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How does childhood socioeconomic
position affect overweight and obesity
in adolescence and early adulthood:
a longitudinal study
Per Hoegh Poulsen1* , Karin Biering1, Trine Nøhr Winding1, Ellen Aagaard Nohr2 and Johan Hviid Andersen1

Abstract

Background: Childhood socioeconomic position (SEP) has previously been associated with increased risk of overweight
among children and adolescents. However, it remains uncertain whether the timing of exposure is important in relation
to developing overweight in early adulthood. We aimed to examine how SEP during early (0–8 years) and late childhood
(9–14 years) relates to overweight at age 15, 18 and 21.

Methods: Longitudinal study in Western Denmark of 2879 young people (aged 15 in 2004). Exposure variables from
registers were yearly household income, parental highest educational level and parental labour market
participation (LMP), supplemented with questionnaire information about “family functioning” (age 15). Outcome
variables were overweight and obesity, measured at three-time points.
We analyzed the adjusted associations between childhood SEP and overweight and obesity using multinomial
logistic regression, stratified on gender.

Results: Early childhood: Parental lower educational level increased girls’ risk of overweight and obesity at age
18 and 21 between RR = 1.8 (95% CI 1.0;3.4) and RR = 5.2 (95% CI 1.4;19.3). Girls reporting poor “family functioning” had
up to twice the risk of overweight and obesity at age 21. Boys, whose fathers had a lower level of education had up to
2.4 times the risk of obesity at age 21. Parental low LMP increased boys’ risk of obesity at age 18 and 21 between
RR = 2.2 (95% CI 1.3;3.8) and RR = 2.8 (95% CI 1.3;6.1). Late childhood: Parental lower level of education tripled the risk
of overweight and obesity among girls at age 18 and among both genders at age 21.

Conclusion: This study confirmed to some extent that economic, social and psychological insecurity and inequality
as measured by lower parental educational level, lower household income, low labour market participation and poor
family function during childhood was associated with an increased risk of overweight and especially obesity in
adolescence and early adulthood in both genders. Despite some imprecise measures, the direction of the associations
pointed to several associations, which all were in the hypothesized direction. Timing of lower household income and
parental low LMP in childhood seemed to be gender-specific in some way, but this warrants more studies.
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Background
Prevalence of overweight and obesity has increased
worldwide over the last decades [1]. In Denmark, the
overall prevalence of overweight and obese children and
adolescents appears to be stable or slowly declining [2].
Recent findings show that 26% of young Danes aged
16–24 are overweight and obese. This percentage has
been increasing among both genders since 2010, with
the highest prevalence among those having primary
school as the highest level of education [3].
Overweight and obesity has traditionally been associated

with a thermodynamic explanatory model [4] combined
with genetics, where preventive initiatives primarily have
focused on healthy diet, increased physical activity and
lifestyle changes, showing modest associations [5]. In re-
cent years theories about economic, social and psycho-
logical insecurity and inequality in relation to obesity has
gained ground [6, 7]. The theory which involves social in-
security pursues the hypothesis that obesity could be a
healthy active response to an expected future lack of en-
ergy [8]. In higher income countries with easily access to
energy-dense food, exposure to economic, social and psy-
chological insecurity and inequality in terms of low socio-
economic position (SEP) may induce excessive weight
gain [9, 10].
According to SEP and future physical health, Newton

et al. concluded that the inverse relationship between
low life-course SEP and obesity was consistent for
women, not for men [11]. These findings were also re-
ported by a recent review, which concluded that per-
ceived financial hardship before the age of 16 and having
an unemployed father were associated with a higher
Body Mass Index (BMI) in males. Among females, it was
primarily low paternal education level which was associ-
ated with a higher BMI [12]. Brisbois et al. found that fa-
ther’s lower employment status as a proxy for childhood
SEP appeared to be an early (before the age of 5) marker
of obesity among adults in both genders [13].
The health of young people is strongly affected by so-

cial factors at a personal, family and societal level. One
of the strongest determinants of health is income in-
equality [14]. In the review by Halliday et al. it was ar-
gued that the social factor “family functioning” may be
an important risk factor for physical health, hence poor
“family functioning” was associated with an increased
risk of overweight and obesity among children and ado-
lescents [15]. Family functioning covers a person’s per-
ception on e.g. how crisis may be dealt with in the
nearest family, thereby adding an individual perspective
to the family level.
Previous research has predominantly focused on early

childhood in relation to physical health in later child-
hood and adolescence. However, research using longitu-
dinal datasets to address and explore the pathways and

mechanisms by which low income/SEP exerts its long
term effect on physical health are needed [16]. Especially
the age-period 18–26 years appears to be critical by hav-
ing profound and long-lasting implications for young
people’s future health and well-being [17]. Another sen-
sitive period of development appears to be adolescence
thereby indicating that the timing of SEP exposure may
be an important issue to address in relation to future
health problems [18].
How does the timing of several socioeconomic expo-

sures at the family level during the entire span of child-
hood relate to later risk of overweight and obesity? By
including both objective and subjective exposure vari-
ables in a longitudinal design we aimed to contribute to
the scientific knowledge in this field. Our purpose was
to explore the association between SEP during early
childhood (0–8 year) and late childhood (9–14 year) and
overweight and obesity at age 15, 18 and 21 years.

