=3120
20.7 20.6 22.1
Not to school due to illness in last 2 n=1997 n=3120 294
months (> 1 day) 27.8 28.1
Health-related limitations last 2 months n = 1997 n=3120 174
(yes) 163 163
Flu/serious cold last 12 months (yes) n = 1997 n=3120 15.2
133 134
Throat infection last 12 months (yes) n = 1997 n=3120 57
49 4.7
Ear infection last 12 months (yes) n = 1997 n=3120 9.5
9.1 8.6
Bronchitis last 12 months (yes) n=1997 n=3120 35
27 26
Antibiotics in last 12 months (yes) n = 1997 n=3120 17.2
15.8 15.7

problems. In the children without respiratory infections,
obesity was still associated with poorer health outcomes,
but the associations were weaker than in the total popu-
lation and, except for GP visits, no longer statistically
significant. This suggests that respiratory infections do
not explain all, but at least part of the health related
problems found in excess in obese children.

The role of parental perception of the child’s body shape
Besides confounding by lifestyle factors, we assessed
potential confounding by parental perception of the
child’s body shape. Ten percent of all parents (and 77%
of the parents of obese children) found their child rather
heavy or chubby and 23% of the parents found their
child rather slim or slender. When the variable for
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Table 2 BMI status and health outcomes: Means and prevalence of health outcomes by BMI status; crude and
adjusted’ odds ratios (for dichotomous variables) and regression coefficients (for continuous variables) with 95%

confidence intervals; complete cases n = 1971

BMI status
Health outcome Thinness Normal weight Moderate overweight Obesity
n=138 n = 1555 n =227 n=>51
RAND score
Mean (s.d.) 26.9 (3.5 280 (34) 27.3 (3.5 26.5 (39)
B (95% Cl)  -1.04 (-1.65; -0.44) -0.64 (-1.12; -0.16) -1.51 (-247; -0.54)
adj. B (95% Cl)  -1.02 (-1.62; -042) -0.62 (-1.10; -0.13) -1.45 (-2.41; -0.48)
GP contact during last 2 months (yes)
% 24.5 20.1 189 333
OR (95% Cl) 1.28 (0.86;1.93) 1.00 0.93 (0.65;1.32) 1.98 (1.09;3.60)
aOR (95% () 1.26 (0.84;1.90) 1.00 091 (0.64;1.30) 1.96 (1.08;3.57)
Not to school due to illness in last 2 months (> 1 day)
% 2838 26.8 330 353
OR (95% Cl) 1.11 (0.75;1.62) 1.00 1.35 (1.00;1.82) 149 (0.83;2.68)
aOR (95% CI) 1.12 (0.76;1.65) 1.00 1.36 (1.00;1.83) 1.53 (0.85,2.75)
Health-related limitations last 2 months (yes)
% 20.1 154 176 294
OR (95% Cl) 1.38 (0.89;2.14) 1.00 1.17 (0.81;1.69) 2.28 (1.23,4.23)
aOR (95% Cl) 1.36 (0.88;2.11) 1.00 121 (0.84;1.76) 231 (1.24,431)
Flu/serious cold last 12 months (yes)
% 115 1138 229 235
OR (95% Cl) 0.98 (0.57;1.68) 1.00 2.23 (1.58;3.15) 2.31 (1.19,448)
aOR (95% CI) 0.95 (0.55;1.64) 1.00 2.22 (1.57;3.16) 2.27 (1.16;4.43)
Throat infection last 12 months (yes)
% 43 48 6.2 59
OR (95% Cl) 0.89 (0.38;2.08) 1.00 1.30 (0.72,2.34) 1.23 (0.38,4.05)
aOR (95% CI) 0.90 (0.38;2.10) 1.00 1.23 (0.68;2.23) 1.19 (0.36,3.93)
Ear infection last 12 months (yes)
% 10.8 8.8 9.3 13.7
OR (95% Cl) 1.26 (0.72;2.22) 1.00 1.06 (0.66;1.72) 1.66 (0.73;3.75)
aOR (95% Cl) 1.24 (0.71;2.19) 1.00 1.06 (0.65;1.72) 1.67 (0.74,3.81)
Bronchitis last 12 months (yes)
% 43 23 2.2 11.8
OR (95% Cl) 1.96 (0.81;4.74) 1.00 0.98 (0.38;2.52) 579 (2.32,14.45)
aOR (95% CI) 2.05 (0.84;5.00) 1.00 0.99 (0.38;2.57) 5.70 (2.25;14.44)
Antibiotics in last 12 months (yes)
% 15.8 153 181 235
OR (95% Cl) 1.05 (0.65;1.68) 1.00 1.23 (0.85;1.77) 1.71 (0.88;3.31)
aOoR (95% Cl) 1.02 (0.63;1.65) 1.00 1.17 (0.81;1.70) 1.64 (0.84;3.20)

