
Comorbidity, Codevelopment, and Temporal Associations

Between BodyMass Index and Internalizing Symptoms

From Early Childhood to Adolescence

Praveetha Patalay, PhD; Charlotte A. Hardman, PhD

IMPORTANCE Obesity and internalizing mental illness begin in childhood, have common risk
factors, and are leading causes of disease burden.

OBJECTIVES To examine the comorbidity, codevelopment, and temporal precedence in body
mass index (BMI) and internalizing symptoms from early childhood tomidadolescence and
to investigate the sex differences and socioeconomic confounding in their association.

DESIGN, SETTING, AND PARTICIPANTS This longitudinal study used data on individuals from
theMillennium Cohort Study, a nationally representative, prospective birth cohort study in
the United Kingdom of more than 19000 individuals born from September 1, 2000, to
January 11, 2002, who were assessed to date at the ages of 9months and 3, 5, 7, 11, and 14
years. Data from 17 215 participants (88.21% of full cohort sample) with socioeconomic
information in early childhood and BMI or internalizing symptoms during at least 1
assessment from 3 to 14 years of age were included in the present study. Data analysis was
performed fromMay to November 2018.

MAIN OUTCOMES ANDMEASURES Outcomeswere BMI estimated from objectivelymeasured
height and weight and internalizing symptoms assessed using parental reports. Three
measures of socioeconomic position were controlled for: parent educational level,
occupational status, and equivalized family income.

RESULTS Among the 17 215 participants (8394 [48.8%] female), obesity and internalizing
problems were not more likely to co-occur in early childhood (odds ratio [OR] at 3 years,
1.02; 95% CI, 0.69-1.50), whereas at 11 and 14 years of age, they were more likely to co-occur
(OR at 11 years, 1.68; 95% CI, 1.38-2.05; OR at 14 years, 1.49; 95% CI, 1.22-1.83). Piecewise
latent growthmodels revealed no codevelopment of BMI and internalizing symptoms from
3 to 7 years of age (r = 0.01), whereas their slopes were associated between 7 and 14 years
of age (r = 0.23). Initial level and rate of change in each domain in early childhood was not
associated with rate of change in the other domain at older ages. Cross-laggedmodels
indicated no cross-domain pathways before 7 years of age, with someweak cross-domain
pathways emerging between 7 and 14 years of age. Socioeconomic position attenuated some
of these associations, leaving a BMI-to–internalizing symptoms pathway in later childhood
and an internalizing symptoms–to-BMI pathway in early adolescence.

CONCLUSIONS AND RELEVANCE The findings suggest that BMI and internalizing symptoms
becomemore associated and reciprocal as children get older and that some of their temporal
associations can be attributed to socioeconomic factors. The emergence of cross-domain
temporal pathways in middle childhood suggests that social, physiologic, and psychological
processes begin to play an increasingly important role in these health outcomes. Prevention
and early intervention efforts may benefit from targeting both health outcomes in childhood.
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O besity and common mental health disorders make

