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AbstrAct
Objective To identify associations between the weight 
groups underweight (UW), overweight (OW) and obesity 
(OB) at 5 years of age and exposures related to pregnancy, 
anthropometric measures at birth, sociodemographic 
factors, and family health, anthropometric measures and 
habits.
Design Regional cohort study.
setting Oppland County, Norway.
Methods Pregnancy data were obtained from a 
prospective perinatal register for children born in the 
county, and weight and height were measured by 
midwives at birth and by public health nurses at 5 years. 
Other information was obtained from questionnaires 
completed by parents.
Participants Of 1895 eligible children, current weight 
and height were obtained for all, weight and length at 
birth and information from parents for 1119 (59%) and 
pregnancy register data for 749 (40%) of the children. 
The significance of potential explanatory variables from 
descriptive statistics was tested in multinomial logistic 
regression analysis.
results The prevalence of UW, OW and OB among 
participants was 7.8%, 10.6% and 3.5%, respectively. UW 
was associated with anthropometric measures at birth 
and those of parents, but not with sociodemographic or 
behavioural characteristics. OW and OB were associated 
with anthropometric measures of parents and siblings 
and with a variety of unfavourable social characteristics, 
lack of prolonged breast feeding, sedentary behaviour and 
dental caries, but not with current dietary habits. After 
adjustments, OW and OB were marginally related to birth 
parameters and diet and unrelated to physical activity, 
but significantly related to parental body mass index, low 
parental education and maternal smoking.
conclusion The strong associations between 
sociodemographic and behavioural factors and OW and 
OB, but not with UW, may suggest that environmental 
factors are major contributing causes of OW and 
particularly OB at 5 years. These results may be helpful in 
targeting preventive measures against OW and OB.

IntrODuctIOn
The prevalence of overweight and obesity 
(OWOB) has increased throughout the world 

during the last decades and represents a major 
health problem.1 2Obesity in the paediatric 
population is particularly worrisome since 
obese children are at high risk of remaining 
obese as adults3 and face the somatic, mental 
and social consequences of the condition.4 It 
is currently estimated that 41 million children 
under 5 years of age are overweight (OW) 
or obese (OB) globally5 and reported preva-
lence of OWOB in children aged 6–9 years in 
Europe are 18%–57% for boys and 18%–50% 
for girls.6 In Norway, reported prevalence of 
OWOB in children aged 2–19 years is in the 
range 15%–17%.7 8

Both genetic and environmental factors are 
considered risk factors for OWOB.9 10 Twin 
studies have shown a strong genetic compo-
nent, but also effects of environmental 
factors, and adoption studies and other 
studies have supported the role of family 
environment. However, to our knowledge, 
there is no consensus regarding their rela-
tive significance. In Norway, as in other 
countries, children of divorced parents,11 of 
mothers with low education7 and children 
living in rural areas12 were more often OW or 
OB, implying that environmental factors are 
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strengths and limitations of this study

 ► Height and weight were measured by health 
professionals and current measurements were 
obtained for all the eligible children.

 ► Information on the families’ social characteristics, 
health, behaviour and habits was extensive.

 ► Overweight and obesity, but not underweight, were 
associated with sociodemographic and behavioural 
factors, suggesting that early childhood intervention 
aimed at environmental factors may be effective.

 ► Selection bias cannot be excluded since information 
other than current weight and height was missing 
for 41% of the children.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 19, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

18 A
u

g
u

st 2017. 
10.1136/b

m
jo

p
en

-2016-014548 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2016-014548
http://dx.doi.org/10.1136/bmjopen-2016-014548
http://dx.doi.org/10.1136/bmjopen-2016-014548
http://crossmark.crossref.org
http://bmjopen.bmj.com/


2 Donkor HM, et al. BMJ Open 2017;0:e014548. doi:10.1136/bmjopen-2016-014548

Open Access 

essential and that behaviour related to such sociodemo-
graphic factors needs to be addressed in the attempts to 
avoid persistent OWOB. For unknown reasons, the rising 
prevalence of OWOB in young children may have been 
somewhat curtailed in Norway8 and other countries,13 
suggesting that preventive measures, such as increased 
attention to diet and physical activity may be effective.8 
However, strategies need to be targeted due to the large 
scale of the OWOB epidemic.