Methods
Design and population
The study was a prospective cohort study. Data was col-
lected as part of the West Jutland Cohort Study
(VestLiv), which is an ongoing Danish longitudinal study
following a complete cohort of young people born in 1989
and residing in the former Ringkoebing County in 2004.
The source population comprised 3681 young people.
Recruitment of participants took place at the schools
within the county where a baseline questionnaire was
completed during school hours in 2004 when the par-
ticipants were approximately 15 years old. Those not
at school on the day of collection received the ques-
tionnaire by mail. Of the potential 3681 responders,
3054 (83%) participated in this study. All the potential
responders in 2004 were re-invited to participate at
the latter waves.
The project has so far included waves of questionnaires

in 2004 (age 15), 2007 (age 18) and 2010 (age 21) (http://
www.vestliv.dk), which furthermore have been supple-
mented with a range of register-based information.
A more thorough information on recruitment and data

collection has been presented elsewhere [19].
Participants were included in this current study if they

had responded to the questions about weight and height
in one of the three questionnaire rounds. This was ob-
tained for 2879 in 2004, 2308 in 2007 and 1974 in 2010.
Attrition and missing data reduced the sample as shown
in Fig. 1.
Data comprised a combination of both questionnaire

data and register data. In Denmark, every citizen is pro-
vided with a CPR-number (Civil Registration Number)
at birth (or upon entry for immigrants), which allowed
the researchers to link the CPR number of each child to
parental information from registers [20].
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Definition of outcome
The outcome measure was overweight and obesity, defined
by Body Mass Index (BMI), which was calculated from
self-reported weight and height (weight/height2) collected
at all three questionnaire rounds (age 15, 18 and 21).
At 18 and 21 years of age, participants were catego-

rized as “normal weight” (BMI ≤24.99), “overweight”
(BMI 25 to 27.49) or “obese” (BMI ≥27.50), due to
additional cut-off points from the Global Database on
Body Mass Index [21]. Because there were very few 15 year
old obese in this cohort, participants were at this age di-
chotomized into “normal weight” (< 23.29 kg/m2 for boys
and < 23.94 kg/m2 for girls), and “overweight” (BMI
≥23.29 kg/m2 for boys and BMI ≥23.94 kg/m2 for girls)
using thresholds for 15 year old girls and boys [22].

Definition of exposures
Childhood SEP was defined by yearly household income,
parental highest educational level, parental labour mar-
ket participation (LMP) and “family functioning” to un-
cover aspects of both economic and social inequality at
the family level. Two age-intervals in childhood was
applied; early childhood (0–8 year) and late childhood
(9–14 year).
Information on yearly household income was from the

Danish register on personal income and transfer payments
[23] and parental highest educational level was derived

from different educational registers [24]. Parental LMP
was derived from the DREAM register [25], which pro-
vides information on social benefits and information on
payments related to e.g. unemployment benefits and sick-
ness absence compensation on a weekly basis [25].
Yearly household income was a continuous variable

collected each year from 1989 (birth of child) and on-
wards until 2003 (age 14). The variable consisted of in-
formation on all residents above 18 years in the
household living together with the child. Information
about household income had to be available for at least
five years in an age-interval in childhood to calculate a
mean value. Household income was categorized into
low, medium or high income according to the 33.3rd
and 66.6th percentile.
Information about parental highest educational level was

included for each parent from the year 1989 and year 2003
and was divided into three categories: < 10, 10–13,
> 13 years of education. If information on highest educa-
tional level was missing for year 2003, information was used
from previous years (last observation carried forward).
Parental LMP was defined according to the degree of

receiving social benefits within each year from 1991 to
2003. When we defined this variable, we omitted pay-
ments due to receiving maternity leave benefits or state
educational grants. Information about LMP had to be
available for at least four years in an age-interval in

Fig. 1 Baseline participation and participation to follow-ups in 2007 and 2010
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childhood to calculate a mean LMP score [26]. LMP was
a continuous variable in the range from 0 to 100 and
calculated as a yearly mean LMP score for each parent
in each age-interval and dichotomized into “high LMP”
and “low LMP” at a cut off value of ≥0.80 indicating
high LMP [27].
Information about “family functioning” was obtained

from the initial questionnaire and is a categorical vari-
able with 12 items based on the General functioning
subscale of the McMaster Family Assessment Device
(FAD), developed by Epstein et al. This variable assesses
the overall health/pathology of the family. We calculated
a mean value for the 12 items and dichotomized the
variable at the 75th percentile of the mean value indicat-
ing poor “family functioning” at ≥2.08 [28].

