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1. Introduction

Inequality in health is a major public health concern worldwide and has been an important
research focus for many years, spanning across different research traditions from bio-medical
science to psychological and epidemiological research areas. There is persistent and widespread
inequalities in health across Europe (1) and inequalities in health exist both between and within
countries (2). Some of the challenges for research and policymakers are the social gradient in
health and the disadvantage through the life course (3). The longer people live in stressful
economic and social circumstances the higher the risk of potential negative consequences (4).

A large number of research papers have been published as an attempt to disentangle how social
inequality impacts future physical and mental health in humans. There are many studies which
have, for example, examined socioeconomic inequality in health among adults and observed that
people with lower income, lower educational attainment or poorer occupational status more
often suffer from adverse health outcomes and die earlier than people who are more privileged
(5-9).

Denmark is a welfare state characterised by equal access to health care and education for all
citizens and has for many years been defined as an egalitarian society due to a very low grade of
economic inequality. However, observations have shown that the economic inequality, measured
by the Gini coefficient has increased during recent years. This pattern has also been observed in
other Northern countries (10).

Recent studies indicate that social inequality in both mental health areas such as depression and
stress, as well as physical health areas such as overweight and obesity have increased in Denmark
during recent years. More specifically, the Danish Council on Health and Disease published in 2014
a report concerning children and young people’s mental health. The report showed that children
aged 10-16 years with the highest incidence of mental symptoms came from lower socioeconomic
groups and that the prevalence of stress among the 16-24 years old was twice as high among the
young people from the lower socioeconomic classes compared to young people from the higher
socioeconomic classes (11).

Results from the review by Magnusson and colleagues showed that across the Nordic countries, an
inverse social gradient in overweight and obesity was present, and they concluded that social
inequality in overweight and obesity is present and persistent in children, adolescents and adults
(12). This seems to be supported by recent findings from the Danish National Health Profile 2017
that showed an increase in overweight and obesity especially among young Danish men aged 16
to 24 years from lower socioeconomic classes, compared to earlier Health Profiles (13).

Although Denmark is considered an equal and an egalitarian society striving to provide the same
possibilities for all citizens, it remains important to examine early social inequality, since being
brought up in a lower socioeconomic family may result in fewer resources which could influence



future life and health (14). A recent study showed that compared to the other Nordic countries
Denmark showed the strongest relative inequality on poor self-rated health among adolescents
(15). The study also emphasised the differences between the Nordic countries with regard to
public health programmes. In Norway, for example, they highlight the role of the social
determinants of health, whereas in Denmark policies highlight individual responsibility and
sensible health choices (15,16).

In summary, continuous research within the area of social inequality during childhood, its
potential relation to mental health and overweight/obesity later in life seems highly relevant in
order to improve future preventive initiatives.



2. Background

Children and young people’s lives are shaped by a large and complex variety of structural,
environmental and social factors. Across countries, some of the strongest determinants of young
people’s mental and physical health are structural factors in terms of national wealth, income
inequality and access to education (17). In Denmark, these structural factors are also very
important, however, it is important to address attention to social and environmental factors at the
individual and family level as well, in order to understand some of the underlying mechanisms
within social inequality, mental health and obesity.

As mentioned in the introduction, Denmark is a welfare state and a fairly equal society. However,
inequality in health still exists in spite of equal rights to education and healthcare (14).
Mackenbach refers to the persistence of health inequalities in modern welfare states as a paradox
(18). He points to the fact that despite extensive welfare arrangements in, for example, the
Northern countries, inequality in health have not been eliminated (18). In a recent paper
Mackenbach states that substantial inequalities in mortality exist in the Nordic countries and that
this paradox may be explained by a combination of three interrelated factors (19). These factors
refer to a continuous inequality in material resources, changes in social stratification and social
mobility and that although there has been improvements in population health and decline in
mortality, those who are higher educated seem to have benefited more from these improvements
than those who are lower educated (19).

Social inequality in health and related concepts used in the thesis

A main approach to study inequality in health is to examine differences in health outcomes at the
group level (20). The approach refers to defining certain social groups and then examine the
health differentials between them (21). From the literature it is observed that a social gradient in
health exists where increasing quantities of social resources, for example, education or income
correspond with increasing levels of health (20). Thus, social inequality in health is defined by "a
systematic relationship between people’s social position in society and their health" (22).

In the literature the terms SEP (socioeconomic position) and SES (socioeconomic status) are often
used synonymously despite the two terms may represent different aspects (23,24). In this PhD
thesis, SEP is applied as a term covering household income, parental educational level and LMP
(labour market participation). When the term mental health problems are applied in the thesis,
this refers primarily to depressive symptoms. However, when cited literature has applied other
terms for SEP or mental health problems, these will be used.

Within the psychological literature, lower SEP has also been applied as a proxy term for adverse
childhood experiences or childhood adversity. The concept of adverse childhood experiences is
broadly used in the literature (25), and there is no consensus on what constitutes adverse
childhood experiences (26). When we refer to childhood social adversity in Paper |, we apply a



very broad term which covers both adverse socioeconomic and psychosocial factors such as
parental low labour market attachment and poorer family functioning.

Social inequality in childhood

A number of studies have examined different aspects of early life exposure to social adversity and
potential short and long term consequences. For example, being exposed to a low SEP or other
adverse experiences for a longer period in early childhood may increase a child’s stress levels
which may negatively influence the developing brain (27) and a child’s future health (28).

Findings from the review by Galobardes et al. confirmed that mortality risk was higher among
those who experienced poorer childhood socioeconomic circumstances compared to peers from
higher socioeconomic families (29). Low SEP in childhood and during the life course has also been
linked to an increased risk of unhealthy life style and health problems in adolescence and
adulthood (30-34).

Growing up in a family where material resources may be sparse for a longer period due to, for
example, financial problems related to household income or parental unemployment may
negatively influence the family environment where the children are growing up (35). Financial
problems in family or parental job insecurity may induce a stressful family environment which may
negatively affect the child’s social and psychological development (36,37). Growing up in a family
with lower educated parents may also affect a child’s life in a negative manner as lower educated
parents may contribute with fewer resources than higher educated parents (38) and perhaps pass
on unhealthy habits to the children, which may increase risk of later poorer health (28). Previous
research has provided evidence that Danish children who grow up in families with lower educated
parents more often end up with a lower educational attainment, compared to peers with higher
educated parents (39).

Defining sensitive periods in childhood and adolescence

The first 1000 days from conception until the child is 2 years of age have been established as a
critical period of life with respect to care and nurturing. However, the years from age 5 to 19 are
also considered of outmost importance due to the different developmental phases which occur
during these years, for example, puberty which involves rapid somatic growth, brain development
and sexual maturation (17,40,41).

The WHO (World Health Organisation) defines the early childhood period as years 0 to 8 (42); an
extremely important period where children are highly sensitive to external influences (43). During
this early period of life, the foundations are set for the child’s physical and mental capacities,
which influence health and development later on (43).



There is growing recognition that the period of adolescence is very important for shaping health
over the life course, hence adolescence is the period of greatest and most rapid development
after infancy (44,45). The WHO defines adolescence as the age period from 10 to 19 years of age
(46) and emphasises that this is also a highly sensitive period of life in relation to developing and
maintaining social and emotional habits, which is an important factor for both current and later
physical and mental health (46). These years involve tremendous physiological and psychosocial
changes and adolescence is a period where future patterns of health behaviour are established
(45). During this period of a child’s life, a supportive family environment is still considered very
important despite decreased parental involvement and increased peer contact (46,47).

A life course approach

Previous research has argued that when examining inequality in health it is highly relevant to
include a life course perspective because health problems develop over time and people are often
exposed to on-going stressors which may affect their health at various stages of life (2).

A life course perspective refers to the assumption that adult health is partly determined by
exposure to biological and social factors in early life. Thus, the roots of health inequalities may
therefore lie in inequalities experienced very early in life and during childhood and adolescence
(18,48). Studies indicate that being exposed to prolonged or chronic lower SEP in childhood or
later in life may be related to later health outcomes depending on the time of exposure (49).
Glymour and colleagues emphasise that “In order to identify effective approaches to address
social inequalities in health, it is critical to incorporate the dimension of time and, in particular, the
differential influence of stages of the life course” (50). Thus, social inequality in health may not
only concern differences between social groups but also timing of exposure and potential periods
of vulnerability during the life course.

Timing of childhood socioeconomic exposure

Within life course epidemiology (48,51,52) several conceptual models have been proposed. In the
paper by Cohen and colleagues (49), they explore different environmental, behavioural, and
psychological pathways through which SES (socioeconomic status) in early life may influence adult
health. The authors refer to three different conceptual models (timing, accumulation and change)
regarding how exposure to low SES-related physical and psychosocial factors during childhood and
adolescence has important implications for adult health. Below the timing and accumulation
models are briefly introduced. The timing model will be applied as the primary theoretical
framework in this thesis. In the timing model, SES-related factors appear to have the largest
impact on adult health if they are experienced during specific developmental (sensitive) periods
defined by an age range from, for example, age 0 to 5 years or defined in a broader sense as a
period (childhood, adolescence). That is; the timing model refers specifically to sensitive periods in



a child’s life (periods of development) where he or she may be most vulnerable to lower SES
exposure (48,49). A sensitive period in a child’s life is thus a time period where an exposure to, for
example, lower SEP has a stronger influence on development and later disease than it would at
other times (51,53). Previous research suggests that different models of life course socioeconomic
factors may provide an important approach to examining the relation between social factors and
health outcomes such as the development of cardiovascular disease (54), where consistent
support for both the timing and the accumulation models have been found (49). The accumulation
model is indifferent in relation to when exposure to SES-related factors occurs during childhood or
adolescence. This model encompasses the notion that the risk of poor adult health increases in
relation to the increasing intensity and duration of the SES disadvantage throughout the life
course (49). It is, however, emphasised that these conceptual models are heuristic and that more
than one model could potentially apply at the same time (49).

In the literature, there has been an increasing interest in exploring how timing of childhood low
SES may affect different health outcomes later in childhood or adolescence. In a review by Spencer
et al. (55), the authors examined the literature regarding early childhood low SES (0—5 years) and
physical health status in later childhood and adolescence. Their results showed that early life
exposure to lower SES was associated with later physical health outcomes in adolescence;
however, the authors also emphasised the need for further research using longitudinal datasets
due to limited evidence (55).

In summary, a life course perspective is a relevant theoretical framework that will be used in the
current thesis in the attempt to understand the relation between early low SEP/ social adversity
and health developments in later life.

Mental health and obesity- two areas of concern to public health

Mental health problems and obesity are recognised as two major public health concerns among
children and young people (56). Both mental health problems and obesity are very prevalent and
associated with negative health consequences (57,58). In the following an introduction to mental
health and obesity will be presented along with well-known risk factors for each of them and a
possible bidirectional relationship between them will briefly be discussed. This will be followed by
a literature review with a focus on childhood socioeconomic exposure in relation to later mental
health and obesity, respectively.

Introduction to mental health

Severe mental health problems in terms of depression are the gt leading cause of illness and
disability globally among young people aged 10 to 19 years (46), and mental health problems are
one of the greatest disease burdens among European children and adolescents (59). According to
the National Health Profile 2017 (13), a national survey on physical and mental health in Danish



people aged 16 and older, an increase in poor mental health was observed from year 2010 to
2017. Results from this survey also showed that nearly 24% of young women between the ages of
16 to 24 years reported poor mental health (13). A recent report on mental health in children and
young people aged 10 to 24 years showed that the incidence of mental symptoms (being sad, in a
bad mood or nervous) was on a weekly basis between 10 and 50% among young people aged
10—16 years (11). Likewise more than one in five 10 to 24 year olds felt stressed often; the
occurrence of feeling stressed, increased with age and was more often present in girls (11).

It seems highly important to address mental health problems especially among children and young
people, since the presence of, for example, depressive symptoms in adolescence may potentially
develop into more severe mental health problems later in life (60,61).

Risk factors for mental health problems

Indicators of social inequality are well-known risk factors for the development of depressive
symptoms in children and young people. In the extensive review by Reiss (62), the author found
that children and adolescents from socioeconomic disadvantaged families were 2 to 3 times more
likely to develop mental health problems than their peers from higher socioeconomic classes and
that low SES which persisted over time was strongly related to more mental health problems.
These findings are also supported by findings in recent cross-sectional studies (63-67) and in
studies that have examined factors like financial stress (68), SES combined with negative life
events (69,70) and higher stress reactivity and stressful life events in childhood (71). Other
common risk factors for mental health problems in young people are gender, genetic disposition,
psychosocial and family environment (72). Freed et al. also found that factors like family
functioning, emotional clarity and depressive symptoms were strongly related constructs among
young people (47). It was furthermore argued by McLaughlin et al. that the use of subjective social
status (SSS) showed a stronger association with mental health than the use of the objective
socioeconomic measures (73), which is supported by other studies (74), and the use of subjective
information on SEP may provide unique information in terms of understanding health disparities
(75).

In summary, mental health problems are very prevalent among children and young people and
some of the important risk factors seem to be related to low SEP and the family environment.
Adolescence is defined as a sensitive period of the life course and it is during this period that most
mental health problems have its first onset, which may potentially develop into more severe
psychological problems later on (61).



Introduction to overweight and obesity

The prevalence of obesity rates by BMI (body mass index) has nearly tripled between 1975 and
2016 across the world and has become worryingly high. In 2016, more than 29% of American
adults aged 18 years and older were obese, whereas the prevalence of obese adults in the
European Region was 23% (76-78). Among children and adolescents aged 5 to 19 years,
approximately 18% were overweight or obese by the year 2016 worldwide (79).

In Denmark, as in most high-income countries, overweight is common; hence more than 50% of
the adult population are overweight and almost one in five adults is obese (13,80). In 2016, one in
four Danish children aged 5 to 19 years was overweight and one in every 14 children (7%) was
obese (80). Research has, however, shown a possible levelling off in the prevalence of overweight
and obesity (81).

Obesity is often defined by a state of excess adiposity that presents a risk to a person’s health in
terms of increased risk of several chronic diseases (type Il diabetes, cardiovascular diseases,
cancer), reduced life expectancy and a greater degree of disability (58,79,82,83). Obesity is a
consequence of sustained positive energy balance over time (84), however, there is no consensus
on causes of obesity in children and adults (85).

Overweight and obesity among children and young people is a very complex and multifaceted
health issue. Initiatives aimed at reducing weight in children, adolescents and adults have
primarily focused on a thermodynamic approach, with life style changes showing modest effects
(86). This has encouraged research in exploring alternative pathways which may help disentangle
the complexities of overweight and obesity among children, adolescents and adults (87,88).
Previous research has observed that countries with a low grade of economic equality have a high
prevalence of obesity. This has inspired ideas that exposure to economic, social or psychological
insecurity and inequality during childhood or adolescence may induce an excessive weight gain
over time (89-91), where insecurity may refer to a person’s own perception of security related to
e.g., employment (38).

Risk factors for overweight and obesity

Being pre-obese or obese as a child increases the risk of being an obese adult. In the literature
many potential risk factors are outlined for the development of overweight and obesity: genetic
factors (92), low physical activity (93), sleep-duration (94), psychological (lower self-esteem,
depression), social and environmental stressors (95-97) and ultra-processed food (98). Other
important risk factors for later overweight and obesity are birth-weight (99,100) and parental
marital status (101,102). Moreover, in the review by Halliday and colleagues (103), the majority of
studies reported significant associations between poorer family functioning and overweight and
obesity in both children and adolescents. These results indicate the value of considering family
functioning in the research on overweight and obesity among children and young people (103).



However, the one exposure which most consequently has been linked to obesity is socioeconomic
disadvantage (104). In the review by Barriuso et al., they examined SEP and childhood-adolescent
weight status in European countries and the US (United States) (105). Results showed an inverse
relationship between SEP and child-adolescent obesity, and that the SEP indicator which showed
the strongest association with the outcome was the educational attainment of the parents (105).
This is supported by findings from the paper by Matthiessen et al. showing a strong inverse social
gradient in overweight and obesity for both girls and boys and furthermore an increase in
prevalence of overweight among Danish boys with lower educated parents (106).

In summary, overweight and obesity is very prevalent among children and young people.
Overweight and obesity among children and young people is a very complex and multifaceted
health issue with a range of different socioeconomic and psychosocial risk factors such as parental
lower educational attainment and psychological distress. It is still a common and very stigmatizing
opinion that obese individuals are lazy and eat large amounts of unhealthy food. This stigma may
increase the risk of lower self-esteem and depression in the individual (107,108).

Mental health and obesity

Several studies have examined how overweight/obesity and mental health are related in
adolescents and adults. Previous research have suggested that depression/ depressive symptoms
and obesity may be causally linked through direct physiological mechanisms, in terms of
mechanisms related to inflammation or stress responses or through psychosocial and behavioral
pathways (109-111) with possible gender-differences (112).

Some studies have provided support for a bi-directional relationship between these two major
public health issues (56). Quek et al. examined the association between childhood and adolescent
obesity and depression, as well as depressive symptoms in persons 21 years old and younger
(113). Results showed a significant association between obesity and depression, as well as
between more severe depressive symptoms in the obese group compared to a normal weight
group, meaning that obese children and adolescent were more likely to suffer from depression
and depressive symptoms, and especially young women were at higher risk (113).

Literature-review on childhood socioeconomic exposure, mental health and obesity.

In the following, primary studies and reviews which have examined socioeconomic and
psychosocial factors in childhood in relation to later mental health (Table 1) or overweight and
obesity (Table 2), respectively, will be presented. We conducted an up-to-date systematic
literature search for meta-analyses, systematic reviews and primary studies on childhood SEP,
childhood psychosocial factors and mental health and overweight/ obesity in Medline (OVID),
Embase (OVID), Cochrane Library, Web of Science and PsycINFO (OVID). Searches were carried out



with MeSH-terms using controlled vocabulary when possible and text words (keywords) in
addition to the controlled vocabulary (Appendix I+11). Search limits were applied due to a large
amount of references (10 years and English language). Relevant references were screened by title
and abstract. Primary studies were included in the following if they were conducted in western
high-income countries within the last 10 year and examined childhood socioeconomic or
psychosocial factors in childhood in relation to mental health or overweight and obesity in
adolescence and early adulthood as the primary outcome.

Childhood socioeconomic exposure and mental health
Table 1 presents an overview of recent studies, which have examined childhood SEP/ social
adversity in relation to depressive symptoms in adolescence and adulthood.

Table 1. Overview of studies examining childhood socioeconomic position/social adversity and depressive symptoms

First author Ref.  Year N Population Follow-up Primary exposure Primary outcome

-

Elovainio 114 2012 1613 3-18 years Age 30-45 Parental educational level Depressive symptoms

(Beck Depression Inventory)

Wirback 35 2014 1880 11-12 years 17-18 years Parental educational level, Depressive symptoms

occupational class (12-item inventory, non validated)
Joinson 115 2016 9193 Born 1990-1992  10-20 years Mother’s education, Depressive symptoms

occupation (the Short Mood and Feelings Questionnaire)
Bjorkenstam 37 2017 2223 Born 1985-1995  2002-2008 Childhood social adversity Depressive symptoms, (13-item Internalizing-

Index, Children’s Depression Inventory)

Green 119 2018 9408 (US) Born 1979-1996  Age 15/16 Annual household income Depressive symptoms (Center for-
Epidemiological Studies Depression scale)
1204 (UK) Born 1991-1997  Age 16 Mental health (12-item-

General Health Questionnaire)

Boe 120 2017 9154 8-11 years 16-19 years Family income Symptoms of depression (short version of-
the Moods and Feelings Questionnaire)
Lindstrom 121 2014 28198 18-80 years Cross-sectional Self-reported economic stress  Psychological health (General health questionnaire)

Elovainio and colleagues examined the association between childhood SEP, measured by parental
occupational grade and income at baseline (1980), and trajectories of self-rated depressive
symptoms in Finnish children and adolescents in 1992 to 2007 (114). Their results indicated that
childhood SEP (parental occupational grade) seemed to influence the risk of depressive symptoms;
however, this effect diminished over time indicating no strong association (114). Results also
showed that parental income was not associated with depressive symptoms. This was a
longitudinal analysis across 27 years of follow-up. A limitation of this study was that their analyses,
due to missing data, were based on less than half of the original study population. This increases
the risk of an underrepresentation of participants from disadvantaged backgrounds which may
bias the true underlying association (114). Wirback et al. examined the association between social
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status in childhood (age 11—12 years) and risk of depressive symptoms among Swedish
adolescents aged 17 to 18 years (35). Their results showed that low parental social position
(measured by occupational class and educational level) in childhood increased the risk of
depressive symptoms among adolescents with an odds ratio of 1.8-2.1 (35). This was a Swedish
longitudinal study conducted with adolescents using several predictors of SEP in relation to
depressive symptoms, which reduces the likelihood of reversed causality hence the exposure were
assessed before the outcome. A limitation of this study, however, was the fact that both the
exposure and the outcome variables were based on self-reported information which can be prone
to information bias.

Joinson, Kounali and Lewis examined the association between family SEP in early life (at birth) and
onset of depressive symptoms in English children and adolescents. Their results showed that low
SEP (measured by maternal occupation and educational attainment) was associated with an
increased incidence of depressive symptoms from ages 10 to 20 (115). This was a longitudinal
study with a large community-based sample (9193) and repeated measures of depressive
symptoms. A limitation of this study was, however, the fact that information on the exposure and
outcome variables was based on self-reported information.

Being exposed to lower SEP/social adversity in childhood may affect future health differently
depending on the period of exposure with reference to the life course theory on timing presented
earlier in this thesis (49). Previous research examining the timing of exposure has primarily
focused on more severe childhood social adversities in relation to later mental health problems
(116) or psychiatric disorders (117,118).

Bjorkenstam et al. examined the association between childhood adversities (poverty, long-term
parental unemployment) and depressive symptoms in adolescence and the impact of timing and
accumulation of adversity in the US (37). Their results showed that children exposed to social
adversity reported higher levels of depressive symptoms in adolescence, albeit timing of exposure
(age 0—6.9 years and 7—12 years) had little association to the risk of depressive symptoms (37).

Green and colleagues used a structured life course approach to examine associations between
different patterns of childhood exposure in terms of timing or accumulation of exposure to
poverty at different stages of childhood (age 0—5 years, age 6—10 years, age 11—15 years) in
relation to mental health in the US and the UK (United Kingdom) (119). Their results did not show
an association between poverty in any of the childhood periods and adolescent mental health in
either the US or the UK (119). Boe et al. examined duration, timing and sequencing of exposure to
low family income during late childhood/early adolescence in relation to symptoms of mental
health problems among Norwegian adolescents (120). Their results showed that having
experienced relative poverty in childhood was associated with more symptoms of mental health
problems in adolescence, relative to young people who had never experienced relative poverty.
They did, however, not find a strong effect of timing in the patterns of associations (120). In the
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study by Lindstrom et al. they investigated three life course hypotheses (accumulation, social
mobility, critical period) in the association between economic stress in childhood and adulthood
and poor psychological health among Swedish adults in Skane (121). Findings from their study
confirmed the accumulation and the social mobility hypotheses, but not the critical period
hypothesis (49), since both childhood and adulthood economic stresses were associated with the
outcome. The authors did, however, conclude that all three life course hypotheses were
interconnected and that both childhood and adulthood may be sensitive periods (121). Limitations
of this study were the cross-sectional study design and the self-reported information on both
childhood and adulthood exposures and the outcome variable.

In summary, it seems fairly consistent from the review by Reiss (62) and the primary studies
presented in this section that exposure to lower SEP in childhood is associated with later mental
health problems, however, several of the studies had some limitations with regard to attrition and
measurements of exposure and outcome. Some of the studies, for example, apply information on
SEP exposures from only one time-point (at birth of the child or in adolescence), it is therefore not
possible to know whether the measured time point reflect a sensitive period for later risk or
perhaps the beginning of an accumulation of low SEP exposures (49). Previous research examining
the issue of timing has mainly focused on more severe childhood social adversities in relation to
later mental health problems. There are only few studies, especially in Scandinavian countries, to
the knowledge of the author, which have examined exposure to lower SEP/ social adversity in
more than one age period in childhood in relation to depressive symptoms in adolescence and
early adulthood and the studies focus mainly on the most vulnerable groups in society. The
literature search revealed only four studies and none of the findings from the studies showed
particular sensitive periods in relation to the outcome. The two studies by Bjorkenstam et al. (37)
and Green and colleagues (119), however, were carried out in the US and the UK which are
countries with neoliberal political systems and high levels of income inequality at the national
level and results may therefore be difficult to transfer to a Danish welfare society. The study by
Lindstrom et al. did, however, conclude that both childhood and adulthood may be possible
sensitive periods between economic stress and psychological health (121).

Childhood socioeconomic exposure and overweight and obesity
Table 2 provides an overview of recent studies and reviews examining childhood SEP and
overweight and obesity in adolescence and early adulthood.
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Table 2. Overview of review and studies examining childhood socioeconomic position and overweight and obesity in
adolescence and early adulthood

First author Ref. Year N Population Follow-up Primary exposure Primary outcome
Kestila 122 2009 1,894 18-29 years Cross-sectional  Parental education/ Adult BMI
unemployment

Morgen 123 2010 1,656 14-16 years 21,3 years (mean) Parental occupation BMI
Brisbois 124 2012 135 (studies) European, North- 18-50 years Early childhood SES Adult obesity
(Review) America, Australia
Bann 125 2017 5,362 1946 NSHD 60-64 year Childhood SEP- Adult BMI
16,383 1958 NCDS 33,42,44,50yr (Father's social class)
16,172 1970 BCS 30 and 42 years
Newton 126 2017 35 (studies)/ US, UK, DK, N/a Life course SES BMI
(Review/ 15 (studies) Brazil, Singapore, Childhood SES
meta-analysis) Scotland, Spain
Australia

In the study by Kestila et al., they examined the association between childhood social
circumstances and overweight and obesity among young adults in Finland (122). Their findings
showed an association between parental low education and adult obesity in both genders when
adjustments were made for other childhood social circumstances (childhood adversities, family
structure) and own educational attainment (122). Limitations of this study were the cross-
sectional design with retrospective information on childhood social circumstances and the main
results had very wide confidence intervals. Morgen and colleagues examined the association
between parental SEP (measured by parental occupation) and the risk of developing overweight in
Danish adolescents aged 15 to 21 years (123). Findings from the study showed that primarily girls
of lower parental SEP had a higher risk of developing overweight during adolescence compared to
the reference group. A strength of this study was the longitudinal design and the nationally
representative sample of adolescents. One of the limitations was the high attrition rate from
baseline to follow-up which may have biased the results. Another limitation may be that parental
SEP was based on occupation which was determined by the school physician at baseline rather
than from available Danish registers (123). In the review by Brisbois, Farmer and McCargar they
examined which factors in early childhood (<5 years of age) that was the most significant
predictors of adult obesity. Despite diversity in primary outcome and study designs, they
concluded that maternal BMI, childhood growth patterns, childhood obesity and father’s
employment status were probably early markers of adult obesity (124). Some of the limitations
mentioned with the studies were the variation in study designs and the methodology, which made
comparisons between studies very challenging and difficult to generalise conclusions (124).