Due to the apparent multifactorial causes of OWOB, a 
broad variety of potentially explanatory variables needs 
to be included in studies in order to disentangle its 
complexity and thereby to understand how prevention 
and early treatment may be addressed more efficiently. 
Furthermore, the understanding of predictors of child-
hood OWOB may improve by addressing the significance 
of potential exposures in societies with different habits 
and prevalence of OWOB. Underweight (UW) in child-
hood has rarely been addressed in otherwise healthy 
children, and studies in Norway indicate that the preva-
lence of UW during early childhood has not changed in 
the same manner as OWOB during the last decades.14 15 
We therefore suggest that UW during early childhood is 
more related to genetic predisposition than OWOB and 
that including UW in studies of OWOB may add to the 
understanding of the OWOB epidemic. The aim of this 
population-based Norwegian study was to identify social 
and somatic determinants of UW, OW and OB at 5–6 
years of age from comprehensive data obtained during 
pregnancy and early childhood.

MethODs
Participants
Parents of all children entering school in Oppland County, 
Norway, in 2007, were invited to participate in the study 
when bringing their children to the routine school entry 
health check-up at 5–6 years of age. Information on demo-
graphic and social factors, somatic health, behaviour and 
family habits was collected by means of a parental ques-
tionnaire completed at home, and current height and 
weight, and crown–heel length and weight registered at 
birth were reported by the public health nurses. For chil-
dren of families who declined to participate, anonymous 
information on current age, sex, weight and height was 
obtained and reported by the public health nurse. For 
children born in Oppland County, parents were asked for 
permission to link the data to the Oppland perinatal data-
base. In this database, data on mothers’ prepregnancy 
height and weight, weight at the end of pregnancy, health 
and habits before and during pregnancy, birth and infant 
characteristics were recorded prospectively.

In Norway, virtually all families attend the standard 
follow-up programme for children from birth to school 
entry in the public child health clinics. In 2007, the popu-
lation of Oppland County, which is 1 of 20 counties in 
Norway, was approximately 183 000. The county has 26 
municipalities; two of them are cities with 25 000–30 000 

citizens in each, while the rest are rural municipalities 
with towns of variable sizes.

The study was approved by the Regional Committee 
on Medical Research Ethics (REK 1.2006.3491) and 
the Norwegian Data Protection Official for Research 
(02–2006 SI). A signed consent was obtained from one 
of the parents.

Details about measurements and variables used for 
describing characteristics and evaluated as potential 
exposures of UW, OW and OB are presented in online 
supplementary table 1.

Measurements
Birth weight (BW) and crown–heel length were measured 
by midwives at the time of birth and reported to the 
public healthcare clinics. Height and weight at 5 years 
were measured by the public health nurses. Body mass 
index (BMI) was calculated as weight/height2 (kg/m2). 
Prepregnancy height and weight were self-reported, 
and weight at the end of pregnancy was measured in 
the hospital prior to delivery. Pregnancy weight gain 
was calculated and classified as appropriate or excessive 
according to US guidelines from 2009.16

Definitions of the weight groups UW, normal weight 
(NW), OW and OB were based on the sex-specific and 
age-specific BMI criteria (iso-BMI) of the International 
Obesity Task Force17 18 for the children and according 
to the WHO classification for their parents.19 SD scores 
(SDS) for the children were based on the current Norwe-
gian growth references.20 Infants were defined as being 
born small for gestational age (SGA), appropriate for 
gestational age or large for gestational age according to 
sex-specific Norwegian percentiles.21

Variables
The main outcomes were UW, OW and OB at 5 years of 
age.17 Exposure variables were anthropometric measure-
ments at birth and a wide set of information provided by 
the parents in the questionnaire and data from the preg-
nancy database. We dichotomised several ordinal variables 
in order to create variables that allowed for meaningful 
comparisons between weight groups and avoid excessive 
skewness.

