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Abstract Obesity rates throughout the world have risen rapidly in recent decades, and are
now a leading cause of morbidity and mortality. Several studies indicate that behavioral
and affective distress in childhood may be linked to elevated adult body mass index (BMI).
The present study utilizes data from a 20-year longitudinal study to examine the relations
between symptoms of conduct disorder, attention-deficit/hyperactivity disorder, and
depression during late childhood and mid-adolescence and BMI during emerging adulthood. Data were analyzed using multiple regression. Results suggest that childhood and
adolescent problems may influence adult BMI through direct impacts on adolescent
overweight, a condition which then persists into adulthood.
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Introduction
Obesity rates in the United States and throughout the world have risen rapidly in recent
decades, and are a leading cause of morbidity and mortality internationally [1].
Researchers increasingly emphasize obesity as a developmental condition, and seek to
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identify childhood correlates of adult body mass index (BMI), a measure indicating height
in proportion to weight (kg/m2), that is a common indicator of overweight and obesity [2].
Several recent studies indicate that behavioral distress in childhood may be linked to
elevated BMI in adulthood [3, 4]. Cross-sectional and short-term studies have found significant associations between elevated weight during emerging adulthood [5], and child
and adolescent mental health problems, specifically depressive symptoms and major
depression in childhood and adolescence [2, 6], conduct disorder (CD) and anxiety disorder
in early adolescence [7], and attention-deficit/hyperactivity disorder (ADHD) symptoms
throughout adolescence [8].
Prospective longitudinal studies investigating these links, however, show mixed findings. Some of these studies provide evidence that persistent behavioral problems beginning
in childhood and continuing through adolescence predict young adult BMI and obesity [3,
4]. Other studies, however, show no significant longitudinal associations between adult
obesity and adolescent behavioral problems, such as depression and externalizing behaviors [9, 10].
Prior studies of child and adolescent predictors of adult BMI have tended to include
a single indicator of behavioral distress (e.g., depression), or a general appraisal of
child emotional and behavioral problems [e.g., scale scores from Achenbach’s Child
Behavior Checklist (CBCL)]. At present, little is known about interactions among
distinct disorders as they relate to overweight and obesity over the life course. Pine
et al. [11] examined both child depression and conduct disorder in relation to adult
BMI and found that the relationship between depression and emerging adult BMI was
no longer significant when controlling for CD. Because of the complex interrelationships between social and biological determinants and psychopathology [8, 12, 13], the
current study seeks to map out potential direct and indirect relationships among these
factors.
Specifically, the study examines interrelationships among CD, ADHD, and depression
symptoms along with key covariates such as child overweight, sleep disruption, and family
contextual factors, and their effects on emerging adult BMI. As the current study is
concerned with early influences on later risk for obesity, and as puberty can influence
children’s experiences of and vulnerability to behavioral and affective distress, the present
study focuses on two distinct developmental time points—ages 10 and 14 years old—
typically related to puberty. Our investigation utilizes data from a 20-year longitudinal
study to explore potential effects of predictors in pre-adolescence and adolescence on
participant BMI at approximately 24 years of age.