In the recent study by Bann et al., they examined how childhood and adult SEP relates to BMI
across adulthood in the UK. They found that father’s occupational class measured when the child
was age 10/11 years was associated with higher BMI in both adult women and men (125). One of
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the strength of this study was the use of three national birth cohort studies with harmonised data
for SEP and BMI. A limitation of the study was that attrition and non-response were more
pronounced among people with lower SEP and higher BMI which might have biased the results.

In a recent systematic review and meta-analysis by Newton, Braithwaite and Akinyemiju, the
literature was summarized regarding the association of childhood, adulthood and life course socio-
economic status with obesity in adulthood (126). The included studies based the socio-economic
exposures with regard to father’s occupation, family income or parental education. Their findings
showed a consistent association between lower life course SES and obesity among women- but
not among men (126). A limitation with the studies included in the systematic review was the fact
that many studies applied self-reported information on life course SES leading to potential recall
bias on the exposures.

In summary, it seems consistent from the presented studies that exposure to early lower SEP is
associated with overweight and obesity, however, some studies have some methodological
limitations with regard to study design, potential problems related to the quality of exposure
variables and problems with attrition and non-response. Some studies have applied information
from only one time-point in childhood, which makes it difficult to know whether this reflect a
sensitive period (49). Studies, which apply information from more than one time-point in the
association between childhood SEP and later overweight and obesity, has mainly focused on the
early childhood period as a possible sensitive period. Furthermore, there seems to be some
inconsistences whether early exposure to lower SEP may be associated with obesity in both
genders. Although a large amount of research within childhood SEP and overweight and obesity
have been conducted, further research within childhood SEP and physical health using longitudinal
datasets due to limited evidence is emphasised (55) and further research on the timing of
exposure is also warranted (127).

The fact that especially children and young people from lower SEP may experience a higher
prevalence of mental health problems, higher levels of stress and increased overweight and
obesity is worrying. It seems highly relevant to further examine potential underlying mechanisms
in the association between childhood low SEP and mental health or overweight/obesity. In
previous research, it has been established that some of the difference in health outcomes
between children from different SEP can be attributed to accumulated stress- mechanisms
(68,128).

The potential role of stress mechanisms

Most people, regardless of age, are probably quite familiar with the word or terminology "stress"
and also have some sort of an opinion about what it means to experience the feeling of being
stressed. This may be related to a specific situation or perhaps to a longer period in one’s life.

14



Within the research of stress, it is common to distinguish between two types of stress namely an
acute and a chronic type of stress. The acute type of stress is related to the “fight and flight”
mechanism, for example, if one’s safety is threatened (129), whereas prolonged, repeated or
chronic stress can occur in response to exposure to different psychological stressors (e.g. job
pressures) as well as exposure to adverse events in childhood (130,131).

There are many different ways of understanding and also conceptualising the term "stress"
depending on the areas of research. Within the bio-medical tradition "stress" is primarily referred
to as “the non-specific response of the body to any factor that overwhelms or threatens to
overwhelm the body’s ability to maintain homeostasis” (132). Within the area of psychology,
Lazarus and Folkman defined "stress" as “a particular relationship between the person and the
environment that is appraised by the person as taxing or exceeding his or her resources and
endangering his or her well-being” (133). Epidemiologists have, on the other hand, conceptualised
"stress" as exposure to different negative life events (for example job loss, divorce, death of a
parent or abuse) and examined this in relation to later health outcomes (134). In spite of these
different perspectives on stress within different research fields, many researchers have employed
an integrative approach to stress. This approach takes into account the different aspects of the
stress process (134). The stress process represents the process of how stressors in the
environment may contribute to individual stress reactions and potential health risks (134). In this
view stress relies on both the surroundings as well as the individual and the persons experience of
his or her situation as stressful. When a person is not able to resolve the stressful situation or
circumstance, physiological stress responses related to emotional arousal may be continuously
activated or under-activated (134). Over time, this may potentially contribute to mental or
physical health risk through both psychophysiological stress mechanisms and related hormones
and neuro transmitters affecting the organism as well as through negative health behaviours
(135,136).

Psychosocial stressors and obesity

Previous research by Wardle et al. showed that perceived psychosocial stress among adults was
related to increased risk of obesity (137); however, among younger individuals, overweight and
obesity may be linked to other social and psychosocial patterns. In the review by Gundersen et al.,
findings showed that both individual and environmental (household) psychosocial stressors in
terms of, for example, mental health, overall perception of stress, financial stress and maternal
stress increased the risk of overweight and obesity in childhood (97).

In a recent review, Claassen et al. examined the psychosocial pathways, which may underlie the
relationship between socioeconomic status and BMI (138). Findings showed inconclusive evidence
due to the low quality of studies; however, some cautious conclusions could be drawn, namely
that SES was related to BMI partially through environmentally and psychological factors. However,
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only five out of twelve studies found that factors related to stress mediated the association
between SES and BMI (138). Elsenburg and colleagues examined the longitudinal relationship
between stressors in terms of adverse life events in relation to BMI from early adolescence to
young adulthood. Their findings showed that adverse life events in early childhood and late
adolescence were related to a higher BMI in young adults (139).

Erik Hemmingsson has recently developed a conceptual obesity causation model which is a step-
by-step model that mainly focuses on a wide array of psychosocial stressors in the family during
childhood which may be associated with socioeconomic disadvantage (104).

Each step in the model is represented by different domains: socioeconomic disadvantage, adult
distress, disharmonious family environment, offspring distress, psychological and emotional
overload, homeostasis disrupted, start of weight gain and obesity. The model can be viewed below
in Figure 1.
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Socioeconomic disadvantage Adult distress

Job insecurity Unemployment Low self-esteem Depression
Income inequality  Effort-reward imbalance Low self-worth Negative emotions
Social insecurity Poor social mobility Powerlessness and apathy Anxiety

Poor neighbourhood Low education Negative beliefs Cognitive fatigue

Disharmonius family environment

Parent frustrations Emotional needs unmet
Marital discord Lack of support
Negative belief systems Neglect and abuse
Apathy Food insecurity

Harsh upbringing methods Low resilience and coping

Offspring distress

Low self-esteem Increased stress sensitivity
Unsafe and insecure Negative emotions
Negative beliefs Depression

Powerlessness Anxiety

Lacking confidence  Negative self-belief

Psychological and emotional overload

Overreactive emotional responses Increased stress
Need for increased security Increased inflammation
Maladaptive coping behaviours Increased vulnerability

<

Homeostasis disrupted: start of weight gain

Weight gain as protection Appetite up-regulated
Emotional eating Reduced energy expenditure
High intake of comfort foods Cognitive impairment

Negative ‘ circle

Obesity

including numerous medical, psychological, social,
emotional and behavioural consequences

Figure 1. Proposed step-by-step model of obesity causation. Although the figure only shows reverse causality in step
6, all steps in the model are likely to be more or less bidirectional, especially once severe obesity has been established.
Skipping of intermediary steps can also occur, e.g., in adult-onset obesity. Erik Hemmingsson. Obesity Reviews,
Volume: 15, Issue: 9, Pages: 769-779, First published: 16 June 2014, DOI: (10.1111/0br.12197).

In the following, the different steps in Hemmingsson’s model are very briefly described. It is
emphasised by Hemmingsson that not all steps necessarily appear between socioeconomic
disadvantage and obesity.
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Socioeconomic disadvantage/ adult distress

Socioeconomic disadvantage in terms of, e.g., lower educational attainment may increase the risk
of negative emotions and depression in adults.

Adult distress/disharmonious family environment

This increased distress in the adults may negatively influence the family environment where the
children are growing up with increased risk of a disharmonious family environment caused by,
e.g., lack of family cohesion and support.

Disharmonious family environment/offspring distress/psychological and emotional overload

Living in a disharmonious family environment during sensitive periods where children are
emotional and developmentally vulnerable may increase their risk of psychological and emotional
distress.

Psychological and emotional overload/ homeostasis disrupted: start of weight gain

When the individual is unable to cope with a high amount of experienced psychological and
emotional distress, this may lead to the use of maladaptive coping mechanisms in terms of, for
example, eating high-energy-dense-food to suppress negative emotions, which eventually may
result in increased weight.

Obesity

In the last step where obesity has been established, there is the existence of some situations of
reverse causality in terms of the direct impact of obesity on mental health or psychological and
emotional distress (104).

To the knowledge of the author, only one study has previously applied empirical data to examine
aspects of Hemmingsson’s model. Spinosa and colleagues examined via cross-sectional data
associations between SES, psychological distress, emotional eating and BMI in adults in UK (140).
Their findings supported components of Hemmingsson’s model regarding psychological distress
and emotional eating in the association between SES and BMI.

In summary, this proposed obesity causation model appears to encompass several of the aspects
which have been presented earlier in this thesis regarding exposure to social inequality in
childhood and include different psychosocial stress mechanisms. This model holds promise as a
new approach to understand obesity causation. The model is, however, primarily based on
literature from the US and the UK, where children and young people may experience different
levels of chronic stress (141,142) due to higher levels of inequality and insecurity at the national
levels.
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Synthesis

Children and adolescents who are exposed to different kinds of social inequality in terms of lower
SEP or/ and psychosocial stressors during childhood may face an increased risk of later mental and
physical health problems even in a welfare state like Denmark. During this period of an individual’s
life, there appears to be different sensitive periods where exposure to lower SEP may exert a
greater effect on later health outcomes. Despite extensive research regarding social inequality in
childhood and later mental and physical health problems, many studies have applied self-reported
information on both exposure and outcome variables, and some studies have applied information
on childhood exposure from only one time point. It also seems that very few studies have
examined the timing of childhood SEP in more than one age period in relation to mental health
and overweight/obesity in adolescence and early adulthood. Furthermore, there is a lack of
studies using longitudinal data to examine potential associations (55). The prevalence of
overweight and obese children and young people from low SEP families is increasing, and
preventive initiatives within overweight and obesity have focused mainly on a thermodynamic
approach with limited effect (86). It seems important to disentangle the underlying mechanisms
between lower SEP in childhood and later overweight/obesity in order to be able to identify
possible important psychosocial factors to take into account when targeting relevant preventive
initiatives. It furthermore appears that no previous studies have applied longitudinal empirical
data on Hemmingsson’s obesity causation model to examine the underlying associations between
socioeconomic disadvantage and overweight and obesity in adolescence and early adulthood.
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3. Aim of the thesis

The overall aim of the PhD thesis was to examine social inequality and mental and physical health
among young Danish people by examining the associations between socioeconomic and
psychosocial factors in early and late childhood and depressive symptoms and overweight/obesity
in adolescence and early adulthood. Furthermore, we also examined the underlying associations
between socioeconomic disadvantage and overweight and obesity in children and young people
using the obesity causation model by Erik Hemmingsson (104).

Study I:

The aim was to examine the timing of early (years 0—8) and late childhood (years 9—14) family
socioeconomic factors in relation to depressive symptoms in adolescence and early adulthood;
including the psychosocial factors family functioning, negative life events in childhood and
subjective social status in society to the late childhood exposures.

Study Il
The aim was to examine the association between socioeconomic position in early childhood (years
0—8) and late childhood (years 9—14) and overweight and obesity at age 15, 18 and 21 years.

Study lll:

The aim was to explore the associations between socioeconomic disadvantage and overweight
and obesity and examine whether these associations were attenuated, when the effect of the
domains: adult distress, disharmonious family environment, offspring distress, psychological and
emotional overload and homeostasis disrupted from Erik Hemmingsson’s model was taken into
account.
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4. Material and methods
In this PhD thesis, questionnaire and register data from the West Jutland Cohort Study (Vestliv
cohort) were applied.

The Vestliv cohort

The West Jutland Cohort Study is an on-going Danish longitudinal study following a complete
regional cohort of young people who were born in 1989 and were residing in the former
Ringkoebing County in 2004. The main purpose of this youth cohort is to study inequality in health
in a life course perspective. In 2004, the county had around 275,000 inhabitants. Using the Central
Office of Civil Registration (or Central Person register) and information from public schools, the
potential participants were identified by using the personal identification number (CPR number),
which is given to every citizen at birth (or upon entry for immigrants).

The source population comprised 3,681 young people aged 14/15 years. The project has so far
included waves of questionnaires in 2004, 2007, 2010 and 2017 (www.vestliv.dk). The
guestionnaires comprehend a wide array of questions related to the participants’ psychological,
social and physical health. This has been supplemented with a range of register-based information
on, e.g., birth-weight of the participants, parental and participants’ socioeconomic status. Due to
the use of the participants’ CPR number, the researchers could link each child to parental
information from registers (143,144). The data material also encompasses questionnaires
completed by parents to the participants in 2004 regarding parental psychosocial factors.

Recruitment and data collection

Recruitment of participants took place at the schools within the county, where a baseline
guestionnaire was completed during school hours in 2004 when the participants were
approximately 15 years old. Those not at school on the day of collection received the
questionnaire by mail. Of the potential 3,681 responders, 3,054 (83%) participated in the first
guestionnaire wave. All the potential responders in 2004 were re-invited to participate at the later
waves.

Ethical considerations

When the cohort was established in 2004 the parents were informed that their children were
asked to participate in a survey wave. However, if the parents contacted the research team
conducting the surveys informing that they did not want the children to participate they were
excluded. At the following waves every participant was informed that it was voluntary to
participate.
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Table 3 provides an overview of the response rates at the four waves conducted in the Vestliv
study in relation to the overall source population at each wave.

Table 3. Collection points and response rates in the Vestliv cohort
Data collection

2004 2007 2010 2017
Cohort 1989 Age 14/15 years Age: 17/18 years Age 20/21 years Age 27/28 years
(N=3,681) n: 3,054 n: 2,400 n: 2,145 n: 2,102

Response rate: 83% | Response rate: 65% | Response rate: 58% | Response rate: 57%

Register information
In this thesis, various register information was obtained from Statistics Denmark. By using the CPR
number, linkages between the cohort and the different registers and databases were performed.

The Danish Civil Registration System (CPR Register)

The Danish Civil Registration System contains information for administrative purposes on all
persons who are alive and living in Denmark. The register includes individual information on the
CPR number, name, gender, date and place of birth, citizenship, identity of parents and
continuously updated information on place of residence and civil status (identity of spouses) (144).
Information about addresses, gender, and age of the potential participants to the Vestliv cohort
was identified prior to the first questionnaire collection (2004). Using the CPR register, the
participants were linked to their parents or legal guardians.

Danish Registers on Personal Income and Transfer payments

The Danish Register on Personal Income and Transfer payments includes information on the
income composition of all individuals who are economically active in Denmark or abroad. The
register contains over 160 variables, which are generally considered to be of high quality as they
come from administrative registers (145). We used the register to obtain information on yearly
household income and equivalised disposable household income in Danish Kronor (DKK) for the
participants’ residence from birth until age 14 years (1989-2003).

Danish Education Registers
The Danish Education Registers include all individuals attending an educational institution in
Denmark and link information within and across years through the CPR number. Each year, the
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educational institutions provide individual-level information on enrolment status, completed
levels of education, and exams. We applied information from the Population’s Education Register
on the highest completed education for each of the parent’s, which was obtained for 96.4% of the
Danish population aged 15 to 69 years. The education registers are generally considered to be of
high quality (146). We used the registers to obtain information on parental highest education level
in 1989 (birth) and 2003 (14 years). We also applied information from the register about the
participants’ own highest completed education at the age of 28 years.

Danish Register for Evaluation of Marginalization (DREAM Register)

The DREAM register contains information on all public transfer payments administered by Danish
ministries and municipalities for Danish citizens on a weekly basis since the second half of 1991
(147). We used the DREAM register to construct a labour market participation variable for each
parent in early and late childhood (1991-2003).

Danish Medical Birth Register

The Danish Medical Birth Register is a national register with information about all hospital and
home births in Denmark (148). It was established in 1973 and is a key component of the Danish
health information system. The register enables monitoring of the health of pregnant women and
their offspring and is used extensively for research. The register contains information on maternal
age which is provided by the Danish Civil Registration System (149).

We used the Danish Medical Birth Register to obtain information on birth weight of the
participants (1989). We also used the register to obtain information about pregnancies at the time
of the four questionnaire waves.

Study designs and samples
The three studies in this thesis were all based on both questionnaires and register information
from children and parents.

Table 4 provides an overview of the three study designs with information on topic, inclusions
criteria, sample, data sources, exposures and outcome variables and data analyses of the three
studies.
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Table 4. Overview of study designs with topic, design, inclusions criteria, sample sizes, data sources, exposure and outcome variables and data analysis

Study | Study Il Study Il
Topic Childhood SEP and depressive symptoms | Childhood SEP and overweight! obesity Socioeconomic disadvantage and overweight/ obesity
Design Cohort study Cohort study Cohort study
Inclusions criteria Respond to questions on depressive Respond to questions on weight Respond to questions on weight
symptoms in 2004, 2007 or 2010 and heightin 2004, 2007 or 2010 and heightin 2004, 2007, 2010 or 2017
Sample sizes N=3,014 (2004), N=2,373 (2007), N=2,879 (2004), N=2,308 (2007), N=2,879 (2004), N=2,305 (2007),
N=1,968 (2010) N=1,974 (2010) N=1,961(2010),N=1,872 (2017)
Data sources Questionnaires 2004-2010, CPR, Questionnaires 2004-2010, CPR, Questionnaires 2004-2017,
Danish Registers on Personal- Danish Registers on Personal- parental questionnaire 2004
Income and Transfer payments Income and Transfer payments Danish Registers on Personal-
Danish Education Registers, Danish Education Registers, Income and Transfer payments
DREAM register DREAM register CPR, Danish Education Register,
DREAM register,
Danish Medical Birth Register
Dependent variables
(outcomes) Depressive symptoms (CES-DC) Overweight/ obesity (BMI) Overweight/ obesity (BMI)
Independent variables
(main exposure) Equivalised household income, Household income, Equivalised household income,
mother’s educational level, parental educational level, mother’s educational level,
mother’s LMP, family functioning parental LMP, family functioning mother’s LMP
SSS, negative life-events
Data analysis Logistic regression models Multinomial logistic regression models Logistic regression models
Outcomes

Depressive symptoms (Study 1)
Many epidemiologic studies have applied self-administered questionnaires with different rating

scales to measure current levels of depressive symptoms among children, young people and

adults. One of the most extensively used measures of depressive symptoms is the Center for

Epidemiologic Studies Depression Scale (CES-D), which originally was a 20-item version developed
to measure the current level of depressive symptoms in a general population. The scale has
hereafter been shortened to versions including 4 to 16 items and used within various populations
including children (150).

The scale was originally developed for research purposes but it is also used as a screening tool to
identify persons who are in risk of clinical depression. The scale has been translated into several
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languages (Danish among others) and validated for both children and adults (150,151). Depressive
symptoms were in this thesis measured at ages 15, 18 and 21 years using the abbreviated 4-item
validated version of the Center for Epidemiologic Studies Depression Scale for Children (CES-DC)
(151). The reliability of this abbreviated scale was in our data; 0.63 in 2004, 0.63 in 2007 and 0.70
in 2010, measured by Cronbach’s alpha. The CES-DC scale consists of four items asking about a
participant’s mental state over the past week: "During the past week, how much have you had the
following feelings?" a. “l was happy this week”; b. “I felt like kids | knew were not friendly or that
they didn’t want to be with me”; c. “I felt sad”; d. “It was hard to get started doing things this
week”. There are four categories of answers to each question in the form of “not at all”, “a little”,
“some” and “a lot”. The answers were awarded scores of 0 to 3, where high values correspond to
having depressive symptoms. The answer for question a. was therefore reversed. The four items
summed up to a score between 0 and 12. We applied single item imputation if one item was
missing by taking the mean of the other three items, assuming that the answer to these questions
would reflect a possible answer to the missing item. We primarily analysed the outcome as a
dichotomous variable, however, the outcome was also analysed as a continuous variable in a
sensitivity analysis in Study I. For the dichotomous variable the definition of depressive symptoms
was obtained using the cut-off point of 3, and a score above (23) indicated depressive symptoms,
as Fendrich et al. have recommended for this abbreviated 4-item scale (151). This cut-off was
based on an American sample of young people and corresponded to a sensitivity of 63% and
specificity of 55% when major depressive disorder was the criterion diagnostic group (151).

Overweight and obesity (Studies II+Il)

In epidemiologic studies, BMI based on participants’ self-reported information on weight and
height is widely used to categorize overweight and obesity using standardized BMI thresholds in
children and young people (152,153). BMl is a fairly simple measure of the body composition and
has been accepted as an adequate measure and useful tool to detect body fatness (154). BMl is
calculated as weight in kilograms divided by height in metres squared (weight/height?).

In this thesis, overweight and obesity defined by BMI were used as an outcome in Study Il and as a
combined outcome measure in Study Il

Information about weight and height was derived from all four questionnaires in 2004, 2007, 2010
and 2017. At age 15, participants were categorized into "normal weight" (<23.29 kg/m2 for boys
and <23.94 kg/m? for girls) and "overweight" (=23.29 kg/m? for boys and >23.94 kg/m? for girls)
using thresholds for 15-year-old girls and boys (155), because there were very few obese at this
age. At ages 18, 21 and 28 years, participants were categorized according to the International
Classification of adult overweight (BMI225) and obesity (BMI=30)(156); however, in Study I, we
additionally applied the cut-offs for obesity (BMI1=227.5) from the Global Database on Body Mass
Index (153) to enhance the statistical strength to estimate the associations.
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Women who were more than 3 months pregnant at the collection point were excluded from
analyses related to that survey wave due to a temporally higher BMI (Study IIl).

Exposure variables

In Study | and Study Il, we defined early childhood as the age span between age 0 to 8 years, and
the late childhood period was defined as the years between the ages of 9 to 14 years. We made
this distinction between early and late childhood from a pragmatic point of view since the
literature is mixed. The WHO defines the early childhood as spanning from age 0 to 8 years (42)
and referring to adolescence spanning from 10 to 19 years of age (46). Spencer, Thanh and Louise
referred to the early childhood period as age 0 to 5 years (55) and in the study by Bjorkenstam et
al. they divided the childhood period into the age range of 0—6.9 and 7—12 years (37). We do
believe that applying an age range for the early childhood period, which is recognised and applied
by the WHO seem reasonable. This decision can, however, make it difficult to compare results
from studies which have applied other age ranges (e.g. 0-5 years) because of shorter period of
exposure and the fact that the early childhood period in our studies includes an entrance in
school, which may also influence a child’s life.

Childhood family factors

In this thesis, childhood family factors covered socioeconomic exposure factors, while psychosocial
factors covered self-reported exposure factors. We included the subjective psychosocial factors
because these variables may contribute with valuable knowledge regarding the family
environment and the experienced social adversity in childhood, which may not be captured by the
socioeconomic exposures. By applying the different indicators of parental SEP, the intention was
to measure variation in both access to material and to psycho-social resources for the children.

The chosen variables were yearly household income, parental highest educational level and
parental labour market participation, which all were based on register information when the
participants in the youth cohort were children. These socioeconomic exposure variables were
supplemented with self-reported information on family functioning (Studies I+ll), subjective social
status in society (Study I) and negative life events in childhood (Study 1), all derived from the
baseline questionnaire (2004).

Two different types of income variables were applied: yearly household income (Study Il) and
annual equivalised disposable household income (Studies I+11l). These two types of income are
very different, as described below, and cannot be compared.

Yearly household income covers information about tax-related income for all residents above 18
years in the household living together with the child. This income variable was available from 1989
and onwards.
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Annual equivalised disposable household income is a measure for welfare, hence it informs about
the inequality in the wealth distribution among Danish families independent of the size and age-
distribution of the family. Equivalent disposable household income is a weighted value, which uses
an equivalence scale that takes into account that a family of two adults consumes more, but does
not need twice the income as a family with only one adult. The scale also reflects that children do
not need as much income as adults to achieve the same standard of living. This variable was
available from 1990 and onwards.

Since both types of income were continuous variables and can be fluctuating parameters over
time, we decided to take the mean value across the early childhood (age 0—8 years) and across
the late childhood (age 9—14 years). This decision was inspired by previous research which has
applied an average family income calculated over several years instead of applying income from
only one time point (157).

Both types of income were then categorized into low, medium and high income grouped by the
33.3"and 66.6™ percentile based on the entire source population. If a participant’s parents were
divorced, this information stemmed from the household where the participant’s address was
listed.

Information about maternal and paternal highest educational level in 1989/1997 (early childhood)
and 2003 (late childhood) was derived from different educational registers (146). The variable was
divided into three categories: <10 years, 11-13 years and >13 years of education. If information
was missing for year 2003, information from previous years was applied (last observation carried
forward). It was decided to categorise the variable in these three categories, where information on
higher education was collapsed as one category (>13 years) to prevent rendered results. However,
this made it difficult to disentangle whether there would be any exposure-response effect
according to years of higher educational attainment.

Highest educational level was provided for both parents in Study Il. In Study | and Study Il it was
merely mother’s highest educational level which was applied as an exposure variable. This
decision was taken, since it was expected that children in the early part of life might have a closer
emotional connection with the mother because it is often the mother who are considered the
main caregivers of children (158) and stays on prolonged maternity leave. Furthermore, mothers
tend to play a larger role in child-rearing (159).

Information on mother’s and father’s LMP was derived from the DREAM register. Mother’s and
father’s LMP was defined according to the degree of receiving social benefits (e.g. sickness
absence compensation or unemployment benefits) within each year from 1991-2003. When the
variable was defined, payments related to maternity leave and educational grants were omitted.
LMP was a continuous variable in the range from 0 to 100 and calculated as a mean LMP score
between 0 and 1 for each parent in each childhood period and categorized into "high LMP" and
"low LMP" at a cut-off value of 20.80 indicating high LMP, which has been applied in previous
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studies in the same cohort. LMP was provided for both parents in Study Il. In Study | and Study Il it
was only the mother’s LMP which was applied as an exposure variable.

Psychosocial factors
SSS (Subjective social status in society), negative life events in childhood and family functioning
were self-reported from the baseline questionnaire in 2004.

SSS was measured by the youth version of the MacArthur Scale of Subjective Social Status (160),
using a Danish translated version. This instrument is a 10-rung ladder with the following
instruction: "Imagine that this ladder pictures how the Danish society is set up". The participants
were asked to place an X on the ladder representing where their family would be in relation to
income, education and prestigious jobs. The scale was categorized into three groups composed of
the three lowest rungs (low SSS in society), the three highest rungs (high SSS in society) and the
four in the middle (average SSS in society).

Negative life events were measured by six items taken from Newcomb et al.’s (161) measure and
the Social Stress Indicator (162). The wording of the questions was the following: “In your life-
time”: 1: “Have your parents divorced?” 2: “Have you lost any of your parents because they died?”
3: “Have any of your parents abused alcohol or drugs to an extent where it caused problems in the
family?" 4: “Have you been abused by someone you knew'? 5: “Have you witnessed a very
violent event”? 6: “Have your parents suffered a life-threatening disease or accident”?. Response
options were yes/no and were summated for each individual yielding an index score between 0
and 5 since none of the participants indicated to have experienced all six negative life events
(163). The variable was dichotomized into <2 negative life events and 22 negative life events as
applied in a previous study on the same cohort (164).