! Adjusted for gender, region, maternal education, breast feeding and smoking in the home at age 8

perceived heaviness/chubbiness was added to the regres-
sion models, the associations with moderate overweight
and obesity became stronger for each of the individual
health outcomes except the RAND score. The adjusted
odds ratios for the association with obesity increased to
6.41 (2.17; 18.9) for bronchitis, to 2.23 (1.26; 3.94) for
use of antibiotics and by 0.1-0.2 for most of the other
health outcomes. Parental perceived heaviness/chubbi-
ness itself was not independently associated with any of

the health outcomes, except the RAND score (adjusted
3-0.83 (-1.40; -0.26)). When the variable for perceived
slimness/slenderness was added to the regression mod-
els, this variable was independently and statistically sig-
nificantly associated with a lower RAND score, with
reported health-related limitations and with GP visits.
Thinness itself was no longer independently associated
with the RAND score in the model including parental
perceived slimness/slenderness.
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Table 3 BMI status and health outcomes: Means and prevalence of health outcomes by BMI status; crude and
adjusted’ odds ratios (for dichotomous variables) and regression coefficients (for continuous variables) with 95%

confidence intervals; imputed data n = 3960

BMI status
Health outcome Thinness Normal weight Moderate overweight Obesity
n =327 n = 2999 n = 480 n=154
RAND score
Mean (s.d.) 269 (3.8) 27.8 (3.5 272 (3.7) 264 (4.1)
B (95% Cl)  -0.98 (-1.52; -0.44) -0.64 (-1.03; -0.25) -142 (-2.24; -061)
adj. B (95% Cl)  -0.94 (-1.49; -0.39) -0.59 (-0.98; -0.20) -1.29 (-2.10; -0.47)
GP contact during last 2 months (yes)
% 254 211 211 379
OR (95% Cl) 1.28 (0.93;1.74) 1.00 1.00 (0.75;1.34) 228 (147;3.56)
aOR (95% () 1.24 (0.90;1.71) 1.00 0.98 (0.73;1.30) 2.17 (1.38;342)
Not to school due to illness in last 2 months (> 1 day)
% 319 28.0 33.1 41
OR (95% Cl) 1.20 (0.88;1.64) 1.00 1.27 (0.96;1.67) 1.79 (1.17;2.73)
aOR (95% CI) 1.22 (0.89;1.67) 1.00 1.28 (0.97;1.68) 1.82 (1.19,2.78)
Health-related limitations last 2 months (yes)
% 19.8 164 189 285
OR (95% Cl) 1.26 (0.88;1.80) 1.00 1.19 (0.90;1.57) 2.02 (1.24;3.30)
aOR (95% Cl) 1.24 (0.86;1.78) 1.00 1.19 (0.91;1.57) 1.98 (1.21,3.25)
Flu/serious cold last 12 months (yes)
% 15.8 13.7 229 20.7
OR (95% Cl) 1.18 (0.79;1.76) 1.00 1.87 (1.39;2.53) 1.63 (0.94;2.81)
aOR (95% CI) 1.13 (0.76;1.69) 1.00 1.83 (1.35,2.48) 1.50 (0.86;2.63)
Throat infection last 12 months (yes)
% 55 54 7.1 8.1
OR (95% Cl) 1.02 (0.55;1.88) 1.00 1.34 (0.86,2.09) 145 (0.51,4.11)
aOR (95% CI) 1.02 (0.55;1.89) 1.00 1.24 (0.79;1.93) 1.34 (0.46,3.88)
Ear infection last 12 months (yes)
% 10.6 9.1 94 155
OR (95% Cl) 1.17 (0.67;2.02) 1.00 1.03 (0.69;1.54) 1.80 (0.87;3.73)
aOR (95% () 1.12 (0.65;1.95) 1.00 0.98 (0.66;1.47) 1.64 (0.79;3.39)
Bronchitis last 12 months (yes)
% 57 28 29 138
OR (95% Cl) 2.04 (0.86;4.85) 1.00 1.01 (0.49;2.09) 5.52 (2.75;11.08)
aOR (95% CI) 2.07 (0.88;4.88) 1.00 0.98 (0.48;2.02) 5.29 (2.58;10.85)
Antibiotics in last 12 months (yes)
% 17.8 16.1 20.6 275
OR (95% Cl) 1.12 (0.74;1.70) 1.00 1.35 (1.00;1.83) 1.96 (1.19;3.22)
aOR (95% Cl) 1.09 (0.71;1.66) 1.00 127 (0.94,1.72) 1.79 (1.09,2.93)