Research Questions
In keeping with the literature to date, we conducted exploratory analyses guided by two
questions:
1. What are the relations among the three behavioral disorders appraised when children
were 10 and 14 years old, childhood and adolescent weight at each age, and adult
BMI?
2. What is the relation between childhood depression and adult BMI when controlling for
other behavioral disorders (e.g., CD and ADHD)?
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Methods
The Linking the Interests of Families and Teachers (LIFT) study is a National Institutes of
Health-funded longitudinal randomized controlled trial that began in 1991. The main focus
of the study was to examine the impact of a multimodal preventive intervention, the LIFT
prevention program, on the developmental trajectory of children, with a particular focus on
antisocial and related deviant behaviors [14, 15]. The intervention, which occurred over a
3 month period at the beginning of the study, included parent management training, child
social and problem solving skills training, and a recess-based ‘‘good behavior’’ incentive
program. Intervention impacts at various points along the life course have been reported
elsewhere [14, 16–19].
Recruitment
Twelve elementary schools located in neighborhood school catchment areas with the
highest juvenile police detainment rates (i.e., the top 50 %) within a moderate sized city in
the Pacific Northwest were included in a pool for random assignment. During each of
3 years, schools were randomly selected to participate either as a services as usual control
school or as a LIFT prevention program intervention school. Through a second random
draw, either all first grade or all fifth grade classrooms within each school were invited to
participate. Of 762 full-time public school students within these classrooms, 95 % (723) of
families agreed to a home visit, and 93 % (671) of families who participated in a home
visit consented to enroll in the study. At the outset of the study, parent participants
provided written consent for the entire family. From the age of 18 years on, original child
participants provided their own written consent. Participants have been interviewed regularly (usually once per year) since enrollment. The Institutional Review Board at the
Oregon Social Learning Center (OSLC) approved the research protocols and monitored
human participant protections. At each assessment, all respondents received compensation
for their time spent in completing assessments.
Participants
Of the original 671 participating children, sixteen of the first grade cohort discontinued
participation before they were 10 years old, and were excluded from analyses. Of the
remaining 655 participating children, 51 % were girls (n = 334 girls; 321 boys). When the
children were in the fifth grade, 54 % of youth lived in two-biological parent households,
22 % in single-parent households, and 23 % in stepfamilies. Approximately 28 % of the
families received some type of financial assistance. Most participating parents self-identified as Caucasian, with 15 % self-identifying as members of an ethnic or racial minority
group (compared with 8 % for the metropolitan area in 1990). Assessments were conducted nearly every year between 1991 and 2010 with focal children, parents, and teachers
(if the child was enrolled in school). Retention was fairly high for the LIFT sample, with
575 families with 14-year-old children remaining engaged throughout the study. Fathers
were actively involved in the study. For the current study, families with 10-year-old
children included 396 participating fathers, and families with 14-year-old children included
321 participating fathers. If there was no participating father, we relied on the mother’s
data.
Predictors for the present study were measured when participants were pre-adolescents
[average age 10.2 years (SD = 0.5)] and adolescents [average age 13.9 years (SD = 0.5)].
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At the time of the data collection for the final time point in these analyses, 510 of the
original 655 10-year-old participants remained active in the study. These participants were
emerging adults who ranged in age from an average of 22 years (first graders at baseline)
to 26 years (fifth graders at baseline) or an average of 24.3 (SD = 2.1) years of age.
Measures and Constructs
Outcome
The outcome of interest is emerging adult body mass index. BMI was calculated from selfreported height and weight [weight in kilograms divided by the square of height in meters;
(i.e., kg/m2)], and was used as a continuous variable in all analyses.
Predictor Variables
All predictor variables were computed for 10 and 14 year olds.
Child depression was assessed from youngsters’ reports of their own feelings or ideas in
the past 2 weeks in response to the 27-item Child Depression Inventory [20]. Examples of
questions included whether the child feels sad, is good at doing things, has fun, or feels
alone. All items were re-coded from a range of 1–3 to match standardized scoring values
(0, 1, 2). Several items were reversed so that higher scores reflected higher depression.
Final scores were computed by summing all of the items. The CDI scale demonstrated
adequate internal consistency; Cronbach’s alphas were 0.85 for 10 year olds, and 0.86 for
14 year olds.
Conduct disorder was evaluated through parent report on the CBCL [21] and Overt/
Covert Antisocial Questionnaire (OCA) [22]. The CBCL asks about specific child and
youth behaviors within the past 12 months (0 = not true of the participating child now or
in the last 12 months; 1 = somewhat or sometimes true; 2 = very true or often true).
Possible OCA responses are identical to those of the CBCL (but numbered from 1 to 3),
though observations are not limited to a specific time frame. Examples of questions asked
of parents include whether their child has deliberately engaged in fire-setting; broken into
someone else’s house, building, or car; initiated physical fights; or been physically cruel to
animals or people. A scale encompassing 13 behaviors described by the DSM as indicative
of conduct disordered children and youth was created from items drawn from the CBCL
and OCA. Cronbach’s alphas were run separately for mothers and fathers and indicated
adequate internal consistency; alphas for mothers’ scores ranged from 0.73 to 0.75, and
fathers’ scores ranged from 0.62 to 0.72. As mother and father reports were significantly
correlated (r = .33; p \ .001 for 10 year olds; r = .20; p \ .05 for 14 year olds), mean
scores reflecting parent report were computed for each of ages 10 and 14. Parent variables
were then recoded as dichotomous to reflect whether or not the participant child engaged in
the behaviors described above. Dichotomous scales were then summed.
Attention-deficit/hyperactivity disorder was assessed through parent report on the OCA
and the CBCL. A mean OCA score was computed from seven items relating to ADHD
behaviors (e.g., child does not follow through on instructions; often shifts activities;
interrupts, intrudes on others; has trouble remaining seated). A mean CBCL score was
created from four items (e.g., child cannot concentrate; is impulsive or acts without
thinking; talks too much). Cronbach’s alphas for mothers’ scores ranged from 0.86 to 0.91,
and fathers’ scores ranged from 0.84 to 0.87. Scales were computed by summing
participant responses on OCA and CBCL items. As father and mother scores were
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significantly correlated (r = .48; p \ .001 for 10 year olds; r = .59; p \ .001 for 14 year
olds), scores were averaged to reflect parent report of ADHD behaviors at each of ages 10
and 14.