Frequencies of different meals and consumption of 
various food and drink items were recorded, and among 
these we chose to use frequency of consumption of 
fruits and vegetables as an index of healthy nutrition 
and of sugar-sweetened beverages and sweets/snacks 
as an index of unhealthy nutrition. Physical activity was 
rated by parents in three dimensions, endurance, gross 
motor skills and level of activity in sports and play, and a 
combined activity score was computed and dichotomised 
as below or at/above a score of 6 (high score reflecting 
low activity). Additionally, physical activity per week was 
reported as frequency and as hours of being active enough 
to experience heavy breathing or sweating. Screen time 
(TV, videogames and so on) was recorded as hours per 
day. Binary exposure variables in addition to sex were 
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(yes/no) premature birth, kindergarten since 2 years of 
age, antibiotics more than three times, asthma medica-
tion, dental caries, exclusive breast feeding for more than 
4 months, television in the child’s bedroom, living with 
one caretaker, having siblings, maternal and paternal 
education beyond high school, mother smoking, parents 
working full-time or part-time, parents of western origin 
(Europe and North America) and parents with UW, OW 
or OB. Place of residence was categorised as urban and 
rural.

From the Oppland perinatal database, we obtained 
prepregnancy height and weight, pregnancy weight gain, 
BW and the following binary variables (yes/no): mother 
working before pregnancy and smoking in pregnancy.

statistics
Descriptive statistics are presented as counts and per 
cents (%) for categorical variables and means with SD 
for continuous variables. Participants and children whose 
parents declined were compared using Student’s t-test 
and Pearson’s χ2 test. Among participants, differences in 
characteristics between the four weight groups (BMI cate-
gory: UW, NW, OW and OB) were explored using one-way 
analysis of variance (ANOVA) for continuous and χ2 test 
for categorical variables. When ANOVA or χ2 test across 
all weight groups were significant, we performed post hoc 
pairwise testing, comparing groups to NW children, by 
Dunnett’s t-test (continuous variables) or χ2 test (categor-
ical variables).

The significance of potential explanatory variables 
on outcome in terms of the current weight groups UW, 
OW and OB relative to NW was first analysed in sepa-
rate bivariate analyses with the ordinal weight group 
variable (increasing from UW through NW, OW and 
OB) at 5 years of age, and thereafter assessed in a multi-
nomial logistic regression analysis with variable-specific 
reference categories for categorical variables or per unit 
increase for continuous variables. In developing the 
regression model, all explanatory variables that in bivar-
iate analyses showed significant relation to BMI category 
in ANOVA or χ2 test were explored for inclusion and 
significance in a multinomial regression model. The 
explanatory variables included in an a priori model 
were based on earlier literature and strength of asso-
ciation in the post hoc bivariate analyses following the 
ANOVA and χ2 tests, that is, BMI of the mother and 
father, crown–heel length SDS and weight SDS at birth, 
maternal education, single parent and maternal and 
paternal smoking. To avoid excessive loss of statistical 
power due to a high number of variables in a limited 
study sample, we then sequentially tested inclusion 
of potential explanatory variables one at a time into 
the model. All variables found significant during this 
sequential testing were assessed in combination using 
an all-in backward stepwise selection procedure. In the 
final model, we tested 38 possibly relevant interactions 
between the remaining variables. They were selected on 
the basis of literature and theoretical considerations by 

the authors. Important variables were tested for different 
interactions and multicollinearity. Finally, the effects of 
parental education and parental BMI group (stratified) 
on child outcome in terms of UW and OWOB versus NW 
were assessed in two separate logistic regression models 
based on the variable selection in our final multinomial 
model. SPSS Statistics for Windows V.21.0 was used for 
all analyses. p Values ≤0.05 was considered statistically 
significant. The BMI SDS were calculated in R V.2.6.0 
(The R Foundation for Statistical Computing, Vienna, 
Austria) using the Norwegian growth references.20