Family functioning was a categorical variable based on the general functioning subscale of the
McMaster Family Assessment Device (FAD), developed by Epstein et al. (165). The FAD consists of
seven subscales where the General Functioning scale assesses the overall health/pathology of the
family with questions about how the family handles e.g., crisis or other family issues. It consists of
12 items with four response categories ranging from "strongly agree" to "strongly disagree"
(scores 1—4), where higher values indicate poorer family functioning. A mean value for the 12
items was calculated. Family functioning was applied as a continuous exposure variable (Study I)
and as a dichotomised exposure variable (Study II+lll). The dichotomous variable family
functioning was dichotomised at the 75t percentile, which indicated poor family functioning at
22.08, which lies between the mean value for the non-clinical and clinical samples on General
Functioning (165).

The following psychological, social and life style factors were all applied as proxy variables in Study
Il to cover the exposure domains: adult distress, disharmonious family environment, offspring
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distress, psychological and emotional overload and homeostasis disrupted: start of weight gain
from Hemmingsson’s proposed step-by-step model of obesity causation (104).

Definition of exposure domains

Adult distress was measured as parental self-rated health (2004). Information was provided by the
parents in the parental questionnaire in 2004 and measured using a single item from the SF-36 on
general health (GH-1) (166). The question was “In general, would you say your health is...” with
five response options ranging from “excellent” to “poor”, which was subsequently dichotomised
to indicate “good” (excellent, very good) versus “poor” (good/less good/poor) self-rated health.
The decision to include the response "good self-rated health" as part of the "poor" category was
due to the fact that this is a healthy population and we expect a high level of self-rated health.
Furthermore, very few participants rated their self-rated health as less good/poor, so to avoid
rendered results this procedure was applied.

Disharmonious family environment was measured as family functioning. Please see the previous
description of this variable below the section psychosocial factors. In Study Il we applied the
variable family functioning as a dichotomous variable.

Offspring distress was measured as participant’s self-rated health, self-esteem and depressive
symptoms. From the baseline questionnaire (age 15), we applied information about these three
variables. Self-rated health was measured using a single item from SF-36 on general health (GH-1)
(166) and the response categories were dichotomised as described above with the domain adult
distress.

Self-esteem of the participants (2004) was measured using six items from the Rosenberg’s self-
esteem scale with scores from 1—4 and a total score between 6 and 24 (167). Scores were
reversed so higher scores indicated lower self-esteem. The variable was dichotomised at the 75"
percentile into “high” and “low” self-esteem.

Depressive symptoms were measured using the abbreviated 4-item validated version of the "The
Center for Epidemiologic Studies Depression Scale for Children" (151). For further description |
refer to the previous description of the variable below the section with the outcomes. In Study Il
we applied the variable as a dichotomous measure.

Information on the following proxy variables to cover the two domains psychological and
emotional overload and homeostasis disrupted: start of weight gain was all retrieved from the
guestionnaires in 2004, 2007 and 2010.

Psychological and emotional overload was measured as avoidance coping, perceived stress and
smoking status.
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Avoidance coping was measured using three subscales of two items each from the BRIEF COPE
Scale (168). The three subscales employed in this thesis were “self-distraction”, “substance use”
and “behavioural disengagement”. Each item had four response categories (scores 1—4), where
higher scores indicated a higher level of avoidance coping. The avoidance coping scale was created
by the mean of the item scores. The distribution of the avoidance coping for this population was
skewed to the right, so we decided to dichotomise the avoidance coping scale into high and low

avoidance coping at the 75" percentile, respectively.

Perceived stress was measured using a Danish four item version of the Perceived Stress Scale
(PSS), originally developed by Cohen et al. (169). It consists of four items asking about the
responder’s experience of being in control of one’s personal life during the last month. Each item
had a score between 0 (“never”) and 4 (“very often”). The total scale ranged from 0 to 16 points,
where higher values indicated higher levels of perceived stress. PSS has no clinical cut points, so
the variable was dichotomised into high and low PSS at the 75" percentile, respectively.

Smoking status was a categorical variable with four possible answers that were dichotomised into

smoking (“yes, but not every week”, “yes, but not every day”, “yes, daily”) and no smoking (“no, |
do not smoke”).

Homeostasis disrupted: start of weight gain was measured by physical activity (PA) and computer
time (CT). PA was a categorical variable where each participant was asked in a single item, “How
many hours a week during leisure time do you usually exercise or play sports where you are out of
breath or sweating?”. The six possible answer categories were ranging from “none” to “27 hours”.
The variable was dichotomised according to the recommendation on daily PA for adolescents and
young adults (170). At age 15: “Low level of PA” (£2-3 hours/week) and “high level of PA” (>4-6
hours/week). At ages 18 and 21: “Low level of PA” (<1 hour/week) and “high level of PA” (22-3
hours/week).

CT was a categorical variable where each participant was asked in a single item, “On an average
(school) day, how many hours of your leisure time do you spend in front of a computer?”. The
seven possible answer categories were ranging from “I am not using the computer” to >4 hours”.
There are to the knowledge of the authors only official recommendations regarding screen time
for small children (171) and none for adolescent children and young people’s time spend in front
of a computer, so a pragmatic decision was taken to dichotomise the variable at the 75
percentile, which resulted in slightly different cut-offs depending on age. At age 15: “Low level of
CT" (<2 hours/day) and “high level of CT" (>3 hour/day). At ages 18 and 21: “low level of CT" (<3
hours/day) and “high level of CT"” (>4 hour/day).
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Additional variables

The following variables birth-weight, split-home and participant’s own educational attainment
were chosen a priori as potential confounders. Information on birth-weight was obtained from the
Danish Medical Birth Register (148). Birth-weight was applied as a potential confounder in Study
[1+111 since birth-weight has previously been found associated with SEP (172) and later overweight
and obesity (99). Information on the variable split-home was obtained from the CPR register (144)
on whether the child lived with both parents or not in 1989 and 2003. The variable split-home was
included in Study Il as a potential confounder since parental marital status has previously been
found associated with overweight and obesity (101,102).

Information on participants’ educational attainment at age 28 years was obtained from
educational registers (146). When examining associations between childhood SEP and later health
outcomes in early adulthood previous research has shown that it is relevant to include
adjustments for adult SEP (173). We included an adjustment for this variable in Study Ill where the
outcome was measured at age 28 years. We did, however, not apply this adjustment to Study I+l
because many of the participants’ at the age of 21 years are still living at home or receiving
financial help from their parents during study years.

Statistical analyses

All analyses were performed using the statistical package Stata, statistical software version 14.2
(Stata Corporation, College Station, Texas, USA). All results are presented with 95% confidence
intervals (Cl).

Study |

We examined the associations between childhood family factors in early and late childhood and
depressive symptoms at ages 15, 18 and 21 using logistic regression analyses. We included the
psychosocial variables: SSS, negative life events and family functioning to the late childhood
exposures.

We carried out mutual adjustments for other socioeconomic exposure variables from the same
childhood period and gender. We included adjustments for early childhood socioeconomic
exposures when examining the late childhood socioeconomic factors in relation to the outcome.
When we examined the associations between each of the three psychosocial variables and
depressive symptoms we made mutual adjustments for the other psychosocial variables and SEP
in late childhood.
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Study Il

We applied multinomial logistic regression analyses to examine the association between
socioeconomic position and family functioning in early and late childhood and overweight and
obesity at ages 15, 18 and 21. We mutually adjusted for other socioeconomic exposures in each
childhood period. When we examined the associations between SEP in late childhood and
overweight/obesity we included an adjustment for the same SEP exposure in early childhood to
take the effect of the early childhood exposure into account. All analyses were stratified by
gender. We furthermore included adjustments for birth weight and split-home in all analyses.

Figure 2 illustrates the hypothesised causal relations between the different variables presented in
Study I+11.

| Exposure
Negative life—events - .
Potential confounders
Exposure o Other late childhood
exposures
Subjective social status P i
Exposure
Family functioning
v
Sensitive period Sensitive period ¥
k_Y_J k_Y_J Outcome
Exposure Exposure Depressive symptoms
early childhood family factors late childhood family factors > Overweight/obesity
age 0-8 years age 9-14 years (age 15,18,21)
| //27 =
Potential confounders Potential confounders
Other early childhood SEP Early childhood SEP _',/-""
birth-weight, split-home other late childhood exposures
birth-weight, split-home

Figure 2 is illustrating possible causal relations in study I+ll. The arrows between negative life-events, subjective social status and family
functioning towards the box with the late childhood exposures show that the three psychosocial factors represent exposures in the late
childhood. The dotted lines represents the relation between potential confounders and exposures and outcomes.

Study Il

We examined the association between socioeconomic disadvantage and obesity using logistic
regression analyses. We examined the unadjusted association between each of the three exposure
variables and the outcome at age 15, 18, 21 and 28 years (Model I). We then applied a three-step
adjustment model, where we mutually adjusted for other socioeconomic exposures (Model I1),
adjusting further for the domains adult distress, disharmonious family environment and offspring
distress (Model ll1). In the fourth and fully adjusted model (Model 1V), we adjusted for Models I+l
and the domains psychological and emotional overload and disrupted homeostasis. We adjusted
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all the analyses for birth weight at all four time points and included adjustments for own
educational attainment in the analyses at age 28 years. All analyses were stratified by gender.
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5. Results

Summary of results
This section will summarise the main findings from the three individual studies in this PhD thesis.
Additional and more detailed information on the findings is available in the embedded papers.

Description of the cohort

In table 5 is presented proportions and distributions of the two outcomes at age 15, 18 and 21
years for the entire cohort along with the main exposure variables included in the three studies. In
the three studies sub-samples of the cohort have been applied and for further description of these
subsamples please see Paper I-lll.

Table 5. Descriptive statistics of main exposure variables (selected) and the two outcomes for the entire cohort in 2004, 2007 and 2010 (N=3,681)

age=15 age=18 age=21

Variables

N N N
Gender 3,054 2,400 2,145
Girls 1,536 (50%) 1,289 (54%) 1,163 (54%)
Boys 1,518 (50%) 1,111 (46%) 982 (46%)
Depressive symptoms 0-12 (mean/sd") 3,014 222(22) 2373  2,86(2,3) 1968  247(2,3)
Body Mass Index in kg/m? (mean/sd") 2879  20,1(2)9) 2,308 223(33) 1,974 236 (4,0)
Early childhood
Yearly household income in DKK (mean/sd") 2916 394,146 (145,484) 2,317 398,684 (138,993) 2,085 395,358 (132,357)
Equivalised household income in DKK (mean/sd") 2,933 80,251 (23,103) 2,312 80,651 (23,062) 2,079 79,563 (22,281)
Mother’s highest educational level 1989 2,797 2,251 2,034
>13 years 645 (23%) 555 (25%) 506 (25%)
11-13 years 1,250 (45%) 998 (44%) 902 (44%)
<10 years 902 (32%) 698 (31%) 626 (31%)
Mother’s labour market participation 2,988 2,397 2,140
High 2,073 (69%) 1,693 (71%) 1,508 (70%)
Low 915 (31%) 704 (29%) 632 (30%)
Late childhood
Yearly household income in DKK (mean/sd") 2994 526,147 (207,941) 2,363 534,356 (204,020) 2,112 530,764 (202,426)
Equivalised household income in DKK (mean/sd") 2989 145,418 (56,337) 2,368 146,970 (58,084) 2,107 145,597 (57,435)
Mother’s highest educational level 2003 2,944 2,360 2,120
>13 years 883 (30%) 746 (32%) 669 (32%)
11-13 years 1,361 (46%) 1,076 (45%) 957 (45%)
<10 years 700 (24%) 538 (23%) 494 (23%)
Mother’s labour market participation 2,974 2,386 2,129
High 2,239 (75%) 1,842 (77%) 1,637 (77%)
Low 735 (25%) 544 (23%) 492 (23%)
Family functioning (mean/sd") 3,015 1,75(0.52) N2 NIR NAZ  NIR

! standard deviation, 2 Not available
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As presented in table 5, it can be observed that more girls than boys participated at each survey
wave. We observed the highest mean level of depressive symptoms at age 18 years which
declined at age 21 years. It can also be observed that the mean BMI increased from 22,3 kg/m? to
23,6 kg/m? in the years from 18 to 21. We omitted the column at age 28 years which presented
that 1,189 women and 913 men participated at this wave with a mean BMI equivalent to 25,3
kg/m2 (standard deviation=5,4 kg/mz). It can also be observed from table 5 that the distribution of
mother’s highest educational level changed from 1989 to 2003 revealing a smaller proportion of
young people from homes where mother’s had <10 years of education.

Study |
Main results from Study | is presented in Table 6. The table shows adjusted estimates for the

association between early and late childhood exposures in relation to depressive symptoms at
ages 15, 18 and 21.
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Table 6. The associations between childhood socioeconomic and psychosocial factors and depressive
symptoms at ages 15 (N=3,014), 18 (N=2,373) and 21 years (N=1,968).

15 18 21
Early childhood AOR' (95% CP%) AOR' (95% CP) AOR' (95% CI%)
Equivalised household income
High (ref.gm.%) 12 12 12
Medium 1.0 (0.8;1.2) 1.1 (0.9;1.3) 1.2 (0.9;1.6)
Low 1.0 (0.8;1.2) 1.1 (0.8;1.3) 1.4 (1.1;1.8)
Mother’s labour market participation
High (ref.gmp.®) 12 12 12
Low 1.3 (1.1;1.5) 1.1 (0.9;1.3) 1.0 (0.8;1.3)
Mother’s highest educational level
>13 years (ref.grp.?) 12 12 12
11-13 years 0.9 (0.7;1.0) 0.8 (0.7;1.0) 0.9 (0.7;1.2)
<10 years 1.0 (0.8;1.2) 1.0 (0.8;1.2) 1.3 (1.0;1.7)
Late childhood
Equivalised household income
High (ref.grp.?) 1° 1° 1°
Medium 1.2 (0.9;1.4) 0.9 (0.8;1.2) 1.2 (0.9;1.6)
Low 1.2 (0.9;1.5) 1.0 (0.8;1.4) 1.1 (0.8;1.6)
Mother’s labour market participation
High (ref.grp.%) 1° 1° 1°
Low 1.0 (0.8;1.2) 1.0 (0.8;1.3) 1.4 (1.0;1.8)
Mother’s highest educational level
>13 years (ref.grp.a) 1¢ i iR
11-13 years 1.1 (0.7;1.9) 1.1 (0.6;1.9) 0.5 (0.2;0.9)
<10 years 1.5 (0.8;2.9) 1.2 (0.6;2.4) 0.9 (0.4;2.0)
Poor family functioning
Increase per unit 2.6 (2.2;3.1)f 1.8 (1.5;2.2) 1.9 (1.6;2.4)
Subjective social status
High (ref.gm.%) 1f 1f 1f
Average 1.2 (1.0;1.5) 1.1 (0.9;1.3) 1.1 (0.8;1.3)
Low 1.0 (0.5;2.1) 0.9 (0.4;2.1) 0.7 (0.3;1.8)
Negative life events
<2 (ref.grp.%) 1f 1f 1f
=2 1.7 (1.3;2.2) 1.4 (0.9;1.9) 1.2 (0.8;1.7)

' Adjusted Odds Ratio, 2 Confidence interval, ® Reference group

@ Mutual adjusted for other early childhood socioeconomic exposures

° Mutual adjusted for other late childhood exposures, early childhood equivalised household income

¢ Mutual adjusted for other late childhood exposures, mother’s labour market participation in early childhood

9 Mutual adjusted for other late childhood exposures, mother’s highest educational level in early childhood

fMutual adjusted for other late childhood exposures

We observed in Study | that being exposed to mother’s low LMP, low equivalised household
income or mother’s low level of education in early childhood was significantly associated with a
higher risk of depressive symptoms at ages 15 and 21 years. We also observed that being exposed
to mother’s low LMP in late childhood was associated with a higher risk of depressive symptoms at
age 21 years. Furthermore, adjusted analyses showed that exposure to mother’s low level of
education in late childhood was associated with a higher risk of depressive symptoms at age 15

years although the confidence intervals were wide.
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When we examined the associations between each of the psychosocial variables in late childhood
in relation to depressive symptoms at the three time points, we observed that especially family
functioning showed a consistent association with depressive symptoms. For each unit increase in
poor family functioning, the odds of depressive symptoms increased between 1.8 and 2.6-fold at
ages 15, 18 and 21 years. We also observed that participants who had experienced more than two
negative life events before the age of 15 years had almost twice the odds of depressive symptoms
at age 15 years, compared to peers who had experienced less than two negative life events.

Study Il

In the following tables 7 and 8 main findings from Study Il are presented. All analyses were
stratified by gender. The two tables show adjusted estimates for the association between
childhood SEP and family functioning in early and late childhood in relation to overweight and
obesity at ages 18 and 21 years. For further information regarding the outcome at age 15 years,
please see Paper ll.
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Table 7. The association between early childhood socioeconomic position, family functioning and overweight and obesity at age 18 and 21 years.

Girls Boys
Early Childhood 18 (n=970) 21 (n=864) 18 (n=840) 21 (n=698)
ARR"® (95% CP) ARR"® (95% CP) ARR"® (95% C) ARR"® (95% C)

Overweight Obesity Overweight Obesity Overweight Obesity Overweight Obesity
Household income
High (refgrp.®) 1 1 1 1 1 1 1 1
Medium 15(0.9;26) 1.4(0.7;2.9) 07(04;12) 14(0924) ]0.7(04;1.1) 1.0(0.5:1.9) 0.7 (04;1.1) 1.1(0.6;2.0)
Low 09(0519) 0.9(04;2.1) 05(0.3;1.0) 1.1(06;1.9) ]0.7(0.3;14) 1.2(0.6;2.4) 0.5(0.3;1.0) 0.9(0.5;1.9)
LMP* (mother)
High (refgrp.®) 1 1 1 1 1 1 1 1
Low 13(0.82.1) 1.0(0.6;2.0) 16(1.026) 12(08718) [1.1(0620) 1.3(0.7;2.3) 20(1232) 22(1338)
LMP* (father)
High (refgrp.®) 1 1 1 1 1 1 1 1
Low 14(0.7;29) 0.8(0.3;2.2) 07(03;15) 08(04;16) |1.1(04;28) 2.8(1.3;6.1) 0.7(0.3;21) 1.6(0.7:4.1)
Highest educational level
1989 (mother)
>13 years (refgrp.%) 1 1 1 1 1 1 1 1
10-13 years 0.8(04;16) 0.7(0.3;1.7) 09(0517) 1.0(051.7) |14(0.7,25) 0.8(0.4;1.6) 1.7(1.0;3.0) 0.7 (0.4;1.4)
<10 years 14(0.7,27) 1.9(0.84.7) 19(1.0;38) 21(1.1;39) [14(0.7,28) 15(0.73.2) 14(0.7,27) 1.3(0.7,2.6)
Highest educational level
1989 (father)
>13 years (refgrp.’) 1 1 1 1 1 1 1 1
10-13 years 21(1.043) 45(1.3;15.7) 25(1.251) 18(1.0;34) |1.1(06;1.9) 1.0(0.5;2.0) 16(0.9;28) 1.9(0.9:4.0)
<10 years 14(063.2) 52(14;19.3) 26(1258) 1.8(0.9:36) |1.1(0522) 1.6(0.8;3.5) 18(0.9;34) 24(1.154)
Family functioning
Good (refgrp.?) 1 1 1 1 1 1 1 1
Poor 16(1.02.7) 1.2(0.6:2.3) 15(0925) 20(1.33.1) [1.1(06;1.9) 05(0.3;1.0) 09(0515) 05(0.3;1.0)

1 Adjusted Relative Risks, 2 Confidence interval, > Reference group, * Labour market participation

® Mutual adjusted for other exposure variables, birth weightand splithome 1989

In girls, we observed that exposure to parental lower educational level in early childhood was
associated with a higher risk of overweight and obesity, compared to peers with high educated
parents. Being exposed to maternal low level of education was associated with a 2-fold higher risk
of girls being overweight or obese at the age of 18 or 21 years, whereas exposure to father’s lower
educational level was associated with an up to 5-fold higher risk of girls being overweight or
obese. Fifteen year-old girls, who reported poor family functioning, had between 1.6 and 2-fold
higher risk of being overweight or obese at the age of 18 or 21 years, compared to their peers who
reported good family functioning.

Being exposed to lower household income or to parental low LMP during late childhood was
associated with higher risk of obesity in girls at the age of 18 or 21 years. Being exposed to
parental lower educational level was associated with a 2 to 3-fold higher risk of girls being
overweight or obese, compared to peers with higher educated parents.
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Table 8. The association between late childhood socioeconomic position, family functioning and overweight or obesity at ages 18 and 21.

Girls Boys
Late Childhood 18 (n=972 21 (n=862 18 (n=838 21 (n=698
ARR"°(95% CI*) ARR"°(95% CI%) ARR"°(95% CI%) ARR"°(95% CI%)

Overweight Obesity Overweight Obesity Overweight Obesity Overweight Obesity
Household income
High (ref.grp.”) 12 12 1 1 1P 1° 1° 1°
Medium 0.8(0.414) 2.1(0.9;5.0) 060412 13(0.7;23) 0.9(0516) 15(0.7;3.0) 08(0.411.3) 0.8(0.4;15)
Low 0.7(0.3;1.5) 20(0.7;5.9) 1.0(0.52.0) 1.8(0.9;3.5 [0.9(04;20) 1.3(053.3) 06(0.3;14) 1.0(0422)
LMP* (mother)
High (ref.grp.?) 1 1 1 1 1 1 1 1
Low 16(092.8) 16(0.83.2) 1.1(0.62.0) 1.3(0.8;2.1) [1.1(0.6;2.1)  0.6(0.3;1.3) 1.1(0.6:2.0)  0.9(0.5;1.8)
LMP* (father)
High (ref.grp.?) 1 1 1 1 1 1 1 1
Low 1.3(0.62.8) 2.0(0.85.1) 15(0.7;3.2) 1.6(0.8;3.1) [0.6(0.211.9)  1.0(04;2.8) 0.1(0.0,09) 07(0.322)
Highest educational level
2003 (mother)
>13 years (ref.grp.’) 1 1 1 1 1 1 1 1
10-13 years 12(0.72.2)  1.1(0524) 13(0.7;2.3) 14(0.8;23) [1.3(0.8;22) 09(0.5:1.6) 1.6 (1.0;2.7)  1.0(0.6;1.8)
<10 years 1.8(0.9;35) 22(0952) 18(0934) 20(1.13.7) [09(041.8)  1.8(0.9;3.6) 1.6(0.9;3.0) 1.6(0.9;3.1)
Highest educational level
2003 (father)
>13 years (ref.grp.s) 1 1 1 1 1 1 1 1
10-13 years 15(0.828) 3.1(1.09.3) 21(11:40) 14(0824) [M2(0722)  09(04:17) 15(0.9;26) 2.5(1.3;5.0)
<10 years 1.1(0524) 3.7 (1.2,11.9) 25(1252) 15(0.829) |1.2(0624) 13(0.6;28) 1.9(1.036) 2.9 (146.4)
Family Functioning
Good (ref.grp.%) 1 1 1 1 1 1 1 1
Poor 15(0925) 1.0(052.0) 13(0.82.1) 1.7(1.127) |1.1(061.9)  05(0.3;1.1) 1.1(0.71.8)  0.6(0.3;1.2)

®n=970, ° n=837,° n=697
' Adjusted Relative Risks,  Confidence interval, ® Reference group, * Labour market participation

® Mutual adjusted for other exposure variables, birth weight and split-home 2003

When we examined the associations between childhood SEP and overweight and obesity in boys,
we observed that being exposed to parental low LMP during early childhood was associated with
an almost 3-fold higher risk of boys being overweight or obese at ages 18 or 21 years, compared to
peers with parents having a high LMP. Exposure to parental lower educational level during early
childhood was also associated with a higher risk of boys being overweight and obesity, where
especially paternal low educational level was associated with a 2.4-fold higher risk of obesity at
age 21 years.

Being exposed to parental lower educational level in late childhood was associated with a higher
risk of boys being overweight or obese at ages 18 and 21 years, where exposure to paternal lower
educational level was associated with an almost 3-fold higher risk of obesity.
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Study 1l

Table 9 presents the main findings from Study lll for girls. The table shows both unadjusted and
adjusted estimates for the association between socioeconomic disadvantage and overweight and
obesity at ages 15, 18, 21 and 28 years.

Table 9. Unadjusted (Model I) and adjusted estimates for the association between the socioeconomic disadvantage domain and overweight and obesity (combined) at ages 15, 18,
21 and 28 years (girls).

15 (N=1,438) 18 (N=1,238)

Model | Model I1° Model 111° Model IV® Model | Model 112 Model 111° Model IV*
Socioeconoric disadvantage OR' AOR?(n=1,133)  AOR?(n=1210)  AOR?(n=1,089) OR' AOR’(n=1,181)  AOR?(n=943)  AOR’(n=920)
Mother’s highest educational level
>13 years (refgr.) 1 1 1 1 1 1 1 1
11-13 years 10(06:15)  1.0(06:1.6) 1.1 (0.7;2.0) 1.2(0.7:2.0) 11(0429)  1.3(05:36) 1.1 (0.4;3.2) 1.1(04:3.2)
<10 years 1.6 (0.9;2.6) 1.6 (0.9;2.8) 1.8(0.9;3.3) 1.8(0.9;3.4) 2.8(1.1;6.9) 3.1(1.1;84) 25(08;7.3) 26(0.9;7.8)
Mother's LMP*
High (refgr.%) 1 1 1 1 1 1 1 1
Low 08(0513)  0.7(051.1) 0.7(0.41.2) 0.7 (0.4:1.1) 0.7(0.316)  06(0.3:14) 04(0.21.2) 04(0.1:12)
Equivalised household income
High (refgr.%) 1 1 1 1 1 1 1 1
Medium 14(0923)  1.7(1.027) 1.1(0.7;1.9) 1.0 (0.6:1.8) 17(074.0)  17(07:4.2) 1.8 (0.6;5.0) 1.7 (0.6:4.8)
Low 13(082.1)  1.2(0.7:2.0) 0.8(0.51.5) 0.7(0.4;14) 20(0849)  17(0.7:44) 15(0.54.7) 15 (0.5:4.6)

21 (N=1,075) 28 (N=1,045)

Model | Model 112 Model I11° Model IV® Model | Model I12 Model I11° Model IV
Socioeconoric disadvantage OR' AOR’(n=1,035)  AOR?(n=824)  AOR’(n=730) OR' AOR?(n=984)  AOR?(n=783)  AOR®(n=583)
Mother’s highest educational level
>13 years (refgr.) 1 1 1 1 1 1 1 1
11-13 years 21(1.044)  2.1(1.043) 28(1.26.7) 25(1.06.0) 21(1.335)  19(1.13.1) 2.5 (1.4:45) 21 (1.1:4.1)
<10 years 40(1.985  39(1.885) 52(21129)  52(21;132)  [26(1545)  23(1.34.1) 25(1349) 16 (0.7,3.5)
Mother's LMP*
High (refgr.%) 1 1 1 1 1 1 1 1
Low 11(06:1.8)  0.9(0.515) 1.0 (0.5:1.9) 1.0 (0.5;2.0) 16(1123)  1.4(0.920) 12(0.7:1.9) 13(0.8;2.3)
Equivalised household income
High (refgr.%) 1 1 1 1 1 1 1 1
Medium 15(0827)  15(0.827) 14(0.7:2.7) 15(0.7:3.1) 11(0.71.6)  0.9(0.6;14) 0.8(05;14) 0.8(0.5,1.5)
Low 13(0724)  1.1(06:2.2) 0.9(0.4;2.0) 1.0 (0.4,2.2) 12(081.8)  0.9(06:1.4) 0.6(0.4:1.1) 0.5(0.2,0.9)

! Unadjusted Odds ratio, 2 Adjusted Odds ratio with 95% Confidence intervals, ® Reference group, * Labour market participation

# Mutual adjustments (adj.) for other socioeconomic variables

® Adj. for Model Il +adult distress, disharmonious family environment and offspring distress, birth-weight

© Adj. for Model 1+111, psychological and emotional overload, homeostasis disrupted, birth-weight

d Adj. for Model I1+111, psychological and emotional overload, homeostasis disrupted, birth-weight, y oung people’s own education (age 28)

When we examined the association between maternal low educational level and overweight and
obesity at ages 15 to 28 years in girls, results showed an almost 3-fold higher odds of overweight
and obesity among girls aged 18 years, compared to girls with high educated mothers. This
association attenuated when adjustments were made for the domains: adult distress,
disharmonious family environment and offspring distress. We observed 4-fold greater odds of
overweight and obesity in 21-year-old girls who came from homes with a low educated mother,
which became even higher when we adjusted for adult distress, disharmonious family
environment and offspring distress. We observed more than 2.5-fold higher odds of overweight
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and obesity in 28-year-old women with low or medium educated mothers. This association was

considerably attenuated when we did the fully adjusted model including the young women’s own

educational level.