Covariates
An established literature shows the following variables to be strongly related to adolescent
and adult BMI, and particularly to obesity, across the lifespan: child and adolescent
overweight and obesity [23, 24]; maternal depression [25]; parental smoking [26]; sleep
disruption [27–29]; and family income, as an important component of socioeconomic
position [30]. Additional important covariates include nutrition, exercise, family eating
together, family communication, and frequency of television viewing [3, 31]. A critical
covariate with adult obesity is the number of biological children a woman has borne [32].
As all variables listed above, with the exception of nutrition, were available in the LIFT
data set, we included them in analyses as potential covariates.
Child overweight was based on mother, father, and teacher report on the CBCL of
whether the participating child was overweight. As the Cronbach’s alpha of 0.84 indicated
internal consistency among the three reports, a single mean score reflecting youngster
overweight was calculated.
Sleep disruption was assessed through parent evaluation on the CBCL of whether their
child has nightmares, is overtired, sleeps less than most children, or has trouble sleeping.
As the Cronbach’s alpha for eight items (four for each of mother and father report)
demonstrated adequate internal consistency at 0.68, a sleep disruption variable was created
reflecting the mean score across all items.
Family household income relied on self-reported data from the OSLC Parent Interview
(1990) gathered when the youth were in 5th grade and included 10 categories ranging from
1 (less than $5,000) to 10 ($60,000 or more) [33].
Parent smoking was assessed through parent response to a single item about frequency
of current nicotine use on the OSLC Physical Health Inventory [34]. Potential responses
ranged from 1 (not at all) to 7 (several times a day). Responses were recoded to a three-part
variable reflecting 1 (not at all), 2 (1 time per day or less), or 3 (several times per day).
Maternal depression was measured with the Center for Epidemiological Studies
Depression Scale (CESD), a well-established validated and standardized measure of
depressive symptoms [35]. In the current study, Cronbach’s alpha for the CESD maternal
depression scale was 0.89.
Self-report youth variables drawn from the Family Activities List (OSLC 1990)
included exercise (8 items; e.g., ‘‘in the last week did you walk, participate in an outdoor
activity with your mother and/or father?’’), family eating together (1 item; ‘‘in the last
week, did you eat at home with the whole family there?’’), and family communication
(1 item; ‘‘in the last week, did you talk with your mother and/or father for 10 min or more
about your activities?’’) [36]. Cronbach’s alpha for the youth exercise variable was 0.81
and a mean score was computed. A single item for television viewing (‘‘on a school day,
how many hours do you usually watch TV?’’) was based on youth report on the Child
Interview (OSLC 1990) [37]. Each of the following emerging adult variables relied on a
single self-report item taken from the Child Interview (redesigned for emerging adults;
OSLC 2004) [37]: income (total income in the past 12 months), exercise (average number
of days per week), sleep duration (average number of hours per night), television viewing
(average hours per day in the past week), and number of biological children.
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Analytic Strategy
Analyses were conducted in multiple steps to examine relations among the variables, in
accordance with the two research questions. Statistical analyses were performed using
SPSS 14.0. All data were checked for univariate normality. Descriptive summary statistics were calculated for all variables of interest. During this process, one adult BMI
outlier ([2 SD above the mean) was identified. Because of the potential of this outlier
biasing the analyses, the outlier was recoded to the next highest value for adult BMI plus
one [38]. All predictor variables were centered around the mean (within each respective
school cohort) to control for cohort effects in the analyses. Pearson’s correlations were
calculated to assess associations among adult BMI, child depression, CD, ADHD at ages
10 and 14, and key covariates with adolescent overweight (Table 1) and obesity
(Table 2).
The study used multiple regression analysis to model relationships among the
variables of interest. We examined two regression models, with the first including the
outcome variable of overweight at age 14, and the three potential predictor variables of
childhood depression, CD, and ADHD, along with covariates of adolescent overweight.
A second regression model with the outcome variable of adult BMI included independent variables of adolescent depression, CD, and ADHD appraised when participants were 14 years old, as well as key covariates of adult BMI. A dummy variable
reflecting whether participants participated in the LIFT intervention or not (0 = control;
1 = intervention) was included in each model to control for potential intervention
effects.