results
The mean age (SD) of all eligible children (n=1895) 
was 5.70 (0.49) years, and 923 (48.7%) were boys. The 
mean BMI (SD) was 15.93 (1.97) for the girls and 15.92 
(1.71) for the boys (p=0.90). There were no significant 
sex differences in prevalence of UW, OW or OB (p=0.28), 
that is, the respective prevalence for boys and girls were 
9.1% versus 8.5% for UW, 10.4% versus 13.1% for OW 
and 3.7% versus 4.2% for OB. For 2.7% of the children, 
one or both parents were of non-Western, mostly Asian, 
ethnicity.

Of the 1119 families who answered the questionnaires 
(59% of eligible families), 31 were excluded from further 
analyses because data on height, weight or age at 5 years 
were missing. The participation rate varied from 20% to 
85% for the various municipalities in the county. The 
mean BMI did not differ between the participants and 
those who declined, but the prevalence of OW and OB 
were slightly lower for the participants (table 1). Preg-
nancy data were available for 749 of the children. This 
subgroup did not differ from those without pregnancy 
data on any of the exposure or outcome variables (data 
not shown).

In separate bivariate analyses, the ordinal weight group 
variable (increasing from UW through NW, OW and OB) 
at 5 years of age was positively associated with exposures 
during foetal and early life, that is weight, BMI and their 
respective SDS at birth, prepregnancy weight, excessive 
pregnancy weight gain and smoking during pregnancy 
and exclusive breast feeding less than 4 months (table 2a), 
with unfavourable current child health and habits, that is, 
increasing rate of dental caries, a combined physical 
activity score lower than peers and TV in the bedroom 
(table 2b) and sociodemographic factors and health of the 
family, that is, increasing prevalence of low parental 
education, father out of work, parents of non-Western 
ethnicity, single parenthood, smoking mothers, being 
an only child and increasing BMI and prevalence of 
obesity among parents and siblings (table 2c). Increasing 
weight group was not associated with being a twin, having 
a chronic disease (prevalence 2.1%, eg, diabetes, heart 
disease and coeliac disease), hospital admissions, being 
breast fed or not (overall prevalence 89.3%, range 81.6–
90.6 between the groups), frequency or extent of physical 
activity, screen time, teenage mother, pre-eclampsia, 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 19, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

18 A
u

g
u

st 2017. 
10.1136/b

m
jo

p
en

-2016-014548 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


4 Donkor HM, et al. BMJ Open 2017;0:e014548. doi:10.1136/bmjopen-2016-014548

Open Access 

Table 1 Characteristics of the children who participated and declined

Characteristic Participated (n=1088) Declined (n=776) p Value*

Age (years), mean (SD) 5.71 (0.44) 5.68 (0.57) 0.185

Height (cm), mean (SD) 116.4 (5.8) 116.1 (5.7) 0.307

Weight (kg), mean (SD) 21.62 (3.55) 21.73 (4.01) 0.536

Body mass index (kg/m2), mean (SD) 15.87 (1.71) 16.01 (2.02) 0.107

Boys, n (%) 526 (47.0) 397 (51.2) 0.075

Weight groups, n (%) 0.018

                 Underweight† 85 (7.8) 78 (10.1)

                 Normal weight† 850 (78.1) 553 (71.7)

                 Overweight† 115 (10.6) 104 (13.5)

                 Obese† 38 (3.5) 36 (4.7)

Overweight or obese 153 (14.1) 140 (18.2) 0.017

*Students’ t- and χ2 tests.
†Based on body mass index.17

gestational diabetes, gestational age at birth or mode of 
delivery (online supplementary table 2).