large contributions to the global disease burden.1,2

Both have their roots in childhood,3,4 with substan-

tial negative consequences for a range of health and eco-

nomicoutcomesthroughthe lifecourse.5-8Evidencefromsome

studiesalso indicates substantial increases inchildhoodpreva-

lence of obesity and internalizing symptoms in recently born

generations,9-11 further underscoring the importance of un-

derstanding their development, risk factors, and early inter-

vention. Tackling these public health challenges is high on

international government agendas.12,13

Both cross-sectional and longitudinal evidence exists

of moderate associations between obesity and internalizing

symptoms inchildhood14andadulthood.15,16Longitudinal evi-

dence of both pathways exists whereby earlier obesity is as-

sociated with later internalizing symptoms17 and internaliz-

ing symptomsareassociatedwith later obesity15; however, the

possibility of bidirectional development cannot be over-

looked. Longitudinal analyses aiming tounderstand the code-

velopment and temporal precedence are mainly found in lit-

erature on the adult and the aging populations.18,19 To our

knowledge, no studies have modeled the longitudinal code-

velopment (association in rates of change) in body mass in-

dex (BMI) (calculatedasweight inkilogramsdividedbyheight

in meters squared) and internalizing symptoms from early

childhood through adolescence. A study18 in adults found,

for example, that from ages in the early 20s to early 40s, the

codevelopment in depressive symptoms and BMI is moder-

ate in females and small in males. In the pediatric literature,

studies20,21 investigating temporal precedence are limited to

childhood and suggest that there is no temporal association

between these health domains in early childhood, with evi-

denceof aBMI to internalizingpathwayemerging inmidchild-

hood.Ofnote, although sexdifferences in the longitudinal as-

sociations between BMI and internalizing symptoms are

consistently reported in the adult literature,18 findings are

mixed14,21 or not investigated in children.20

Socioeconomicgradients inobesityandpoormentalhealth

are well established,22,23 with children from disadvantaged

backgrounds more likely to experience more unhealthy

BMIs and poorer mental health cross-sectionally and to lon-

gitudinally exhibit greater increases in both domains during

childhood.17,24 Inunderstanding theassociationbetweenthese

2 domains, it is essential to investigate whether the observed

associationsaremainlya functionofsharedsocioeconomicdis-

advantage or whether they have an association beyond what

is explained by socioeconomic factors. The shared risk hy-

pothesis would be that the codevelopment and temporal

pathwaysbetween theseoutcomesare explainedby socioeco-

nomic factors,25ahypothesis thatwasempirically tested in the

current study.

Using a large, nationally representative sample with ob-

jective BMI measurements and consistently measured inter-

nalizingsymptoms,weestimatedcomorbidityatdifferentages

and codevelopment (ie, association in their slopes) fromearly

tomidchildhood (3-7 years of age) and frommidchildhood to

midadolescence (7-14 years of age). We then examined tem-

poral precedence (which comes first) in the longitudinal as-

sociation between BMI and internalizing symptoms. Sex dif-

ferences and a shared socioeconomic risk hypothesis for

comorbidity, codevelopment, and temporal precedencewere

also examined.

Methods

Participants

Participantswere fromtheMillenniumCohort Study (MCS),26

a UK birth cohort study of 19 517 individuals born at the start

of the millennium (September 1, 2000, to January 11, 2002)

who have been assessed at 6 waves to date: 9 months and 3,

5,7, 11, and14years.TheMCScohort is sampledfromall4coun-

triesof theUnitedKingdomandoversampled inareasofhigher

deprivation and ethnic minorities; sample weights were ap-

plied toensurepopulation-representativeestimates.27Greater

detailsof thestudydesign,variables, andattritioncanbe found

on theCentre for Longitudinal Studieswebsite (https://cls.ucl.

ac.uk/cls-studies/millennium-cohort-study/).For thepurposes

of this research, the sample consistedof 17 215 children (88.2%

of full cohort; 1per family)withBMIand internalizingsymptom

data available for at least 1 of the 5waves used in this analysis

(3-14 years of age) and complete childhood socioeconomic

data. Analyses of response and attrition indicated that

socioeconomic disadvantage, parental age, housing tenure,

ethnic minority, and parent employment status determine

nonresponse.28 Data analysis was performed from May

to November 2018. Written informed consent was received

from parents or caregivers and all children, and data were

deidentified. Ethics approval for each wave of the MCS was

received fromanational research ethics committee; no ethics

approval for this specific analysis was required.

Measures

BodyMass Index

Height to the nearest millimeter and weight were recorded

(with children wearing no shoes and outdoor clothing) by

trained interviewers using standardized instruments, from

whichwe estimatedBMI. Similar to another study17 that used

these data, outlier values (BMI<10 or >50) were removed, re-

sulting in4values removed from the secondwave, 0 from the

Key Points

Question How are bodymass index and internalizing symptoms
associated from early childhood tomidadolescence?

Findings In this study of 17 215 individuals from a birth cohort
study in the United Kingdom, there were no associations between
bodymass index and internalizing symptoms in early childhood;
however, betweenmidchildhood and adolescence, associations
were observed in their codevelopment, with increased likelihood
of comorbidity.