Results
Descriptives
Prevalence rates for overweight and obesity for the sample were comparable to or lower
than national averages (based on National Health and Nutrition Examination Survey
[NHANES, 2007–2008] data for 20–39 year olds) [39]. Average BMI was 26.0
(SD = 4.9) and 26.5 (SD = 6.9), for young adult men and women, respectively. Among
men, 35.7 % were overweight (defined as a BMI of 25.0–29.9) and 16.6 % were obese
(BMI of 30.0 or higher). Among women, 24.0 % were overweight and 25.5 % were obese.
Prevalence rates for behavioral symptoms in the sample were equal to or higher than
national statistics (for the time period in which the LIFT participants’ behavioral symptoms
were appraised). About five percent (5.1 %) of 10 year olds (M = 6.2; SD = 5.9) and
5.0 % of 14 year olds (M = 6.6; SD = 5.9) in the sample tested positive on the CDI for
depression (scores [ 2 SD above the mean), compared with nationwide data indicating
that between 5.2 and 7.3 % of children and youth were diagnosed with major depression
[40], and 10–15 % of children and adolescents were diagnosed with depressive symptoms
[41]. In regards to ADHD, 6.6 % of 10 year olds and 5.5 % of 14 year olds in the sample
had six symptoms or more (per DSM-IV criteria [42]), compared with 3 % of youth
diagnosed with ADHD nationwide [43]. Seventeen percent (17.4 %) of 10 year olds and
7.0 % of 14 year olds in the sample had three or more symptoms indicating conduct
disorder (per DSM-IV criteria [42]). These are significantly higher rates than those
reported for the US as a whole, at 3–4 %, [44] a finding that was expected due to the
sampling strategy used in the study.
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1

Overweight 14

0.07

0.06

0.10*

CD 10

ADHD 14

ADHD 10

0.06

-0.06

Depression 10

CD 14

-0.02

-0.14**

Overweight 14

Depression 14

Exercise 14

Variables

Maternal depression

Parental smoking

Family income

Family eat together 14

Family communication 14

TV 14

Sleep 14

Exercise 14

Overweight 10

ADHD 10

ADHD 14

CD 10

CD 14

Depression 10

Depression 14

Overweight 14

Variables

0.32***

0.38***

0.29***

0.40***

0.23***

0.30***

0.18***

Sleep 14

1

0.10*
1

0.36***

0.13**

0.13**

0.09*

0.05

0.07

0.09*

0.03

0.06

1

0.24***

0.28***

0.14***

CD 14

-0.13**

-0.09*

-0.14**

-0.11**

-0.13**

-0.13**

-0.08

Family
communication 14

Depression 10

TV 14

Depression 14

-0.15***
-0.04

-0.10*

-0.07

-0.03

-0.04

-0.13**

-0.11**

-0.18***

-0.16***

-0.12**

-0.12**

-0.10*
-0.17***

Family
income

1

0.51***

0.57***

0.21***

1

0.08

0.06

0.06

0.10*

0.02

0.09*

0.09*

Parental
smoking

0.72***

0.58***

0.44***

0.28***

0.16***

0.11**

0.13**
0.23***

ADHD 10

ADHD 14

Family eat
together 14

1

0.63***

0.30***

0.15***

0.08

CD 10

Table 1 Correlation matrix for overweight at age 14, depression, conduct disorder and ADHD at ages 10 and 14, and key covariatesa

1

0.06

0.05

0.04

0.07

0.03

0.08

0.21***

0.22***

0.25***

0.26***

0.20***

0.18***

0.09*

Maternal
depression

0.68***

Overweight 10
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1

0.05

0.12**

Sleep 14

1

0.07

0.08

0.14***

TV 14

1

-0.06

-0.07

0.15**

-0.08

Family
communication 14

a

Correlations are statistically significant at

p \ .10; * p \ .05; ** p \ .01; *** p \ .001

BMI body mass index; CD conduct disorder; ADHD attention-deficit/hyperactivity disorder