When compared with NW children in separate bivar-
iate analyses, UW at 5 years was significantly associated 
with lower weight, BMI and being SGA at birth, and lower 
prepregnancy and current maternal, paternal and sibling 
BMI, but not with indices of habits related to nutrition, 
physical activity or sociodemographic factors (table 2a-c). 
OW and OB, however, were not significantly associated 
with weight, length or BMI at birth, or with being born 
with BW above 4000 g, but with higher prepregnancy BMI 
and current high maternal, paternal and sibling BMI, 
pregnancy weight gain above recommended, maternal 
smoking during pregnancy and current smoking status, 
limited breast feeding and low parental education. 
Parents of children with OW and OB reported that their 
children had a poorer combined physical activity score 
than their peers, that is, lower endurance, motor skills 
and physical activity, and the OW and OB children were 
more often living with one caretaker and with parents of 
non-western ethnicity. OB children more often had TV 
in the bedroom and dental caries, but according to the 
parents, they ate sweets as frequently as their NW peers 
(table 2a-c).

In the multinomial logistic regression model, the 
only significant interaction was between maternal BMI 
and BW SDS, and this interaction was included in the 
final model (table 3). Test for possible multicollinearity 
revealed a moderately reduced tolerance for BW SDS 
and birth length SDS (both 0.33), but minimal multicol-
linearity among other covariates. Overall, deviations from 
NW (UW, OW and OB) at 5 years were significantly asso-
ciated with maternal age, education and smoking habits, 
and maternal and paternal BMI (equally strong), having 
no siblings, eating fruit 5 days or more often per week 
and weight and length SDS at birth (table 3). UW was 
associated with low paternal BMI, low BW SDS and high 
birth length SDS, OW with low maternal education and 

smoking, high parental BMI, no siblings, eating fruits 5 
days or more often per week and high BW SDS, and OB 
with low maternal age, high parental BMI, low maternal 
education and maternal smoking (table 3). The model 
explained 13% of the variance (McFadden’s pseudo-R-
squared).

Since there was a significant interaction between the 
associations of maternal BMI and offspring BW SDS and 
the risk of childhood OWOB, we performed additional 
multinomial regression analyses with stratification by the 
interaction variables. In this model, increasing BW was 
only significantly associated with increasing risk of child-
hood OW when mothers had NW or were overweight, but 
not when the mothers were obese, and BW was not asso-
ciated with risk of childhood obesity. However, increasing 
maternal BMI was only associated with a risk of OW and 
OB for children with medium BW SDS, and not with low 
or high BW SDS (online supplementary table 3).

In the multivariable logistic regression analyses, OWOB 
was strongly associated with parental OWOB and low 
education, especially on part of the mother (table 4a). 
These effects were still strong after adjusting for the 
somatic and environmental factors in the multinomial 
model in table 3. For UW children, there were no such 
associations (table 4b).

DIscussIOn
The prevalence of OW and OB was lower than reported for 
this age group in many other countries6 22 but similar to a 
previous report from another part of Norway.7 The broad 
picture from the unadjusted analyses was that high BMI at 
5 years of age was related to a wide range of unfavourable 
sociodemographic and behavioural factors in addition 
to high parental BMI and marginally to anthropometric 
measures at birth. However, in the adjusted analyses, 
OW and OB and OWOB combined, were still closely 
related to high parental BMI and sociodemographic and 
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Table 4 Relative risk of overweight or obesity (OWOB, table 4a) and underweight (UW, table 4b) at 5 years of age expressed 
as ORs and 95% CIs according to parental level of education and presence or absence of OWOB or UW. Higher education 
was defined as one or both parents having education beyond high school

Valid n (total n=963)
OR (95% CI)
Unadjusted

OR (95% CI)
Adjusted*

4a. Relative risk of OWOB

  Normal weight parents with higher education 196 1 1

  Normal weight parents with lower education 87 3.6 (1.5 to 8.4) 3.3 (1.3 to 8.6)

  OWOB parents with higher education 416 2.4 (1.2 to 5.0) 2.1 (1.0 to 4.5)

  OWOB parents with lower education 264 5.1 (2.5 to 10.3) 4.6 (2.1 to 9.9)

