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Abstract
Objective: Childhood disadvantage is associated with a higher risk of adult obesity, but little
is known about its associations with body mass index (BMI) trajectories during adulthood. This
study aimed first to identify adulthood BMI trajectories, and second to investigate how childhood disadvantage is associated with trajectory group membership. Methods: Data from the
Helsinki Health Study, a longitudinal cohort study of initially 40- to 60-year-old employees of
the City of Helsinki in Finland, were used. The baseline survey was conducted in 2000–2002,
and similar follow-up surveys in 2007, 2012, and 2017. Based on self-reported BMI, participants’ (n = 5,266; 83% women) BMI trajectories, including their retrospectively reported BMI
at the age of 25 years, were examined. Data on childhood disadvantage, including parental
education and 7 types of childhood adversity (their own serious illness; parental divorce,
death, mental disorder, or alcohol problems; economic difficulties at home; and peer group
bullying) before the age of 16 years, were obtained from the baseline survey. Group-based
trajectory modeling was used to identify BMI trajectories, and multinomial logistic regression
to analyze the odds for trajectory group membership for the disadvantage variables. Results:
Four ascending BMI trajectories in women and men were found: persistent normal weight
(trajectory 1; women 35% and men 25%), normal weight to overweight (trajectory 2; women
41% and men 48%), normal weight to class I obesity (trajectory 3; women 19% and men 23%)
and overweight to class II obesity (trajectory 4; women 5% and men 4%). Compared to trajectory 1, women with multiple adversities and repetitive peer bullying in childhood had greater
odds of belonging to trajectories 3 and 4, whereas men with parental alcohol problems had
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greater odds of belonging to trajectory 4. For women and men, a low level of parental education was associated with a higher-level BMI trajectory. Conclusions: Low parental education
for both genders, multiple adversities and repetitive peer bullying in childhood among women, and parental alcohol problems among men increased the odds of developing obesity during adulthood. Further studies are needed to clarify how gender differences modify the effects of childhood disadvantage on adult BMI trajectories.
© 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Obesity is a worldwide health problem which has increased during past decades in an
accelerated way [1, 2]. Childhood socioeconomic disadvantage, such as a low level of parental
education, is associated with weight gain and obesity in adulthood [3–5]. Several childhood
adversities, e.g., household economic difficulties and maltreatment, are also associated with
adulthood obesity and general poor health [6–8]. These disadvantages may promote the longterm development of obesity via several pathways. For instance, multiple physiological,
psychosocial, and environmental factors as well as an unhealthy lifestyle may promote weight
gain from early to later adulthood [9–11]. The associations between childhood disadvantage
and adulthood obesity seem to be stronger in women [12] and it appears that the childhood
adversities associated with adulthood obesity differ when comparing women and men [7].
However, we still lack evidence on which of the adversities are the strongest risk factors for
the developmental path of obesity and how these differ between genders.
Most previous studies have been limited to investigating associations between childhood
disadvantage and adulthood obesity, without considering the heterogeneity of the study
population in the developmental path of weight change over time (e.g., [3, 4, 11]). Trajectory
modeling, such as group-based trajectory modeling [13], is becoming a more popular approach
in obesity research as it enables capturing distinct subpopulations with different time-varying
curves of longitudinal weight change. A few studies have examined how childhood socioeconomic disadvantage is associated with the body mass index (BMI) trajectory in midlife and
later adulthood, showing an increased risk of weight gain for those in a worse socioeconomic
situation in childhood, especially women [14, 15]. In addition, in studies on childhood
adversity, the BMI trajectory has been limited to early adulthood only [16, 17]. Thus, more
studies are needed to investigate various types of childhood disadvantage and their effects
on long-term weight changes in later adulthood. The aim of this study was to identify adult
BMI trajectories among midlife municipal employees of the City of Helsinki, Finland, and to
investigate how childhood disadvantage, including parental education and different types of
childhood adversity, is associated with these trajectories.
Material and Methods

Study Design and Participants
The prospective data were derived from the Helsinki Health Study (HHS), a large cohort
study on social and work-related determinants of health including baseline and 3 follow-up
surveys. All the employees of the City of Helsinki, Finland, aged 40, 45, 50, 55, and 60 years
(n = 13,346) were invited to participate in the baseline survey (2000–2002), resulting in a
response rate of 67% (n = 8,960) [18]. Of these participants, 80% were women, which represents the gender distribution among the employees of the City of Helsinki and the municipal
sector in Finland in general. Follow-up surveys for those who participated the baseline survey
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were conducted in 2007, 2012, and 2017, and corresponding response rates were 83, 79, and
82%, respectively. Respondents with missing BMI data in any phase (n = 3,682) and those
who were pregnant during the baseline survey (n = 12) were excluded. The final data for
analysis involved 4,348 women and 918 men.

