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Abstract

Introduction—Childhood maltreatment is associated with later obesity, but the underlying 

mechanisms are unknown. The objective of this study was to estimate the extent to which 

depression mediates the associations between childhood maltreatment and BMI in adolescence 

through adulthood.

Methods—Data on a cohort of 13,362 adolescents in the National Longitudinal Study of 

Adolescent to Adult Health (Wave I [1994–1995] to Wave IV [2008–2009]) were analyzed in 

2015–2016. Classes of maltreatment experienced prior to age 12 years were statistically identified 

using latent class analysis. Gender-stratified latent growth curve analysis was used to estimate total 

effects of maltreatment classes on latent BMI trajectory (aged 13–31 years) and indirect effects of 

maltreatment classes that occurred through latent depression trajectory (aged 12 – 31 years).

Results—Four latent maltreatment classes were identified: high abuse and neglect; physical 

abuse dominant; supervisory neglect dominant; and no/low maltreatment. In girls, compared with 

no/low maltreatment, supervisory neglect dominant (coefficient=0.3, 95% CI=0.0, 0.7) and 

physical abuse dominant (coefficient=0.6, 95% CI=0.1, 1.2) maltreatment were associated with 

faster gain in BMI. Change in depression over time fully mediated the association of BMI slope 

with physical abuse dominant maltreatment, but not with supervisory neglect dominant 

maltreatment. In boys, high abuse and neglect maltreatment was associated with marginally 

greater BMI at baseline (coefficient=0.7, 95% CI= −0.1, 1.5); this association was not mediated by 

depression.
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Conclusions—Although maltreatment was associated with depression and BMI trajectories 

from adolescence to adulthood, depression only mediated associations with physical abuse 

dominant maltreatment in girls.

INTRODUCTION

Approximately 30% of the U.S. population experiences maltreatment during childhood.1,2 

Childhood maltreatment is associated with faster gain in BMI from adolescence to 

adulthood3 and with elevated risk of incident visceral obesity,4 severe obesity,5,6 and 

cardiovascular disease.7 The pathways through which maltreatment during childhood may 

promote excessive weight gain are largely unexplored, but may include depression, as 

recently highlighted.8 Childhood maltreatment is associated with higher risk of early onset 

depressive symptoms,9 depression, and suicidality.10–14 In turn, in some types of depression, 

elevated appetite and psychomotor retardation15,16 can promote weight gain. However, the 

mediating role of depression has not been tested.

Furthermore, childhood maltreatment can take many forms, ranging from supervisory or 

emotional neglect to physical or sexual abuse. Depression may play a stronger role for 

maltreatment types that induce cognitive precursors to depression such as shame and guilt. 

For example, sexual abuse is predictive of adult obesity, theoretically by triggering 

overeating behaviors and altering neural systems,17 which are also linked to depression. 

Other types of childhood maltreatment are less studied, but may involve different behavioral 

pathways such as substance use or risky behaviors.18,19

This study addressed three corresponding gaps in understanding of pathways leading from 

childhood maltreatment to obesity. First, defining subtypes of maltreatment is critical for 

studying distinct pathways, but is complicated by the co-occurrence of multiple 

maltreatment types which may interact in their effects on mental and physical health.20 

Second, boys and girls may respond differently to maltreatment; for example, to cope with 

stress, girls more often engage in emotional eating or binge eating, whereas boys are more 

likely to exhibit aggressive behavior.21,22 Third, different maltreatment pathways may incur 

health effects at different life stages. For example, disordered eating may impact early 

weight gain whereas depression may have delayed impacts on weight gain emerging in 

adolescence or adulthood.

Study objectives are to test the hypotheses that more severe types of maltreatment, such as 

sexual abuse, are (1) more strongly associated with depression and BMI trajectory and (2) 

more strongly mediated by depression earlier in adolescence, and that (3) these pathways are 

stronger in girls than boys. Latent class analysis (LCA) is used to account for comorbidity 

between maltreatment types. Gender-stratified latent growth curve (LGC) analysis is used to 

examine how depression trajectories contribute to associations between childhood 

maltreatment and BMI trajectories from adolescence to adulthood. LGCs model age-related 

differences within the critical periods of adolescence and young adulthood using an 

accelerated cohort design.23
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METHODS

Study Population

Data were obtained from the National Longitudinal Study of Adolescent to Adult Health 

(Add Health).24 Initially a school-based study, the sample is representative of adolescents 

attending U.S. public, private, and parochial schools in grades seven to twelve in the 1994–

1995 school year, with over-sampled groups (e.g., non-Hispanic blacks with a college-

educated parent). The Wave I in-home participant and parental interview was conducted in 

1994–1995 (aged 11–21 years, N=20,745; Appendix Figure 1). All participants were eligible 

for Wave II (1995–1996), excluding those who graduated in 1995 (N=14,738). All located 

Wave I respondents were eligible for Waves III (2001–2002, N=15,197) and IV (2008–2009, 

N=15,701).