Meaning The findings suggest that obesity and internalizing
problems are more likely to co-occur as children get older and that
there is an association in the development of bodymass index and
internalizing symptoms frommidchildhood.
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thirdwave, 3 from the fourthwave, 5 from the fifthwave, and

1 from the sixth wave. Obesity was estimated using thresh-

olds of the InternationalObesityTaskforce, accounting for sex

and age in months at the time of assessment.29

Internalizing Symptoms

Internalizing symptoms were measured using the emotional

problems subscale of the Strengths andDifficultiesQuestion-

naire (SDQ)30 reported by a parent or guardian (>95% of re-

spondents were mothers). The scale consists of 5 items (eg,

often seemsworried), which are summed to create an overall

score that can range from 0 to 10, with a score of 5 or above

being considered high. Self-reported symptoms at 14 years

of age were also assessed using the Short Moods and Feel-

ings Questionnaire,31 which is a 13-item measure of depres-

sive symptoms, with each item rated on a 3-point scale

(true, sometimes, and not true). We present co-occurrence

of BMI with these data to provide contrast with parent-

reported symptoms.

Socioeconomic Position

Threemeasures of socioeconomicposition (SEP)wereused in

this study. Household income is represented in Organisation

for Economic Co-operation and Development UK equival-

ized quintiles (number [unweighted percentage] in quintile 1

[lowest income quintile], 4045 [23.5%]; in quintile 2, 3845

[22.3%]; inquintile 3, 3334 [19.4%]; inquintile4, 3104 [18.0%];

and in quintile 5 [highest income quintile], 2887 [16.8%]).

Parental educational levels are represented by the highest

National Vocational Qualifications (NVQ) level in the house-

hold (number [unweighted percentage] in NVQ levels 1-5,

where NVQ level 1 represents General Certificate of Second-

aryEducation gradeD-Gor lower/noqualifications [2810 (un-

weighted16.3%)]; level2,GeneralCertificateofSecondaryEdu-

cation grades A*-C and other equivalent [4112 (23.9%)]; level

3, A-levels and other equivalent [2826 (16.4%)]; and level 4,

earning a degree [5829 (33.9%)]; and level 5, having a higher

degreeordiploma[1638 (9.5%)]).32Employment statusandoc-

cupational class are represented using the National Statistics

Socio-economic Classification 3-class coding of highermana-

gerial and professional occupations (7746 [45.0%]), interme-

diate occupations (3405 [19.8%]), and routine andmanual oc-

cupations (5286 [30.7%])33 and a separate fourth category

denotingaworklesshousehold (778 [4.5%]). These3SEPmea-

sures were moderately correlated (r = 0.56-0.62).

Statistical Analysis

Descriptive statistics and number of individuals with obesity

and high rates of symptoms were estimated, followed by ex-

tent and odds of their co-occurrence at each age. All model-

ing was conducted in Mplus34 using full information maxi-

mumlikelihoodandweights. Sexandethnicitywerecontrolled

for in all models. Given known comorbidity of externalizing

and internalizing symptoms35 and bias in parent-reported

symptoms attributable to their ownmental health,36we con-

trolled for externalizing symptoms (SDQ conduct problems

scale)30and the reportingofparent’smentalhealth (K6scale)37

on the internalizing scores at each time point. To investigate

codevelopment of BMI and internalizing symptoms, piece-

wise latent growth models with 2 slopes were estimated for

each domain: 1 from early to midchildhood (3, 5, and 7 years

of age) and1 frommidchildhood toearlyadolescence (7, 11, and

14 years of age), accounting for the differences in gaps

between time points in the model specification for estimat-

ing the slope (ie, uneven gaps between time points are

specified when estimating the slope to accurately reflect the

structure of the data). This modeling approach resulted in

simultaneous estimation of an intercept (representing initial

levels) and 2 slope estimates for each domain for each par-

ticipant. To investigate the associations between initial rate

and development in each domain in early childhood (3-7

years of age) with development at later ages (7-14 years of

age), regression paths determining the BMI and internaliz-

ing symptoms slopes were estimated (first without socio-

economic factors and then controlling for these). To exam-

ine sex differences, a multigroup model was estimated and

differences in slope associations and regression paths were

compared between boys and girls.