Table 10 presents the main findings from Study IIl for boys. The table shows both unadjusted and

adjusted estimates for the association between socioeconomic disadvantage and overweight and

obesity at ages 15, 18, 21 and 28 years.

Table 10. Unadjusted (Model I) and adjusted estimates for the association between the socioeconomic disadvantage domain and overweight and obesity (combined) at ages 15, 18, 21

and 28 years (boys).
15 (N=1,441) 18 (N=1,067)

Modell  Model II® Model I11° Model IV® Modell  Model II® Model I11° Model IV®
Socioeconomic disadvantage or' AOR?(n=1,344)  AOR?(n=1,098)  AOR?(n=1,077) OR' AOR’(n=1,014)  AOR%(n=786)  AOR’(n=769)
Mother’s highest educational level
>13 years (ref gr.%) 1 1 1 1 1 1 1 1
11-13 years 15(1022)  14(092.1) 15(0.923) 15(0.924) 13(0633)  13(053.1) 1.3(0.53.4) 1.8 (0.6;5.4)
<10 years 19(1230)  18(1.1,28) 1.8(1.03.0) 1.8(1.03.1) 29(1270)  25(1086.1) 17(0655.2) 22(0.7:7.2)
Mother's LMP*
High (refgr.’) 1 1 1 1 1 1 1 1
Low 14(1020)  13(09;1.8) 13(0.8;19) 12(0819) 16(0830)  12(06;25) 1.0 (04;24) 1.0 (04;25)
Equivalised household income
High (refgr.%) 1 1 1 1 1 1 1 1
Medium 10(0.7,15)  0.9(06;14) 0.9(0.514) 0.8(0.51.3) 05(0214)  05(0212) 0.6(0.21.7) 04(0.1;1.5)
Low 12(0818)  1.1(07;1.7) 12(0.7,2.0) 12(0.7,19) 16(0832)  12(0.6;26) 15(0.6:3.9) 17(0.6:4.4)

21 (N=886) 28 (N=827)

Modell ~ Model II® Model I11° Model IV® Modell ~ Model II® Model I11° Model IV
Socioeconomic disadvantage OR' AOR?(n=851)  AOR?(n=658)  AOR?(n=551) OR' AOR?*(n=776)  AOR?(n=572)  AOR?(n=390)
Mother’s highest educational level
>13 years (ref gr.%) 1 1 1 1 1 1 1 1
11-13 years 25(1.457)  23(0952) 2.7(1.1:6.6) 25(0.9:6.3) 22(1337)  19(1.133) 19 (1.034) 17(0.834)
<10 years 45(20103)  3.8(169.0) 39(15104)  36(1.310.2)  [32(1.855)  26(1.546) 20(0.9;3.9) 0.9(0.3:2.6)
Mother's LMP*
High (refgr.’) 1 1 1 1 1 1 1 1
Low 22(1338)  1.8(0932) 17(0934) 14(0.73.1) 19(1329)  16(1.024) 15(0.9226) 15(0.73.0)
Equivalised household income
High (refgr.%) 1 1 1 1 1 1 1 1
Medium 09(041.7)  07(0313) 0.6(0.3;1.3) 0.6(0.2:1.3) 11(07,19)  09(06:15) 0.8(0.51.5) 0.7(0.3;1.5)
Low 10(0519)  06(0.3;1.3) 0.6(0.3;14) 04(0.2:1.1) 15(0925)  12(0.7;20) 12(0.62.1) 1.1(0.5:24)

! Unadjusted Odds ratio, 2 Adjusted Odds ratio with 95% Confidence interval, ® Reference group, # Labour market parcipation

# Mutual adjustments (adj.) for other SES variables

o Adj. for Model [I+adult distress, disharmonious family environment and offspring distress, birth-weight

© Adj. for Model I1+111, psychological and emotional overload, homeostasis disrupted, birth-weight

¢ Adj. for Model II+111, psychological and emotional overload, homeostasis disrupted, birth-weight, young people’s own education (age 28)

When we examined the association between maternal low educational level and overweight and

obesity among boys, we observed almost 2-fold higher odds of overweight and obesity in 15-year-

old boys, compared to boys with high educated mothers. We observed likewise 3-fold higher odds
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of overweight and obesity in 18-year-old boys from homes with a low educated mother, which
attenuated when we adjusted for equivalised household income, maternal LMP and the domains
adult distress, disharmonious family environment and offspring distress. In 21-year-old boys with a
low educated mother, we observed a more than 4-fold higher odds of overweight and obesity,
which attenuated primarily when we made adjustments for equivalised household income and
maternal LMP. In 28-year-old men, we observed more than 3-fold greater odds of overweight and
obesity which primarily attenuated when adjustments were made for equivalised household
income, maternal LMP, adult distress, disharmonious family environment and offspring distress.
However, when we carried out a fully adjusted analysis including the educational level of the
young men, the association between maternal low educational level and overweight and obesity
vanished.

The associations between mother’s low LMP and overweight and obesity in 15-year-old boys
showed that the association attenuated to some extent in the fully adjusted model, which was
also observed at the age of 21 years. When we examined the association at the ages 18 and 21
years, the associations attenuated when we included the variables equivalised household income,
maternal LMP, and the domains: adult distress, disharmonious family environment and offspring
distress in the model.
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6. Discussion

In the following section, the main findings from Studies I-Ill are discussed in relation to results
from other studies. This is followed by a general section about methodological considerations
across the three studies.

In a Danish youth cohort, we examined whether exposure to socioeconomic factors in early and
late childhood was associated with depressive symptoms (Study I) and overweight and obesity
(Study II) in adolescence and early adulthood and if any timing effect was apparent. We
supplemented the objective exposure variables with the self-reported variables family functioning
(Studies I+11), subjective social status and negative life events (Study I). In Study Il we examined
whether the underlying association between socioeconomic disadvantage and overweight and
obesity in adolescence and early adulthood could be explained by psychosocial stressors in
childhood.

Main findings

Depressive symptoms (Study I)

Exposure to low equivalised household income, mother’s low education or mother’s low LMP in
early and late childhood was associated with a higher risk of depressive symptoms at ages 15, 18
and 21 years, which are in line with previous studies in this field (35,114,115,120). Low equivalised
household income and mother’s low educational level in early childhood was associated with
depressive symptoms at age 21, whereas exposure to these socioeconomic variables in late
childhood was associated with a higher risk of depressive symptoms at age 15. The opposite
pattern was observed with mother’s LMP where maternal low LMP in early childhood was
associated with a higher risk of depressive symptoms at age 15. Mother’s low LMP in late
childhood was associated with a higher risk of depressive symptoms at age 21 years.

Several of the socioeconomic variables showed an association with the outcome at different time
points depending on the childhood period of exposure, which could suggest a possible timing
effect, which was not found in previous studies that examined the timing of exposure to low
equivalised income in relation to later mental health (37,119,120). Those studies, however,
examined exposure to relative poverty (<60% of mean national equivalised household income) in
relation to later mental health. We did not examine exposure to relative poverty as we defined
low income as below the 33.3" percentile. The study by Boe et al. (120) was carried out in
Norway, a country with a political and social system similar to that in Denmark. They obtained
information on equivalised household income when the child was aged 8—11 years (2004) until
2010. In our study, we had a different approach with regard to the income variable because we
applied information on equivalised household income during the entire childhood period (0—14
years) divided into an early and late period. We also applied a different measure of the outcome
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and another statistical approach than in the study by Boe et al. Altogether, this may explain some
of the differences in findings between the two studies.

In Study |, we observed some associations between SEP and the outcome at different time points
depending on which childhood period we examined. We did, however, not find a clear pattern
reflecting that exposure to low SEP in one childhood period showed higher association with the
outcome. This may perhaps reflect that both the early and the late childhood period may be
possible sensitive periods in relation to later depressive symptoms or it could also reflect that the
increased risk could be due to an accumulation of exposure. Findings from several studies
(37,121,174) support the theoretical life course model of accumulation (49). It is also emphasised
by Ben-Shlomo and colleagues that it may be more sensible to view a sensitive period model as a
sub-set of an accumulation model, when considering the effects of an exposure over time (175).
We did not examine whether the accumulated model could better explain the relationship
between low SEP and later depressive symptoms, or if more than one life course model were
apparent as suggested in other studies (49,121). A comparison between different life course
models may pertain to a future study.

Our results showed that exposure to poorer family functioning or more negative life events in late
childhood was associated with higher risk of depressive symptoms as observed in other studies
(47,176). Our results showed, however, only small to modest effect at age 15 years between
negative life events in childhood and depressive symptoms, which may be attributed to the fact
that we dichotomised the variable negative life events at two and above because the majority in
this cohort had experienced only one negative life event. The review by Hughes et al. presented
strong evidence that individual’s with at least four adverse childhood experiences had more than
3-fold the odds of mental health problems compared to individuals with no adverse childhood
experiences (177). Previous research has also shown a higher effect when combining negative life
events and lower SEP, as suggested in the study by Boe et al. (70).

Childhood is the period in life where the brain is highly sensitive to experiences and hence most
easily influenced in positive and negative ways (37). During this time of life, experiences of social,
emotional, cognitive and physical nature will shape neural systems that may influence functioning
onwards. Some of the most important determinants of emotional and behavioral functioning later
on in life are the home and family environment (37). With regard to a childhood and low SEP,
findings from the study by Pryor and colleagues suggests that it is the fluctuating changes in
household income above and below the poverty line, which may have long-term consequences for
children’s development and well-being (178). Children or young people who grow up in families
which are characterised by low SEP due to parental low LMP, parents losing jobs or perhaps single
parenthood may experience a more stressful family environment than peers from higher SEP
(35,179). These low socioeconomic conditions may influence parental mental health, which may
adversely affect the family environment and also increase the risk of more negative life events for
the offspring (68,180). Adults, who have none or low educational attainment may likewise more
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often than high educated individuals be employed in jobs with less prestige, reduced job security
and increased job strain, which may increase their stress levels (179,181) which potentially can
influence the family environment in a negative manner thereby perhaps trigger some stress
mechanisms in the children (182). During the period of puberty, where the children may be more
vulnerable (41), being exposed to environmental stressors in terms of low SEP or poor family
functioning may trigger negative emotions and the possibility of depressive symptoms, especially
among females (71,72). This may increase the risk of applying maladaptive coping mechanisms
(68,183) in terms of, for example, smoking and alcohol, which may track over time (184) and
potentially result in poor physical and mental health later on in life (128).

In Study |, we examined exposure to SEP in two different childhood periods in relation to later
depressive symptoms and we made some methodological choices in the analyses. When we
examined the association between childhood SEP in late childhood and depressive symptoms at
age 15, 18 and 21 years we included an adjustment for the same SEP exposure in early childhood
to take into account the effect of the early childhood exposure. In the associations between
equivalised household income or mother’s LMP in late childhood and depressive symptoms, these
adjustments did not alter the estimates at all. With regard to the associations between mother’s
low educational level, adjustments for early childhood exposure increased the estimates at age 15
and 18 years, whereas it reduced the estimate at age 21 years. We applied the three psychosocial
factors SSS, negative life events and family functioning to the late childhood exposure variables.
Including adjustments for these psychosocial factors reduced the estimates of the associations
between low income or mother’s LMP and depressive symptoms slightly. With regard to the
analyses of mother’s educational level we observed that adjustments increased the estimate
slightly at age 15 years and reduced the estimate slightly at age 18 years.

Overweight and obesity (Study I1)

Maternal and paternal low educational level in early and late childhood was associated with a
higher risk of overweight and obesity at ages 18 and 21 years in both genders, which is in line with
findings from previous studies (12,122,123,185). Especially paternal educational level showed
some exposure-response relationship in both genders. Children who grow up with lower educated
parents may carry less social and cultural capital compared to peers from higher educated families
(38). This may increase the risk of applying an unhealthy life style during adolescence which may
include poorer eating habits (98), alcohol use (31) and increased sedentary behaviour (93), all
potentially resulting in later overweight and obesity.

Our results also showed some gender-specific differences; hence poor family functioning was
associated with higher risk of overweight and obesity among girls, not boys. These gender-specific
differences are less apparent in the review by Halliday et al., where it appeared that better family
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functioning was associated with increased BMI in girls (103,186). It may be that girls at 15 years of
age, more often than boys, may apply maladaptive coping mechanisms involving overeating or
emotional eating to deal with stress related to poor family functioning, which may increase the
risk of overweight and obesity later on (28,187).

Our results showed that parental low LMP in early childhood was associated with a higher risk of
overweight and obesity in boys, whereas parental low LMP in late childhood was associated with
higher risk of overweight and obesity in girls. Paternal low LMP in early childhood was associated
with later overweight and obesity, which is in line with findings from the review by Brisbois et al.
(124), which observed that father’s employment status was an early marker of adult obesity.

We cannot, however, rule out the possibility that our results, showing an association between
parental LMP in early childhood and later overweight and obesity, may be mediated by parental
low LMP in late childhood.

To the best of our knowledge, this is the first study to show that girls exposed to parental low LMP
during late childhood showed, to some extent, higher risk of overweight and obesity in
adolescence and early adulthood compared to the estimates observed in boys.

As mentioned briefly in the introduction, newer theories regarding inequality and insecurity in
relation to overweight and obesity have been proposed. This perception of insecurity may be
related to a person’s employment status in adults, which through stress mechanisms may increase
risk of later overweight and obesity (38). It is possible that children’s perception of insecurity may
be related to, for example, parental low LMP. Children often reflect themselves in their parents
during childhood; so when boys experience their father being unemployed or having a low labour
market attachment during the early childhood, this may increase a feeling of perceived social
insecurity. This may over time be translated into various psychological processes that can result in
possible biological consequences later in life (89). This may involve stress mechanisms, where
maladaptive coping mechanisms may be related to comfort eating which eventually may increase
the risk of overweight and obesity (28). These maladaptive coping mechanisms may pertain
particularly to girls (187) and perhaps especially through the period of puberty, which may be an
important issue to take into account when targeting preventive initiatives within overweight and
obesity.

Psychosocial stressors and overweight and obesity (Study Il1)

Maternal low educational level was a robust risk factor for overweight and obesity at ages 15, 18,
21 and 28 years in both genders, whereas maternal low LMP was a risk factor for later overweight
and obesity in boys only. For this, we have no good explanation.

Our study, to some extent, confirmed that the chosen proxies for the different domains imbedded
in Hemmingsson’s obesity causation model (104) may explain some of the underlying associations
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between socioeconomic disadvantage and the development of overweight and obesity. In our
data, it appeared that the model was primarily applicable to our cohort at ages 18—28 years when
maternal educational level was the main exposure variable; hence adjustments did not influence
the associations at age 15 years.

When we examined the association between maternal educational level and obesity at age 18
years, we observed that adjustments for the domains adult distress, disharmonious family
environment and offspring distress attenuated the association in girls; in boys this was merely
adjustments for offspring distress. In girls, it appeared that the variables parental self-rated health,
family functioning and a participant’s self-rated health attenuated the associations; in boys this
was primarily a participant’s self-rated health. It was, however, not surprising to observe gender-
differences with respect to family functioning since findings from Study Il showed similar results,
namely that poor family functioning was associated with later overweight and obesity in girls, not
boys.

When we examined the association between maternal educational level and obesity at age 21
years, we observed that adjustments increased the associations in girls, whereas in boys
associations attenuated. An interesting observation in our data was that introducing the young
people’s own educational attainment in the analyses at age 28 years appeared to completely
remove the association between maternal low educational level and obesity in boys; in girls a
similar attenuation of the association was observed.

To the best of our knowledge only one other study has examined Hemmingsson’s model with use
of empirical data. In the study by Spinosa et al. (140), the aim was to elucidate the associations
between SES, psychological distress, emotional eating, and BMI in 150 participants in the age
range between 18 and 65 years in the UK (140). Findings supported components of
Hemmingsson’s model; hence results showed an indirect effect of SES on BMI via psychological
distress and emotional eating. We applied a different statistical approach than Spinosa et al.,
where we included 3-step adjustments for the different domains in Hemmingsson’s model.
Despite the use of cross-sectional data and an older and quite small study population, their results
seem to support the theoretical model by Hemmingsson, which was in line with results from our
study. Our results may add further knowledge that both individual psychosocial stressors and
environmental stressors may underlie the association between social disadvantage and
overweight and obesity in young people when applying Hemmingsson’s obesity causation model
to empirical data. This may help increase focus on the importance of including psychosocial factors
when initiating future preventive initiatives and research within overweight and obesity in children
and young people from low SEP families. Our results support the importance of focusing on
various psychosocial factors in the association between childhood social disadvantage and later
overweight and obesity. It also emphasises the importance of good surveillance data in future
research by including more self-reported information about for example children’s self-rated
health. It is, however, important to clarify that due to the chosen proxies it was difficult to
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examine Hemmingsson’s model in full since the proxies may not fully capture the content of the
different domains. We did, for example, not have the opportunity to include information about
food in the homeostasis disrupted domain.

Gender-specific differences in Studies I+l

We stratified all our analyses by gender in Study lI+1ll. We did not apply this strategy in Study |
because preliminary analyses, stratified by gender, showed similar estimates for girls and boys. In
both Study Il and Study Ill, we observed some possible gender-specific differences when the
exposure variables were household income and parental labour market participation. In Study lll,
we observed an association between maternal LMP and overweight and obesity in boys, not girls.
We also observed that parental low educational level overall asserted higher odds of later
overweight and obesity in girls than in boys. In Study Ill, we furthermore observed that when we
examined the association between maternal educational level and obesity at age 21, adjustments
increased the effect of maternal low educational level in girls, whereas in boys, the association
attenuated.

With regard to the issue of timing of exposure to low household income and parental low LMP in
childhood (Study 1), it appeared that the higher risk of later overweight and obesity in boys or
young men was only observed with exposure in early childhood, whereas exposure in late
childhood appeared to almost have a protective effect towards overweight and obesity.

In girls, we observed more or less the opposite, with the late childhood exposures showing an
association with later overweight and obesity, whereas exposure to low household income and
parental LMP in early childhood showed much more mixed results. That the timing of these
exposure variables in relation to later physical health seems to be gender-specific may be of
interest to public health because it appears that preventive initiatives towards social inequality in
boys should be prioritised in early childhood, whereas in girls this perhaps should be prioritised in
late childhood. However, since our results showed associations with very wide confidence
intervals more studies using other statistical approaches are warranted to examine whether these
gender-differences with regard to sensitive periods are important. In the study by Matthiessen et
al. they found an increase in the prevalence of overweight among boys (aged 4-14 years), not girls
which was due to an increasing social inequality in overweight among boys (106). The authors
argued that public health initiatives within prevention and reducing overweight and obesity
therefore should consider gender differences and target especially boys with parents of low
educational level (106). Our results showed associations between parental low educational level
and obesity in both genders and may therefore suggest target both genders with parents of low
educational level.

With respect to the self-reported exposure variable family functioning and its association with
overweight and obesity, we only observed an association in girls, not boys. It was also clear that
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among girls in Study Il more of the self-reported psychosocial variables at age 15 years such as
poorer family functioning, higher perceived stress, depressive symptoms, poorer self-rated health
and higher levels of avoidance coping were associated with later overweight and obesity. In boys,
it was primarily poorer self-rated health that was associated with obesity. It appears from our data
material that the risk of later overweight and obesity in girls to some extent may be more
influenced by various stressors at the environmental and individual level, whereas in boys it was
primarily at the individual level.

These observed gender-differences seem plausible due to the developmental age period of
puberty, a period with increased peer contact and decreased parental attachment, which may
have gender-specific effects (71). It appears that girls may be more vulnerable than boys during
these years, and they may more often than boys resort to maladaptive coping mechanisms that
may increase risk of overweight and obesity (28). It also seems that girls may be more influenced
by a negative family environment during these years than boys, which may be more pronounced
in low SEP families due to more stressful environments (28).

As mentioned in the background, previous studies have shown that a possible bidirectional
relation between depressive symptoms and obesity exists, which also may be gender-specific. To
further explore this possible bidirectional relationship, some unadjusted analyses between the
two outcomes were carried out. Results showed a possible bidirectional relation between the two
outcomes over time among girls, and this was most pronounced in the years from 15 to 21 years.
Similar results were not found in these associations among boys (results not shown).

Findings from our three studies overall confirm the consistent association between low SEP in
childhood and higher risk of depressive symptoms and obesity among children and young people.

Childhood and adolescence are sensitive periods in children and young people’s life due to the
different developmental phases, the environment where they are living and also when facing
increasing demands from schools and society which may explain the increasing stress levels. Our
results regarding exposure to low SEP/ social adversity in early or late childhood and later
depressive symptoms, overweight and obesity showed associations at different ages depending of
the exposure variables in Study I+ll which may imply that the timing of exposure in childhood
could be of relevance. However, our results should be interpreted with caution due to small
estimates and estimates with wide confidence intervals. Findings from Study | showed that
including the psychosocial factors to the late childhood exposures revealed a quite consistent
association between poor family functioning and depressive symptomes. It also showed that the
relationships between these psychosocial variables may be more complex than our statistical
analyses took into account.

In this thesis, the focus was primarily on the timing model as a theoretical framework to try to
understand the associations between childhood SEP/ social adversity and later mental and
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physical health problems within a life course perspective. Our findings from Study I+l may show a
tendency that applying this heuristic model could be a reasonable way of examining these
associations in a Danish context.

With our three studies we have tried to further disentangle the associations between childhood
SEP/ social adversity and later mental and physical health problems. We believe that our results
contribute with further knowledge to the area of social inequality in mental and physical health
problems among young people; by the use of a prospective study design and applying register-
based information on SEP exposures from the entire childhood instead of only one time point,
supplemented with psychosocial exposure variables. Our results from Study Il may add further
knowledge with regard to applying Hemmingsson’s obesity causation model to empirical data and
shed light upon the importance of focusing on psychosocial factors in the association between
socioeconomic disadvantage and obesity.

Methodological considerations

Bias in cohort studies

One of the main concerns to acknowledge in observational studies is the risk of bias, which may be
due to selection, information errors or confounding. In the following sections a discussion on how
these different types of bias may have affected our results will be carried out.

Selection bias

The process of selecting participants for a study and factors which may influence participants’
interest to participate may cause selection bias (188,189). A priori, there were concerns regarding
selection due to initial non-participation and loss to follow-up in the study. However, as observed
in Table 3, which is presented in the methods section, the initial response rate in 2004 was 83%;
this did however decline in the later waves (65% in 2007, 58 and 57% in 2010 and 2017,
respectively). In the embedded papers, it is also possible to see flow charts for each of the three
studies which display the different study samples according to attrition, missing information on
the outcome of interest, and author exclusions.

Individuals, who decide to participate in studies, may have a different disease risk compared to
non-participants, since they tend to be more healthy and affluent (188,189).

There were 627 individuals who decided not to participate in the initial questionnaire in 2004.
There was significant difference between responders and non-responders in 2004 with respect to
SEP in childhood; however, since we did not have any information from non-responders on the
outcomes in any of the studies, it is impossible to conclude whether this selection was also
associated with the risk of depressive symptoms/ obesity. A previous study in the same cohort
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examined the potential bias on other outcomes due to non-participation and drop-outs. Their
findings indicate that differential selection due to initial non-participation was not a problem
(190). In longitudinal studies which examine social inequality based on socioeconomic status, a
considerably attrition may result in biased estimates of socioeconomic inequalities, which,
depending of the size of attrition and the mechanisms behind, may worsen as participation rates
decline (191). As it can be seen in the tables showing the main results, we operated with different
numbers of participants at each wave. It is likely that attrition was highest in individuals with the
lowest SEP. However, to bias our estimates, such attrition should also be associated with the
outcomes, for instance that individuals, that were both of low SEP and depressed/ obese, were
more likely not to participate, than those of low SEP that were not depressed/ obese. In the
previous study just mentioned, the potential bias due to attrition was also examined in the same
cohort (190). The authors did not find any significant influence on the relative risks associations
measured, which we find reassuring for the results in our three studies. However, if some
differential selection was present, one might speculate that it would likely attenuate the
associations between SEP and depressive symptoms/ obesity. Regrettably, we do not have data on
non-participants to examine this. We carried out a sensitivity analysis in Study | using a multiple
imputation chained model with 100 imputations. This analysis showed only small deviations of the
estimates in both directions. However, the assumptions of missing at random may not be fulfilled
with the model as we do not know the mechanisms behind loss to follow-up in this study, which
may be related to unmeasured factors not included in the imputation model.

Information bias

One of the main considerations when applying self-reported information in research studies is the
risk of information bias which may occur if there is a systematic error in the information about or
from the participants included in a study. When information bias is discussed, this can be either
differential or non-differential and may also be a result of random measurement error (189).
When the term differential misclassification is referred to, this means that the systematic error on
the exposure or the outcome variable occurs more often in one group than in the other group(s)
and this increases the risk of over- or underestimating a potential association (189). With respect
to non-differential misclassification this causes the same error in all study groups and produces
estimates which are mainly biased towards the null hypothesis (188,189).

In this PhD thesis, information bias occurred most likely as a consequence of self-reported
information which we used for both exposure and outcome variables in all three studies.

Applying register information may also result in information bias because the quality of data used
for research depends fundamentally on the purpose of the register, the way the collection was
done, and the coverage. It is, however, most likely that any misclassification may be non-
differential in nature (189).
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In the next section, a discussion regarding possible sources and reasons for misclassification of
exposure or outcome and to what extent this may be classified as differential or non-differential,
will be carried out.

One of the main considerations of all three studies was to which degree the chosen exposure
variables were correlated. We carried out correlation analyses which showed small to moderate
correlation between the socioeconomic exposure variables (See Appendix in Paper Il).