Maternal depression

Parental smoking

Family income

Family eat together 14

Family communication 14

TV 14

Sleep 14

1

-0.02

Overweight 10

Exercise 14

Exercise 14

Variables

Table 1 continued

1

0.15***

-0.02

-0.08

0.06

0.04
1

-0.01

1

-0.14***

-0.01

-0.03

0.08

-0.12**
-0.16***

0.09

0.13**

Parental
smoking

0.02

-0.08*

-0.07
0.11*

Family
income

Family eat
together 14

1

0.14***

-0.26***

-0.07

-0.03

-0.01

0.33***

-0.04

0.06

Maternal
depression
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Table 2 Correlations between
adult BMI, depression, conduct
disorder and ADHD at ages 10
and 14, and key covariatesa

Variables
BMI

a

Correlations are statistically
significant at p \ .10;
* p \ .05; ** p \ .01;
*** p \ .001
b

1

Depression 14

0.09

Depression 10

0.11*

CD 14

0.07

CD 10

0.05

ADHD 14

0.03

ADHD 10

0.05

Biological childrenb

0.14**

Adult income

0.01

Adult exercise

-0.003

Adult sleep

BMI body mass index; CD
conduct disorder; ADHD
attention-deficit/hyperactivity
disorder

BMI

0.03

Adult TV viewing

0.06

Overweight 14

0.59***

Overweight 10

0.50***

Exercise 14

0.06

Sleep 14

0.05

TV 14
Family communication 14

0.06
-0.12**

Family eat together 14

-0.04

Family income

-0.08*

Parental smoking

0.16***

Maternal depression

0.07

Number of biological children

Correlations
The Pearson’s correlations revealed several significant associations among key variables of
interest (Tables 1, 2). Bivariate correlations indicated that ADHD, CD, and depressive
symptoms at age 10 were not significantly related to overweight at the same age. However,
overweight at age 14 strongly and positively correlated with age 10 and 14 measures of
depression (p \ .01 and p \ .05, respectively), ADHD (p \ .01), CD (p = .06, and
p = .001, respectively) (Table 1). As would be expected, behavioral problems at age 10
strongly predicted future behavioral problems at age 14 (p \ .001 for all; Table 1). When
relationships were examined between emerging adult BMI and the three behavioral variables at ages 10 and 14, only depression strongly and positively related to BMI (p \ .05
and p = .06, respectively) (Table 2; to conserve space, only correlations between BMI and
independent variables are shown).
Significant correlations were found between overweight at age 14 and several covariates. Higher family income (p \ .001) and eating together with the whole family in the
past week (p \ .05) significantly related to lower incidence of overweight at age 14, with
more family communication approaching significance (p = .06). Parental smoking
(p \ .05), maternal depression (p \ .05), more adolescent TV viewing (p \ .01), greater
sleep disruption (p \ .001), and overweight at age 10 (p \ .001) all were associated with
greater prevalence of age 14 overweight. Higher adult BMI significantly correlated with
lower family income (p \ .05), parental smoking (p \ .001), overweight at ages 10 and 14
(p \ .001 for each) and having more biological children (p \ .01), a relationship that, upon
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closer scrutiny, held true for both sexes [adult women’s BMI significantly correlated with
the number of biological children they reported having (r = .14; p \ .05) and a trend
relationship was detected for men (r = .11; p \ .10)]. Adolescents who reported talking
with one or both parents about their activities in the past week (family communication) had
significantly lower adult BMI (p \ .01). Potential adult covariates of television viewing,
annual income, sleep duration, and exercise did not significantly relate to BMI, nor did the
adolescent variables for sleep disruption, television viewing, family eating together, or
exercise. Consequently, these variables were not entered into regression analyses. Finally,
while there were no significant associations between the LIFT prevention program and
adolescent overweight or adult BMI (p [ .10 for each), the study condition was maintained
in the models to control for any potential biases.