Valid n (total n=953)
OR (95% CI)
Unadjusted

OR (95% CI)
Adjusted*

  Normal weight mother with higher education 375 1 1

  Normal weight mother with lower education 242 2.1 (1.3 to 3.4) 3.0 (1.6 to 5.8)

  OWOB mother with higher education 162 2.3 (1.3 to 3.9) 3.4 (1.7 to 6.8)

  OWOB mother with lower education 174 5.0 (3.0 to 8.1) 6.2 (3.3 to 11.7)

Valid n (total n=901)
OR (95% CI)
Unadjusted

OR (95% CI)
Adjusted*

  Normal weight father with higher education 144 1 1

  Normal weight father with lower education 185 2.6 (1.5 to 4.5) 2.6 (1.0 to 6.8)

  OWOB father with higher education 223 2.8 (1.5 to 5.1) 1.9 (0.7 to 5.1)

  OWOB father with lower education 349 6.2 (3.6 to 10.5) 4.2 (1.7 to 10.2)

4b. Relative risk of underweight (UW). Since no fathers were UW, only the mothers’ data are presented.

Valid n (total n=634)
OR (95% CI)
Unadjusted

OR (95% CI)
Adjusted*

  Normal weight mother with higher education 375 1 1

  Normal weight mother with lower education 242 1.4 (0.8 to 2.3) 1.3 (0.6 to 2.6)

  UW mother with higher education 9 3.0 (0.6 to 14.8) 2.4 (0.4 to 13.8)

  UW mother with lower education 8 n/a n/a

*Adjusted for the variables in the final model in table 3 (sex, maternal smoking, siblings, fruit >5 days/week, maternal age, birth weight SDS, 
birth length SDS) stratified by combinations of parental body mass index and education.

behavioural factors, while OW, but not OB, was positively 
related to BW. Furthermore, increasing BW was only asso-
ciated with OW for offspring of mothers who were not 
obese, while high maternal BMI was only associated with 
OW and OB for children with normal BW. UW was mainly 
related to paternal BMI and measurements at birth, but 
not to sociodemographic or behavioural factors. Thus, 
as the risks of UW as well as OW and OB were related 
to parental BMI, genetic factors probably contributed in 
all groups, but from the overall pattern, we suggest that 
sociodemographic and behavioural factors were the most 
important risk factors of OW and OB at 5 years and that 
genetic factors were a relatively more important risk factor 
of OW than OB. This speculation may be plausible since 
BMI of OW in early childhood to a significant part may 
reflect high lean body mass. UW was unrelated to envi-
ronmental factors, but low parental and child BMI may 
reflect both genetic heredity and shared environmental 
factors, and we cannot exclude that rigorous behaviour 
towards presumed healthy living may have contributed to 

the risk of UW since our exposure variables were rather 
crude and based on information on behaviour provided 
by the parents. Furthermore, the study possibly lacked 
statistical power to detect effects of environmental factors 
due to the relatively low number of UW children.

High parental BMI may reflect genetic vulnerability 
towards OWOB,23 as well as unfavourable in utero environ-
mental influences16 24 and postnatal maternal and family 
dietary and other shared habits.25 26 Such relationships 
may affect the offspring through foetal programming 
or developmental plasticity, and this relationship may 
be signalled, or possibly mediated, by weight and body 
composition at birth.27 28 Heavier mothers tend to give 
birth to heavier babies29 and babies with a higher relative 
fat mass,30 and studies have shown a positive association 
between higher BW and OB in later childhood and adult-
hood.31 32 Our finding that anthropometric measures 
at birth were associated with OW, but not with OB, in 
the adjusted analyses may indicate that shared environ-
mental factors were relatively more important for the 
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development of excess fat mass than lean body mass since 
OB is usually characterised by higher body fat percentage 
than OW.33 34

Offspring of smoking mothers tend to have lower 
BW, but they are reported to have a higher risk of later 
adiposity.35 In our study, maternal smoking remained a 
significant risk factor for OW and OB after adjusting for 
other factors, but whether smoking just reflected other 
unfavourable family habits or had a direct effect remains 
speculative. Intrauterine growth restriction has also been 
associated with risk of adiposity,36 37 but no such tendency 
was observed at the age of 5 years in the present study.