To further investigate temporal precedence, cross-

lagged models were estimated with longitudinal pathways

from BMI to internalizing symptoms and vice versa across

time points, while accounting for temporal stability in each

construct over time and their concurrent associations at each

timepoint. Thiswas first estimated for theoverall sample, and

then sex differences were investigated using a multigroup

cross-lagged model with estimated sex differences in each

cross-lagged pathway. The final model included pathways

from SEP variables to BMI and internalizing symptoms at all

time points. A 2-tailed P = .05 was considered to be statisti-

cally significant.

Results

Data from17215participants (8394 [48.8%] female)were ana-

lyzed using data from assessments at 3, 5, 7, 11, and 14 years

of age. Datawere available for 15 369 participants at 3 years of

age, 15 147 at 5 years of age, 13 764 at 7 years of age, 13 146 at 11

years of age, and 11 450 at 14 years of age. Of the 17 215 partici-

pants included in the analysis, 9170 (53.3%)hadavailabledata

in all 5 waves, followed by 3105 (18.0%) in 4 waves, 2073

(12.0%) in 3waves, 1520 (8.8%) in 2waves, and 1347 (7.8%) in

1 wave. In the unweighted sample, 14 192 (82.4%) identified

aswhite, 1609 (9.4%) as Asian, 636 (3.7%) as black, 525 (3.1%)

as mixed ethnicity, and 253 (1.5%) as other ethnicities.

Descriptive statistics for BMI and internalizing symp-

tomsarepresented inTable 1.TheBMIdecreased slightly from

3 to 7 years of age and then increasedwith age,with girls hav-

ing ahigherBMI at 11 and 14years of age.9 Internalizing symp-

toms increased with age, and a substantial sex difference in

prevalence was observed at 14 years of age, with more inter-

nalizing symptoms in girls. There was co-occurrence of obe-

sity and above-threshold symptoms at each age and in-

creased comorbidity with age (Table 1). The correlations

betweenBMIand internalizingsymptomswere−0.03at3years

of age, −0.02 at 5 years of age, 0.01 at 7 years of age, 0.06 at
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11 years of age, and 0.10 at 14 years of age. The numbers of in-

dividuals above clinical thresholds for both obesity and inter-

nalizing symptomswere 30 (0.2%) at 3 years of age, 49 (0.3%)

at 5 years of age, 80 (0.6%) at 7 years of age, 137 (1.2%) at 11

years of age, and 137 (1.4%) at 14 years of age.

Figure 1 presents the odds of co-occurrence at each age.

Controlling for SEP comorbidity was more likely at 11 and 14

years of age. Obesity and internalizing symptoms were not

more likely to co-occur in early childhood (odds ratio [OR] at

3 years of age, 1.02; 95% CI, 0.69-1.50), whereas at 11 and 14

years of age, theyweremore likely to co-occur (OR at 11 years

of age, 1.68; 95%CI, 1.38-2.05;ORat 14 years of age, 1.49; 95%

CI, 1.22-1.83). Interactions terms in theanalysis revealednosex

differences in the odds of co-occurrence at all ages. For con-

trast with self-reported symptoms, we also estimated the co-

occurrence with obesity at 14 years of age and observed that

similar proportions with a high rate of self-reported symp-

tomswereobese (9.6%), comparedwithparent-reportedsymp-

toms (11.2%), albeit with higher proportions with above-

threshold symptoms and a larger sex difference in the

prevalence of above-threshold symptoms.

Table2givestheinterceptsforbothoutcomesandtheslopes

foreach in the2developmentalperiodsandhowtheseareasso-

ciated. Intermsofcross-domainassociations inslopes (codevel-

opment),therewasnocodevelopmentfromtheagesof3to7years

(r = 0.01;P = .07),whereastherewasobservablecodevelopment

between the ages of 7 and 14 years (r = 0.23;P < .001), suggest-

ing that frommidchildhoodonward therewasanassociation in

the rate of development in BMI and internalizing symptoms.

Whenpredicting theBMIand internalizingslopes (Table3),

initial levels in each domain predicted the slopes in the same

domain.However, therewerenocross-domainpredictionsfrom

the initial level or the rate of change (slopes) and the rate of de-

velopment in theother domain.Multigroupanalysis indicated

nosexdifferences in theseassociations (multigroupmodel root

meansquareerrorofapproximation[RMSEA],0.026;compara-

tive fit index [CFI], 0.94; Tucker-Lewis index [TLI], 0.94; and

standardized rootmean square residual [SRMR], 0.047).