Of the 18,923 participants in the probability sample, the following exclusions were applied 

in sequence: <2 non-pregnant BMI measurements (n=4,318 excluded), missing maltreatment 

data (n=59), Asian or other race (n=1,175), and age 11 years at Wave I (n=9). Inclusion of 

Asian or other race led to difficulties with model convergence, likely because of the small 

number and heterogeneity of participants in these categories. The age 11 years cohort was 

too small to be included in the accelerated cohort analysis. The analytic sample included 

13,362 participants. Data were analyzed in 2015–2016. This study was determined exempt 

by the Oregon Health & Science University IRB.

Measures

Height and weight were measured by trained, non-medical field interviewers according to 

standard protocol in Waves II, III, and IV.25 BMI was calculated for each wave (kg/m2) and 

analyzed as a continuous variable.

Dichotomous experience of five types of childhood maltreatment was ascertained from data 

collected in Waves III and IV (Appendix Table 1). Participants reported the number of times 

(1, 2–3, 4–5, >5) they experienced physical abuse and sexual abuse (Wave III, IV), 

supervisory neglect and physical neglect (Wave III), and emotional neglect (Wave IV). In 

Wave III, the time frame was prior to beginning sixth grade; in Wave IV, maltreatment that 

occurred prior to age 12 years was based on the earliest age at which each type of 

maltreatment occurred. Physical abuse and sexual abuse (reported in both waves) were 

defined as reporting that maltreatment type in one or both waves. Detail about the validity, 

concordance, and selection of the maltreatment measures is described in Appendix A.

Depression was ascertained at each wave using a modified version of the validated Center 

for Epidemiological Studies Depression Inventory,26–28 which included nine statements 

about how the participant had felt over the previous 30 days (0 [never] to 3 [nearly every 

day]; Appendix Table 2). Summed depression scores for each wave (range, 0 to 27) were 

analyzed as continuous variables.

Characteristics related to experiencing childhood maltreatment, depression, or higher BMI 

were included as control variables. Time-invariant covariates included participant race (non-

Hispanic white, non-Hispanic black, non-Hispanic Asian, or Hispanic), highest parental 
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education level (less than high school [HS] graduate, HS graduate, some college or technical 

school, college graduate), and household income, were all reported in Wave I. Time-varying 

covariates included smoking in Waves II, III, and IV (yes/no), participant income in Waves 

III and IV, and the participant’s educational attainment in Wave IV (less than HS degree, HS 

graduate, some college or technical school, college graduate).

Statistical Analysis

Data management and descriptive analyses were conducted using Stata, version 13. LCA 

and LGC analyses were performed in Mplus, version 7.2. Mplus accounts for missing data 

within the analytic sample of 13,362 using full information maximum likelihood estimation. 

AddHealth sample weights adjusted for non-participation in Waves II, III, or IV.24 All 

analyses were adjusted for complex survey design using the Stata survey function or the 

Mplus complex analysis command.

In step one, LCA was used to identify latent maltreatment classes that underlie reported 

dichotomous experience of five types of childhood maltreatment (supervisory neglect, 

physical neglect, physical abuse, sexual abuse, emotional neglect; Figure 1). LCA 

statistically identifies classes of maltreatment comorbidity while avoiding the statistical 

challenges present in traditional regression techniques due to high collinearity between 

maltreatment types.29–31

Models with three, four, and five class solutions were fit using maximum likelihood 

estimation with robust SEs to account for non-normality and non-independence of 

observations in complex survey weighted data. The final model was selected on the basis of 

model fit (Bayesian Information Criterion and entropy) and interpretability of the classes. 

Participants were assigned to the maltreatment class for which they had the highest 

probability of membership.32

In step two, LGC modeling was used to examine trajectories of (1) BMI and (2) depression 

from adolescence to adulthood (Figure 1). Models were stratified by gender because of 

evidence suggesting gender differences in the relationship between maltreatment and 

BMI21,22; and because associations between maltreatment and depression trajectory differed 

significantly between males and females. Appendix B provides details about the LGC 

analysis, including multiple groups analysis and the accelerated cohort design.