Additional variables
High birth-weight and parental marital status have previ-
ously been associated with an increased risk of later
overweight and obesity [29–32].
Birth-weight was obtained from the Danish Medical

Birth Register; a national register which contains infor-
mation about all births in hospital and home births [33].
We applied the variable split home as a dichotomous
variable with yearly information obtained from the CPR
register on whether the child lived together with both
parents or not. In this study, split home in 1989 (at
birth) and split home in 2003 (age 14) was applied for
early and late childhood, in that order.

Statistical methods
Multinomial logistic regression models were used to cal-
culate the associations between the exposure variables
during early or late childhood and overweight and obes-
ity at age 18 and 21. Results are presented with un-
adjusted and adjusted relative risks (ARR). The adjusted
results are shown with 95% confidence interval (95%
CI). At age 15, we applied logistic regression models to
calculate the associations between the exposure variables
and overweight. Correlation analyses were carried out
for all the exposure variables by Spearman’s rank correl-
ation coefficient. The correlations between mean yearly
household income in early and late childhood and be-
tween parental highest educational level in early and late
childhood was very high. The correlation between mean
yearly household income and mean LMP of the father
showed a Spearman’s rho = 0.3631. The correlation coef-
ficient between mean LMP of the mother and mother’s
highest educational level in 1989 was rho = 0.2925
(Additional file 1: Table S1). Since the rest of the correl-
ation coefficients were similar or lower, all analyses were
mutually adjusted for all other exposure variables and
birth weight as a continuous variable. Furthermore, the
variable split home 1989 was applied to early childhood

adjustments, whereas the variable split home 2003 was
applied to late childhood adjustments. Moreover, when
examining the associations between mean yearly house-
hold income in late childhood and overweight and obes-
ity in adolescence and early adulthood, we also adjusted
the associations for the yearly household income expos-
ure in early childhood. When we did the analyses for
parental LMP in late childhood and overweight and
obesity, we also adjusted the associations for the same
exposure variable in early childhood. These adjustments
were applied to take the effect of the early childhood ex-
posure into account.
Sub-analyses explored whether non-participants at

baseline were significantly different from participants
with respect to SEP (tables not shown). Data-analysis
was performed by the statistical package Stata, statistical
software version 14.2 (Stata Corporation, College Sta-
tion, Texas, USA).

Ethics
Use of the data is carried out under the same conditions
and with the same purpose as when originally collected
and based on approval from the Danish Data Protection
Agency and their rules of data protection. According to
Danish law, approval by the Ethics Committee and written
informed consent was not required in questionnaire-based
and register-based project.

Results
Descriptive data of the exposure variables in relation to
the outcome at age 18 and 21 are presented for each
gender in Table 1.
A higher proportion of overweight and obesity at age

18 and 21 was observed in both genders if they grew up
with lower educated parents or if their mothers had a
low LMP during their early childhood. Among boys, a
higher proportion of obesity at age 18 and 21 was also
observed in low income families or if they had a father
with low LMP during their early childhood.
A higher proportion of overweight and obesity at age

18 and 21 was likewise observed in both genders, if they
grew up with lower educated parents during their late
childhood. A higher proportion of obesity was observed
among both genders at age 21 in lower income families
during their late childhood. Furthermore, among girls, a
higher proportion of overweight and obesity at age 18
and 21 was observed if their parent’s had low LMP or
the girls reported poor “family functioning” during their
later childhood.
15-year-old girls had increased risk of overweight, if

they reported poor “family functioning”; OR = 1.7, 95%
CI 1.1;2.7 (table not shown).
15-year-old boys had an increased risk of overweight,

if their fathers had a low LMP or the boys came from
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families with parents having a low level of education
during their early childhood, with estimates ranging
from OR = 1.6, 95% CI 0.9;2.9 to OR = 2.2, 95% CI
1.2;3.8. Parental low educational level during their late
childhood almost doubled boys’ risk of overweight at
15 years of age, OR = 1.9, 95% CI 1.1;3.3. It also gave the
impression that boys who grew up in low income fam-
ilies had some increased risk of overweight at age 15, al-
though this being imprecise results (OR = 1.7, 95% CI
0.9;3.1) (table not shown).
Girls, whose mother had a lower educational level in their