! Adjusted for gender, region, maternal education, breast feeding and smoking in the home at age 8

Analyses in the complete cases and in the multiple
imputed data

Tables 2 and 3 show the results of the analyses in the
complete cases and the imputed dataset respectively.
Comparison of these results shows some differences in the
strengths of the associations. For ‘absence from school due
to illness” and for use of antibiotics the associations with
obesity were statistically significant in the imputed data,
but not in the complete cases, whereas the association

between flu/serious cold and obesity was statistically sig-
nificant in the complete cases but not in the imputed data.
There was no consistent pattern of associations always
being weaker or stronger in one analysis than in the other
and all associations were in the same direction.

Discussion
For the obese children our results suggest a consistent
picture of poorer general health as compared to the
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normal weight children. The results indicate that this
may be partly explained by a higher incidence of com-
mon childhood respiratory infections in obese children.
The association between obesity and the use of antibio-
tics is also indicative for an association between obesity
and infections. For the moderately overweight children,
the results did not suggest poorer health. The analyses
of the influence of parental perception of the child’s
body shape showed that parents who saw their child as
slim/slender reported a lower RAND score, more GP
visits and more health-related limitations than parents
who did not see their child as slim/slender. Actually
being thin was not associated with these outcomes in
analyses adjusted for parental perception. When per-
ceived heaviness/chubbiness was included in the regres-
sion models, the associations between obesity and the
health outcomes became stronger rather than weaker
(except for the RAND score), indicating that perception
did not explain the associations that were observed
between obesity and the health outcomes.

Strengths and limitations of the study

Important strengths of the study were the large study
population, the availability of measured, rather than
reported, data on weight and height, the range of differ-
ent health outcomes that could be studied, the possibi-
lity to adjust for prospectively collected indicators of
parental health related behaviour and the possibility to
assess the role of parental perception of the child’s body
shape.

A number of limitations have also to be considered.

Firstly, the health outcomes that were studied were
based on questionnaire data and not on objective mea-
surements. We therefore need to consider the potential
influence of recall problems. We expect that parents will
mostly have been able to recall the sort of events we
asked about (such as “Did your child visit a GP during
the last 2 months?”), but the possibility of recall errors
can never be excluded. If parents’ ability to recall health
problems of the child was unrelated to the child’s BMI
status, incorrect recall will have caused ‘noise’ but not
bias in our results. It could be hypothesized that parents
with a relatively low ‘health consciousness’ or parents
with parenting problems might have more obese chil-
dren and might at the same time more frequently fail to
recall disease episodes of their child. If this would be
the case, this would have made the associations
observed in our study weaker than the ‘true’
associations.

In addition to recall problems, we need to address the
possibility that obese children are as healthy as normal
weight children and that the only difference between
them is the way their parents report on their children’s
health. The outcomes studied ranged from parameters
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that depend largely on subjective parental evaluation,
such as the RAND score and health related limitations,
to more objective measures like doctor diagnosed
respiratory infections and use of antibiotics. Associations
with obesity were observed for the more subjective as
well as the more objective outcomes. However, although
we asked about illnesses that were ‘diagnosed by a doc-
tor’, a doctor’s diagnosis depends not only on the (sever-
ity of the) actual illness, but also on parents’ readiness
to seek medical help. Indicators of parental health-
related attitudes and behaviour, i.e. parental education,
smoking and breast feeding were included in the ana-
lyses and did not substantially change the associations
between overweight and the health outcomes. We there-
fore assume that the associations between obesity and
parental reported health outcomes are not the result of
confounding by parental health-related attitudes or
behaviour. Also parental perception of the child’s body
shape, which was clearly involved in the association
between thinness and general health, did not explain the
associations between obesity and the health outcomes.
We think therefore that it is unlikely that characteristics
of the parents of obese children, rather than the actual
health of obese children explain the associations we
observed between obesity and the health outcomes
studied.