Regressions
Regression results are shown with coefficients in Tables 3 and 4. When relations among
variables were examined with multiple regression models, analyses revealed a complex set
of both direct and indirect relationships among the behavioral symptoms at 10 and 14 years
and later adult BMI. We designed both models to test for potential mediating effects on
depression of conduct disorder and ADHD. While Table 4 contains the full model to
illustrate the mediation of depression on adult BMI, as we detected no mediating effects in
the model focused on age 14 overweight, Table 3 reflects only the final step of the
Table 3 Multiple regression model for prediction of overweight at age 14
Measure and variables

Regression coefficient
(b ± SE)

Ba

Overweight 14
Constant

0.53***
0.01 (0.02)

Family income

-0.01 (0.01)

-0.05

Parental smoking

-0.01 (0.02)

-0.01

Maternal depression
Family communication 14
TV 14
Family eat together 14
Sleep 14

0.00 (0.00)
-0.02 (0.04)

-0.003
-0.01

0.00 (0.01)

0.02

-0.05 (0.04)

-0.04

0.05 (0.07)

0.03

Intervention

-0.02 (0.03)

-0.02

Depression 14

-0.00 (0.00)

-0.02

Depression 10

0.01 (0.00)

0.06

CD 14

0.11 (0.06)

0.08

CD 10

-0.09 (0.06)

-0.06

ADHD 14

0.02 (0.01)

0.07

ADHD 10

-0.01 (0.01)

-0.05

Overweight 10

0.82 (0.04)

0.70***

BMI body mass index; CD conduct disorder; ADHD attention-deficit/hyperactivity disorder
a

Coefficients are statistically significant at:
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Table 4 Multiple regression model for prediction of emerging adult BMI
Measure and variables

Regression coefficient
(b ± SE)

Ba

BMI

Overall r2

0.42***

Step 1
Constant
Biological childrenb
Family income
Parental smoking
Family communication 14
Intervention

25.88 (0.46)
0.91 (0.40)
-0.12 (0.13)

0.11*
-0.05

1.08 (0.35)

0.15**

-1.85 (0.70)

-0.12**

0.20 (0.59)

0.02

Step 2
Constant
Biological childrenb
Family income
Parental smoking
Family communication 14
Intervention

25.90 (0.46)
0.91 (0.40)
-0.10 (0.13)
1.11 (0.35)
-1.72 (0.70)

0.11*
-0.04
0.15***
-0.12**

0.20 (0.59)

0.02

Depression 14

-0.01 (0.05)

-0.01

Depression 10

0.09 (0.05)

0.09

Step 3
Constant
Biological childrenb
Family income
Parental smoking
Family communication 14
Intervention

25.89 (0.46)
0.90 (0.41)
-0.10 (0.13)
1.10 (0.35)
-1.72 (0.71)

0.11*
-0.04
0.15**
-0.12*

0.18 (0.59)

0.01

Depression 14

-0.01 (0.05)

-0.01

Depression 10

0.10 (0.06)

0.09

CD 14

1.05 (1.24)

0.06

CD 10

-1.09 (1.22)

-0.06

ADHD 14

-0.17 (0.25)

-0.05

ADHD 10

0.12 (0.23)

0.04

Step 4
Constant

25.76 (0.36)

Biological childrenb

1.22 (0.32)

0.14***

Family income

0.08 (0.11)

0.03

Parental smoking

0.56 (0.28)

Family communication 14
Intervention

-1.00 (0.56)

0.08*
-0.07

0.17 (0.47)

0.01

Depression 14

-0.04 (0.04)

-0.04

Depression 10

0.06 (0.04)

0.05

CD 14

0.12 (0.99)

0.01

CD 10

-0.05 (0.96)

-0.00

ADHD 14

-0.21 (0.19)

-0.06

ADHD 10

0.09 (0.18)

0.03
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Table 4 continued
Measure and variables

Regression coefficient
(b ± SE)

Ba

Overweight 14

6.55 (0.73)

0.48***

Overweight 10

2.74 (0.83)

0.17***

Overall r2

BMI body mass index; CD conduct disorder; ADHD attention-deficit/hyperactivity disorder
a

Coefficients are statistically significant at:

b

Number of biological children

p B .10; * p \ .05; ** p \ .01

regression. Both models were significant (p \ .001), with predictors accounting for 53 %
of the variance in overweight at age 14, and 42 % of the variance in emerging adult BMI.
Child depression and adolescent conduct disorder approached significance in predicting
greater overweight at age 14 (p = .09 and p = .08, respectively). When we investigated
behavioral disorders in relation to adult BMI, after controlling for key covariates with the
exception of CD, ADHD, and overweight at ages 10 and 14 (Table 4, step 2), higher child
depression approached significance in predicting elevated adult BMI (p = .09). Even after
adding in step 3 potential mediators of CD and ADHD at ages 10 and 14, the effect of child
depression on adult BMI did not change (p = .09). It was not until step 4 that the effect of
child depression on adult BMI was fully mediated (p = .21) with the addition of overweight at ages 10 and 14 (p \ .001). In sum, behavioral symptoms in childhood and
adolescence did not appear to directly predict adult BMI, rather they indirectly predicted
elevated adult BMI through overweight at 14 years old. In addition, more biological
children (p \ .001) and parental smoking (p \ .05) significantly predicted elevated adult
BMI, with poorer family communication approaching significance (p = .08).