early childhood, had increased risk of overweight and obesity
at age 21, RR= 1.9, 95% CI 1.0;3.8 and RR= 2.1, 95% CI
1.1;3.9, respectively. This tendency was also seen with father’s
lower educational level, which increased the risk of over-
weight and obesity at both age 18 and 21, with estimates ran-
ging from RR= 1.8, 95% CI 1.0;3.4 to RR= 5.2, 95% CI
1.4;19.3. Likewise, reporting poor “family functioning” in-
creased girls’ risk of overweight at the age of 18 and obesity
at the age of 21 between 1.6 and 2 times (Table 2).
Boys, whose mother had low LMP during their early

childhood, had about twice the risk of overweight and
obesity at the age of 21 (RR = 2.0, 95% CI 1.2;3.2, RR = 2.2,
95% CI 1.3;3.8). Boys, whose father had a lower level of
education during their early childhood, had up to 2.4
times increased risk of obesity at age 21 (RR = 2.4,
95% CI 1.1;5.4). Furthermore, father’s low LMP during
early childhood increased boys’ risk of obesity at the age
of 18, RR = 2.8, 95% CI (1.3;6.11) (Table 2).
Girls, whose mother had a low level of education dur-

ing their late childhood, had between 2 and 2.2 times in-
creased risk of obesity at age 18 and 21. Father’s lower
level of education in late childhood almost increased
girls’ risk of obesity 4-fold at age 18 (RR = 3.7, 95% CI
1.2;11.9) and more than doubled the risk of overweight
at age 21 (RR = 2.5, 95% CI 1.2;5.2). Reporting poor
“family functioning” also increased girls’ risk of obesity
at age 21, RR = 1.7, 95% CI 1.1;2.7. It seemed that girls
who grew up in lower income families or experienced
their parent’s having low LMP during their later child-
hood had increased risk of obesity at age 18 and 21
though the estimates were inaccurate (Table 3).
Boys, whose mother had a lower level of education

during their late childhood, appeared to have some in-
creased risk of obesity at the ages of 18 and 21, although
the estimates were imprecise; (RR = 1.8, 95% CI 0.9;3.6,
RR = 1.6, 95% CI 0.9;3.1). Father’s lower level of educa-
tion in late childhood almost tripled boys’ risk of over-
weight and obesity at age 21, RR = 1.9, 95% CI 1.0;3.6,
RR = 2.9, 95% CI 1.4;6.4, respectively (Table 3).

Discussion
This study showed that growing up in families with par-
ent’s having a low level of education in early or late

childhood increased the risk of overweight and obesity at
age 18 and 21 in both genders, where especially father’s
low level of education appeared to be a quite strong risk
factor in both genders, despite somewhat wide confidence
intervals. We also found that girls, who reported poor
“family functioning” in early or late childhood had in-
creased risk of overweight and obesity at age 18 and 21,
which was not seen among boys. Among boys, results
showed that growing up in families with parent’s having
low LMP during early childhood increased their risk of
overweight and obesity at age 18 and 21.
To our knowledge, this is the first study to examine

how childhood SEP relates to overweight and obesity,
using a longitudinal study-design with 14 years of
register-based exposure information. Furthermore, this
was supplemented with the social factor “family func-
tioning” to facilitate the subjective perception of child-
hood social conditions on the family level, which is not
captured by the objective SEP measures.
Our results were in line with findings from the study by

Kestila et al., who examined the association between child-
hood social circumstances and overweight and obesity in
early adulthood in a cross-sectional design. The authors
found a strong inverse association between parental edu-
cational level and obesity in both genders [34]. These re-
sults are also supported by Mathiessen et al., who found
that educational level of the parents was inversely associ-
ated with their off-spring being overweight [35]. Morgen
et al. found that 14–16-year-old girls of lower parental
SEP had more than four times the risk of developing over-
weight/obesity at age 21, compared to girls of higher par-
ental SEP [36]. In our study, we found that parental lower
educational level in early or late childhood may increase
the risk of overweight and obesity at age 18 and 21 up be-
tween 1.8 and 3-fold among both genders.
Al-Emranie et al. examined the association between

five-year weight gain among adults and SEP in childhood
and adulthood. They found a significant association
between childhood SEP and obesity among males aged
29–39, thereby suggesting that the socioeconomic gradi-
ent is even more prominent in relation to obesity [37].
Results from our study showed that parental low LMP in
early childhood was associated with increased risk of over-
weight and obesity in primarily boys, with a more than
2-fold increased risk of obesity at the age of 18 and 21.
Bann et al. examined how childhood and adult SEP re-