Variables
Outcome: Body Mass Index (BMI)
In each phase, BMI was calculated based on self-reported weight and height. When
appointing the trajectory groups, normal weight was defined as BMI 18.5–24.9, overweight
as BMI 25.0–29.9, class I obesity as BMI 30.0–34.9, and class II obesity as BMI 35.0–39.9. Additionally, at the baseline survey, participants reported their weight at the time they were 25
years old (excluding pregnancy). Based on this retrospective information, BMI in young
adulthood, i.e., at the age of 25 years, was calculated and included to have a longer follow-up
of the course of BMI and development of weight gain over time.
Exposure: Parental Education and Childhood Adversity
Information on parental education and childhood adversities was derived from the
baseline survey. Data on the mother’s and father’s education were obtained, and the higher
of the two was chosen. Matriculation or college examination or higher was classified as higher
education, and less than that as low education. Concerning childhood adversity, the participants were asked whether they had experienced any of the following 7 adversities before the
age of 16 years: their own serious or long-term illness; parental divorce, death, mental
disorder, or alcohol problems; economic difficulties at home; and repetitive peer group
bullying. When calculating the score for investigating multiple childhood adversities, each
“Yes” answer scored 1 point, i.e., a participant could score 0–7 points. A total of 0 points was
classified as “no adversities,” 1–2 points “few adversities,” and 3–7 points “several adversities.” Participants with missing information on all adversities were excluded (74 women
and 14 men).

Statistical Analyses
Group-based trajectory modeling (GBTM) was used to identify the BMI trajectory groups.
GBTM is an application of finite mixture modeling which assumes that a population is
composed of a mixture of distinct groups defined by their developmental trajectories [13].
The application utilizes a multinomial modeling strategy and uses maximum likelihood for
the estimation of the model parameters [19]. The number of optimal trajectory groups and
trajectory shapes were chosen based on the following statistical criteria: Bayesian information criteria (BIC), the average of the posterior probability (APP) for group membership
of >0.7, and a trajectory group size >5% [13].
Trajectories were identified separately for women and men due to possibly different
predictors of the developmental patterns of BMI [7, 20]. In addition, a distinct interpretability
of the identified trajectory groups and the existing literature was considered when assessing
the best model. Each participant was assigned to the trajectory group for which they had the
highest probability of group membership. The APP of group membership was >0.9 for women
and men, and 7% of women and men had a posterior probability of group membership <0.7.
The model fit statistics are shown in online supplementary Table 1 (for all online suppl.
material, see www.karger.com/doi/10.1159/000502237) for women and online supplementary Table 2 for men.
Descriptive analyses by childhood disadvantage were performed. Multinomial logistic
regression was used to investigate the association between predictors (parental education
and childhood adversities) and trajectory group membership. Regression analyses were all
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Table 1. Characteristics of the
study population by childhood
disadvantage

Childhood disadvantagea

Parental education
Low
High
Own serious illness
Yes
No
Parental divorce
Yes
No
Parental death
Yes
No
Parental mental disorder
Yes
No
Parental alcohol problems
Yes
No
Economic difficulties at home
Yes
No
Peer group bullying
Yes
No
Childhood adversities
Several (3–7)
Few (1–2)
None

Women

Men

3,387 (77.9)
924 (21.3)

658 (71.7)
257 (28.0)

403 (9.3)
3,534 (81.3)

108 (11.8)
741 (80.7)

278 (6.4)
3,655 (84.1)

539 (12.4)
3,434 (79.0)
235 (5.4)
3,667 (84.3)

790 (18.2)
3,203 (73.7)

778 (17.9)
3,216 (74.0)

304 (7.0)
3,632 (83.5)

314 (7.2)
1,732 (39.7)
2,240 (51.4)

68 (7.4)
779 (84.9)

122 (13.3)
727 (79.2)
40 (4.4)
794 (86.5)

177 (19.3)
674 (73.4)

158 (17.2)
698 (76.0)
78 (8.5)
759 (82.7)

74 (8.1)
367 (40.0)
463 (50.4)