Misclassification of exposure

Register data

Because (equivalised) household income and educational level of the parents were obtained from
registers, none or limited information bias was expected on these exposure variables, and if any it
would most likely be non-differential (189). Information about parental labour market
participation was obtained from the DREAM register, which is based on administrative data on
transfer income. The register is as such not designed for use in research; however, it has been
validated in previous studies and showed high validity (147,192). A potential problem with the
register is related to the registration of sick leave, because only sick leave longer than 2—3 weeks
is registered and this also depends on whether the employer claims reimbursement for the
employee. This could also potentially result in non-differential misclassification and bias towards
the null-hypothesis.

We wanted to examine the timing of exposure to socioeconomic factors in childhood in relation to
mental health and overweight/obesity in Studies I+II.

With respect to the construct of the variables (equivalised) household income and labour market
participation of the parents, we calculated these exposure variables as mean values across each of
two age periods instead of a mean across the entire childhood period. We made this decision
inspired by previous research (157) and because we thought it of public health interest to
disentangle whether exposure to SEP in one period of childhood differed from another period in
relation to later mental and physical health.

We applied two different types of household income in the three studies. It would, however, have
been more correct to include only information on equivalised household income in studies which
examine inequality in health in societies with a low grade of income inequality. We did, however,
first become aware of this income variable after submitting Paper Il.

Questionnaire data
Information about family functioning, SSS and negative life events was obtained from the baseline
guestionnaire when the participants were 15 years of age.
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In Study |, we observed that the associations between subjective social status and depressive
symptoms completely disappeared when adjusting for family functioning. This may be attributed
to the fact that family functioning and SSS were measured in the same questionnaire, leaving the
possibility that answers regarding family functioning may also reflect the answers regarding
subjective social status. Another explanation may be that the association between SSS and
depressive symptoms were mediated by family functioning (68).

Misclassification of outcome

The main outcome variables in the three studies in terms of depressive symptoms and overweight
and obesity categorized by BMI were based on self-reported information from the participants at
ages 15, 18, 21 and 28 years.

In Study |, we applied information on young people’s own perception of their mental health state
during the past week. It seems unlikely that participants should systematically over- or
underestimate their mental health state. Since the participants were unaware of the exposure
variables in this study, it would seem reasonable to conclude that misclassification regarding the
outcome may be non-differential and bias the estimates towards the null-hypothesis. However,
previous research has shown that growing up in lower SEP families may influence children’s
academic achievements negatively (193), which may influence lower SEP children’s ability to
interpret questions in surveys as compared to children from higher SEP families. This might
introduce some differential misclassification that may bias the estimates in both directions.

In Study |, the abbreviated version of the CES-D scale for children, primarily validated to the use
for children aged 12—18 years was applied. We decided to dichotomise the scale at a cut-off of 3
and above reflecting depressive symptoms, as recommended by Fendrich et al. (151) to facilitate
comprehensibility of results. This, however, results in loss of information (189) and eliminates the
possibility of detecting nuances. The proportions of children and young people with symptoms of
depression were quite high, especially at the age of 18 years; however, this has also been
observed in other studies using the same scale (65,194). It has been argued that shorter versions
of the CES-D scale in adults have a tendency to classify, for example, patients with multiple chronic
health complaints as depressed (150). We applied a cut-off value for the CES-DC scale which was
originally based on an American sample nearly 30 years ago, which may not be applicable to a
Danish youth cohort. We therefore carried out a sensitivity analysis with the cut-off set at the 90"
percentile. This showed similar or stronger estimates (results not shown), which we find
reassuring with regard to the results in our study.

In Studies lI+ll, the outcome variable of interest was overweight and obesity. BMI was calculated
from participants’ self-report of height and weight. Applying self-reported information on weight
and height in epidemiologic studies is prone to errors (152). Another issue is that there among

adolescents may be a large diversity in how often they measure themselves, which may influence
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the accuracy even further (195,196). Previous research has documented that especially
overweight girls tend to underestimate their weight in surveys (152,197). This might lead to
pollution by obese individuals in the non-obese categories and make it harder to identify
differences, in its simplest form to non-differential misclassification. We do not know, however, if
the degree of underreport of weight depends on SEP, but it may be possible that individuals of
lower SEP do not seek information about their overweight problem to the same degree as those of
higher SEP, and if such problems exist, some differential misclassification might be present.
Applying self-reported BMI does, however, provide a reliable proxy measure among adolescents
when direct measurements are not possible (198).

We excluded women from analyses in Study Il if they were more than 3 months pregnant when
they completed the questionnaire due to a temporally higher BMI. This resulted in exclusions of 64
women at age 28 years; however there were also 13 women aged 21 years who were excluded.
We did not exclude these 13 women in Study Il where the outcome also was BMI because we did
not have the information from the Danish Medical Birth Register for these analyses at that point of
time. This may have resulted in an overestimation of the associations between the exposure and
the outcome at age 21 years because pregnancies at this age may occur more often among young
girls from low SEP (199).

Temporal relation

To be able to determine a possible causal relationship in observational studies it is important that
information on the exposure variable is obtained prior to and independent of the outcome. We
applied a prospective design in all three studies because our main exposure variables were based
on register information when the participants were children and collected prior to the
measurement of the main outcomes.

We did, however, also apply self-reported information on both exposure and outcome variables
obtained from the 2004 questionnaire in all three studies. Results reflecting the associations
between exposure and outcome variables measured at the same time are cross-sectional and
determining a causal relationship is therefore difficult (200), however, we cannot rule out that a
potential association may show a causal relationship. There is also the possibility that results may
have risen from reverse causality; that is: if participants were depressed at the time they
completed the baseline questionnaire, this may have influenced answers on the variables family
functioning, SSS and negative life events. Since we applied these exposure variables in relation to
the outcome at ages 15, 18 and 21 years, it is possible that the observed associations could reflect
this instead.
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Follow-up time
The primary analyses in this thesis were based on register and questionnaire data from birth
(1989) until the 4th follow-up in 2017, in total 28 years.

In Study | we examined depressive symptoms at age 15, 18 and 21 years. It is possible that the risk
of the outcome may have changed during follow-up. We did not adjust for the mental health at
baseline when we examined the outcome at age 18 and 21 years, because we were concerned
that an adjustment might be an over-adjustment, since baseline mental health could be an
intermediate factor. We carried out supplementary analyses to examine whether adjustment for
baseline mental health would change our findings. Both for the associations between SEP in early
or late childhood and depressive symptoms at age 18 or 21 years, this did not change our
estimates at all (results not shown). As previously noted in the background, several studies have
shown a relationship between mental health problems and obesity. We did not include
adjustments for mental health when we examined the association between childhood SEP and
overweight and obesity in Study I, and this may have influenced our results. We did, however,
carry out supplementary adjusting for mental health. This did not show any clear pattern and did
not alter the results much (results not shown).

In Study Il, we examined overweight and obesity as the outcome at ages 15, 18 and 21 years and it
may be argued whether these 6 years of follow-up between the first and the third questionnaire
are sufficient to investigate overweight and obesity as an outcome in a healthy active population
of young people. We did have to apply additional BMI limits (153) for obesity due to relatively few
young people with a BMI>30. This may be regarded a power problem, and it would have been
more optimal with a larger population with a higher prevalence of obesity and with a longer
follow-up to examine the associations between childhood SEP and obesity.

The fourth follow-up was carried out when the participants were 28 years of age. It is possible that
the causes of overweight and obesity may have changed at this last follow-up due to competing
factors such as stressful events like becoming parents or unemployment.

We did not examine changes in the outcomes between each survey waves, which would have
allowed us to fully integrate the longitudinal information in the data material. We will in future
studies attempt to integrate as much longitudinal information as possible when examining the
mental health and obesity in this cohort, which seems especially important when the participants
are now adults with own SEP and family.

Statistical issues

We made mutual adjustments for other socioeconomic exposures in Studies I—IIl because we
sought to observe the independent effect of each socioeconomic factor in relation to the
outcome. We assumed in Study Il that there was no interaction between the socioeconomic
variables and the other included proxy variables.
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In the paper by Cohen and colleagues, it is recommended that studies which examine the timing of
exposure to childhood lower SES and health outcomes in adulthood should include adjustments
for adult SES (49). We did not include adjustments for adult SEP in Studies I+1l, and this decision
was taken because it is common for young Danish people aged 21 years to still be living at home
with parents or to receive financial support during studies. We did, however, adjust for the young
people’s own educational attainment in Study Il

When examining social inequality and mental health problems in children and young people, it is
recommended to include the mental health state of the parents. Previous research has shown that
mental problems in the parents is a strong risk factor for mental health problems in the offspring
(62) and mental health problems is more common among parents with low SEP (68). We did not
include this information in Study | due to incomplete data related to parental mental health, and
this may have influenced our findings. It is possible that the observed associations between low
SEP in childhood and later depressive symptoms may reflect this. We carried out a supplementary
analysis where we applied parental self-rated health as a proxy for parental mental health. Results
showed that some estimates increased slightly, especially when we examined the associations
between mother’s educational level and depressive symptoms, whereas others did not show a
clear pattern in the associations.

Confounding

A confounder is defined by three things. The confounding factor must be associated with both the
exposure and the outcome. The confounding factor has to be unequal distributed among the
groups compared and not a part of the causal pathway from the exposure to the outcome (189).

We made mutual adjustments for the other socioeconomic variables in each of the three studies
to show the independent effect of each variable in relation to the outcome; however, it is possible
that other unmeasured factors may have influenced our findings. We did, for example, not have
the opportunity to include information about food intake in Study Il+lll. In Study I, we made
adjustments for split-home to take into account the effect of single parenthood with respect to a
lower household income. We did not adjust for this in Study | and Study lll, which may have
influenced our results. We did, however, carry out some supplementary analyses to examine
whether our results were biased due to the lack of this adjustment. Our results did not change
after the adjustment for split-home (results not shown).

We stratified our analyses on gender in Study Il and Study Ill because there can be large
differences between genders with respect to BMI during adolescence. We did not apply this
approach in Study |, where we adjusted for gender instead.
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Generalisability

This cohort of young Danish people was born in the western part of Denmark in 1989. The
participants were approximately 15 years of age when the cohort was established in 2004 and it
was a quite active, healthy and homogenous cohort. In a previous study on the Vestliv cohort, the
authors concluded that the members of this youth cohort are similar to young people in other
parts of Denmark with regard to, for example, average household income (163). The main
exposure variables in this thesis were obtained from registers and with respect to the outcomes
we applied conventional cut-points for BMI thresholds and a recommended cut-off for depressive
symptoms. The proportions of young people presenting with depressive symptoms in this cohort
were similar to findings from other study populations who applied the same depression scale
(65,194).

Denmark is quite similar to other Nordic countries and countries like Holland and Canada in terms
of health patterns and socioeconomic health gradients (201). The results presented in this PhD
thesis may therefore be transferred to young people and young adults who live in social and
environmental conditions similar to this Danish cohort, taking the aforementioned limitations into
account.
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7. Conclusion

Results from this PhD thesis showed that lower SEP and psychosocial factors in childhood were
associated with higher risks of depressive symptoms and overweight and obesity in adolescence
and early adulthood. Our findings showed that the timing of low SEP in early and late childhood
seemed to be of some importance in relation to both mental health and overweight and obesity
and to some degree be gender-specific. Results showed in particular that the late childhood
exposures, to some degree, were associated with higher risk of overweight/ obesity in girls
whereas some of the early childhood exposures seemed to be associated with higher risk of
overweight/ obesity in boys. It should, however, be further examined in future studies whether
our results reflect sensitive periods, an accumulation of exposures or perhaps a combination when
applying a life course perspective.

Parental educational level was a risk factor for both later mental health problems and overweight
and obesity in this cohort. Parental lower educational level was associated with higher risks of
overweight and obesity in both genders in Study Il, and this exposure variable in terms of maternal
educational level was also by far the strongest and most consistent risk factor observed in Study
. Study Il confirmed to some extent that the robust association between socioeconomic
disadvantage and later overweight and obesity could be explained by including the domains from
Hemmingsson’s obesity causation model. Results from this thesis should, however, be interpreted
with some caution due to the risk of selection bias due to attrition and information bias related to
self-reported information.
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8. Perspectives and future research

Growing up in families which are characterised by fewer resources related to low SEP may
constitute an increased risk of mental health problems and overweight and obesity in adolescence
and early adulthood. It is important to face the fact that many children and young people from low
SEP report poorer mental health and higher levels of stress compared to their peers from higher
SEP. Children and young people from low SEP may more often than their peers from higher SEP
experience a stressful family environment, which increases the risk of applying maladaptive coping
mechanisms and unhealthy habits. It is therefore important to address increased attention to
these vulnerable families to decrease the risk of mental health problems related to social
inequality.

It is important to facilitate the educational attainment of young people in general because of the
value and the different forms of capital a person may gain during education. As observed in this
thesis, children and young people who grow up with lower educated parents have a considerably
higher risk of overweight and obesity, compared to children and young people with higher
educated parents. However, it appeared that the educational attainment of the participants’ to
some extent mitigated the association. This is of great political interest because it emphasises the
importance of increased support to young Danish people from lower socioeconomic families to
obtain an education to prevent overweight and obesity. It also seems very relevant due to the fact
that especially young people from lower educated families more often than their peers from
higher educated families end up with a lower educational attainment (39).

Another very important issue to address is the fact that society has to reduce the stigmatising
behaviour towards overweight and obese children and young people. Living in a society where
slim bodies and body awareness are an important daily part of young people’s lives due to media
such as Instagram, YouTube and Facebook, where people expose themselves, making obese
people feel stigmatised and shameful about their body.

With regard to preventive and intervention initiatives aimed at reducing weight in children and
young people, it seems important to focus on a multifaceted strategy involving the entire family
due to the complexity of obesity and importance of evaluating the long-term effect of these
interventions.

In future studies examining social inequality in relation to mental health and overweight it seems
important to address more attention to children and young peoples self-report of psychosocial
stressors since this information may carry great value (75). In the Vestliv cohort, it is also
important to examine the effect of, for example, income mobility in relation to later health, as
suggested in a change model (49). If a person grows up in low SEP during childhood and during
adulthood increases his own SEP, does this mitigate his/her risk of mental and physical health
problems? This is an area of research which needs further attention in a Danish context.
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9. English summary

Background

Growing up in families characterised by social inequality due to parental low SEP may increase
young peoples’ risk of mental health problems and overweight later on. The timing of childhood
exposure to a low SEP may be of relevance in relation to future mental health and overweight.

Aim

The aim of this PhD thesis was to examine the associations between socioeconomic and
psychosocial factors in early and late childhood and depressive symptoms and overweight/obesity
in adolescence and early adulthood. Furthermore, the aim was to examine the association
between socioeconomic disadvantages and overweight/obesity in young people using
Hemmingsson’s obesity causation model.

Material and methods

Questionnaire- and register-based information from project Vestliv was applied. Vestliv is an on-
going Danish longitudinal cohort study of young people aged 15 years living in Western Jutland in
2004 (N=3,681). Questionnaire information was obtained from surveys carried out in the years
2004, 2007, 2010 and 2017. Information on parental socioeconomic position was obtained from
various registers. Outcome variables were depressive symptoms measured by the Center for
Epidemiologic Studies Depression Scale for Children and overweight and obesity calculated from
the participants’ height and weight. Exposure variables were household income, educational level
and labour market participation (LMP) of the parents, supplemented with participants’ report of
family functioning, negative life events and subjective social status (2004).

Results

Study I:

Early childhood: Being exposed to maternal low LMP was associated with higher risk of depressive
symptoms at age 15, while exposure to maternal low educational level and equivalised household
income was associated with higher risk of depressive symptoms at age 21 years. Late childhood:
Being exposed to low equivalised household income, maternal low level of education and low LMP
was associated with higher risk of depressive symptoms at ages 15 and 21 years. Poor family
functioning was associated with higher the risk of depressive symptoms at ages 15, 18 and 21. Two
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or more negative life-events was associated with higher risk of depressive symptoms at ages 15
and 18.

Study Il

Early childhood: Low educational level of parents was associated with higher risk of girls being
overweight and obese with up to 5-fold at ages 18 and 21 years. Poor family functioning was
associated with higher risk of girls being overweight and obese by 2-fold at age 21 years. Being
exposed to low parental LMP was associated with more than 2-fold higher risk of boys being obese
at ages 18 and 21 years. Being exposed to paternal low educational level was associated with up to
2.4-fold higher risk of boys being obese at age 21 years. Late childhood: Low educational level of
parents was associated with up to 3-fold higher risk of overweight and obesity at age 18 years
(girls) and age 21 years (both genders).

Study Il

Maternal low educational level was associated with 3-fold higher odds of obesity in girls aged 18
years, which attenuated after adjustments for the domains: adult distress, disharmonious family
environment and offspring distress. A more than 2.5-fold higher odds of obesity was observed in
women aged 28 years which attenuated considerably in the fully adjusted model. Boys had
between 3- and 4-fold higher odds of obesity at ages 18 and 21 years, which attenuated after
adjustments. A more than 3-fold higher odds of obesity was observed in men aged 28 years, which
vanished in the fully adjusted model.

Conclusion

This PhD thesis showed that children and young people who grow up in low SEP families have
higher risk of depressive symptoms and overweight and obesity in adolescence and early
adulthood. Especially parental low level of education was associated with overweight and obesity
in the offspring with an up to 5-fold higher risk of overweight and obesity at ages 18 and 21 years.
Poor family functioning was a risk factor for later mental health problems and for overweight and
obesity in girls. Results from Study Ill confirmed to some extent that including the domains from
Hemmingsson’s model could disentangle the association between socioeconomic disadvantage
and obesity.
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10. Dansk resume

Baggrund

En barndom praeget af social ulighed pa grund af foraeldrenes lavere sociopkonomiske position kan
gge unges risiko for mentale helbredsproblemer og overvaegt senere i livet. Timing af den lav
sociogkonomisk eksponering i barndommen kan vaere relevant i forhold til fremtidigt mentalt
helbred og overvaegt.

Formal

Formalet med denne ph.d.- afhandling var at undersgge sammenhange mellem sociogkonomiske
og psykosociale faktorer i tidlig og sen barndom og depressive symptomer og overvaegt/fedme i
ungdomsarene og tidlig voksenalder. Formalet var desuden at undersgge sammenhangen mellem
sociopkonomiske ulemper og overvaegt/fedme hos unge ved hjalp af Hemmingssons obesity
causation model.

Materiale og metoder

Spergeskema- og registerbaseret information fra projekt Vestliv blev anvendt. Vestliv er et
igangveerende dansk longitudinelt kohorte studie af unge i 15 ars alderen, der boede i Vestjylland i
2004 (N=3.681). Spgrgeskema oplysninger blev indhentet i arene 2004, 2007, 2010 og 2017.
Oplysninger om foraeldrenes sociopkonomiske position blev indhentet fra forskellige registre.
Udfaldsvariable var depressive symptomer malt ved hjeelp af Center for Epidemiologic Studies
Depression Scale for bgrn og overvaegt og fedme beregnet fra deltagernes hgjde og vaegt.
Eksponeringsvariable var husstandsindkomst, foraeldrenes uddannelsesniveau og
arbejdsmarkedstilknytning (LMP), suppleret med deltagernes selvrapportering af familiens
funktion, negative livs begivenheder og subjektiv social status (2004).

Resultater
Studie [:

Tidlig barndom: Moderens lave LMP var associeret med en hgjere risiko for at unge havde
depressive symptomer i 15 ars alderen, mens moderens lave uddannelsesniveau og en lav
xkvivaleret husstandsindkomst var associeret med en hgjere risiko for at unge voksne havde
depressive symptomer i 21 ars alderen. Sen barndom: Lav &kvivaleret husstandsindkomst,
moderens lavere uddannelsesniveau og en lav arbejdsmarkedstilknytning var associeret med en
hgjere risiko for at unge havde depressive symptomer i 15- og 21 ars alderen. Rapportering af
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darlig familie funktion var associeret med en hgjere risiko for at unge havde depressive
symptomer i 15-, 18- og 21 ars alderen. To eller flere negative livs begivenheder var associeret
med en hgjere risiko for at unge havde havde depressive symptomer i 15- og 18 ars alderen.

Studie Il:

Tidlig barndom: Forzldres lave uddannelseniveau var associeret med en op til 5 gange hgjere
risiko for overvaegt og fedme blandt piger i 18- og 21 ars alderen. Rapportering af darlig familie
funktion var associeret med en op til 2 gange hgjere risiko for overvaegt og fedme blandt 21 arige
piger. Foraldrenes lave arbejdsmarkedstilknytning var associeret med en mere en 2 gange hgjere
risiko for fedme blandt drenge i 18- og 21 ars alderen. Faderens lave uddannelsesniveau var
associeret med op til 2,4 gange hgjere risiko for fedme i 21 ars alderen hos drenge. Sen barndom:
Forzeldrenes lavere uddannelsesniveau var associeret med en op til 3 gange hgjere risiko for
overvaegt og fedme ved 18 ar (piger) og 21 ar (begge kgn).

Studie lll:

Moderens lave uddannelsesniveau var associeret med 3 gange hgjere odds for fedme hos piger i
18 ars alderen, hvilket sveekkedes efter justeringer for domaenerne: bekymring hos voksne,
disharmonisk familie miljg og bekymring hos bgrn. Der blev observeret en mere end 2,5 gange
hgjere odds for fedme hos kvinder i 28 ars alderen, hvilket svaekkedes betydeligt i den fuldt
justerede model. Drengene havde mellem 3-4 gange hgjere odds for fedme i 18- og 21 ars alderen,
hvilket sveekkedes efter justeringer. En mere end 3 gange hgjere odds for fedme blev observeret
hos maend i 28 ars alderen, som forsvandt i den fuldt justerede model.

Konklusion

Denne ph.d.-afhandling viste at bgrn og unge, der vokser op i lavere sociogkonomiske familier har
hgjere risiko for depressive symptomer og overvaegt/fedme i ungdomsarene og tidlig voksenalder,
sammenlignet med jaevnaldrende som kommer fra hgjere sociogkonomiske familier. Specielt
foraeldrenes lave uddannelsesniveau var associeret med overvaegt og fedme hos bgrn og unge
med op til 5 gange hgjere risiko i 18- og 21 ars alderen. Darlig familie funktion var en risiko faktor
for senere mentale helbredsproblemer, samt overvaegt og fedme hos piger. Resultaterne fra vores
3 studie bekraeftede til en vis grad, at domanerne fra Hemmingssons model kunne forklare
sammenhangen mellem sociogkonomisk ulempe og fedme.
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11. Appendices

Appendix I.
Literature search on childhood socioeconomic position/ social adversity and mental health.

CCCCCCCCCeeeeeneesocial classiMmeSH Terms]) OR socioeconomic factors[MeSH Terms]) OR
socio-economic factors[Text Word]) OR socioeconomic status[Text Word]) OR socio-economic
status[Text Word]) OR socioeconomic position[Text Word]) OR socio-economic position[Text
Word]) OR socioeconomic disparit*[Text Word]) OR socio-economic disparit*[Text Word]) OR
socioeconomic adversit*[Text Word]) OR socio-economic adversit*[Text Word]) OR socioeconomic
inequalit*[Text Word]) OR socio-economic inequalit*[Text Word]) OR socioeconomic
insecurit*[Text Word]) OR socio-economic insecurit*[Text Word]) OR social status[Text Word]) OR
social inequalit*[Text Word]) OR life course[tw] OR lifecourse[tw]) OR lifespan[tw]) OR life
span[tw]) OR early-life[tw]) OR early life[tw]) OR timing[tw] OR social pathway[tw]))) AND
childhood[Text Word])) AND (((((mental health[MeSH Terms]) OR depressive symptoms[Text
Word]) OR depression[MeSH Terms])) OR mental health[Text Word])))

((CCCCCCC("family health"[MeSH Terms]) OR family func*[Text Word])) OR subjective social
status[Text Word]) OR ((((life event*[Text Word]) OR negative life event*[Text Word])) OR adverse
life event*[Text Word]))) AND childhood[Text Word])) AND (("Mental Health"[Mesh]) OR mental
health[Text Word] OR "Depression"[Mesh] OR depressive symptoms[tw])))
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Appendix II.
Literature search on childhood socioeconomic position and overweight/obesity.

COCCCCCCCeeeeeeeeesocial classfmesH Terms]) OR socioeconomic factors[MeSH Terms]) OR
socio-economic factors[Text Word]) OR socioeconomic status[Text Word]) OR socio-economic
status[Text Word]) OR socioeconomic position[Text Word]) OR socio-economic position[Text
Word]) OR socioeconomic disparit*[Text Word]) OR socio-economic disparit*[Text Word]) OR
socioeconomic adversit*[Text Word]) OR socio-economic adversit*[Text Word]) OR socioeconomic
inequalit*[Text Word]) OR socio-economic inequalit*[Text Word]) OR socioeconomic
insecurit*[Text Word]) OR socio-economic insecurit*[Text Word]) OR social status[Text Word]) OR
social inequalit*[Text Word]) OR life course[tw] OR lifecourse[tw]) OR lifespan[tw]) OR early-
life[tw]) OR early life[tw]) OR life span[tw]) OR timing[tw] OR social pathway[tw]))) AND
((((((((overweight[MeSH Terms]) OR obesity[MeSH Terms]) OR body mass index[MeSH Terms]) OR
adiposity[MeSH Terms]) OR obesity[Text Word]) OR body mass index[Text Word]) OR
overweight[Text Word])))) AND childhood[Text Word]))))))

((CCCCC(("family health"[MeSH Terms]) OR family func*[Text Word])) OR subjective social status[Text
Word]) OR ((((life event*[Text Word]) OR negative life event*[Text Word])) OR adverse life
event*[Text Word]))) AND childhood[Text Word])) AND ((obesity OR overweight OR body mass
index[tw])))
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Abstract

Aims: To examine the timing of family socioeconomic factors during early (0—8 years) and late
childhood (9—14 years), as well as psychosocial variables in relation to depressive symptoms at

age 15, 18 and 21.

Methods: This prospective cohort study included 3,014 young people from western Denmark.
Exposure variables were equivalised household income (income), mother’s educational level and
mother’s labour market participation (LMP), derived from registers and self-reported variables
family functioning, subjective social status and negative life events. The outcome variable was

depressive symptoms.

Associations were analysed using logistic regression, adjusted for other exposure variables and

gender.

Results: Early childhood: Mother’s low LMP increased the risk of depressive symptoms at age 15

whereas mother’s low educational level and lower income increased the risk of depressive

symptoms at age 21. Late childhood: Lower income, mother’s low educational level and mother’s

low LMP increased the risk of depressive symptoms at ages 15 and 21. Poorer family functioning
was associated with depressive symptoms at age 15-21 with estimates ranging from 1.8 to 2.6.
Reporting two or more negative life events were associated with depressive symptoms at age 15

and 18.

Conclusions: Timing of low income, mother’s low educational level and mother’s low LMP during
childhood in relation to future depressive symptoms in the offspring appears to be of some

importance in this Danish Youth cohort. Family functioning and negative life events were the most



stable risk factors for depressive symptoms. Results should however be interpreted with caution

due to the risk of reverse causality.



Background

Depression is a major contributor to the overall burden of disease. Globally, WHO (World Health
Organisation) has estimated that more than 300 million people suffer from depression [1].
According to the latest Danish National Health Profile almost 24% and 13% of young Danish
women and men aged 16 to 24 year old reported poor mental health, with a more than five per
cent increase since 2013 among females [2]. This increase is an important health issue, as mental

health problems may develop into mental disease later in life [3].