lates to BMI across adulthood in three national British
birth cohorts. They found that father’s occupational class
at age 10/11 was associated with higher adult BMI in
both genders [38]. These findings are partly supported
by results from our study concerning girls showing that
low parental LMP in late childhood was associated with
increased risk of overweight and obesity at age 18, al-
though the findings were inaccurate. Among boys our
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results indicated that parental LMP in late childhood
may be less important for boys’ risk of later overweight
and obesity.
Overall, our findings indicate that childhood low SEP

at the family level is associated with increased risk of
overweight and obesity in adolescence and early adult-
hood. As mentioned in the background, a recent theory
suggests that obesity may be a healthy active response to
a future lack of energy caused by the sense of e.g. social
insecurity in the family [8]. This could be a plausible ex-
planation for a possible pathway between low childhood
SEP and the development of obesity in a well-fare soci-
ety with easy accessibility to rich calories-dense food.
We did not find strong associations between low house-
hold income in childhood and later overweight/obesity,
which may be due to this population living in a well-fare
society, where a family may have a reasonable living des-
pite a rather low income. However, we saw a tendency
towards an increased risk of obesity at age 18 and 21
among girls, who grew up in low income families in late
childhood, when the associations were adjusted for the
early childhood income indicating that the timing of this
exposure may be relevant among girls, but not boys.
Parental lower educational level(s) during early and

late childhood were quite consistent risk factors for
overweight and obesity in both genders in this youth co-
hort. Parental low LMP in early childhood was primarily
a risk factor for boys, and for girls there was a tendency
in late childhood to influence girls’ future risk of over-
weight and obesity. Parental lower educational level and
parental low LMP may negatively affect the psychosocial
security experienced in families due to e.g. job insecur-
ity, living in poorer residential area and perhaps also an
unhealthy life style, which may affect the children. Due
to role modeling, children reflect themselves in their
parents, so when boys experience their father having low
LMP during early childhood, this may increase boys’
feeling of perceived social insecurity in daily life, which
may be translated into psychological processes with pos-
sible future biological consequences [8]. Lower educated
parent’s and parent’s with low LMP are perhaps also
more likely to pass on poorer eating habits to the chil-
dren [39], which combined with increasing sedentary be-
havior and risk behavior may tract into adolescence and
adulthood and thereby also contribute to an enhanced
risk of overweight and obesity.
A recent review conducted primarily on cross sectional

studies concluded, that poor “family functioning” was asso-
ciated with increased risk of overweight and obesity among
children and adolescent aged 3–17 [15]. We observed gen-
der differences in our study, where reporting poor “family
functioning” at age 15 was a risk factor for overweight and
obesity in adolescence and early adulthood in girls, but not
among boys. Perhaps weight-gaining in boys during

adolescence and early adulthood are less affected by how
the nearest family function, compared to girls due to e.g.
different coping strategies or life styles [40].
This cohort study had several strengths. The initial study

response rate was 78%, which somewhat declined at the lat-
ter rounds. The study covered up to 21 years of follow up
and used register-based information to define most of the ex-
posure variables, which resulted in few missing values. The
exposure variable “family functioning” was applied to un-
cover the child’s experiences of the social conditions in the
family during childhood. By adding the subjective perspective
in terms of this social factor, we emphasize the importance
of this influence on the physical health of young people.
The prospective design is suitable to observe potential

changes over time and we consider this to be an appropri-
ate way of studying this kind of associations. Also, apply-
ing register-based exposure variables diminishes the risk
of differential information bias on these variables.
Participating in surveys may be prone to selection bias;

that is if non-participation is associated with both expo-
sures and outcomes. In this cohort, we found non-partici-
pants to be significantly different from participants with
respect to the exposure variables, however, we do not have
any information on height and weight from the
non-participants, so it is not possible to disentangle
whether any selection was differential. Non-participation
and drop-outs in the same cohort was examined in a previ-
ous study by Winding et al. and results showed that neither
non-participation nor drop-outs influenced significantly on
the size of the measured associations [19].
The main limitation of the study was that the outcome

was based on self-reported height and weight and conse-
quently prone to misclassification. Participants, who are
overweight, are probably more likely to underestimate
their weight [41], which may be most pronounced in girls
[42]. This increases the risk of underestimating the associ-
ations between the exposures and the outcome and hence
bias towards the null-hypothesis. We believe that due to
the study design the risk of differential misclassification of
the outcome was small. We applied the self-reported vari-
able “family functioning” along with the outcome reported
from the baseline questionnaire at age 15 and we are
aware that these findings are cross-sectional and cannot
tell us anything about causality.
We decided to imply the additional cut-offs for obesity

from the Global database on BMI due to a relatively low
prevalence of obese participants in this cohort according
to conventional World Health Organization-guidelines.
We believe that applying the additional cut-off seems
reasonable in this young healthy population.
All the associations in the study were mutually adjusted

for the other exposure variables, but these adjustments
did not alter the results much. We did not find strong cor-
relations between e.g. household income and highest