Examination of latent trajectories across study wave, each containing a broad age range (12–

19 years at Wave I), can mask age-related differences within the critical periods of 

adolescence and young adulthood. Therefore, this study used an accelerated cohort design to 

examine BMI and depression with increasing age; each age group is treated as one of eight 

age cohorts (aged 12 years cohort, aged 13 years cohort, etc.).

First, for each gender, three separate models of the direct relationships between (1) 

maltreatment (referent: no/low maltreatment) and BMI trajectory (aged 13–31 years), (2) 

maltreatment and depression trajectory (aged 12–31 years), and (3) depression trajectory and 

BMI trajectory were fit (Figure 1). For each relationship, crude and adjusted associations 
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were determined. Linear BMI and depression trajectories are defined by their latent intercept 

(i, baseline) and slope (s, change over time).

Second, individual models were combined into gender-stratified mediation models.33 

Models controlled for exposure-mediator and mediator-outcome confounding by including 

time-constant characteristics as predictors of depression (mediator) and BMI (outcome) 

trajectories and time-varying predictors of depression and BMI at specific time points 

(Figure 1). Direct effects for each relationship were obtained from the adjusted mediation 

model. Indirect effects were calculated as the product of the coefficients from the exposure–

mediator and mediator–outcome relationships.34 CIs for the indirect effects were estimated 

using a Monte Carlo approach.35

RESULTS

Participants were, on average, approximately aged 15 years at Wave I (Appendix Table 3). 

Girls and boys had similar demographic characteristics, though boys tended to earn more 

income and girls tended to have higher education by Wave IV. Girls and boys had similar 

BMI across waves. Depression was higher in girls in all Waves, but decreased over time in 

boys and girls.

Overall maltreatment prevalence was 55% in girls and boys. Supervisory neglect was the 

most common (Girls, 38.0%; Boys, 43.2%) and sexual abuse was the least common (Girls, 

8.0%; Boys, 5.1%; Appendix Table 3). Boys and girls were pooled in the LCA because the 

maltreatment classes were similar by gender (Table 1). The four-class model provided the 

optimal model fit and interpretability (entropy 0.69; Appendix Table 4). The no/low 

maltreatment class experienced, on average, <1 type of maltreatment. The supervisory 

neglect dominant class was characterized by supervisory neglect, the physical abuse 

dominant class had high prevalence of physical abuse and emotional neglect, and the high 

abuse and neglect class had elevated prevalence of all types of maltreatment except for 

emotional neglect.

Associations with depression (Figure 1, paths b and c) from adjusted individual models were 

similar to analogous associations in the mediation model; crude associations are reported in 

Appendix Table 5. In adjusted individual models, compared with no/low maltreatment, 

supervisory neglect dominant, physical abuse dominant, and high abuse and neglect 

maltreatment were associated with 0.7, 1.5, and 2.4 points greater baseline depression 

(intercept; age 12), respectively, in girls, and 0.5, 1.1, and 1.5 points greater baseline 

depression, respectively, in boys (Table 2, Model 1). Maltreatment was not associated with 

change in depression over time (slope). Associations between depression and BMI 

trajectories were largely weak and non-significant (Table 2, Model 2). In one exception, in 

females, depression slope was associated with faster BMI gain; although not statistically 

significant, mediation results are sensitive to the strength and direction of association in each 

pathway.

In females, no maltreatment classes were associated with BMI at baseline in individual 

models or in the mediation model (direct effects; Table 3). Supervisory neglect dominant 
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and physical abuse dominant maltreatment were associated with faster BMI increases (0.3 

[marginal] and 0.7 kg/m2 faster over 10 years, respectively), compared with no/low 

maltreatment (Table 3, individual models). The association of physical abuse dominant 

maltreatment with faster BMI gain was mediated through depression slope. The association 

between physical abuse dominant maltreatment and BMI slope was attenuated in the 

mediation model (coefficient=0.2; Table 3, direct effects); mediated effects included 0.07 

indirect effects occurring through depression intercept and 0.36 indirect effects through 

depression slope. Although the relationship between maltreatment and depression slope was 

weak and not significant, mediation by depression slope may have occurred through physical 

abuse dominant maltreatment effects on depression intercept, which was correlated with 

depression slope, which in turn was strongly (but not significantly) associated with BMI 

slope (Table 3). The relationship between supervisory neglect dominant maltreatment and 

faster BMI gain was not mediated by depression.

In males, high abuse and neglect maltreatment was marginally associated with higher BMI 

intercept in males, but this relationship was not mediated by depression. The association 

decomposed into 0.8 of the association through pathways other than depression intercept 

(direct effect) and −0.09 through depression intercept (indirect effect; Table 3). Otherwise, 

maltreatment was not associated with BMI intercept or slope in males.