Values express n (%). a Includes parental education and childhood
adversities before the age of 16 years.

adjusted for participants’ age at the baseline survey phase (2000–2002). Childhood disadvantage (low parental education and 7 childhood adversities) and multiple childhood adversities (adversity score) were examined as separate entities. From these analyses, the odds
ratios (OR) and their 95% confidence intervals (CI) were reported. As a sensitivity analysis,
all regression analyses were redone by excluding those with any missing information for
exposure variables (611 women and 108 men). The results of the sensitivity analysis yielded
results that were almost identical to the main results. STATA v15 with TRAJ command [19]
was used for identifying the trajectory groups, and the rest of the analyses were performed
using SPSS v22. p = 0.05 was the cutoff for significance and indicated that there was a difference
between having a type of childhood disadvantage and not having it in a higher trajectory
group related to the lowest.
Results

The majority of participants reported a low level of parental education (women 78% and
men 72%; Table 1). Half of the participants had experienced at least 1 adversity before the
age of 16 years (women 49% and men 50%). The most common adversities were parental
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Fig. 1. BMI trajectories among
women identified by group-based
trajectory modeling. Group means
and fitted lines with 95% confidence intervals.

Fig. 2. BMI trajectories among
men identified by group-based
trajectory modeling. Group means
and fitted lines with 95% confidence intervals.

alcohol problems (women 18% and men 19%) and economic difficulties at home (women
18% and men 17%). The characteristics of the study population by trajectory group are
shown in online supplementary Table 3 (women) and Table 4 (men).
Based on the model selection criteria of GBTM, a 4-trajectory solution was chosen for
both women (Fig. 1) and men (Fig. 2), yielding the following: persistent normal weight
(trajectory 1), normal weight to overweight (trajectory 2), normal weight to class I obesity
(trajectory 3), and overweight to class II obesity (trajectory 4). One-third of women and onequarter of men were assigned to trajectory 1. In both women and men, the probability of
belonging to trajectory 2 was the greatest (41% of women and 48% of men), whereas only
4.7% of women and 4.1% of men were assigned to trajectory 4.
Among women, low parental education and repetitive peer group bullying before the age
of 16 years were associated with trajectory groups 3 and 4; Table 2). The odds increased
when moving from a lower to a higher BMI trajectory. A subject’s own serious or long-term
illness in childhood and economic difficulties at home were associated with the higher BMI
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Table 2. Results from multinomial logistic regression on BMI trajectory group membership among women

Women (n = 4,384)

Childhood disadvantagea (ref.)
Low parental education
Own serious illness
Parental divorce
Parental death
Parental mental disorder
Parental alcohol problems
Economic difficulties at home
Peer group bullying
Multiple adversities (no ref.)
Several (3–7)
Few (1–2)

BMI trajectory group
trajectory 2

trajectory 3

trajectory 4

1.49 (1.25–1.78)
1.06 (0.76–1.49)
0.77 (0.58–1.03)
1.25 (0.98–1.60)
1.05 (0.74–1.50)
1.12 (0.91–1.39)
1.07 (0.86–1.34)
1.17 (0.82–1.65)

1.49 (1.19–1.86)
1.30 (0.88–1.91)
1.00 (0.71–1.40)
0.77 (0.55–1.08)
0.92 (0.60–1.42)
1.15 (0.89–1.49)
1.11 (0.85–1.46)
1.73 (1.18–2.55)

2.58 (1.62–4.11)
1.77 (0.98–3.17)
0.82 (0.44–1.50)
0.71 (0.39–1.27)
0.85 (0.40–1.80)
1.05 (0.67–1.65)
1.29 (0.83–1.99)
2.20 (1.24–3.92)

1.14 (0.86–1.51)
1.17 (1.01–1.35)

1.39 (1.00, 1.94)
1.23 (1.03–1.46)

1.69 (0.99–2.88)
1.41 (1.03–1.91)

Values are OR (95% CI). Childhood disadvantage and multiple childhood adversities were investigated as
separate entities and adjusted for age. Trajectory group 1 was used as the reference (OR 1.00). a Includes
parental education and childhood adversities before the age of 16 years.