Poulsen et al. BMC Obesity            (2018) 5:34 Page 12 of 14



educational level in this study. This may be explained by
the fact that household income in Denmark not necessar-
ily reflects a person’s level of education. An unskilled
worker in a factory often earns a rather high salary com-
pared to e.g. health care workers with a short or medium
long education. For the early childhood adjustment’s we
applied split home 1989, however we repeated the ana-
lyses with split home 1991 instead, because the first
couple of years after the birth of a child may be a difficult
time for the parents’ relationship and one could suspect
that more families may split up during these years. Apply-
ing split home 1991 did not change the estimates.
A previous examination of the study setting concluded

that the participants of this youth cohort are comparable
to young people in other parts of Denmark [43]. There-
fore, the results of this study may be transferred to
young people with similar environmental and social con-
ditions to this Danish cohort, when taking the
above-mentioned limitations into account.

Conclusion
In this study, we found that parental lower educational
level during childhood was associated with an increased
risk of overweight and obesity in adolescence and early
adulthood in both genders. Father’s lower educational
levels during early or late childhood were the strongest
risk factors for overweight and obesity at age 18 and 21
with as much as fivefold increased risks.
Parental low LMP during early childhood was a risk fac-

tor for overweight and obesity at age 18 and 21 in primar-
ily boys, where reporting poor “family functioning” was a
risk factor for overweight and obesity in girls only. The
timing of SEP in childhood appears to be gender-specific
according to some of the parental socioeconomic expos-
ure variables; girls seems to be primarily influenced by the
later childhood lower income and parent’s low LMP,
where it appeared to be parent’s low LMP in the earlier
part of the childhood which may influence boys’ risk of fu-
ture overweight and obesity the most. The results should,
however, be interpreted with caution due to imprecise es-
timates with wide confidence intervals.
Lower SEP in childhood is associated with overweight

and obesity in adolescence and early adulthood in
Denmark despite this being a well-fare society, where rules
and regulations aim to reduce inequality. Further research
is required to disentangle some of the underlying mecha-
nisms and to be able to target relevant support to prevent
overweight and obesity related to childhood conditions.
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exposure variables in early (0–8 years) and late childhood (9–14 years).
(DOCX 30 kb)

Abbreviations
ARR: Adjusted Relative Risks; BMI: Body Mass Index; CI: Confidence interval;
CPR: Civil Registration Number; E.g.: Exempli gratia; LMP: Labour market
participation; SEP: Socioeconomic position; Yr: Year

Funding
Municipality of Herning and Central Denmark Region Health Science
Research Fund.
The funding bodies had no role in the design of the study, analysis,
interpretation of data or in writing the manuscript.

Availability of data and materials
The data that support the findings of this study are available from Statistics
Denmark but restrictions apply to the availability of these data, which were
used under license for the current study, and so are not publicly available.
Data are however available from the authors upon reasonable request and
with permission of Statistics Denmark.

Authors’ contributions
PHP designed the study and performed the analyses and wrote the main
paper. KB helped in designing the study and analyzing data. TNW helped in
designing the study and analyzing data. EAN helped in designing the study
and analyzing data. JHA initiated the study and helped in designing the
study and analyzing data. All authors interpreted the results and their implications
and commented on the manuscripts at all stages. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
The study was carried out according to the Declaration of Helsinki. According
to Danish law, approval by the Ethics Committee and written informed consent
was not required in questionnaire-based and register-based projects. Additional
information is available at The National Committee on Health Research Ethics’
webpage in the “Act on Research Ethics Review of Health Research Projects” §
14,2. Available from http://www.nvk.dk/english/act-on-research. Use of the data
was carried out under the same conditions and with the same purpose as
when originally collected and based on approval from the Danish Data
Protection Agency and their rules of data protection.

Consent for publication
Not applicable.

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

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Danish Ramazzini Centre, Department of Occupational Medicine, University
Research Clinic, Regional Hospital West Jutland, Gl. Landevej 61, 7400
Herning, Denmark. 2Institute of Clinical Research, Department of Obstetrics &
Gynecology, Odense University Hospital, University of Southern Denmark,
Odense, Denmark.

Received: 26 April 2018 Accepted: 23 August 2018

References
1. [http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-

overweight]. Accessed 12 Mar 2018.
2. Schmidt Morgen C, Rokholm B, Sjoberg Brixval C, Schou Andersen C, Geisler

Andersen L, Rasmussen M, Nybo Andersen AM, Due P, Sorensen TI. Trends
in prevalence of overweight and obesity in Danish infants, children and
adolescents--are we still on a plateau? PLoS One. 2013;8(7):e69860.