DISCUSSION

This study investigated depression as a potential mechanism by which discrete classes of 

childhood maltreatment may impact BMI trajectory from adolescence to adulthood. 

Although maltreatment was associated with both depression and, to a lesser extent, BMI 

trajectories from adolescence to adulthood, only the relationship between physical abuse 

dominant maltreatment and faster BMI gain was mediated by depression only among girls.

The study findings partially support the hypotheses that depression mediates effects of more 

severe types of childhood maltreatment, and that depression pathways are stronger in girls 

than in boys. The four identified latent classes of maltreatment corresponded to severity and 

number of maltreatment types, which consistent with prior research in clinical and local 

populations,10–12 were associated with adolescent depression in a dose–dependent manner. 

Physical abuse dominant maltreatment was one of the more severe maltreatment classes and 

was characterized by physical abuse and emotional neglect, which are associated with 

dysregulated eating behaviors in previous research.39 Thus, physical abuse dominant is one 

type of maltreatment that may operate on BMI through depression, potentially via increases 

in emotional eating or psychomotor retardation15,16 among girls. However, depression may 

manifest differently in boys, such as through substance abuse, thus not leading to higher 

weight or weight gain.

A more severe type of maltreatment—high abuse and neglect — was strongly associated 

with depression in girls and boys; but was unrelated to BMI in girls and only marginally 

associated with higher baseline BMI in boys. The relationship between high abuse and 

neglect and BMI among boys, however, was not mediated by depression. The high 
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frequency and severity of the high abuse and neglect class may induce pathways other than 

depression impacting BMI or different types of depression that do not affect energy balance.

Depression also did not mediate associations between supervisory neglect dominant 

maltreatment and BMI in girls. The high prevalence of this maltreatment class and mild 

nature of the supervisory neglect questionnaire item (“left home alone”; Appendix Table 1) 

suggest that this class may not reflect meaningful neglect. Rather, its marginal association 

with BMI gain may reflect more general aspects of the family environment, such as low 

family functioning. Fuller characterization of child neglect in the absence of physical or 

sexual abuse is needed to understand the processes underlying associations between this 

measure of child neglect and later health outcomes observed in prior research.40,41

Study findings did not support the hypothesis that associations between childhood 

maltreatment and later obesity are more strongly mediated by depression earlier in 

adolescence. For example, physical abuse dominant maltreatment was associated with 

marginally faster increase in BMI, but not BMI at baseline; this association was mediated by 

depression change from adolescence to adulthood. This finding is similar to a prior 

AddHealth study,4 in which abuse was associated with BMI increase in girls. With regard to 

depression, some studies conclude little sensitivity to age depression ascertainment,10 

whereas others, primarily in high risk or clinical populations, suggest stronger associations 

with depression in adolescents than adults.55 Delayed effects could manifest through 

behavioral mechanisms that emerge or change during and after adolescence, such as 

depression, dysregulated eating, or sedentary behavior.

Depression mediated associations between physical abuse dominant maltreatment and 

modestly faster BMI gain (0.7 kg/m2 faster gain in BMI over 10 years) in girls. These 

findings suggest that depression treatment in childhood or adolescence may ameliorate a 

small degree of the effects of one type of childhood maltreatment, which was experienced by 

12% of girls, on the development of obesity. However, further exploration of distinct, sex-

specific psychological and behavioral trajectories that follow different types of maltreatment 

is needed.

In particular, these findings suggest critical gaps in understanding about psychological and 

behavioral responses to childhood maltreatment that occur throughout childhood and 

adolescence, when occurrence of maltreatment is often revealed.42–44 First, depression 

subtypes have different behavioral effects—for example, decreased or increased appetite,43 

therefore the impact of childhood maltreatment on depression subtypes and subsequent 

obesity warrants further attention. Second, understanding of the extent to which depression 

or BMI trajectories can be altered by social support and family-based intervention is needed. 

Third, the roles of other mediators such as anxiety disorders, eating behaviors, and hormonal 

profiles, such as cortisol, are additional promising topics for future studies.

Limitations

The primary limitation of this study was its reliance on a retrospective measure of childhood 

maltreatment; more severe maltreatment may be under-reported, whereas less severe forms, 
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such as supervisory neglect, may be over-reported. However, discordance in reports 

separated by 6 years was low, the AddHealth maltreatment measure is valid,36,45–47 and 

false-positive reports of childhood maltreatment are likely rare.48 Furthermore, retrospective 

reporting provides information about maltreatment on a prospective cohort, while avoiding 

ethical issues stemming from mandatory reporting of maltreatment reported by minors.