We found a cumulative effect of parental BMI and 
education for the outcome OWOB but not for UW 
(table 4). The effects on OWOB were present for both 
parents but were considerably stronger for the mothers 
than the fathers. This may suggest a more profound effect 
of maternal factors, possibly through genetic factors or 
fetal programming, or merely reflect the mothers’ domi-
nating influence on family habits, at least when the 
children are young.

Our findings that the prevalence of OWOB did not 
differ between urban and rural living or between single 
caretaker and two-parent families in adjusted analyses 
are in agreement with some,7 38 39 but not with other 
studies.11 12 40 41 The lack of effect of urbanisation may 
be due to the small size of the cities and their proximity 
to rural areas or that relevant differences may not occur 
or take effect until later12 when differences in everyday 
transportation to school and leisure time activities may 
differ. The non-significant association between living 
with a single caretaker and risk of OB may be due to lack 
of statistical power since 87% of the children lived with 
two caretakers. It is remarkable that dietary habits were 
not or only marginally associated with BMI, OW or OB, 
as positive associations have been found in other Norwe-
gian studies.42–44 It is possible that unhealthy diets were 
under-reported, as suggested for OW children in another 
study,45 but another possibility was reversed causality, that 
is, that the OWOB children were put on more healthy 
or energy restricted diets because they were overweight. 
Reported physical activity did not differ much between 
the groups. The reason may be that differences in phys-
ical activity are small at this young age when spontaneous 
play is predominant and more organised activity is largely 
limited to joint activities in kindergarten, which was 
attended by more than 90% of the children. Alternatively, 
the questions related to physical activity may have been 
too weak and subjective to disclose differences. In the 
present study, there were also tendencies towards posi-
tive relationships between additional socioeconomic and 
environmental exposures and OWOB, also in the adjusted 
analyses, like limited breast feeding, use of asthma medi-
cations and antibiotics, presence of caries and TV in 
the child’s bedroom. These findings may be of interest 
as such associations have been reported by others,46–50 
and the current study may have been too small to detect 
significant associations. Whether associations with asthma 

and antibiotics are directly related to the medications, 
indirectly to the effects of disease or just were markers 
of harmful family habits or environments, such as house-
hold smoking, need to be explored.

The strengths of this study were both the knowledge of 
weight and height for all eligible children in the county 
and the extensive information on those who participated. 
We cannot exclude some selection bias since there were 
slightly more children with UW, OW and OB in the fami-
lies who declined participation. However, the difference 
in growth parameters were small, and limited participa-
tion were probably mainly due to variation in willingness 
of public health nurses to recruit families rather than vari-
ation in willingness on part of the families, as suggested 
by the wide variation in participation rates in different 
municipalities. Recall bias may have led to underestima-
tion of true effects of certain exposures, and the relatively 
small numbers of OW and UW, and particularly OB 
children, may have resulted in a lack of statistical power 
to detect additional true risk factors for these catego-
ries. Parental weight, height and habits, for example, 
related to nutrition and physical activity, were based 
on self-report and may be biased, although it has been 
shown that self-reported weights and heights are closely 
related to actual measurements in adults.51 In general, it 
is important to keep in mind that cross-sectional associ-
ations in observational studies may not be causal or may 
result from reverse causality.

cOnclusIOn
Our results suggest that the predictive value of BW and 
other measures of size at birth may be relatively high 
for UW, but limited for OW and, in particular, for OB, 
at 5 years of age and that high parental BMI, particularly 
when combined with unfavourable family sociodemo-
graphic factors, are the dominant inducting risk factors 
for early childhood OWOB. Prevention is essential in 
order to curtail the OWOB epidemic, and in our opinion, 
this study shows that families with these risk factors should 
be targeted for close intervention early, preferably before 
or during pregnancy.
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