3. Rosendahl Jensen HA, Davidsen M, Ekholm O, Christensen AI: The Danish
National Health Profile 2017. 2018.

4. Hall KD, Sacks G, Chandramohan D, Chow CC, Wang YC, Gortmaker SL,
Swinburn BA. Quantification of the effect of energy imbalance on
bodyweight. Lancet. 2011;378(9793):826–37.

Poulsen et al. BMC Obesity            (2018) 5:34 Page 13 of 14

https://doi.org/10.1186/s40608-018-0210-8
http://www.nvk.dk/english/act-on-research
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight


5. Al-Khudairy L, Loveman E, Colquitt JL, Mead E, Johnson RE, Fraser H, Olajide
J, Murphy M, Velho RM, O'Malley C, Azevedo LB, Ells LJ, Metzendorf MI, Rees
K. Diet, physical activity and behavioural interventions for the treatment of
overweight or obese adolescents aged 12 to 17 years. Cochrane Database
Syst Rev. 2017;6:CD012691.

6. Ulijaszek SJ. Socio-economic status, forms of capital and obesity. J
Gastrointest Cancer. 2012;43(1):3–7.

7. Offer A, Pechey R, Ulijaszek S. Obesity under affluence varies by welfare
regimes: the effect of fast food, insecurity, and inequality. Econ Hum Biol.
2010;8(3):297–308.

8. Sorensen TI. Is obesity a healthy active response to an expected future lack
of energy rather than a passive storage of surplus energy? Obes Facts. 2012;
5(3):431–5.

9. Dhurandhar EJ. The food-insecurity obesity paradox: a resource scarcity
hypothesis. Physiol Behav. 2016;162:88–92.

10. Nettle D, Andrews C, Bateson M. Food insecurity as a driver of obesity in
humans: the insurance hypothesis. Behav Brain Sci. 2017;40:e105.

11. Newton S, Braithwaite D, Akinyemiju TF. Socio-economic status over the life
course and obesity: systematic review and meta-analysis. PLoS One. 2017;
12(5):e0177151.

12. Pavela G. Is childhood socioeconomic status independently associated with
adult bmi after accounting for adult and neighborhood socioeconomic
status? PLoS One. 2017;12(1):e0168481.

13. Brisbois TD, Farmer AP, McCargar LJ. Early markers of adult obesity: a review.
Obes Rev. 2012;13(4):347–67.

14. Viner RM, Ozer EM, Denny S, Marmot M, Resnick M, Fatusi A, Currie C.
Adolescence and the social determinants of health. Lancet. 2012;379(9826):
1641–52.

15. Halliday JA, Palma CL, Mellor D, Green J, Renzaho AM. The relationship
between family functioning and child and adolescent overweight and
obesity: a systematic review. Int J Obes. 2014;38(4):480–93.

16. Spencer N, Thanh TM, Louise S. Low income/socio-economic status in early
childhood and physical health in later childhood/adolescence: a systematic
review. Matern Child Health J. 2013;17(3):424–31.

17. Bonnie RJ, Stroud C, Breiner H, National Research Council (U.S.). Committee
on improving the health, Safety, and well-being of young adults, Investing
in the health and well-being of young adults. Washington, D.C.: Naitonal
Academies Press; 2014.

18. Cohen S, Janicki-Deverts D, Chen E, Matthews KA. Childhood
socioeconomic status and adult health. Ann N Y Acad Sci. 2010;1186:37–55.

19. Winding TN, Andersen JH, Labriola M, Nohr EA. Initial non-participation and
loss to follow-up in a Danish youth cohort: implications for relative risk
estimates. J Epidemiol Community Health. 2014;68(2):137–44.

20. Schmidt M, Pedersen L, Sorensen HT. The Danish civil registration system as
a tool in epidemiology. Eur J Epidemiol. 2014;29(8):541–9.

21. [http://www.assessmentpsychology.com/icbmi.htm]. Accessed 12 Mar 2018.
22. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition

for child overweight and obesity worldwide: international survey. BMJ. 2000;
320(7244):1240–3.

23. Baadsgaard M, Quitzau J. Danish registers on personal income and transfer
payments. Scand J Public Health. 2011;39(7 Suppl):103–5.

24. Jensen VM, Rasmussen AW. Danish education registers. Scand J Public
Health. 2011;39(7 Suppl):91–4.

25. Hjollund NH, Larsen FB, Andersen JH. Register-based follow-up of social
benefits and other transfer payments: accuracy and degree of completeness
in a Danish interdepartmental administrative database compared with a
population-based survey. Scand J Public Health. 2007;35(5):497–502.