Secondly, participation in the medical examination at
the age of 8 years was lower than the response on the
questionnaires, resulting in a relatively high proportion
(44%) of missing data on measured weight and height.
We followed common practice by conducting the ana-
lyses in the sub group of children with complete data.
Because complete case analysis is liable to bias due to
selective missing of data however, we repeated the ana-
lyses after missing data had been multiple imputed. The
probability of data being missing was strongly associated
with a number of variables measured in the study and
we had parental reported weight and height data for
most of the children who did not have their weight and
height measured by the investigators. These two factors
made us decide that multiple imputation was the best
available method to deal with missing data in our study.
Nevertheless, the relatively high percentage of missing
values on BMI status remains a reason for cautious
interpretation of the results both of the complete case
analysis and the analysis in the imputed datasets. Com-
parison of the results of the analyses in the complete
cases and in the imputed data showed some differences
in the strengths of the associations. There was no con-
sistent pattern of associations always being weaker or
stronger in one analysis than in the other however and
all associations were in the same direction. Both ana-
lyses suggested a consistent pattern of poorer health in
the obese children.
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Thirdly, the number of obese children in our study
population was relatively low, especially in the complete
case analysis, which may have limited the possibility to
detect significant associations.

Finally, we specifically focused on health problems and
diseases that have a high prevalence in children in the
general population and we did therefore not address all
the health problems obese children may face.

Findings of other studies

Very few studies have investigated the association
between overweight and the general health outcomes
addressed in this paper. Pinhas-Hamiel et al. studied the
health-related quality of life in Israeli overweight chil-
dren and adolescents and observed that adverse associa-
tions were particularly strong in the physical domain as
compared to the social, emotional and school domains
[16]. In a study in Australian 4-5-year-old children,
Wake et al investigated parent reported child global
health, health related quality of life, mental health pro-
blems, asthma, sleep problems, injuries and special
health care needs in relation to weight status [17]. They
found no significant associations, except for a higher
prevalence of special health care needs in obese
children, and concluded that overweight and obese pre-
school children experience few additional health bur-
dens as compared to normal weight children. The
authors suggest that morbidity rates may be higher in
older children and the age difference between their
study population and ours may, besides the differences
in health outcomes studied, indeed explain the differ-
ence in the results between this study in pre-school chil-
dren and our study. The same group recently published
their results on comorbidities in overweight adolescents
and reported that in this age group current obesity was
associated with lower scores on ‘physical health’ and
‘global health’ [18].

With respect to the association between overweight
and respiratory infections, evidence has been reported
for a higher prevalence of wheezing, cough, bronchitis
and pneumonia in U.S. children with a high BMI [19],
for a higher incidence of respiratory and ear problems
among Dutch overweight children [20] and for an asso-
ciation between obesity and the occurrence of otitis
media with effusion in Korean children [21].

For adults, there is some evidence for associations
between overweight and poor respiratory function [22],
nose and throat complaints [23], common cold and
influenza [24], respiratory diseases, including upper air-
ways infections [25] and prescription of antibiotics and
drugs for respiratory diseases [26,27]. Remarkably, the
Centers for Disease Control recently published evidence
that people who are obese but otherwise healthy may be
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at increased risk of severe complications and death from
Influenza A (H1N1) [28].