Other limitations include lack of information on pubertal onset, which may have impacted 

BMI trajectories. Although this study controlled for observed confounders of exposure–

mediator, mediator–outcome, and exposure–outcome associations, residual confounding 

may remain.49 Investigation of effects of childhood maltreatment on depression and BMI 

earlier in childhood and reciprocal relationships between depression and BMI trajectories is 

needed.50 Similarly, exploration of interactions between maltreatment and depression in 

association with BMI (exposure–mediator interaction) is an important next step.51 Lastly, 

race/ethnic differences in associations between childhood maltreatment and BMI trajectory 

and body composition should be investigated.

These limitations are balanced by numerous strengths, including the use of a longitudinal 

design, a nationally representative sample, and classification of maltreatment that accounts 

for comorbidity of multiple types of abuse and neglect.

CONCLUSIONS

A recent call for “trauma-informed obesity prevention” recommends development of 

secondary prevention strategies that mitigate the adverse health consequences of childhood 

maltreatment.8 This study investigated depression as a potential secondary prevention focus. 

Although childhood maltreatment was consistently associated with depression in 

adolescence, less improvement in depression mediated the relationship between only one 

type of maltreatment—physical abuse dominant—and faster BMI gain in girls. Investigation 

of additional potential mitigation strategies is needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Structural equation model of pathway from latent childhood maltreatment classes, latent 

depression trajectory, and BMI trajectory, with covariates.

Notes: Data from National Longitudinal Study of Adolescent Health.

W2, W3, W4: Wave 2, Wave 3, Wave 4

a, b, and c indicate coefficients for the corresponding pathway
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Table 1

Latent Childhood Maltreatment Classesa

Characteristic No/Low maltreatment (n=7,849)
Supervisory neglect 
dominant (n=3,178)

Physical abuse 
dominant 
(n=1,551)

High abuse and 
neglect (n=784)

Class prevalence (row %)

 Females 59.8 23.1 12.5 4.6

 Males 57.9 24.6 10.5 7.0

Class probabilities of maltreatment types (column %)

 Supervisory neglect 0.0 100 53.6 97.0

 Physical neglect 2.0 11.5 5.0 100

 Physical abuse 10.2 23.9 94.9 96.8

 Sexual abuse 1.5 1.2 23.0 48.3

 Emotional neglect 11.2 12.2 91.1 33.9

 Average number of 
maltreatment types

0.2 1.4 2.5 3.6

a
National Longitudinal Study for Adolescent and Adult Health (n=13,362). Latent class analysis of five dichotomous maltreatment types. Four-

class solution selected over three- and five-class solutions (Appendix Table 3) on the basis on Bayes Information Criteria (BIC) =54087.422 and 
Entropy =0.690.

Am J Prev Med. Author manuscript; available in PMC 2018 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sacks et al. Page 15

Table 2

Associations Between Maltreatment Classa and Depression Trajectory, and Depression and BMI Trajectoryb

Independent variable Females Males

Model 1 Dependent variable: Depression intercept

 No/Low maltreatment (ref) (ref)

 Supervisory neglect dominant 0.7 (0.3, 1.0) 0.5 (0.2, 0.8)

 Physical abuse dominant 1.5 (1.0, 2.0) 1.1 (0.7, 1.6)

 High abuse and neglect 2.4 (1.5, 3.2) 1.5 (1.0, 2.0)

Dependent variable: Depression slope

 No/Low maltreatment (ref) (ref)

 Supervisory neglect dominant −0.2 (−0.4, 0.1) −0.0 (−0.3, 0.2)

 Physical abuse dominant 0.1 (−0.3, 0.6) 0.1 (−0.2, 0.5)

 High abuse and neglect −0.2 (−1.0, 0.5) 0.0 (−0.5, 0.5)

Model 2 Dependent variable: BMI intercept

 Depression intercept 0.1 (−0.0, 0.2) −0.1 (−0.2, 0.1)

Dependent variable: BMI slope

 Depression intercept 0.1 (−0.0, 0.2) 0.0 (−0.1, 0.1)

 Depression slope 1.6 (−2.9, 6.0) −0.7 (−1.5, 0.2)

Note: Boldface indicates statistical significance (p<0.05).

a
Maltreatment classes derived using latent class analysis (Table 1).

b
National Longitudinal Study for Adolescent and Adult Health (n=13,362). Associations estimated from gender-stratified, individual latent growth 

curve models: Model 1 models maltreatment class predicting depression trajectory, Model 2 models depression trajectory predicting BMI 
trajectory. Adjusted for race/ethnicity, parental education, parental income at Wave I; and time-varying smoking, participant income, and 
participant education.
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