26. Biering K, Hjollund NH, Lund T. Methods in measuring return to work: a
comparison of measures of return to work following treatment of coronary
heart disease. J Occup Rehabil. 2013;23(3):400–5.

27. Lund T, Andersen JH, Winding TN, Biering K, Labriola M. Negative life events
in childhood as risk indicators of labour market participation in young
adulthood: a prospective birth cohort study. PLoS One. 2013;8(9):e75860.

28. Epstein N, Baldwin L, Bishop D. The McMaster family assessment device. J
Marital Fam Ther. 1983;9(2):171–80.

29. Schellong K, Schulz S, Harder T, Plagemann A. Birth weight and long-term
overweight risk: systematic review and a meta-analysis including 643,902
persons from 66 studies and 26 countries globally. PLoS One. 2012;7(10):
e47776.

30. Zhao Y, Wang SF, Mu M, Sheng J. Birth weight and overweight/obesity in
adults: a meta-analysis. Eur J Pediatr. 2012;171(12):1737–46.

31. Biehl A, Hovengen R, Groholt EK, Hjelmesaeth J, Strand BH, Meyer HE.
Parental marital status and childhood overweight and obesity in Norway: a
nationally representative cross-sectional study. BMJ Open. 2014;4(6):e004502.
https://doi.org/10.1136/bmjopen-2013-004502.

32. Hohwu L, Zhu JL, Graversen L, Li J, Sorensen TI, Obel C. Prenatal parental
separation and body weight, including development of overweight and
obesity later in childhood. PLoS One. 2015;10(3):e0119138.

33. Knudsen LB, Olsen J. The Danish medical birth registry. Dan Med Bull. 1998;
45(3):320–3.

34. Kestila L, Rahkonen O, Martelin T, Lahti-Koski M, Koskinen S. Do childhood
social circumstances affect overweight and obesity in early adulthood?
Scand J Public Health. 2009;37(2):206–19.

35. Matthiessen J, Stockmarr A, Fagt S, Knudsen VK, Biltoft-Jensen A. Danish
children born to parents with lower levels of education are more likely to
become overweight. Acta Paediatr. 2014;103(10):1083–8.

36. Morgen CS, Mortensen LH, Rasmussen M, Andersen AM, Sorensen TI, Due P.
Parental socioeconomic position and development of overweight in
adolescence: longitudinal study of Danish adolescents. BMC Public Health.
2010;10:520. https://doi.org/10.1186/1471-2458-10-520.

37. Al-Emrani F, Stafstrom M, Ostergren PO. The influences of childhood and
adult socioeconomic position on body mass index: a longitudinal Swedish
cohort study. Scand J Public Health. 2013;41(5):463–9.

38. Bann D, Johnson W, Li L, Kuh D, Hardy R. Socioeconomic inequalities in
body mass index across adulthood: coordinated analyses of individual
participant data from three British birth cohort studies initiated in 1946,
1958 and 1970. PLoS Med. 2017;14(1):e1002214.

39. Cribb VL, Jones LR, Rogers IS, Ness AR, Emmett PM. Is maternal education
level associated with diet in 10-year-old children? Public Health Nutr. 2011;
14(11):2037–48.

40. Hoegh Poulsen P, Biering K, Andersen JH: The association between leisure time
physical activity in adolescence and poor mental health in early adulthood: a
prospective cohort study. BMC Public Health 2016, 16:3–015–2658-5.

41. Elgar FJ, Roberts C, Tudor-Smith C, Moore L. Validity of self-reported height
and weight and predictors of bias in adolescents. J Adolesc Health. 2005;
37(5):371–5.

42. Clarke P, Sastry N, Duffy D, Ailshire J. Accuracy of self-reported versus
measured weight over adolescence and young adulthood: findings from
the national longitudinal study of adolescent health, 1996-2008. Am J
Epidemiol. 2014;180(2):153–9.

43. Glasscock DJ, Andersen JH, Labriola M, Rasmussen K, Hansen CD. Can
negative life events and coping style help explain socioeconomic
differences in perceived stress among adolescents? A cross-sectional study
based on the West Jutland cohort study. BMC Public Health. 2013;13:532.
https://doi.org/10.1186/1471-2458-13-532.

Poulsen et al. BMC Obesity            (2018) 5:34 Page 14 of 14

http://www.assessmentpsychology.com/icbmi.htm
https://doi.org/10.1136/bmjopen-2013-004502
https://doi.org/10.1186/1471-2458-10-520
https://doi.org/10.1186/1471-2458-13-532

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Design and population
	Definition of outcome
	Definition of exposures
	Additional variables

	Statistical methods
	Ethics

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