Table 3. Results from multinomial logistic regression on BMI trajectory group membership among men

Men (n = 918)

Childhood disadvantagea (ref.)
Low parental education
Own serious illness
Parental divorce
Parental death
Parental mental disorder
Parental alcohol problems
Economic difficulties at home
Peer bullying
Adversities (no ref.)
Several (3–7)
Few (1–2)

BMI trajectory group
trajectory 2

trajectory 3

trajectory 4

1.48 (1.03–2.15)
0.74 (0.38–1.45)
0.64 (0.36–1.14)
0.95 (0.54–1.65)
0.71 (0.31–1.61)
0.91 (0.56–1.49)
1.17 (0.70–1.95)
0.74 (0.39–1.41)

2.04 (1.29–3.22)
0.88 (0.40–1.91)
0.75 (0.38–1.50)
1.26 (0.67–2.38)
0.74 (0.27–2.00)
0.91 (0.51–1.64)
0.70 (0.38–1.33)
1.58 (0.80–3.14)

1.68 (0.71–3.96)
1.59 (0.48–5.24)
0.44 (0.12–1.68)
1.28 (0.44–3.74)
0.40 (0.05–3.38)
2.50 (1.02–6.10)
1.04 (0.38–2.88)
0.85 (0.22–3.22)

0.71 (0.40–1.26)
0.81 (0.58–1.14)

0.60 (0.29–1.24)
1.06 (0.72–1.57)

1.06 (0.28–3.98)
1.67 (0.80–3.50)

Values are OR (95% CI). Childhood disadvantage and multiple childhood adversities were investigated as
separate entities and adjusted for age. Trajectory group 1 was used as a reference group (OR 1.00). a Includes
parental education and childhood adversities before the age of 16 years.

trajectory groups (see online suppl. Table 5), but not statistically significantly when examined
together with other adversities (Table 2). Having at least 1, but particularly having several
childhood adversities (compared to no adversities) increased the odds of belonging to a
higher BMI trajectory group.
For men, low parental education was associated with the higher BMI trajectories
(Table 3). Parental alcohol problems were associated with trajectory group 4 (OR 2.50;
95% CI 1.02–6.10), but not with the other trajectories. Multiple adversities in childhood
did not increase the odds of belonging to a higher BMI trajectory group.
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Discussion