The importance of socioeconomic conditions for health is widely recognized and research has
provided evidence for a socioeconomic gradient in health, indicating that the higher the level of
e.g. household income the lower the risk of health problems [4-6]. Denmark is a welfare state and
characterised by a low grade of socioeconomic inequality, despite this; inequality in health exists

among children and adolescents [2].

Prolonged or chronic exposure to lower socioeconomic position (SEP) in childhood (defined by
parental educational level, parental occupation or household income) or adverse childhood
conditions in terms of e.g. parental mental health problems or negative life events have often
served as a proxy for social adversity in childhood or adverse childhood experiences. In this paper
we refer to childhood social adversity as a broad concept including both socioeconomic and

psychosocial factors.

Some studies point towards an association between childhood lower SEP and depressive
symptoms [7-10], negative life events or family function and depressive symptoms [11, 12], or the

combined effect of lower SEP and negative life events on mental health [13].



Research has shown that accumulated stress mechanisms may account for much of the difference
in health outcomes between children from lower and higher socioeconomic conditions [14]. It has
been argued that the influence of the family environment in the years, where the children grow up
and develop their personality may be crucial for future mental health problems among the
socioeconomic disadvantageous children [15, 16]. Growing up in a disadvantaged family
environment caused by e.g. lower income, parents being unemployed or a family which is poorly
functioning may increase stress in children [9]. Exposure to social adversity in early childhood (0—5
years) has been recognised as a critical period in time in relation to future mental health
problems, however, the childhood period (5—12 year) may also be a sensitive period due to
development and behaviour problems [17, 18]. Childhood and adolescence are years
characterised by complexity and variability both physiological and psychosocial and time-periods
where the future pattern of adult health is established [19, 20]. The timing of exposure to
childhood social adversity may therefore be of relevance in relation to future mental health
problems. Previous research examining the issue of timing has primarily focused on more severe
childhood social adversities in relation to later mental health problems [21] or psychiatric
disorders [22, 23]. To our knowledge, few studies [10, 16, 24] have examined the timing of
childhood low SEP in relation to later depressive symptoms in adolescence and early adulthood.
Boe et al. investigated the timing of exposure to low family income in late childhood and mental
health problems among Norwegian adolescents aged 16-19 [10]. They did not find strong
suggestion of any timing effect when examining the exposure of relative poverty. Findings by
Bjorkenstam et al. support the long-term negative impact of childhood adversity on adolescent

depressive symptoms; however, the timing of childhood exposure appeared to have little effect on



the risk of depressive symptoms. Their study was, however, conducted in the US with a different

society structure, which makes it difficult to transfer results to a Danish welfare society.

We aimed to examine the timing of early (age 0—8 years) and late childhood (age 9—14 years)
family socioeconomic factors in relation to depressive symptoms in adolescence and early
adulthood; including the psychosocial factors family functioning, negative life events in childhood
and subjective social status in society (SSS). These subjective factors have previously been linked
to later mental health problems [11, 12, 25] and may therefore contribute with valuable
knowledge regarding the family environment and the experienced social adversity in late
childhood, which may not be captured by the socioeconomic exposures. The cut for the early and

late childhood periods was pragmatic because of inconsistences in the literature.



Methods

Design and population

The study was a prospective cohort study as part of the West Jutland Cohort Study (VestLiv), which
is an on-going longitudinal study following a complete regional cohort of young people born in
1989 and residing in the former county of Ringkoebing in the Western part of Denmark in 2004.
The aim of the West Jutland Cohort Study is to examine inequality in health in a life course
perspective. The source population comprised 3,681 young people aged 15. Recruitment of
participants in 2004 took place at the schools within the county when the participants were
approximately 15 years old. A baseline questionnaire was completed during school hours and
those pupils not a school on this particular day of collection received the questionnaire by mail. Of
the potential 3,681 responders, 3,054 (83%) responded to the baseline questionnaire. All the
potential responders in 2004 were re-invited to participate at the latter waves. Further

information on recruitment and data collection is described elsewhere [26].

Participants were included in this current study if they had responded to questions about
depressive symptoms in at least one of three questionnaire waves (year 2004, 2007 and 2010).
This was the case for 3,014 young people (age 15) at baseline, 2,373 at the first follow up (age 18)
and 1,968 at the second follow up (age 21). Attrition and missing data reduced the sample as

shown in Figure 1.

“linsert Figure 1.]"



Data

Data comprised a combination of questionnaire data and data from registers. In Denmark, every
citizen is provided with a CPR-number (Civil Registration Number) at birth (or upon entry for
immigrants). The CPR-number allowed us to link each child to parental information from registers

[27].

Information on annual equivalised disposable household income was from the Danish register on
personal income and transfer payments [28], and mother’s highest education level was derived
from different educational registers [29]. Information about mother’s labour market participation
(LMP) was derived from the DREAM register, which provides information on social benefits and
payments related to e.g. unemployment benefits, sickness absence compensation, and disability

pension on a weekly basis [30].

Definition of outcome

The primary outcome measure was depressive symptoms derived from three questionnaire

waves.

Depressive symptoms were measured by an abbreviated version of the Center for Epidemiologic
Studies Depression Scale for Children (CES-DC), which is designed to measure current levels of
depressive symptoms in the general population [31]. The scale has been translated into Danish
and is validated [31]. It consists of four items asking about one’s mental state over the past week.
There are four categories of answers to each question ranging from “not at all” to “a lot”. The

answers are awarded scores of 0—3, where high values correspond to having depressive



symptoms. We applied single item imputation if one item was missing for the scale. The four items
summed up to a score between 0 and 12. The definition of depressive symptoms was obtained by
using the cut-off point of three and above as recommended for the short scale by Fendrich et al.

[31]. The CES-DC scale was also applied in its continuous form.

Definition of exposure

The main exposure variables were a range of socioeconomic and subjective psychosocial factors.
We applied subjective (self-reported) factors from the baseline questionnaire in 2004 to the late
childhood exposures, because we wanted to include the young people’s own perception of the
childhood social adversity and the family environment, which may not be captured by the

socioeconomic factors.

Socioeconomic factors:

Both equivalised income and mother’s LMP can be fluctuating parameters over time, whereas
mother’s highest educational level is more likely to be stable or has only the ability to increase. To
consider this fluctuating element, we calculated a mean for each of the two variables for the early

childhood (age 0—8 years) and the late childhood (age 9—14 years), respectively.

Equivalised income was a continuous variable collected each year from 1990 to 2003 (14 years).
Information about income had to be available for at least four years in one of the two childhood

periods to calculate a mean value for the early or late childhood. Equivalised income was



categorized into low, medium and high income, grouped by 33.3" and 66.6™ percentiles for each

childhood period. Equivalised income was also applied as a continuous variable.

Information about mother’s highest educational level was included when the child was 8 (1997)
and 14 years of age (2003), and the variable was divided into three categories: <10, 11-13, >13
years of school/education. If information on this variable was missing for the current year,

information from previous years was used (last observation carried forward).

Mother’s LMP was defined according to the degree of time on social benefits within each year
from second half of 1991 until 2003. When we defined LMP, we omitted payments due to
receiving maternity leave benefits or state educational grants. LMP was a continuous variable in
the range from 0—100 and calculated as a yearly mean LMP score. We then calculated a mean
score in each childhood period and dichotomized the variable into "high LMP" and "low LMP",

respectively, with a pragmatic cut-off value of 0.80 and above indicating high LMP.

Psychosocial factors:

Family functioning was a categorical variable based on the general functioning subscale of the
McMaster Family Assessment Device (FAD), developed by Epstein et al. The FAD consists of seven
subscales where General Functioning assesses the overall health/pathology of the family with
guestions about how the family handles e.g. crisis or other family issues [32]. It consists of 12
items with four response categories ranging from “‘strongly agree” to “strongly disagree” (scores
of 1—4), where high values indicated poor family functioning. We then calculated a mean value for

the 12 items and did not allow for missing values to occur. The variable was applied as a



continuous exposure variable. When we present the distribution of the variable in relation to the
outcome we chose to dichotomise the variable at the 75" percentile of the mean value indicating
poor family functioning at 22.08, which lies between the mean value for the nonclinical and clinical

samples on General Functioning [32].

Subjective social status in society (SSS) was measured by the youth version of the MacArthur Scale
of Subjective Social Status [33] using a Danish translated version. This instrument is a 10-rung
ladder with the following instruction: “Imagine that this ladder pictures how the Danish society is
set up”. The participants were then asked to place an X on the ladder representing where their
family would be in relation to income, education and prestigious jobs. The scale was categorized
into three groups composed of the three lowest rungs (low SSS in society), the three highest rungs
(high SSS in society) and the four in the middle (average SSS in society).

Negative life events were measured by six items taken from Newcomb et al. ’s [34] measure and
the Social Stress Indicator [35]. The questions were according to parental divorce, parental death
and abuse during the childhood. The exact wording of the questions has been explained elsewhere

[36]. We dichotomized the variable at two and more negative life events.

Statistical methods

We tabulated each exposure variable in early and late childhood in relation to the outcome at age
15, 18 and 21. We examined the associations between early and late childhood family factors and
depressive symptoms at age 15, 18 and 21 by using logistic regression models and estimates are
shown as odds ratios (OR) with 95% confidence intervals (Cl). We also carried out supplementary

analyses using linear regression models.
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Correlation analyses were carried out for all the exposure variables by Spearman’s rank correlation
test (matrix not shown). The correlation between equivalised income in early and late childhood
was Spearman’s rho=0.68 and for mother’s LMP in early and late childhood, Spearman’s rho=0.50.
No strong correlation was seen between any of the other exposure variables; the strongest
correlation was between equivalised income in late childhood and SSS, Spearman’s rho=0.3024.

Other coefficients were lower.

Since none of the socioeconomic exposure variables were strongly correlated, we mutual adjusted
the associations between early childhood exposures and depressive symptoms for the other

socioeconomic exposure variables in the same childhood period and gender.

For the late childhood exposures in relation to depressive symptoms, we made mutual
adjustments for all the other late childhood exposures and gender. To take the effect of the early
childhood socioeconomic exposure into account, we also included an adjustment for the early
childhood exposure, when we examined the associations between equivalised income and
depressive symptoms. The same procedure was applied when examining mother’s LMP and
mother’s educational level in late childhood. We tested each association for interaction with
gender, however, no significant interactions were found (results not shown). In sub-analyses, we
explored whether non-participants at baseline were different from participants with respect to
socioeconomic position (tables not shown). We furthermore carried out a sensitivity analysis using

a multiple imputation chained model with 100 imputations (results not shown).

Data analyses were performed using Stata, statistical software version 14.2 (Stata Corporation,

College Station, Texas, USA).
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Ethics

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. According to Danish law, approval by the Ethics Committee and written
informed consent was not required when data collection was carried out. 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.
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Results

When studying the family socioeconomic factors in early childhood in relation to the outcome at
age 15, 18 and 21, we did not find any remarkable differences in the proportions of participants

with depressive symptoms across the levels of exposure variables (Table 1). “[insert Table 1.]"

For late childhood exposures, we observed a higher proportion of depressive symptoms at all
three time points among those, who grew up in lower equivalised income families or with a
mother of low LMP or lower educational level, and among those who reported poor family

functioning, lower SSS or had experienced two or more negative life events (Table 1).

Table 2 and Table 3 presents unadjusted and adjusted estimates for the associations between
family socioeconomic and psychosocial factors in early and late childhood and depressive
symptoms at age 15, 18 and 21. For simplicity, only the adjusted results are shown with 95%

confidence intervals. “[insert Table 2 and Table 3.]"

Lower equivalised income in early childhood was associated with increased risk of depressive
symptoms at age 21, (AOR=1.4 (1.1—1.8)). Children, who grew up with a mother having low LMP in
early childhood, had increased risk of depressive symptoms at age 15, (AOR=1.3 (1.1—1.5)).
Moreover, mother’s low educational level in early childhood was associated with increased risk of

depressive symptoms at especially age 21, (AOR=1.3 (1.0—1.7)).

Children from low equivalised income families during late childhood had slightly increased risk of
depressive symptoms at age 15, (AOR=1.2 (0.9—1. 5)). Mother’s low LMP in late childhood was

associated with increased risk of depressive symptoms at age 21, (AOR=1.4 (1.0—1.8)).
13



Furthermore, mother’s low educational level in late childhood was associated with depressive
symptoms at age 15. With regard to the psychosocial exposures results showed that for each unit
increase in family functioning depressive symptoms increased by AOR=2.6 (2.2—3.1) at age 15, by
AOR=1.8 (1.5—2.2) at age 18 and by AOR=1.9 (1.6—2.4) at age 21. Reporting lower subjective
social status showed a clear association with depressive symptoms at all three ages, however, the
association vanished after adjustments. Reporting two or more negative life events was associated
with increased risk of depressive symptoms at age 15 and 18, (AOR=1.7 (1.3—2.2)), AOR=1.4

(0.9—1.9)), in that order.

The results from linear regression models confirmed the findings from the logistic regression

models and can be seen in supplementary material (Table 2a).
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Discussion

We aimed to examine if the timing of family socioeconomic factors in early and late childhood was
associated with later depressive symptoms. Furthermore, we supplemented the late childhood
exposures with the self-reported psychosocial variables family functioning, subjective social status
in society and negative life events in childhood. We observed that the family factors in both early
and late childhood were associated with increased risk of depressive symptoms in adolescence
and early adulthood. Regarding the timing of exposure, it appeared that the early childhood
equivalised income had a somewhat delayed influence at age 21, whereas the late childhood
equivalised income was associated with depressive symptoms at age 15, despite some wide
confidence intervals. This picture was similar when we examined mother’s low educational level.
We furthermore observed that mother’s low LMP in early childhood was associated with increased
risk of depressive symptoms at age 15, whereas mother’s low LMP in late childhood showed a
delayed effect at age 21. We found that the subjective exposure variables in late childhood in
terms of family functioning and negative life events showed stable associations with depressive

symptoms in adolescence and early adulthood.

To our knowledge, this is the first study to describe how the timing of several socioeconomic
family factors during the entire childhood, supplemented with subjective psychosocial factors

relates to depressive symptoms at ages 15, 18 and 21 in a Scandinavian egalitarian Society.

The fact that children, who grow up in families where they experience social adversity in terms of
financial problems or parental unemployment, have increased risk of later depressive symptoms
have been found in previous Scandinavian studies. Our results, however, indicate that the timing

of low income, mother’s low educational level and mother’s low LMP in early and late childhood
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may be of relevance in relation to later depressive symptoms in this cohort since these variables

showed their influence at different ages, depending of the exposure period.

Boe et al. found that exposure to low family income in late childhood/adolescence was associated
with later mental health problems, however, they did not find strong suggestion of any timing
effect [10]. The study examined exposure to relative poverty in relation to symptoms of mental
health problems. We did not examine exposure to relative poverty in our study which may have

revealed similar results.

Bjorkenstam et al., found that the timing of exposure was less important when they examined the
associations between childhood adversities and adolescent depressive symptoms in a US national
sample. The difference in findings may be due to the different exposures, the different contexts

and a slightly younger US population.

Results from our study showed that mother’s low LMP, low equivalised income and mother’s low
educational level in early childhood were associated with depressive symptoms at age 15 and age
21, respectively. Being unwillingly unemployed or having a low attachment to the labour market
may increase maternal stress due to e.g. job- and financial insecurity [37], which may affect the
family environment where the children are growing up. During the early childhood developmental
period children are primarily influenced by parents and the family environment, so if children are
exposed to continuous stress early in life this may track on to adolescence and into young
adulthood [38] possibly involving maladaptive coping mechanisms, which may increase risk of
poor mental health. Being exposed to maternal low LMP, low equivalised income or mother’s low
educational level in late childhood was associated with depressive symptoms at age 15 and age

21. During this developmental period with puberty and early adolescence children form increased
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attachments to peers and engage in different social contexts. Children are, however, continuously
influenced by the family environment which due to financial insecurity and lack of resources may
influence children’s development and behavior [17]. That maternal low LMP in late childhood
exerts a more long-term development of depressive symptoms in the offspring can also be caused
by maternal stress, which may decrease social support of the child and thereby increase risk of
poorer mental health [39]. In our study, we also observed that reporting poorer family functioning
in late childhood was the strongest risk factor for depressive symptoms at ages 15, 18 and 21,
which may reflect a disharmonious family environment influenced by parental stress among the

socioeconomic disadvantaged families.

Prior research has pointed to the fact that the subjective measure of social status among
adolescents showed a clearer association with depressive symptoms than the use of an objective
measure of socioeconomic status [25]. This was also the case with SSS in our study, however, the
association vanished after adjustments and this was primarily due to adjustment for family
functioning. This may indicate that the variable family functioning mediates the associations

between low SSS and depressive symptoms [40].

Negative life events in childhood showed clear associations with later depressive symptoms, which
is consistent with findings in other studies [11, 41]. In this cohort less than 15% had experienced
more than one negative life event during childhood (table not shown). Approximately one in five
had experienced parental divorce, 15% had experienced parents being severe ill and between 3 to
7% had experienced negative life-events in terms of abuse, parental alcohol problems or parental
death. All of the abovementioned negative life events may individually increase stress in children,

where some of the life events may pertain particular to families of lower socioeconomic status.
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Being exposed to an increased number of negative life events may likewise increase the risk of

later poorer mental health [42].

It is therefore important to address attention to socioeconomic disadvantaged families during the
entire childhood to decrease stress in the family environment and prevent the development of
poorer mental health among the offspring, which may track into adulthood. Growing up in a social
secure and healthy family environment is of outmost importance to prevent future mental health

problems related to the family factors.

Strengths and limitations

Design and population

This cohort study covered in total 21 years of follow-up, with the first 14 years of exposure
information derived from registers with few missing values. Furthermore, we supplemented with
the self-reported exposure variables. Across the following six years, depressive symptoms were
measured at three measure points. This longitudinal design is suitable to observe potential
changes over time and is considered to be appropriate to study this kind of associations. Also,
using register-based exposure variables diminish the risk of differential information bias on the

objective variables.

Non-participation can cause selection bias— that is, if non-participation is associated with both the
family background factors and the outcome depressive symptoms in this study. We found that
non-participants at baseline were more likely to come from lower socioeconomic families, but we

had no information about their mental health to investigate if the selection was differential. A
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former study by Winding et al. about the potential bias caused by non-participation and drop-outs
in the same cohort, found no significant influence on a number of relative risk associations, which
is assuring for the results of our study [26]. We conducted a complete case-analysis where we only
included participants with complete information on all exposure and outcome variables, due to a
different number of participants in each age interval analysis and to embrace that it may be
different responders with each survey rounds due to non-participation or missing data. The
complete case-analysis did not change the results (results not shown) which we find reassuring for
the validity of results presented here. We furthermore conducted a sensitivity analysis using a
multiple imputation model (results not shown). These results showed some small deviations of the
estimates in both directions, however, the assumptions of missing at random may not be fulfilled
with the imputation model as the mechanism behind loss to follow-up in this study is unknown

and may be related to unmeasured factors, not included in the model.

Information about the late childhood exposure variables family functioning, SSS and negative life
events was collected at the same time as the first outcome measure, which could induce common
method bias. Reporting of outcome could have been influenced by the fact that participants, who
reported poorer family functioning, lower SSS and more negative life events also may be more
likely to report depressive symptoms, which potentially could lead to an overestimation of the

associations at age 15.

Another limitation in this study may be that the outcome variable of interest was based on self-
reported data, which could induce the risk of information bias. Participants should answer four
guestions regarding their mental health state during the last four weeks; however, it seems

unlikely that participants would answer other than correctly or to the most underestimate their
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mental health state. As we find it unlikely that they were aware of the exposures of this study, this
would induce a non-differential misclassification and hence bias towards the null-hypothesis.
However, applying the self-reported exposure variables at age 15 in relation to later depressive
symptoms can be prone to reverse causality. If a person is depressed at the time when he or she
fills in the baseline questionnaire this may affect the answers on the applied exposure variables in
this study. When we apply these variables as late childhood exposures in relation to the outcome
at age 15, 18 and 21, the associations may reflect the fact that the person was depressed when

the baseline questionnaire was done. This may lead to an overestimation of the associations.

The CES-DC scale was dichotomised at a cut-off value of three and above, as recommended by
Fendrich et al. [31]. In this population-based study the proportion of young people with depressive
symptoms seemed high, which could be attributed to the fact that we applied a cut-off value
originally derived from an American sample, although it does not differ much from findings in
other populations [43, 44]. We explored in supplementary analyses whether applying a cut-off
value corresponding to the 9ot percentile of the CES-DC mean value would change our
conclusions. Results showed similar or stronger associations (results not shown). We also applied
the scale in its continuous form and results from linear regression models confirm our results
(Table 2a). The plots, however, showed that the residuals were not normally distributed following

possible transformations.

It is important to stress, that the high proportion of young people in this cohort presenting with
depressive symptoms not necessarily reflect clinical symptoms of depression but rather that
adolescence and early adulthood are complicated periods of life, due to starting an adult-life with

leaving home, job or educational choice. Furthermore, minor mental health problems seem to be
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a part of everyday life for many adolescents and young adults living lives with high levels of

competition on several issues in modern society.

We adjusted each of the associations for the other exposure variables in the same childhood
period because we wanted to explore the independent effect of each exposure variable. These

adjustments overall did not alter the results much.

When examining childhood social conditions in relation to mental health in early adulthood, it
would be relevant to include adjustment for the young people’s own current financial status [45].
Unfortunately, this was not possible; however, many of the participants in this study have not fully
established their own financial status due to still living at home or receiving financial help from

their parents to support them during their studies.

Generalisability

An in-depth description of the study setting found that the members of this cohort are similar to
young people in other parts of Denmark [36]. Therefore, the results of this study may be
transferred to young people with similar social and environmental conditions to this Danish

cohort, when taking the aforementioned limitations into account.
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Conclusion

In this Danish longitudinal study, we found that family socioeconomic factors in both early and late

childhood were associated with increased risk of depressive symptoms in adolescence and early

adulthood. Timing of low equivalised income, mother’s low educational level and mother’s low

LMP in early and late childhood showed influence at different ages in relation to future depressive

symptoms, which may indicate that the timing of these exposure variables may be of some
importance in this Youth cohort. The subjective exposure variables in late childhood; family
functioning and negative life events were the most prominent risk factors for depressive
symptoms, however, these results should be interpreted with cautious due to risk of reverse

causality.

Implications

Even in welfare systems like in Denmark, where rules and regulations aim to reduce social
inequality and where school/education is free of charge, poorer family factors in childhood are
associated with depressive symptoms in adolescence and early adulthood. It is important to
address attention to socioeconomic disadvantaged families to decrease stress in the family
environment to prevent mental health problems related to childhood social conditions. It also
emphasises that further research in the underlying mechanisms are important to better target

relevant support.
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® Mean equivalised income categorised at 33.3" 66.6thpercentile, ® Mother’s mean labour market
participation dichotomised >0.80 (high score), ¢ Mother’s highest educational level, 4 Mutual
adjusted (adj.) for other early childhood exposures and gender, ¢ Subjective social status in society,
"Mutual adj. for other late childhood exposures, early childhood equivalised income and gender, &

Mutual adj. for other late childhood exposures, mother’s LMP in early childhood and gender, h
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Mutual adj. for other late childhood exposure variables, mother’s education in early childhood and

gender, 'Mutual adj. for other late childhood exposure variables and gender.
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Fig. 1. Baseline participation and participation to follow-ups in 2007 and 2010.



Table 1. Distribution of family factors in early and late childhood in relation to depressive symptoms at age 15, 18 and 21 (N=3014).

Variables

Gender
Girls
Boys

Early childhood
Income?®

High

Medium

Low

LMP®
High score
Low score

Mother’s education 1997°

1 (=13 yr)
2(11-13 yr)
3 (=10yr)

Late childhood
Income?®

High

Medium

Low

LMP®
High score
Low score

Mother’s education 2003°

1 (>13 yr)
2 (11-13 yr)
3(=10yn)

Family functioning
Good (ref.grp)
Poor

Subjective social status®
High

Average

Low

Negative life-events
<2
=2

2,898

2,952

2,869

2,949

2,939

2,910

2,894

2,935

2,988

n

1,623
1,491

1,013
986
899

2,057
895

784
1,292
793

1,048
1,003
898

2,217
722

879
1,343
688

2,142
752

971
1,917
a7

2,585
403

“Mean equivalised income categorized at 33.3"%66.6" percentile

15
Depressive symptoms

n (%)

594 (39)
453 (30)

350 (35)
337 (34)
319 (35)

677 (33)
349 (39)

271 (35)
423 (33)
293 (37)

328 (31)
357 (36)
327 (36)

745 (34)
277 (38)

303 (34)
439 (33)
263 (38)

607 (28)
395 (53)

284 (29)
714 (37)
24 (51)

840 (33)
198 (49)

®Mother’s mean labour market participation dichotomized =0.80 (high score)

°Mother’s highest educational level
°Subjective social status in society

2,288

2,370

2,307

2,341

2,334

2,071

2,110

2,143

1>

1,280
1,093

847
748
693

1,678
692

668
1,022
617

864
814
663

1,828
531

742
1,063
529

1,681
490

693
1,384
33

1,910
233

18
Depressive symptoms
n (%

720 (56)
435 (40)

404 (48)
370 (49)
340 (49)

812 (48)
341 (49)

338 (51)
473 (46)
306 (50)

416 (48)
389 (48)
329 (50)

880 (48)
268 (50)

370 (50)
491 (46)
270 (51)

202 (41)
288 (59)

314 (45)
697 (50)
20 (61)

900 (47)
140 (60)

a

a

a

©
g

8

,915

,940

,948

,738

,790

n

1,104
864

668
645
602

1,399
566

572
855
507

684
695
561

1,521
436

620
887
441

1,320
418

572
1,169
28

1,614
176

21

Depressive symptoms

n (%)

461 (42)
297 (34)

226 (34)
253 (39)
257 (43)

532 (38)
225 (40)

210 (37)
308 (36)
227 (45)

233 (34)
276 (40)
235 (42)

557 (37)
195 (45)

236 (38)
312 (35)
204 (46)

449 (34)
210 (50)

194 (34)
467 (40)
15 (54)

590 (37)
91 (52)
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Table 2. The association between income, mother’s labour market participation (mother’'s LMP), mother’s highest education level (mother’s education) in early and late
childhood and depressive symptoms at age 15 (N=3,014), 18 (N=2,373) and 21 (N=1,968).

Early childhood
Income?®

High (ref.grp.)
Medium
Low

Mother’s LMP
High score (ref.grp.)
Low score

Mother’s education
1 (>13 yr) (ref.grp.)

2 (11-13 yr)
3(=<10yr)

Late childhood
Income?®

High (ref.grp.)
Medium

Low

Mother’s LMP
High score (ref.grp.)
Low score

Mother’s education
1 (>13 yr) (ref.grp.)