Discussion
Using data from the 20-year LIFT study, we found evidence that symptoms of depression
and conduct disorder early in life may indirectly contribute to elevated BMI in emerging
adulthood through their influence on adolescent overweight. These associations remained
after adjustment for potential covariates, including family income, TV viewing, and other
family environmental factors. Contrary to Pine et al. [11] findings, our model found that
symptoms of childhood depression were a tentative predictor (i.e., trend finding) of elevated adult BMI even after controlling for symptoms of CD. Instead of CD, however,
adolescent overweight mediated the relationship between depression and BMI. Our study
contributes to knowledge in the field by outlining a pathway through which childhood and
adolescent behavioral problems may influence young adult BMI, namely through direct
impacts on adolescent overweight, which then persists into adulthood. In addition, findings
suggest the importance of early family environmental factors, specifically parental
smoking and family communication, as contributors to elevated adult BMI.
Little is known about the complex and potentially numerous pathways linking child and
adolescent behavioral distress with overweight and obesity across the lifespan. Existing
research points to several mechanisms, including neurobiological links, physiological
changes, unhealthy environments, and social stigma [3, 45]. Recent studies indicate that
dysregulation in the dopaminergic system may play a role in the neurobiology of ADHD
and CD and contribute to impulsive eating and related weight gain [46–49]. Studies on the
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biological underpinnings of depression point to low serotonin levels that may cause
increased consumption of food high in carbohydrates [50]. Behavioral disorders (e.g.,
depression) also can cause physiological changes in endocrine and immunological systems
[51–53], which may influence appetite control. Mamun et al. [3] note that behavioral
changes among depressed children (e.g., having difficulty adhering to fitness regiments and
overeating), may play a role in weight gain that can extend into adulthood, and similar
observations might be made of children with CD and/or ADHD. Relatedly, researchers of
social stigma point to child and adolescent obesity as a contributor to and consequence of
depression among young people [55], with obesity throughout childhood and adolescence
serving as a key predictor of adult overweight and obesity [24, 54].
Sleep disruption or shortened sleep duration, another potential behavioral change
related to depression and other conditions, also has been shown to relate to elevated risk of
overweight and obesity [27]. We detected significant correlations in this study between
behavioral disorders at ages 10 and 14 and sleep disruption at age 14 (p \ .001 for all;
Table 1). The pathways between poor childhood sleep and adult overweight, however,
remain unclear. Potential explanations include reduced ghrelin (an appetite-stimulating
hormone), or decreased levels of leptin (an appetite-suppressing hormone), or through
tiredness, which can reduce physical activity and affect dietary habits (people who feel
tired may seek fast-release, high-energy foods to compensate for perceived low energy
levels) [28, 29].
Family factors, such as abuse and neglect, can play a role, with research showing
that childhood adversity can contribute to behavioral problems throughout childhood
and adolescence [56, 57], and trigger changes in the hypothalamic–pituitary–adrenal
(HPA) axis [12]. Chronic psychosocial stress and related long-term dysregulation of the
HPA axis [58] can have downstream negative health consequences including increased
visceral adiposity and obesity [59, 60]. Even less severe parenting behaviors, such as
when parents of children with behavior problems use unhealthy foods or television as
rewards [7], can intensify the risks for children of an already obesogenic environment
[47].
In the current study, family communication, which we identified as a potential influence
on young adult BMI, may serve as a proxy for more complex family processes that
increasingly are linked to greater risk for obesity. Similarly, given participants’ relative
youth (average age of 24 years) at the final time point for analyses, our finding that the
number of biological children predicted elevated adult BMI also points to the influence of
early childbearing, a potential consequence of early adversity and difficult family environments [61, 62]. Though early childbearing itself may not link to elevated obesity,
parents who have their children early and have several children in quick succession may
face higher risk of obesity at younger ages (e.g., Khlat and colleagues found that women
with more than three children were 2 times more likely to be obese compared with women
with one child) [61]. Finally, our finding that parental smoking predicts adult BMI builds
on evidence from several studies that parental smoking is an independent risk factor for
childhood obesity [63–65]. Importantly, findings to date indicate that the effects of
childbearing and parental smoking on obesity risk are independent of family income
[61, 64].
Limitations
The current study has several limitations. First, in terms of measurement, the LIFT study
focused on childhood predictors of adolescent and young adult antisocial behavior, and thus key
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variables of interest to the present study were either not available or relied on only a few items
drawn from assessments of youth or parent behavioral adjustment or parenting. As measured
height and weight were not collected in the early phases of the LIFT study, the present study
relied on the assessment of youth overweight based on multi-agent report on a single item in the
parent and teacher versions of the Child Behavior Checklist. That child and youth overweight
accounted for such a large proportion of the variance in adult BMI is testament both to the
verisimilitude of parent and teacher reports (at ages 10 and 14), and to the role of youth
overweight as a critical predictor of adult BMI. However, as has been shown in prior studies, the
assessment of BMI based on self-reported, as opposed to measured, height and weight is prone
to error and bias related to self-perception [66, 67].
Important covariates of adult BMI not included in current analyses include parent BMI
and family and adult nutrition. Variables reflecting nutrition, and parent BMI, overweight
or obesity unfortunately were not tracked in the LIFT study. In addition, though we did
include variables for physical activity at all ages, given the lack of robust measurement it
was unsurprising that correlations revealed no significant relationships with our overweight
or BMI outcome variables. Finally, given associations between race/ethnicity and BMI
[68], the low ethnic diversity in the LIFT sample due to the geographic location of the
study may affect the generalizability of the findings.