Interpretation of the results

Our data showed associations between obesity and
respiratory infections and between obesity and the use
of antibiotics. Similar results have been reported in the
few studies that have covered these outcomes in chil-
dren [19-21] and in adults [22-28]. Different explana-
tions for these associations need to be considered.
Reverse causation, illness causing overweight, cannot be
excluded, but does not seem a plausible explanation. Ill-
ness tends to be associated with loss of appetite, and
disease processes, especially infections with fever,
increase metabolic rate [29], so that infectious disease is
more likely to result in weight loss than in weight gain.
Confounding could be an explanation. Although our
analyses did not show evidence for confounding either
by parental lifestyle or by parental perception of the
child’s body shape, we can not exclude the possibility
that, for example, a low quality diet with a high energy
and a low nutrient content could increase the risk of
both overweight and respiratory infections. Given the
limited effect on our results of breast feeding and smok-
ing - factors that tend to be associated with families’
eating habits - it seems unlikely however that an
unhealthy diet could entirely explain the associations
observed. Our results therefore suggest that obesity is
likely to be an independent risk factor for doctor diag-
nosed respiratory infections in children.

How could obesity increase the risk of respiratory
infections? Although we cannot tell from our data, we
think that it is more likely that obesity may increase the
severity and/or duration of respiratory infections than
that it increases the incidence of infection. The observa-
tions on obese Influenza A (H1N1) patients seem to
point in this direction. With respect to our data, this
would imply that the obese children may not have had
more infections than the normal weight children, but
that they may have been ill longer or more seriously
and therefore more often required GP attention and
treatment with antibiotics. One possible explanation for
an association between obesity and duration or severity
of respiratory infections could be that excess body fat
reduces lung volume, resulting in suboptimal ventilation
and reduced clearance of micro-organisms from the air-
ways. Another explanation could be that obesity influ-
ences immune responses to infection. Evidence for
obesity related changes in immune responses has been
observed in mice. Diet-induced obese mice, infected
with influenza virus, were found to have a significantly
higher mortality rate than their lean controls as well as
elevated lung pathology [30]. Along with the increase in
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mortality, an altered immune response was observed in
these mice, including delayed proinflammatory cytokine
expression. Although these mechanisms seem plausible,
the question if and to which extent they explain the
associations between obesity and respiratory infections
observed in epidemiological studies needs further study.

Conclusion

Our results showed that obese children were more likely
to be ill, to be absent from school due to illness, to
experience health-related limitations and had a higher
consumption of medical care than normal weight chil-
dren. Our data suggest that childhood obesity is not
only associated with risk of disease in adulthood, but
that obese children may experience more illness and
health related problems already in childhood. The high
prevalence of the health outcomes studied imply a high
burden of disease in terms of absolute numbers of sick
children.

Abbreviations

AOR: adjusted odds ratio; BMI: Body mass index; Cl Confidence interval; GP:
General Practitioner; MCAR: Missing completely at random; MICE: Multivariate
imputation by chained equations; OR: Odds ratio; PIAMA: Prevention and
Incidence of Asthma and Mite Allergy

Acknowledgements

These specific analyses were funded by the Netherlands Ministry of Health,
Welfare and Sport. The PIAMA study is funded by the Netherlands
Organisation for Health Research and Development, the Netherlands Asthma
Foundation, the Netherlands Ministry of Health, Welfare and Sport and the
National Institute of Public Health and the Environment.

Author details

'Centre for Prevention and Health Services Research, National Institute for
Public Health and the Environment, Bilthoven, The Netherlands. “Institute for
Risk Assessment Sciences, Utrecht University, Utrecht, The Netherlands.
*Department of Pediatrics, Division of Respiratory Medicine, Erasmus MC -
Sophia, Rotterdam, The Netherlands. “Department of Epidemiology and
Bioinformatics, University of Groningen, Groningen, the Netherlands.
®Expertise Centre for Methodology and Information Services, National
Institute for Public Health and the Environment, Bilthoven, The Netherlands.
Department of Pediatric Immunology & Infectious Diseases, Wilhelmina
Children’s Hospital, University Medical Centre Utrecht, Utrecht, The
Netherlands. "Beatrix Children’s Hospital, University Medical Centre, University
of Groningen, Groningen, The Netherlands. ®Julius Centre for Health Sciences
and Primary Care, University Medical Centre Utrecht, Utrecht, The
Netherlands.

Authors’ contributions

AHW and WJEB formulated the study question. AHW and SS analysed the
data. AHW drafted the manuscript. MS gave statistical advice and performed
the multiple imputation. HAS, BB, JCJ, MK, EAS and JG are principal
investigators and senior researchers of the PIAMA study. They were
responsible for the concept and the design of the PIAMA study and for data
collection. All the authors were responsible for interpretation of the data
and for critical revision of the manuscript and they all read and approved
the final manuscript. The funding bodies had no influence on the content of
the article or on the decision to submit it for publication.