2 (11-13 yr)
3(=10yr)

®Mean equivalised income categorized at 33.3rd,66.6th percentile

=]

2,898

2,952

2,869

2,949

2,939

2,910

OR

_ A
oo

_ A
w N

0.9
1.2

15
n

2,800

2,800

2,800

2,581

2,649

2,637

9Mutual adjusted (adj.) for other early childhood exposures and gender

"Mutual adj. for other late childhood exposures, early childhood equivalised income and gender

AOR (95%ClI)

1d
1.0 (0.8;1.2)
1.0 (0.8;1.2)

1d
1.3 (1.1;1.5)

1d
0.9 (0.7;1.0)
1.0 (0.8;1.2)

1f
1.2 (0.9;1.4)
1.2 (0.9;1.5)

19
1.0 (0.8;1.2)

1h
1.1 (0.7;1.9)
1.5 (0.8;2.9)

9Mutual adj. for other late childhood exposures, mother’s LMP in early childhood and gender

"Mutual adj. for other late childhood exposure variables, mother’s education in early childhood and gender

=]

2,288

2,370

2,307

2,341

2,359

2,334

OR

20 -

a0 -

=Y

8

n

2,256

2,256

2,256

1,919

1,961

1,953

AOR (95%Cl)

1d
1.1 (0.9;1.3)
1.1 (0.8;1.3)

1d
1.1 (0.9;1.3)

1d
0.8 (0.7;1.0)
1.0 (0.8;1.2)

1f
0.9 (0.8;1.2)
1.0 (0.8;1.4)

19
1.0 (0.8;1.3)

1h
1.1 (0.6;1.9)
1.2 (0.6;2.4)

=]

1,915

1,965

1,934

1,940

1,957

1,948

2

n

=Y

1,898

1,898

1,898

1,631

1,661

1,656

AOR (95%ClI)

1d
1.2 (0.9;1.6)
1.4 (1.1;1.8)

1d
1.0 (0.8;1.3)

1d
0.9 (0.7;1.2)
1.3 (1.0;1.7)

1f
1.2 (0.9;1.6)
1.1 (0.8;1.6)

19
1.4 (1.0;1.8)

1h
0.5 (0.2;0.9)
0.9 (0.4:2.0)
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Table 3. The association between family functioning, subjective social status in society, negative life events in late childhood and depressive symptoms at ages 15

(N=3,014), 18 (N=2,373) and 21 years (N=1,968).

15
n  OR n

Family functioning 2,894 2,649
Increase per unit 29
Subjective social status 2,935 2,649
High (refgrp.) 1
Average 14
Low 25
Negative life events 2,988 2,646
<2 (refgrp.) 1
=2 2.0

'Mutual adj. for other late childhood exposure variables and gender

AOR (95%Cl
2.6(2.2;3.1)
1

1.2(1.0;1.5)
1.0 (0.5;2.1)

1i
17 (1.3:2.2)

2,07

2,110

2,143

1.2
1.9

—

8

n
1,961

1,961

1,961

AOR (95%Cl
1.8(1.5;2.2)
4i

1.1(0.9,1.3)
0.9 (0.4;2.1)

1i
14(0.9,1.9)

n
1,738

1,769

1,790

1.3
22

1

n
1,661

1,661

1,661

AOR (95%ClI
19 (16:2.4)
1i

1.1(0.8;1.3)
0.7 (0.3;1.8)

1i
12(0.8,1.7)
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Table 2a. The association between equivalised income, mother’s labour market participation (mother’s LMP), mother’s highest education level (mother’s education) in early and

late childhood (family functioning, subjective social status, negative life events) and depressive symptoms at age 15, 18 and 21.

15 18
n B n B (95%Cl) n B n B (95%Cl)

Early childhood
Equivalised income (low—high) 2,898 2,800 2,288 2,256

-0.18 -0.03 (-0.38;0.32)° 0.01 0.09 (-0.33;0.50)°
Mother’s LMP (high—low) 2,952 2,800 2,370 2,256

0.29 0.23 (0.05;0.42)° 0.1 0.08 (-0.13;0.30)°
Mother’s education (high—low) 2,869 2,800 2,307 2,256

0.08 0.02 (-010;0.13)° -0.02 -0.03 (-0.16;0.10)°
Late childhood
Equivalised income (low—high) 2,949 2,581 2,341 1,919

-0.10 0.04 (-0.14;0.23)' -0.08 -0.03 (-0.24;0.18)'
Mother’s LMP (high—low) 2,939 2,649 2,359 1,961

0.38 0.18 (-0.01;0.37)° 0.10 -0.02 (-0.29;0.24)°
Mother’s education (high—low) 2,910 2,649 2,334 1,953

0.07 -0.07 (-0.18;0.04)" 0.01 -0.05 (-0.41;0.32)"
Family functioning (good—poor) 2,894 2,649 2,071 1,961

1.44 1.31 (1.16;1.46) 1.00 0.93 (0.74;1.13)
Subjective social status (high—low) 2,935 2,649 2,110 1,961

0.48 0.15 (-0.01;0.31)’ 0.40 0.23 (0.03;0.44)'
Negative life events (none—>2) 2,988 2,649 2,143 1,961

0.87 0.54 (0.29;0.79)' 0.61 0.29 (-0.04;0.63)’

9 Mutual adjusted (adj.) for other early childhood exposures and gender

"Mutual adj. for other late childhood exposures, early childhood equivalised income and gender

9 Mutual adj. for other late childhood exposures, mother’s LMP in early childhood and gender

" Mutual adj. for other late childhood exposure variables, mother’s education in early childhood and gender
"Mutual adj. for other late childhood exposures and gender

=]

1,915

1,965

1,934

1,940

1,957

1,948

1,738

1,769

1,790

-0.49

0.18

0.22

-0.31

0.43

0.21

0.92

0.43

0.81

1,898

1,898

1,631

1,661

1,656

1,661

1,661

1,661

-0.32 (-0.80;0.15)°

0.12 (-0.11;0.36)¢

0.18 (0.04;0.33)"

-0.19 (-0.45;0.06)"

0.31 (0.02;0.60)°

0.05 (-0.38;0.47)"

0.82 (0.61;1.04)'

0.09 (-0.14;0.31)’

0.16 (-0.22;0.55)’
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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% Cl 1.0;34) and RR=5.2 (95% Cl 14;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
24 times the risk of obesity at age 21. Parental low LMP increased boys' risk of obesity at age 18 and 21 between
RR=12.2(95% Cl 1.3;3.8) and RR=2.8 (95% Cl 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
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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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N=3,681
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\Vi

Non-participants

v

n=627

N=3,004

Initial response population

\Vi

Non-responders height and weight

v

n=175

2004

Study population

N=2,879 (78%)

Study population
2007
N=2,308 (63%)

V.

N

Non-responders height and weight
n=1,373

Non-responders height and weight

Study population
2010
N=1,974 (53%)

Fig. 1 Baseline participation and participation to follow-ups in 2007 and 2010

v

n=1,707

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/height®) 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/m? for boys
and <23.94 kg/m> for girls), and “overweight” (BMI
>23.29 kg/m? for boys and BMI >23.94 kg/m? 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
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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 20.80 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
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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;29 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=19, 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;34 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=24,
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
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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 vyears 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
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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
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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 LMDP,
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.

Additional file

Additional file 1: Table S1. Spearman’s rank correlation matrix of
exposure variables in early (0-8 years) and late childhood (9-14 years).
(DOCX 30 kb)
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Abstract

Background: Chronic stress in childhood may increase the risk of overweight and obesity in young people. Erik
Hemmingsson has suggested a new obesity causation model which focuses on psychosocial stress.

The aim was to examine the associations between socioeconomic disadvantage and overweight and obesity and
examine if these associations attenuate, when the effect of the different domains from Eric Hemmingsson's obesity
causation model were taken into account.

Methods: A longitudinal study using data from The West Jutland Cohort Study (N =2879). Outcome was
overweight and obesity combined derived from self-reported weight and height at age 15, 18, 21 and 28 years.
Exposure variables were equivalised household income, educational level and labour market participation of the
mother derived from registers and psychosocial variables derived from questionnaires. A three-step adjustment
model using logistic regression and stratified by gender was applied.

Results: Mother's low educational level was associated with a 3-fold increased odds of obesity in 18 year-old-girls,
which attenuated when adjusting for the domains adult distress, disharmonious family environment and offspring
distress. In 28 year-old girls, a 2.5-fold increased odds of obesity was observed, which attenuated when mutual
adjusted for other socioeconomic variables and attenuated even further when adjusting for all the domains. In 18-
year-old boys, a 3-fold increased odds of obesity was observed which attenuated after adjustments for adult
distress, disharmonious family environment and offspring distress. In 21-year old boys, a four-fold increased odds of
obesity was observed that attenuated after adjustments. At age 28 years, a three-fold increased odds of obesity was
observed, which vanished in the fully adjusted model.
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lower educational level and obesity at age 28 years.

Conclusions: Our study confirms to some extent that the associations between socioeconomic disadvantage and
overweight and obesity can be explained by the domains included in Erik Hemmingsson's model, although our
results should be interpreted with caution. Adult distress, disharmonious family environment and offspring distress
accounted for some of the association in girls, whereas in boys it was primarily offspring distress, which had the
greatest impact. Young people’s educational attainment can act as a buffer in the relationship between mother's

Keywords: Socioeconomic disadvantage, Overweight and obesity, Psychosocial stress

Background
In western high-income countries, the prevalence of
overweight and obesity has increased dramatically over
the last three decades [1]. Despite a possible levelling-off
among children and adolescents from more affluent
families, a continued increase has been observed among
lower socioeconomic classes, indicating increasing socio-
economic inequalities in overweight and obesity [2, 3]. A
recent meta-analysis by Wardle et al. showed a small,
yet persistent, association between perceived psycho-
social stress and an increased risk of obesity in adults
[4]. Among children and adolescents, overweight and
obesity may have other psychosocial and social pathways
than in adults. In a review by Gundersen et al., individ-
ual psychosocial stressors along with psychosocial
stressors in the household were associated with an in-
creased risk of childhood overweight and obesity [5].
The concept of stress can be defined in different ways.
In the bio-physiological area, “stress” is often referred to
as “the non-specific response of the body to any factors
that overwhelms or threatens to overwhelm the body’s
ability to maintain homeostasis” [6]. In the psychological
literature, the word “stress” is often defined as “a par-
ticular relationship between the person and the environ-
ment that is appraised by the person as taxing or
exceeding his or her resources and endangering his or
her well-being” [7]. The experience of stress can be
caused by different types of emotional challenge (e.g. un-
employment or conflict) or by physiological challenges
(e.g. illness) [8]. Stress can be divided into acute or
chronic stress. The experience of acute stress can be re-
lated to one’s personal safety which may activate the
“fight and flight” mechanism [6] and may also be associ-
ated with the inhibition of appetite/loss of appetite [9].
Chronic stress can occur in response to a prolonged ex-
posure to psychological stressors (e.g. job pressures) as
well as exposure to adverse events in childhood [10],
where stress mechanisms may manifest themselves in
the individual expressing a preference for high energy-
dense foods [11, 12], which may contribute to weight
gain and future overweight and obesity [13], especially
for example among women [14].

Being obese as a child or during adolescence is a major
risk factor for being obese as an adult and obesity is a
major risk factor for later morbidity [15]. Obese people
are often stigmatized in society which may result in
severe psychological problems for the individual [16, 17].
Therefore, to shape and to help initiate future preventive
initiatives against overweight and obesity in children and
young people, it is important to identify psychosocial
and environmental risk factors during upbringing that
facilitate the experience of chronic stress in the
individual.

Erik Hemmingsson recently introduced a new causal
conceptual model as a possible way of rethinking pre-
ventive initiatives against obesity. The model explores
the underlying reasons behind the association between
low socioeconomic status (SES) and obesity with an em-
phasis on the psychological and emotional stress factors
experienced by parents and children [18]. It is a step-by-
step model of obesity causation which highlights the
many steps in the lifecourse for an individual in which
predisposing factors can influence the onset of weight
gain. These steps are presented as domains with a wide
array of psychosocial factors, where the model attempts
to disentangle the possible negative effects of growing
up in a socioeconomic disadvantaged environment,
which eventually may lead to psychological and emo-
tional overload in an individual and possible disrupted
energy balance homeostasis, resulting in weight gain and
obesity. This approach suggests that the psychosocial
factors encompassed in the different domains may act as
mediators for the association between socioeconomic
disadvantage and obesity.

The proposed obesity causation model is primarily
based on literature from the United States (US) and the
United Kingdom (UK), which are countries with neo-
liberal political systems and high levels of inequality and
insecurity at the national level, which could influence
the experience of chronic stress in the population. In the
US, according to the American Psychology Association,
75% of adults reported that they had experienced mod-
erate to high levels in stress within the last month [19].
Among Americans aged 18-21 years who participated in
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the annual “Stress in America Survey”, 58% reported
common symptoms of stress [20]. In Denmark, 40% of
young women and 23% of young men aged 16—24 years
reported higher levels of perceived stress according to
the latest Danish National Health Profile 2017 [21] and
approximately 20% of Danish children and young people
aged 10-24years reported often feeling stressed in a
report, published by “The Council on Health and
Disease” [22].

These reports indicate very different levels of experi-
enced stress across countries, and perhaps stress
emerges in a different way in Denmark than in the US
and the UK due to a more egalitarian society with low
levels of income inequality and job insecurity. The pro-
posed step-by-step model holds promise as a new
approach to understand obesity causation, and it is im-
portant to examine whether this model can be applied
empirically. To examine the Erik Hemmingsson model
in an empirical context, it is necessary to use longitu-
dinal data, and to the best of our knowledge, no such
examination with the use of longitudinal data has yet
been performed.

Our aim was therefore to explore the associations
between socioeconomic disadvantage and overweight
and obesity and examine if these associations attenuate,
when the effects of the domains: adult distress, dishar-
monious family environment, offspring distress, psycho-
logical and emotional overload and homeostasis
disrupted from Eric Hemmingsson’s model were taken
into account.

Methods

Design and population

This is a longitudinal study using data from the West
Jutland Cohort Study (VestLiv), an on-going Danish
study following a complete regional cohort of young
people who were born in 1989 and lived in the western
part of Denmark (former Ringkoebing County) in 2004.
The county had a total of 275,000 inhabitants when the
cohort was established in 2004.

The main purpose of this youth cohort is to study the
relationship between social inequality and health from a
life course perspective. The project has so far included
four waves of questionnaires, in 2004, 2007, 2010 and
2017 [23], which have been supplemented with a range
of register-based information. Furthermore, in 2004, the
parents completed a questionnaire about the child’s
health during upbringing, as well as about their own
psychosocial health.

The source population comprised 3681 young people
at the age of 15 years. Detailed information on recruit-
ment and data collection has been described elsewhere
[24]. Participants were included in this study if they had
responded to questions about reported height and
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weight in 2004, 2007, 2010 or 2017 to determine rates of
overweight and obesity. Depending on the research
question, attrition and missing data reduced the sample
as shown in Fig. 1. Women who were more than 3
months pregnant when they completed the question-
naire were excluded from the analyses related to this
specific survey wave, due to temporally higher BMIL
These exclusions are displayed in Fig. 1.

Data for this study comprised a combination of ques-
tionnaire data from both children and parents and data
from registers. In Denmark, every citizen is provided
with a CPR-number (Central Office of Civil Registration)
at birth (or upon entry for immigrants). This is a key
component for register linkages [25] and allowed us to
link the CPR number of each child to parental informa-
tion from registers.

Definition of outcome

The primary outcome measure was overweight and
obesity combined, defined by Body Mass Index (BMI) at
age 15, 18, 21 and 28 years. Weight and height were
derived from questionnaires and BMI was calculated as
weight in kilograms divided by height in meters squared.
At age 18-28years, participants were categorized
according to the International Classification of adult
obesity (BMI > 30 kg/m2) [26, 27]. However, at age 15
years, participants were categorized into “normal weight”
(< 23.29 kg/m? for boys and < 23.94 kg/m? for girls), and
“overweight” (BMI =>23.29kg/m> for boys and BMI
>23.94 kg/m? for girls) using thresholds for 15 year old
girls and boys [28] because of few obese at this age (21
girls and 23 boys).

Definition of exposure domains

We generated proxy variables from registers and ques-
tionnaires for the six domains in Hemmingsson’s caus-
ation model: socioeconomic disadvantage, adult distress,
disharmonious family environment, offspring distress,
psychological and emotional overload, and homeostasis
disrupted: start of weight gain (hereafter referred to as
homeostasis disrupted). These domains are adapted
from Fig. 1 in [18], presented in Fig. 2, and explained in
detail below.

Socioeconomic disadvantage was measured as mother’s
highest educational level, equivalised disposable house-
hold income and mother’s labour market participation.
Information on mother’s highest educational level in
2003 was derived from different educational registers
[29]. The variable was divided into three categories: <10
years (primary school), 11-13 years (secondary school)
and > 13 years of education (tertiary school). If informa-
tion was missing for year 2003, information from previ-
ous years was applied (last observation carried forward).
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Fig. 1 Distribution of participants and non-participants in 2004, 2007, 2010 and 2017
A\

> | Author exclusions due to pregnancy
n=64

Annual equivalised disposable household income
(equivalised income) was included as it informs about
the inequality in wealth distribution among Danish fam-
ilies independent of family size and age distribution in
the family. Equivalent disposable income is a weighted
value which uses an equivalence scale that takes into ac-
count that a family of two adults consumes more, but
does not need twice the income as a family with only
one adult. The scale also reflects that children do not
need as much income as adults to achieve the same
standard of living. Information about equivalised income
in Danish Kronor (DKK) was derived from the Danish
register on Personal Income and Transfer Payments [30]
and we applied information from 1990 to 1997 (8 years).
We calculated a mean value for this early childhood
period and categorized the variable into low, medium
and high equivalised income, grouped by the 33.3rd and
66.6th percentiles. Information on mother’s labour mar-
ket participation (LMP) was derived from the Danish
Register for Evaluation of Marginalization (referred to as
the DREAM Register) which provides information on
public transfer incomes on a weekly basis [31]. Mother’s
LMP was defined according to the degree of receiving
social benefits (e.g. sickness absence compensation or
unemployment benefits) within each year from the sec-
ond half of 1991 to 1997. When we defined this variable,
we omitted maternity leave benefits or state educational
grants. LMP was a continuous variable in the range from
0 to 100 and calculated as a mean LMP score between 0

and 1 for the entire period and categorized into “high
LMP” and “low LMP” at a cut-off value of >0.80 indicat-
ing high LMP.

Adult distress was measured as parental self-rated
health (2004). Information was provided by the parents
in the parental questionnaire in 2004 and measured
using a single item from the SF-36 on general health
(GH-1) [32]. The question was: “In general, would you
say your health is ...” with five response options ranging
from “excellent” to “poor”, which was subsequently
dichotomised to indicate “good” (excellent, very good)
versus “poor” (good/less good/poor) self-rated health.

Disharmonious family environment was measured as
family functioning. Information on family functioning
came from the baseline questionnaire in 2004, when the
participants were 15 years of age. Family functioning was
a categorical variable based on the general functioning
subscale of the McMaster Family Assessment Device
(FAD), developed by Epstein et al. [33]. The FAD con-
sists of seven subscales where General Functioning as-
sesses the overall health/pathology of the family with
questions about how the family handles such things as
crisis and other family issues. It consists of 12 items with
four response categories ranging from “strongly agree”
to “strongly disagree” (scores of 1-4), where higher
values indicate poorer family functioning. We calculated
a mean value for the 12 items. A pragmatic decision was
made by the authors to include participants with 8 and
more answers to enhance the number of participants,
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Fig. 2 presents the domains from Hemmingsson’'s model with the chosen proxy variables in this study (adapted from Fig. 1, Hemmingsson 2014)

despite missing items. The variable was dichotomised at
the 75th percentile of the mean value indicating poor
family functioning at >2.08, which lies between the mean
value for the non-clinical and clinical samples on
General Functioning [33]. This cut-off value has been
applied in previous studies on the same cohort.
Offspring distress was measured as participant’s self-
rated health, self-esteem and depressive symptoms. From

the baseline questionnaire, we used information about
self-rated health, self-esteem and depressive symptoms.
Self-rated health was measured using a single item
from SF-36 on general health (GH-1) and the response
categories were dichotomised into two groups: “good”
self-rated health (excellent/very good), and“poor” self-
rated health (good/less good/poor) as described above
with the domain adult distress [32]. Self-esteem was
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measured using six items from the Rosenberg self-
esteem scale with scores from 1 to 4 and a total score
between 6 and 24 [34]. Scores were reversed so higher
scores indicated lower self-esteem. The variable was
dichotomised at the 75th percentile into “high” and
“low” self-esteem. Depressive symptoms were measured
using the abbreviated 4-item validated version of “The
Center for Epidemiologic Studies Depression Scale for
Children” (CES-DC) [35]. It consists of four items asking
about one’s mental state over the past week. There are
four categories of answers to each question ranging from
“not at all” to “a lot”. The answers are awarded scores of
0-3, where high values correspond to having depressive
symptoms. We applied single item imputation if one
item was missing for the scale by adding the mean of
the other items. The four items summed up to a score
between 0 and 12. The definition of depressive symp-
toms was obtained by using the cut-off point of 3 and
above indicating depressive symptoms as recommended
for the short scale by Fendrich et al. [35].

Psychological and emotional overload was measured as
avoidance coping, perceived stress and smoking status. In-
formation about avoidance coping, perceived stress and
smoking status was collected from the 2004, 2007 and
2010 questionnaires. Avoidance coping was measured
using three subscales of two items each from the BRIEF
COPE Scale [36]. The three subscales employed in this
study were “self-distraction”, “substance use” and “behav-
ioural disengagement”. Each item had 4 response categor-
ies yielding scores between 1 and 4, with higher scores
indicating a higher level of avoidance coping. The avoid-
ance coping scale was created by the mean of the item
scores. The distribution of avoidance coping for this popu-
lation was skewed to the right, so we decided to dichot-
omise the avoidance coping scale into low and high
avoidance coping at the 75th percentile, respectively.

Perceived stress was measured using a Danish 4 item
version of the Perceived Stress Scale (PSS), which was
originally developed by Cohen et al. [37]. The 4 items
ask about the responder’s experience of being in control
of their life during the last month. Each item has a score
of between 0 (“never”) and 4 (“very often”). The total
scale ranged from O to 16 points where higher values
indicated higher levels of perceived stress. PSS has no
clinical cut points, so the variable was dichotomised into
low and high PSS at the 75th percentile, respectively.

Smoking status was a categorical variable with four
possible answers that were dichotomised into smoking
(“yes, but not every week”, “yes, but not every day”, “yes,
daily”) and not smoking (“no, I do not smoke”).

Homeostasis disrupted was measured as physical activ-
ity and computer time. Information about physical activ-
ity and computer time was collected from questionnaires
in 2004, 2007 and 2010.
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Physical activity (PA) was a categorical variable with
six possible answers where each participant was asked in
a single item, “How many hours a week during leisure
time do you usually exercise or play sports where you
are out of breath or sweating?”. The answer categories of
PA were respectively: none, % hour, 1h, 2-3h, 4-6h,
and 7 h or more. The variable was dichotomised accord-
ing to the recommendation on PA given by the Danish
Health Authorities for adolescents (60 min/day) and
young adults (30 min/day) [38]. At age 15 years, the vari-
able was dichotomised into: “Low level of PA” (<2-3 h/
week); “high level of PA” (>4—6 h/week) assuming 2 h of
compulsory physical education classes at school. At age
18 and 21 years, the variable was dichotomised into:
“Low level of PA” (<1 h/week); “high level of PA” (>2-3
h/week).

Computer time (CT) was a categorical variable with 7
possible answers where each participant was asked in a
single item, “On an average (school) day, how many
hours of your leisure time do you spend in front of a
computer?”. The answer categories of CT were in the
range of “I am not using the computer” to “Approxi-
mately five hours or more per day”. Since we do not
have any official Danish recommendations for children’s
and young people’s computer use, the authors made a
pragmatic decision to dichotomise the variable at the
75th percentile, which resulted in slightly different cut-
offs. At age 15, the variable was categorised into “low
level of CT” (<2h/day) and “high level of CT” (=3 h/
day). At age 18 and 21 the variable was categorised into
“low level of CT” (<3 h/day) and “high level of CT” (=4
h/day).

Additional variables
Birth-weight and highest educational level at age 28
years.

Birth-weight was included in the analyses because high
birth-weight has previously been associated with later
overweight and obesity [39]. Information on birth-
weight was obtained from the Danish Medical Birth
Register, which is a national register with information
about all hospital and home births [40].

As a proxy for the participant’s own socioeconomic
position at age 28 years, we obtained information on
highest educational level from educational registers [29].
The variable was divided into three categories: <10 years,
11-13 years and > 13 years of education.

Statistical analyses

We calculated proportions on each variable from the six
domains in relation to the outcome at age 15-28 years,
stratified by gender. Logistic regression models were
used to calculate the associations between each of the
three main exposures (socioeconomic disadvantage
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domain) and overweight and obesity at age 15-28 years.
Estimates are presented as odds ratios (OR) with 95% con-
fidence intervals (95% CI). We also examined each of the
variables from the remaining 5 domains individually with
the outcome at age 15-28 years using logistic regression.

In the main regression analyses it was decided 4 priori
to include variables from the other domains as potential
confounders in a three-step adjustment model. We
examined the correlations between variables within each
domain using Spearman’s Rank correlation coefficient to
ensure that we did not apply highly correlated variables
from the same domains to the models, which could
increase the risk of over-adjustments. Self-esteem,
depressive symptoms and self-rated health (offspring dis-
tress) were correlated with Spearman’s rho=0.28 and
0.37. Perceived stress and avoidance coping (psycho-
logical and emotional overload) were correlated with
Spearman’s rho =0.40. The rest of the correlations
between proxies within domains were similar or smaller
(correlation matrix not shown).

In the first model (crude), we examined the association
between each of the three socioeconomic variables
(socioeconomic disadvantage) and overweight and obes-
ity at age 15-28 years (Model I). In the second model,
we mutually adjusted for the other SES variables,
because we wanted to examine the independent effect of
each SES variable in relation to overweight and obesity
(Model 1II). In the third model (Model III), we adjusted
for Model II variables and the domains: adult distress,
disharmonious family environment and offSpring distress.
In the fourth and fully adjusted model (Model 1IV), we
adjusted for Model II+ Model III and the domains:
psychological and emotional overload and homeostasis dis-
rupted. We included the exposure variables for the two
domains psychological and emotional overload and
homeostasis disrupted at age 15, 18 and 21 years ensuring
that exposures were measured before the outcome at age
18-28 years. Thus, when we examined the outcome at age
18 years, the exposures were measured at age 15 years.

At age 28years, we also included an adjustment for
the young people’s highest educational level. Addition-
ally, we adjusted for birth-weight as a continuous vari-
able in model III-IV at all four time-points.

We assumed that there was no interaction between
the variables from the socioeconomic disadvantage do-
main and the proxy variables from the other domains.

We explored the adjusted effect of the individual prox-
ies in the association between the socioeconomic disad-
vantage domain and the outcome at all four time-points
in supplementary analyses (tables not shown).

All analyses were stratified by gender.

Data-analysis was performed by the statistical package
Stata, statistical software version 14.2 (Stata Corporation,
College Station, Texas, USA).
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Ethics

Use of the data was carried out under the same condi-
tions and with the same purpose as when originally
collected and based on approval from the Danish Data
Protection Agency and their rules for data protection.
According to Danish law at the time of data collection,
approval by the Ethics Committee and written informed
consent were not required for questionnaire-based and
register-based projects.