Conclusion
Many questions remain regarding relationships among different forms of affective and
behavioral distress in childhood and adolescence and weight gain over the life course.
Future studies would benefit the field through investigation of multiple potential pathways
using a range of methodologies (e.g., stress biomarkers, genetic approaches, measured
variables, as well as parent and youth self-report). Available evidence suggests that mental
health programs for youngsters would do well to monitor weight in children and adolescents presenting with behavior problems, and consider appropriate interventions, in order
to prevent potential deleterious health outcomes in emerging adulthood, especially among
those children with other risk factors for obesity and obesity-related diseases (e.g., cardiovascular disease, diabetes). Specifically, clinicians working with children with
depression and adolescents with conduct disorder, and interventionists engaged in prevention activities targeting youth problem behaviors (e.g., mentoring, school-based social
and problem-solving skills programs, parent training) may wish to address the potential
relation between depression and conduct problems and overweight in adolescence and
adulthood.
Obesity prevention efforts with adolescents may also benefit from a focus on reduced
parent smoking, and on positive parental engagement with an emphasis on family communication and parenting skills related to behavioral and mental health. In addition,
smoking parents and young adults with several biological children could be targets of
overweight prevention and intervention efforts. Parents who smoke should be warned that
not only is their own health at risk, but their children face greater likelihood of overweight
and related chronic diseases. In short, these results, like those of other recent longitudinal
studies, point to the importance of considering the whole person and his or her family
relations over the lifespan when launching intervention and prevention efforts, rather than
simply focusing on one symptom or set of symptoms currently present in the individual.
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Summary
Rising obesity prevalence rates and related increases in morbidity and mortality have
become an international concern. Researchers increasingly regard obesity as a developmental condition, with several studies showing that childhood and adolescent behavioral
and affective distress are related to elevated adult body mass index (BMI). The present
study examines links among symptoms of conduct disorder, attention-deficit/hyperactivity
disorder, and depression in late childhood and mid-adolescence, and BMI in emerging
adulthood. Using data from the 20-year Linking the Interests of Families and Teachers
(LIFT) study (N = 671), examined with multiple regression analyses, we found evidence
that symptoms of depression and conduct disorder early in life may indirectly contribute to
elevated BMI in emerging adulthood through their influence on adolescent overweight.
Parental smoking and family communication were also contributors to elevated adult BMI.
Given these findings, health practitioners working with children and adolescents with
behavior problems may wish to be mindful of youngsters’ weight (particularly overweight
or obesity), and consider strategies not only for preventing future mental health problems,
but also elevated BMI in early adulthood. Child and adolescent obesity prevention efforts
may benefit from a focus on reduced parent smoking, and on positive parental engagement
with an emphasis on family communication and parenting skills related to behavioral and
mental health.
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