Competing interests
The authors declare that they have no competing interests.

Received: 5 August 2009 Accepted: 9 April 2010 Published: 9 April 2010

Page 9 of 10

References

1. Lobstein T, Baur L, Uauy R, IASO International Obesity Task Force: Obesity
in children and young people: A crisis in public health. Obes Rev 2004,
5(Suppl 1):4-104.

2. Must A, Strauss RS: Risks and consequences of childhood and adolescent
obesity. Int J Obes Relat Metab Disord 1999, 23(Suppl 2):52-11.

3. Wabitsch M: Overweight and obesity in European children: Definition
and diagnostic procedures, risk factors and consequences for later
health outcome. Eur J Pediatr 2000, 159(Suppl 1):58-13.

4. Reilly JJ, Methven E, McDowell ZC, Hacking B, Alexander D, Stewart L,
Kelnar CJ: consequences of obesity. Arch Dis Child 2003, 88:748-52.

5. Daniels SR, Arnett DK, Eckel RH, Gidding SS, Hayman LL, Kumanyika S,
Robinson TN, Scott BJ, St Jeor S, Williams CL: Overweight in children and
adolescents: Pathophysiology, consequences, prevention, and treatment.
Circulation 2005, 111:1999-2012.

6. Brunekreef B, Smit J, de Jongste J, Neijens H, Gerritsen J, Postma D,
Aalberse R, Koopman L, Kerkhof M, Wijga A, van Strien R: The prevention
and incidence of asthma and mite allergy (PIAMA) birth cohort study:
Design and first results. Pediatr Allergy Immunol 2002, 13(Suppl 15):55-60.

7. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard
definition for child overweight and obesity worldwide: International
survey. BMJ 2000, 320:1240-3.

8. Cole TJ, Flegal KM, Nichols D, Jackson AA: Body mass index cut offs to
define thinness in children and adolescents: International survey. BMJ
2007, 335:194-201.

9. Lewis CC, Pantell RH, Kieckhefer GM: Assessment of children’s health
status. field test of new approaches. Med Care 1989, 27:554-65.

10.  Post MW, Kuyvenhoven MM, Verheij MJ, de Melker RA, Hoes AW: The
Dutch 'RAND general health rating index for children’: A questionnaire
measuring the general health status of children. Ned Tijdschr Geneeskd
1998, 142:2680-3.

11. Rubin DB: Multiple Imputation for Non response in Surveys. New York:
John Wiley and Sons 1987.

12. Schafer JL: Analysis of Incomplete Multivariate Data. London: Chapman &
Hall 1997.

13. van Buuren S, Oudshoorn K: Flexible multivariate imputation by mice.
Technical report Leiden, The Netherlands: TNO prevention and Health 1999
[http//web.inter.nl.net/users/S.van.Buuren/mi/docs/rapport99054.pdf],
Accessed 2009 May 31.

14.  van Buuren S, Oudshoorn K: MICE: Multivariate Imputation by Chained
Equations in R. Journal of Statistical Software 2010.

15. R Development Core Team: R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria 2009
[http://www R-project.org], ISBN 3-900051-07-0.

16.  Pinhas-Hamiel O, Singer S, Pilpel N, Fradkin A, Modan D, Reichman B:
Health-related quality of life among children and adolescents:
Associations with obesity. Int J Obes (Lond) 2006, 30:267-72.

17. Wake M, Hardy P, Sawyer MG, Carlin JB: Comorbidities of overweight/
obesity in Australian preschoolers: a cross-sectional population study.
Arch Dis Child 2008, 93:502-07.

18. Wake M, Canterford L, Patton G, Hesketh K, Hardy P, Williams J, Waters E,
Carlin J: Comorbidities of overweight/obesity experienced in
adolescence: longitudinal study. Arch Dis Child 2009, 95(3):162-8.

19.  Gold DR, Rotnitzky A, Damokosh Al, Ware JH, Speizer FE, Ferris BG Jr,
Dockery DW: Race and gender differences in respiratory illness
prevalence and their relationship to environmental exposures in
children 7 to 14 years of age. Am Rev Respir Dis 1993, 148:10-8.