Results

Tables 1 and 2 present the proportion of overweight and
obese girls and boys at age 15, 18, 21 and 28 years in
relation to the proxies in each domain.

A higher proportion of overweight and obese girls
were observed at ages 15, 18, 21 and 28 years if they
grew up having a mother with a low level of education.
At all four time points, a higher proportion of over-
weight and obese girls were also observed if they re-
ported poor family functioning, lower self-esteem, poor
self-rated health, high avoidance coping, perceived stress,
low level of PA, or a high amount of CT. Furthermore, a
higher proportion of obese girls at ages 21 and 28 years
were smokers.

A higher proportion of overweight and obese boys
were observed at age 15, 18, 21 and 28 years if they grew
up having a mother with a low level of education or
their mothers had a low labour market participation. A
higher proportion of overweight and obese boys was also
observed at all 4 time points if they reported poor self-
rated health, higher levels of perceived stress, were a
smoker, had low level of PA or a high amount of CT.

Additional file 1: Table S1 and Additional file 2:
Table S2 present the crude estimates for the
assocation between proxy variables for the domains
adult distress to homeostasis disrupted and overweight
and obesity at age 15-28years in girls and boys,
respectively.

Parental poor self-rated health (adult distress) was
associated with overweight and obesity at age 18-28
years in girls and at age 15—18 years in boys. Poor family
functioning (disharmonious family environment) was
associated with overweight and obesity at age 15, 18 and
28 years in girls, but not boys. Low self-esteem, depres-
sive symptoms and poor self-rated health (offspring dis-
tress) were associated with overweight and obesity at age
15-28years in girls, in boys merely poor self-rated
health was associated with overweight and obesity at age
15-28 years. High avoidance coping, perceived stress
and smoking (psychological and emotional overload)
among girls were associated with overweight and obesity
at ages 15—18, 18—21 and 21-28 years, respectively. High
perceived stress was in boys primarily associated with
obesity at age 18 years, where smoking showed increased
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Table 1 Distribution of proxy variables from the domains (Hemmingsson:2014) in relation to the outcome at ages 15 and 18,
stratified by gender

age=15 (N=2,879) age=18 (N=2,305)
Girls Boys Girls Boys

Domains Overweight and obesity Overweight and obesity Obesity Obesity

N n n(%) N n n(%) N n LIV N n LIV
Socioeconomic disadvantage
Mother's education 1,387 1,389 1222 1,048
>13 years 405 31(8) 444 40(9) 313 7(2) 362 8(2)
1113 years 641 4(1) 634 82(13) 569 12(2) 460 14(3)
<10years Kl 30(11) il 50(16) 280 14(5) 236 15(6)
Mother’s labour market participation 1403 1416 1,236 1,067
High 969 87(9) 993 13(11) 862 25(3) mn 43
Low 434 33(8) a2 66 (16) 374 8(2) 295 14(5)
Equivalised income 1,380 1,387 1195 1,026
High 474 34(7) 499 50(12) 445 8(2) 386 14(4)
Medum 410 47(10) 468 56 (12) 406 12(3) 36 6(2)
Low 43% 39(9 a2 60 (14) 34 12(3) 3% 18(6)
Adultdistress
Parental self-rated health 1,206 1199 1,010 87
Good 803 63(8) 806 86(11) 688 14(2) 517 15(3)
Poor 403 36(9) 393 60(15) 32 15(5) 280 12(4)
Disharmonious family environment
Family functioning 1426 1424 1128 955
Good 1,059 72(1) 1,054 129(12) 867 200 725 25(3)
Poor 367 52(14) 310 52(14) 261 12(5) 20 703
Offspring distress (15 years
Self-esteem 1429 1434 1128 960
High 1,09 84(8) 1,212 148(12) 879 20(2) 826 25(3)
Low 330 39(12) 2 34(15) A9 12(5) 13 (5
Depressive symptoms 1421 1418 1,129 954
No 878 60(7) 988 17(12) 705 15(2) 664 19(3)
Yes 549 63(11) 430 60 (14) 424 16 (4) 290 13(4)
Self-rated health 1435 1435 1133 958
Good 1,004 64 (6) 1,153 122(11) 814 15(2) 781 15(2)
Poor 431 60 (14) 22 59 (21) 319 17(5) 1 16(9)
Psychological and emotional overload (ages 15,18)
Avoidance coping 1428 1425 1132 954
Low 1133 85(8) 1137 143(13) 919 2(3) 67 27(4)
High 25 38(19) 28 37(19) 13 9(4) 187 5(3)
Perceived stress 1410 142 1121 956
Low 1,100 88(8) 1,103 135(12) 887 2(2) 763 19(2)
High 310 34(1) 318 45(14) 24 11(5) 193 12(6)
Smoking status 1435 1436 1134 961
Notsmoking 1,224 107(9) 1,219 155(12) 999 27(3) 812 2(3)
Smoking M 17(8) 157 2(17) 135 5(4) 8 44
Homeostasis disrupted: start of weight gain (ages 15,18
Physical activity 1425 1435 1125 958
High 47 4416) 899 97(11) 617 12(2) 611 16(3)
Low 678 78(12) 536 84(16) 508 20(4) U7 16 (5)
Computer time 1437 1434 1137 959
Low 1,314 11(8) a7 109(11) 1,043 2(3) 663 2103)

High 123 13(11) 463 (15 % 5(5) 26 1(4)
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Table 2 Distribution of proxy variables from the domains (Hemmingsson:2014) in relation to the outcome at ages 21 and 28,

stratified by gender

Domains

N n
Socioeconomic disadvantage
Mother's education 1,083
>13 years 319
11-13 years 510
<10years 234

Mother’s labour market participation 1072

High 753
Low 319
Equivalised income 1,045

High 364
Medium 364
Low 317
Adult distress

Parental self-rated health 875

Good 579
Poor 29

Disharmanious family emvironment

Family functioning 985
Good 748
Poor 27

Offspring distress (15 years

Self-esteem 987
High 753
Low 234
Depressive symptoms 991
No 618
Yes 313
Self-rated health 990
Good il
Poor 219

Psychological and emotional overload (ages 18.21

Avoidance coping 922
Low 698
High 4
Perceived stress 922
Low 79
High 193
Smoking status 929
Notsmoking 718
Smoking 211

Homeostasis disrupted: start of weight gain (ages 18,21

Physical activity 935
High 705
Low 230
Computer time 932
Low 648

High 284

Girls
Obesity
n(%

100)
B(6)
7(12)

()
1)
20

3/(13)

age=21 (N=1,961)

=

876

884

857

07

9%

79

793

93

705

706

702

720

5

Boys

=

306
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odds of obesity at age 28 years. In girls, PA (homeostasis
disrupted) was associated with overweight and obesity at
all four time-points, where CT was associated with obes-
ity at age 28 years. In boys, this picture was similar to
the girls for the domain.

Socioeconomic disadvantage and overweight and obesity
(Table 3, girls)

When we examined the association between mother’s
educational level and overweight and obesity in 15 year-
old girls, our results only revealed a tendency towards an
association which was not influenced by any adjustment.
At age 18 years, an almost three-fold increased odds for
obesity was observed among girls with lower educated
mothers, compared to girls with higher educated
mothers. This attenuated primarily in Model III, whereas
further adjustment in Model IV did not alter the esti-
mates. At age 21years, odds of obesity were four-fold
greater, and this was not influenced by income or
mother’s LMP (Model II). When we included the variables
from the domains in Model III, the estimates increased
and showed a more than 5-fold increased odds for obesity,
which did not change in the fully adjusted model. At age
28 years, we observed a more than 2.5-fold increased odds
for obesity in girls with lower or medium educated
mothers, which attenuated slightly by adding equiva-
lised income and mother’'s LMP in Model II. When
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we included variables from the domains in Model III
estimates increased slightly. Adding further to the
model in terms of variables included in Model IV at-
tenuated the association considerably in girls with
lower educated mothers.

We did not find consistent associations between
mother’s low LMP and overweight and obesity at age
15, 18 and 21 years. At age 28 years there was 1.6-fold
increased odds of obesity, which attenuated by adding
variables included in Model II + III. Estimates did not
change in the fully adjusted model. When we exam-
ined the associations between low equivalised income
and overweight and obesity at ages 15 to 28 years, the
majority of the associations showed small and incon-
sistent results. However, at age 18years results
showed 2-fold increased odds for obesity, which at-
tenuated when adding variables included in Model
II+1III. The fully adjusted model did not change the
estimates.

Socioeconomic disadvantage and overweight and obesity
(Table 4, boys)

When we examined the association between mother’s
educational level and overweight and obesity in 15 year-
old boys, we observed a 1.9-fold increased odds of over-
weight and obesity in boys with lower educated mothers,
compared to boys with higher educated mothers.

Table 3 Unadjusted and adjusted estimates for the association between the socioeconomic disadvantage domain and overweight

and obesity at age 15, 18, 21 and 28 years (girls)

age=15 (w1430 age=18 (v-1.30)

Modell Model II* Model I Model IV Model | Model I Model I Model V¥
Socioeconomic disadvantage n OR n AR n AR n AR n R n AR n AR n AR
Mother's education 1387 1333 1120 1089 1222 1181 943 920
13 years (refgr 1 1 1 1 1 1 1 1
1113 years 10(06;15) 10(08;16) 11(07.20) 12(07.20) 11(0429) 13(05:36) 11(0432) 11(0432)
<10years 16(09,26) 16(0928) 18(0933) 18(0934) 28(1189) 31(1184) 25(0873) 26(0978)
Mother's labour market participation 1403 1333 1120 1089 1236 1181 3 920
High (refgr,) 1 1 1 1 1 1 1 1
Low 08(05:13) 07(05:1.1) 07(04:12) 07(04:11) 07(03,16) 06(03;14) 04(0212) 04(0.:12)
Equivalised income 1380 1333 1120 1089 1195 1181 943 920
High efgr) 1 1 1 1 1 1 1 1
Medium 14(0923) 17(1027) 11(07,19) 10(06:18) 17(0741) 17(0742) 18(0650) 17(0648)
Low 13(0821) 12(0720) 08(05,15) 07(04;14) 20(0849) 17(0744) 15(0547) 15(0546)

age=21 (v1.75) 2ge=28 (\1045)

Model| Model I* Model 1 Model IV Model| Model I Model I* Model IV
Socioeconomic disadvantage n OR n AR n AR n AR n R n AR n AR n AR
Mother's education 1083 1035 824 730 1019 984 8 583
>13 years fefgr) 1 1 1 1 1 1 1 1
1113 years 21(1044) 21(1043) 28(1267) 25(1080) 21(1335) 19(1431) 25(1445) 21(1141)
<10years 40(1985) 39(1885) 52(21:129) 52(21:132) 26(1545) 23(1341) 25(1349) 16(07.35)
Mother's labour market participation 1,072 1035 824 730 1025 984 83 583
High (refgr) 1 1 1 1 1 1 1 1
Low 11(06;18) 09(05:15) 10(0519) 10(0520) 16(1123) 14(0920) 12(0719) 13(0823)
Equivalised income 1045 1035 824 730 1007 984 83 583
High (ifr) 1 1 1 1 1 1 1 1

Medium 15(0827)
Low 130724

15(0827) 14(0727)
1100622 09(0420)

15(0734)
1000422)

110748)
120818)

09(0614)
09(0614)

08(0514)
06(04:11)

08(05:15)
05(0209)

a Mutual adjustments (adj.) for other SES variables

b Adj. for Model Il + adult distress, disharmonious family environment and offspring distress, birth-weight
c Adj. for Model Il + 1, psychological and emotional overload, homeostasis disrupted, birth-weight
d Adj. for Model Il + I, psychological and emotional overload, homeostasis disrupted, birth-weight, young people’s own education (age 28)
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Estimates did not change much when we added equiva-
lised income and mother’s LMP to the second model,
and adding variables in Model III + IV did not reveal fur-
ther changes. Among 18-year-old boys, we observed a 3-
fold increased odds of obesity, which attenuated with the
inclusion of equivalised income and mother’s LMP in
the second model. Adding the domains adult distress,
disharmonious family environment and offspring distress
to the third model attenuated the associations even fur-
ther. In the fully adjusted Model IV, the estimate in-
creased slightly. At age 21 years, we observed a more
than four-fold increased odds for obesity in boys having
a mother with low level of education and it was primar-
ily by adding equivalised income and mother’s LMP to
the second model that attenuated the associations.
When applying the fully adjusted model, estimates atten-
uated slightly more. At age 28 years, we observed a more
than 3-fold increased odds for obesity, the associations
being primarily attenuated in Model III by adding equiv-
alised income, mother’s LMP and variables from the do-
mains adult distress, disharmonious family environment
and offspring distress. When we applied the fully ad-
justed model the association between mother’s low edu-
cational level and obesity vanished.

When we examined the associations between mother’s
low LMP and overweight and obesity in boys it appeared
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that the association at age 15 years to some extent atten-
uated when all variables from the different domains were
included in the fully adjusted model. This tendency was
also seen at age 21 years. At ages 18 and 28 years it was
primarily by adding mother’s LMP, equivalised income
and the variables from the domains adult distress, dis-
harmonious family environment and offspring distress
which attenuated the associations.

Discussion
The aim of this study was to explore the associations be-
tween socioeconomic disadvantage and overweight and
obesity and to examine if these associations attenuate,
when the different domains from Eric Hemmingsson’s
obesity causation model were taken into account. Our
results showed that mother’s lower educational level as
proxy for the socioeconomic disadvantage domain was
by far the strongest and most consistent risk factor for
overweight and obesity at ages 15 to 28years in both
genders with an up to 4-fold increased odds for over-
weight and obesity. Mother’s low LMP was a consistent
risk factor in relation to overweight and obesity in boys
only.

For both genders, controlling for the different domains
when examining the association between mother’s low
educational level and overweight and obesity did not

Table 4 Unadjusted and adjusted estimates for the association between the socioeconomic disadvantage domain and overweight

and obesity at age 15, 18, 21 and 28 years (boys)

age=15 (v=1441) age=18 (=167

Modell Model I Model I Model IV Modell Model I ModellI® Model IV*
Socioeconomic disadvantage n R n AR n AR n AR n OR n AR n AR n AR
Mother's education 1389 1344 1,098 1017 1048 1014 86 769
13 years (ref.gr) 1 1 1 1 1 1 1 1
1143 ears 15(1022) 14(0921) 15(0923) 15(0924) 13(0633) 13(0531) 13(0534) 18(0654)
<l0years 19(1230) 18(1128) 18(1030) 18(1031) 29(1270) 25(1061) 17(0652) 220772)
Mother's labour market participation 1416 1344 1,098 1017 1,067 1014 86 769
High (refgr) 1 1 1 1 1 1 1 1
Low 14(1020) 13(0918) 13(08:19) 12(0819) 16(0830) 12(0625) 10(0424) 10(0425)
Equivalised income 1387 1344 1,098 101 1026 1014 86 769
High (refgr) 1 1 1 1 1 1 1 1
Medium 1007:15) 09(08:14) 09(05:14) 08(05:13) 05(02:14) 05(02:12) 06(02:17) 04(0.:15)
Low 12(0818) 11(0747) 12(0720) 1200749) 16(0832) 12(0626) 15(0639) 17(0644)

age=21 (v=535) age=28 (=27

Model Model I Model I Model IV Model Model I ModelI* Model V¢
Socioeconomic disadvantage n R n AR n AR n AR n OR n AR n AR n AR
Mother's education 876 851 658 551 800 176 512 390
A3 years ) 1 1 1 1 1 1 1 1
1143 years 25(1157) 23(0852) 27(1168) 25(0983) 22(1337) 19(1133) 19(1034) 17(0834)
<l0ears 45020103) 38(1690) 39(15104) 36(13102) 32(1855) 26(1546) 20(0939) 09(0326)
Mother's labour market participation 884 851 658 551 813 76 512 390

High (refgr) 1 1 1 1
Low 22(1338) 18(0932) 17(0934)

Equivalised income 857 851 658 551
High (refgr) 1 1 1 1
Medium 090417 07(03:13) 06(03:13)
Low 10(05:19) 08(03:13) 06(03:14)

140731)

06(02:13)
04(02:11)

1 1 1 1
19(1329) 16(1024) 15(0926) 15(07.30)

) % 572 0
1 1 1 1
110719) 09(0615) 08(0515) 07(0315)
15(0925) 120720) 12(0621) 11(0524)

a Mutual adjustments (adj.) for other SES variables

b Adj. for Model Il + adult distress, disharmonious family environment and offspring distress, birth-weight
c Adj. for Model Il + 1, psychological and emotional overload, homeostasis disrupted, birth-weight
d Adj. for Model Il + I, psychological and emotional overload, homeostasis disrupted, birth-weight, young people’s own education (age 28)
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influence the associations much at age 15 years, while at
age 21 years, some gender-differences became apparent.
In the analysis with the outcome in 18-year-old girls and
boys it appeared that adjusting for especially the vari-
ables included in the domains adult distress, disharmoni-
ous family environment and offspring distress attenuated
the associations to some degree. At age 21 years, how-
ever, adjustments increased the association in girls,
whereas in boys the association attenuated. At age 28
years the estimates attenuated considerably in both gen-
ders when we added all the variables in the fully adjusted
model. For both girls and especially boys it appeared
that the introduction of their own educational level in
the models substantially decreased the ORs for the asso-
ciation between mother’s low educational level and obes-
ity, which points to a potential strong buffering effect of
education for the development of overweight and obesity
in adulthood [41].

Our study showed that the associations between socio-
economic disadvantage and overweight and obesity to
some degree attenuated when the domains from Erik
Hemmingsson’s obesity causation model were taken into
account. This may, to some extent, confirm that the pro-
posed obesity causation model can be used as a model
to understand overweight and obesity among young
people living in a more egalitarian society. Our choice of
proxies for the different domains may, however, have in-
fluenced our findings and makes it difficult to examine
the model in full; this will be discussed in further details
under analytic approach and limitations.

When we examined the associations between low
equivalised income and overweight and obesity we found
no association. The Danish well-fare society is well orga-
nized and individuals have the opportunity of receiving
social benefits in case of long-term unemployment or
sick leave which may, to some degree, decrease the risk
of chronic stress related to financial difficulties com-
pared to the US and the UK. Danish parents have fur-
thermore the opportunity to stay on parental leave for a
longer period than in most other countries, which per-
haps decreases the risk of parental distress experienced
during this stressful period of starting up a family. Our
data showed that boys who grew up in families with
a mother having a low LMP in early childhood had
some increased odds of overweight and obesity. In
girls, the tendency was opposite, and we have no
good explanation for this difference. The results in
boys may reflect that mother’s with low LMP or be-
ing unemployed in early childhood have less surplus
to, for example, prepare healthy nutritious food which
along with increased sedentary behaviour, unhealthy
eating habits [42] and disturbed sleep pattern [43] in
adolescent boys may increase the risk of overweight
and obesity.
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Our analyses showed that mother’s low educational
level as a proxy for the socioeconomic disadvantage do-
main was the most stable and consistent risk factor for
overweight and obesity in both genders. This may add
attention to the different forms of social and cultural
capital [44] which may be passed on from parent’s to
children, due to the fact that children from families of
lower socioeconomic status may carry much less capital
compared to peers from families of higher socioeco-
nomic status [45]. In this Danish context, cultural capital
may be very important, since children who grow up in
families with parents having a low level of education
more often end up with a lower educational attainment
[46], which may increase risks of unhealthy habits re-
lated to lifestyle and health. Our results revealed a quite
strong role of own education in mitigating the relation-
ships between maternal lower educational level and
young people’s obesity at age 28 years. It seems therefore
essential to address the importance of young people’s
educational attainment since this, at least to some ex-
tent, may prevent overweight and obesity.

Our analyses showed that the associations between
mother’s low educational level and obesity at age 18
years attenuated primarily when we added the variables
from the domains adult distress, disharmonious family
environment and offspring distress. Self-rated health of
the participants (offspring distress) was a robust and
consistent risk factor for overweight and obesity at all
four ages in both genders, which could indicate that this
variable may account for some of the effect. This is sup-
ported by the findings from supplementary analyses (re-
sults not shown) where we did adjustments for the
individual proxies which showed that participant’s poor
self-rated health attenuated the associations substan-
tially, especially in boys. In girls, however, the variables
parental poor self-rated health (adult distress) and poor
family functioning (disharmonious family environment)
also attenuated the associations to some degree.

It is important to address the fact that every fifth child or
young person aged between 10 and 24 years reported often
feeling stressed [22] and further disentangle whether this is
related to family conflict, well-being in schools or increased
job demands, which may have the potential of evolving to
chronic stress with negative health consequences.

Our results have shown that especially mother’s lower
educational level was associated with later overweight
and obesity in both genders. It is therefore important to
increase the support to socioeconomically disadvantaged
families during childhood to help decrease stress in par-
ents which may influence the family environment where
the child is living. Likewise it is important to address the
attention to children and young people’s report of poor
self-rated health since this may act as an important
marker of later overweight and obesity. It therefore also
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seems relevant to include a greater use of self-report
from children and adolescents due to its value to get
more good surveillance data to be able to better target
preventive initiatives within overweight and obesity.

Obesity in children and young people is a very com-
plex issue which makes it difficult to be specific in rela-
tion to preventive initiatives. However, being stressed
due to e.g. poorer family function or/ and having a poor
self-rated health as a child or adolescent may increase
the risk of applying maladaptive coping mechanisms and
induce risky behaviours which may track into adulthood
and increase the risk of poorer health later on. It is
therefore important to address these issues at the family
and school level since they appear to be important steps
on the pathway between socioeconomic disadvantage
and obesity, at least in a Danish context.

Analytic approach

We applied proxy variables for all the domains which
were available from surveys and registers. It may be de-
batable whether these proxies were sufficient and robust
enough to capture the content of the domains presented
in Erik Hemmingsson’s model and perhaps less suited to
be applied to both genders. As presented under the re-
sults several of the proxies appeared to pertain primarily
to girls which may have influenced our results.

The overall avoidance scale included items about sub-
stance use. Previous studies have found an association
between maladaptive coping mechanisms and obesity
[47]. It can be speculated that if a person applied this
type of maladaptive coping mechanism for chronic
stress, perhaps overeating as well could be implied in
this kind of substance use, especially among girls [48].

We did not have the opportunity to include informa-
tion about more severe childhood adversities such as
parental neglect in childhood, which has shown to be an
important risk factor for later obesity [49], nor about
childhood abuse [50], which may severely increase psy-
chosocial distress in children. Including information on
parental divorce or single-mother background could be
relevant since being a single mother may increase dis-
tress which can potentially influence the family environ-
ment and induce increased psychosocial distress in
children and hence lead to an increase in weight [51].

Our analytic approach was a three-step model with
adjustments for the proxy variables in the different do-
mains as potential confounders. Since some of the proxy
variables within offspring distress and within psycho-
logical and emotional overload to some extent were
correlated we did a supplementary analysis for both gen-
ders, where we only included the overall strongest prox-
ies in each domain in relation to the outcome. This did,
however, not change the estimates radically (results not
shown).
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We included adjustments for birth weight in Model
I +1V, and it is debatable whether the attenuation of
the estimates may be due to this adjustment or to the in-
cluded variables in the different domains. We did sup-
plementary analyses between the different exposures and
the outcome, adjusting solely for birth weight; this did,
however, not change the estimates much, so the attenu-
ation of estimates is likely due to the other included var-
iables and not birth weight (results not shown).

Strengths and limitations

To our knowledge, this is the first study to examine this
Hemmingsson obesity causation model using longitu-
dinal data to disentangle the associations between socio-
economic disadvantage during childhood and overweight
and obesity in adolescence and early adulthood.

A major strength of this study was the fact that it was
a prospective cohort study using data from four survey
waves in the West Jutland Cohort Study, supplemented
with register information on the three socioeconomic
exposure variables, resulting in few missing values on
the main exposures.

One of the main limitations of the study was that the
main outcome was based on self-reported weight and
height and several of the applied proxies was also based
on self-reported information, which is prone to mis-
classification. Participants in surveys, who are overweight
or obese, are probably more likely to underestimate
weight, especially girls [52] which may increase the risk
of differential misclassification. This increases the risk of
overestimating a potential association and hence bias
away from the null hypothesis. We acknowledge the fact
that the measured associations at age 15years were
cross-sectional and cannot tell us anything about the
direction of associations. We did not find the model
suitable to explain the associations between mother’s
low educational level and overweight and obesity at age
15 years. This may, however, be attributed to the fact
that we applied the BMI limits for overweight and not
obesity due to very few obese subjects at this age. As
mentioned in the section about the analytic approach
our chosen proxies may not fully cover the different do-
mains in Hemmingsson’s model which limits the ability
to examine the model in full. However, we have included
available variables which we believe may act as proxies
for the different domains. Unfortunately, we did not
have information on food intake for the domain regard-
ing homeostasis disrupted which may have influenced
our results. It may also be debatable whether applying
smoking status as a proxy for the psychological and
emotional overload domain seems reasonable, however,
we believe that smoking may reflect a maladaptive cop-
ing mechanism which was not covered by the questions
regarding substance use.
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The cut-off for high level of PA in adults was set
below the recommended limit for weekly PA, which is
due to the response categories and also to ensure that
we did not get any rendered results because there were
quite few 21year olds having a PA level of >4h per
week.

We chose to dichotomise many of the continuous and
categorical proxy variables to facilitate comprehensibility
of the results although dichotomising a variable will re-
sult in loss of information [53].

A previous examination of the study setting concluded
that the participants of this youth cohort do not differ
from young people in other parts of Denmark [54]. The
results from this study with the abovementioned limita-
tions may therefore be generalizable to other young
people experiencing environmental and social conditions
similar to this Danish youth cohort.

Conclusion

Our study confirms to some extent that the associations
between socioeconomic disadvantage and overweight
and obesity can be disentangled by the domains included
in Erik Hemmingsson’s proposed obesity causation
model. Our results showed that mother’s low educa-
tional level as a proxy for socioeconomic disadvantage
was clearly associated with overweight and obesity in
both gender with an up to four-fold increased odds,
whereas mother’s low LMP was associated with over-
weight and obesity in boys only. Poor parental self-rated
health (adult distress), poor family function (disharmoni-
ous family environment) and poor self-rated health (off-
spring distress) of the participant’s appeared to account
for some of the effect in girls, in boys this was merely
poor self-rated health (offspring distress). Young people’s
own educational attainment may act as a buffer of the
association between mother’s low educational level and
obesity at age 28. The main results should be interpreted
with caution due to the risk of information bias related
to the outcome and due to the fact that some of the
chosen proxies for the different domains may pertain
primarily to girls and may not fully cover the domains of
Hemmingsson’s model.

Future research should focus on other proxy variables
which may pertain to earlier stages in childhood to fur-
ther explain the associations between socioeconomic dis-
advantage and overweight and obesity in the offspring
and to further investigate whether the gender differences
found in our study may be due to the chosen proxies or
the included ages of outcome. It seems important to in-
clude information about e.g. parental neglect and child-
hood abuse in future studies because of their strong
associations with later obesity. To prevent overweight
and obesity in children and young people, it is important
that societies address the experience of stress among
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especially socioeconomic disadvantaged families. It also
seems essential to address the importance of young peo-
ple’s educational attainment given the potential import-
ant mitigating role of own education in the relationship
between maternal low education and later overweight
and obesity.
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