We investigated the associations between childhood disadvantage and adult BMI trajectories among Finnish municipal employees and found 4 ascending BMI trajectories for both
women and men: persistent normal weight, normal weight to overweight, normal weight to
class I obesity, and overweight to class II obesity. Childhood disadvantage included low
parental education and 7 types of childhood adversity. Among women, repetitive peer group
bullying and multiple adversities in childhood were associated with the highest BMI trajectory
groups; among men, parental alcohol problems were associated with the trajectory of overweight to class II obesity. Low parental education increased the odds of belonging to the
trajectories of developing overweight or obesity among both women and men.
Few studies have identified the role of childhood disadvantage contributing to BMI
trajectory in middle and late adulthood. Our findings add to the existing literature by investigating this separately in women and men. In previous studies by our study group, adult
socioeconomic disadvantage was associated with adult obesity, and childhood adversities
were associated with poorer work disability trajectories in midlife [21, 22]. In general, a
poorer socioeconomic position in childhood has been consistently associated with higher
BMI in adulthood [5, 12, 23], and some studies have found it to be associated with higher and
ascending BMI trajectories in adulthood [14, 15] consistent with our results. The role of socioeconomic inequality in weight gain can be seen already in early childhood and is greater
toward adulthood [24]. Also, multiple adversities seem to increase the risk of adult obesity as
well as other health outcomes, more than a single adversity does [25, 26]. Our study supported
these previous findings, but only among women.
Some studies have found no gender differences in adult BMI trajectories [27, 28] whereas
others have found an increased risk for women to belong to overweight or obese trajectories
[15, 29]. Even though the BMI trajectories in our study were similar for women and men, the
associated childhood risk factors differed between genders. Our results showed that several
childhood adversities were associated with a higher BMI trajectory group among women but
not among men. In general, the associations between childhood adversities and obesity seem
to be stronger in women [7, 30]. Genetic and biological differences may play a role here, as
the genetic influence on long-term adult weight gain [31] and also the stress response to
childhood disadvantage and psychosocial vulnerability are stronger in women [7, 20]. For
instance, girls are especially emotionally vulnerable to bullying about weight [32]; we also
found peer group bullying to be associated with the development of obesity among women
but not men. In addition, socioeconomic inequality as a factor for weight gain seems to be
stronger in women, with educational differences in women’s BMI existing already before
adulthood [24, 33].
The link of childhood disadvantage to adulthood obesity may be explained by several
physiological, psychosocial, and environmental factors, and their complex interplay [9, 10].
Lifestyle (e.g., smoking), health status (e.g., disordered eating and depression), and social
factors (e.g., family support) may act as mediators in the pathway between childhood adversities and adulthood health and weight status [11, 30, 34]. The accumulation of various risk
factors is generally known to affect later health [35], which may partly be explained by later
socioeconomic disadvantages and weakened self-regulation in response to chronic stress
[12, 36, 37]. Nevertheless, childhood adversities seem to be linked to adult obesity regardless
of socioeconomic, psychological, and lifestyle factors, indicating that possible direct mechanisms are involved [30, 38]. Childhood stressors may have long-term effects on the nervous,
endocrine, and immune systems, such as increased inflammation and cortisol levels, which
increase the risk of diseases and obesity in adulthood [39–41]. More studies are needed to
clarify the different mechanisms in women and men. However, the life-course approach
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which emphasizes cumulative and social inequality in the development of obesity should not
be disregarded [35, 42].
As the identified trajectories are but approximations of the true development, and misclassifications cannot be ruled out, it was not possible to judge causality in this design. Childhood
adversities were reported retrospectively, and reporting bias is possible. However, due to the
nature of the determinants, it is likely that childhood adversities preceded the development of
obesity. Further studies are needed to investigate childhood adversities more extensively,
because other adversities, such as violence and abuse, have also been identified to be risk
factors for later obesity [9, 43]. Our study lacks information on participants’ BMI in childhood,
which could explain some of the associations, e.g., being bullied in childhood [44]. Information
on participants’ BMI was based on self-reports which may have been biased. However, as selfreported BMI, especially among obese people, is often underestimated [45] and false-positive
retrospective reports of adversities are probably rare [46], our results (ORs) tend to be underestimates rather than overestimates. A previous HHS study demonstrated that self-reported
BMI performed equally to measured BMI when examining the predictive power for sickness
absence [47]. Also, a systematic review showed that childhood maltreatment was associated
with obesity despite different methods of measurement and assessment [30].
The strength of this study is the large, longitudinal dataset with information on participants’
childhood circumstances and body weight in early adulthood. The response rates in all 4 phases
were good (67, 83, 79, and 82%), and the characteristic differences between responders and
nonresponders were relatively minor [18]. Participants who were older and in higher occupational positions tended to be more likely to respond in the baseline survey. The HHS cohort
participants were a good representation of the target population, i.e., midlife municipal employees
in Finland [48]. However, the cohort was not representative of the Finnish general population as
it did not include unemployed people, and it has a much higher proportion of women [18]. The
considerably smaller number of men in the sample may partly explain our finding of a stronger
association between childhood adversities and BMI trajectory among women.
The longitudinal dataset enabled us to use more sophisticated analytic procedures, such
as GBTM, rather than several cross-sectional data analyses to identify latent, distinctive longitudinal features. GBTM enabled us to recognize similar subgroups in the development of
adulthood BMI, noting that these groups are rather approximations and simplifications of the
real BMI trajectories [13]. There are no superior ways to model trajectory data, and the choice
of method and selection of the optimal number and shape of trajectories may affect the
findings [49]. Although the group sizes remained under 5% in trajectory group 4, partly
resulting in small sample sizes especially among men, 4 distinct trajectories were considered
relevant, based on the other model fit statistics and interpretability of the identified trajectory
groups. More studies with equal sample sizes for women and men are needed to confirm the
gender differences in the associations between childhood adversities and developmental
trajectories of adult BMI. Overall, more attention should be paid to the psychosocial health of
the most vulnerable children and adolescents to prevent the long-term development of
obesity and general health [8, 25]. In addition, modifying the physical and social environment
to support healthy behavior is another way to diminish weight-related health differences
between population groups in different socioeconomic situations.
Conclusion

Our study showed that long-term development of overweight and obesity is common among
Finnish municipal employees, and we found 4 ascending BMI trajectories for both women and
men. Low parental education for both genders, multiple adversities and repetitive peer group
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bullying in childhood among women, and parental alcohol problems among men increased the
odds of developing obesity during adulthood. Understanding the interrelationships between
childhood disadvantage, psychosocial health, and health behaviors behind longitudinal weight
changes would help to prevent the inequality in the development of obesity and target interventions to the most vulnerable population groups. Further studies are needed to clarify how gender
differences modify the effects of childhood adversities on adult BMI trajectories.
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