20. Otters HB: Self-reported perceived health and morbidity in overweight
and obese children. Childhood morbidity in Dutch general practice -
epidemiology and management PhD thesis RotterdamOtters HB 2004,
Chapter 7.

21, Kim JB, Park DC, Cha Cl, Yeo SG: Relationship between pediatric obesity
and otitis media with effusion. Arch Otolaryngol Head Neck Surg 2007,
133:379-82.

22. Canoy D, Luben R, Welch A, Bingham S, Wareham N, Day N, Khaw KT:
Abdominal obesity and respiratory function in men and women in the
EPIC-norfolk study, united kingdom. Am J Epidemiol 2004, 159:1140-9.

23, Seidell JC, Bakx KC, Deurenberg P, Burema J, Hautvast JG, Huygen FJ: The
relation between overweight and subjective health according to age,
social class, slimming behavior and smoking habits in Dutch adults. Am
J Public Health 1986, 76:1410-5.


http://www.ncbi.nlm.nih.gov/pubmed/15096099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15096099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10340798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10340798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11011952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11011952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11011952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12937090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15837955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15837955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12688626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12688626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12688626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10797032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10797032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10797032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17591624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17591624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2921887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2921887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10065224?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10065224?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10065224?dopt=Abstract
http://web.inter.nl.net/users/S.van.Buuren/mi/docs/rapport99054.pdf
http://www.R-project.org
http://www.ncbi.nlm.nih.gov/pubmed/16231035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16231035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18218662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18218662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19531529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19531529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8317784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8317784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8317784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17438253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17438253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15191931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15191931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3777287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3777287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3777287?dopt=Abstract

Wijga et al. BMC Public Health 2010, 10:184
http://www.biomedcentral.com/1471-2458/10/184

24.

25.

26.

27.

28.

29.

30.

Seidell JC, Bakx KC, Huygen FJ, Hoogen van den P, Deurenberg P,
Hautvast JG: Utilization of primary health care of overweight and non-
overweight subjects - A six year follow-up study. Overweight and fat
distribution - associations with aspects of morbidity PhD Thesis
WageningenSeidell JC 1986, Chapter 3.

Marchesini G, Natale S, Tiraferri F, Tartaglia A, Moscatiello S, Marchesini
Reggiani L, Villanova N, Forlani G, Melchionda N: The burden of obesity on
everyday life: A role for osteoarticular and respiratory diseases. Diabetes
Nutr Metab 2003, 16:284-90.

van Dijk L, Otters HB, Schuit AJ: Moderately overweight and obese
patients in general practice: A population based survey. BMC Fam Pract
2006, 7:43.

Counterweight Project Team: The impact of obesity on drug prescribing
in primary care. Br J Gen Pract 2005, 55:743-9.

CDC: Intensive-Care patients with severe novel Influenza A (HIN1) virus
infection. MMWR 2009, 58:1-4.

Mc Neill G: Energy. Human Nutrition and dietetics. Edinburgh London
Madrid Melbourne New York and Tokyo: Chapman & HallGarrow JS, James
WPT , 9 1993, Chapter 3.

Smith AG, Sheridan PA, Harp JB, Beck MA: Diet-induced obese mice have
increased mortality and altered immune responses when infected with
influenza virus. J Nutr 2007, 137:1236-43.

Pre-publication history
The pre-publication history for this paper can be accessed here: http://www.
biomedcentral.com/1471-2458/10/184/prepub

doi:10.1186/1471-2458-10-184

Cite this article as: Wijga et al: Comorbidities of obesity in school
children: a cross-sectional study in the PIAMA birth cohort. BMC Public
Health 2010 10:184.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/15000439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15000439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16827937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16827937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16212848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16212848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17449587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17449587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17449587?dopt=Abstract
http://www.biomedcentral.com/1471-2458/10/184/prepub
http://www.biomedcentral.com/1471-2458/10/184/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and study population
	Assessment of exposure: BMI status
	Assessment of health outcomes
	Data analyses

	Results
	Characteristics of the study population
	Associations between BMI status and health
	The role of respiratory infections
	The role of parental perception of the child’s body shape
	Analyses in the complete cases and in the multiple imputed data

	Discussion
	Strengths and limitations of the study
	Findings of other studies
	Interpretation of the results

	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