Figure2showsthebaselineandsocioeconomicsharedrisk-

adjusted cross-lagged models, including all the pathways be-

tween the 2 health domains (controls are not shown) and the

model fit indexes,whichdemonstrateadequate fit. Therewere

no cross-lagged paths between the ages of 3 and 7 years, with

pathwaysemergingbetweentheagesof7and11years inbothdi-

rectionsandan internalizing toBMIpathwaybetween theages

of 11and14years.Amultigroupanalysis indicatednosignificant

sexdifferences inanyof thecross-laggedpathways (multigroup

model RMSEA, 0.023; CFI, 0.96; TLI, 0.95; and SRMR, 0.033).

Adjusting for shared socioeconomic risk factors resulted in

some attenuation of pathways, with the BMI to internalizing

symptoms pathway remaining from 7 to 11 years and the

internalizing symptoms to BMI pathway from 11 to 14 years.

Discussion

In a large, nationally representative cohort studywith consis-

tently measured BMI and internalizing symptoms, we inves-

tigated the co-occurrence of obesity and internalizing prob-

lems at 3, 5, 7, 11, and 14 years of age and examined the

associations in the longitudinal development of BMI and in-

ternalizing symptoms using 2 advanced statistical ap-

proaches. The results suggest that these2healthoutcomes in-

creasingly co-occur with age and that there is an emergent

positive association in their codevelopment in midchild-

hood. However, there was no discernible temporal associa-

tion between BMI development and internalizing symptoms

in early childhood. In contrast, a reciprocal association be-

tween these2healthdomainsemergedbetween7and 14years

of age; however, these cross-domain associations were not

strong.Thus, this studyprovidesnewanddetailed insights into

howthesedomainsofhealth interact fromearlychildhood into

midadolescence, a period that encompasses different devel-

opmental periods and transitions.

Estimates of co-occurrence showed that comorbiditywas

more likely as children aged. These findings have bearing on

the issueofmultimorbidity across thephysical-mental health

axis, and the implications of comorbidity in childhood and its

age at onset for later health, social, and economic conse-

quences are currently poorly understood. However, the in-

creasingprevalenceof these chronichealthoutcomes in child-

hood in recent generationsmay increase the likelihoodof their

co-occurrence at earlier ages,9,11 and future research would

benefit fromunderstanding the laterhealth implicationsof co-

morbidity in these children.

Temporal analysis of rates of change demonstrated no

cross-domain associations between rates of change in one

developmental period with rate of change in the subsequent

developmental periodacross theseoutcomes.Cross-lag analy-

sis indicated emergence of a BMI-to-internalizing pathway in

Figure 1. Odds of Co-occurrence of Obesity

and High Internalizing Symptoms

Decreased

Likelihood of

Comorbidity

Increased

Likelihood of

Comorbidity

310.1

OR (95% CI)

Variable

Age 3 y

OR

(95% CI)

Without SEP controls 1.14 (0.78-1.67)

With SEP controls 1.02 (0.69-1.50)

Age 5 y

Without SEP controls 1.08 (0.80-1.46)

With SEP controls 1.00 (0.74-1.36)

Age 7 y

Without SEP controls 1.38 (1.08-1.76)

With SEP controls 1.27 (0.99-1.62)

Age 11 y

Without SEP controls 1.90 (1.56-2.30)

With SEP controls 1.68 (1.38-2.05)

Age 14 y

Without SEP controls 1.73 (1.42-2.12)

With SEP controls 1.49 (1.22-1.83)

The odds ratio (OR) estimates (95% CIs) are controlling for sociodemographic
characteristics. Interaction analyses indicated that there were no sex
differences in the odds of co-occurrence at these ages. SEP indicates
socioeconomic position.
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middle childhood, a similar finding from previous studies in

childhood.20,21However, inearly adolescence,weobservedan

internalizing symptoms–to-BMIpathway, suggesting that the

salience of these bidirectional pathways might be develop-

mentally varied. Our study does not provide information on

themechanisms in the bidirectional associations between in-

ternalizing symptoms and BMI, but varied explanations have

been hypothesized.38 Children with higher BMI may experi-

ence weight-related discrimination, which over time leads to

increased depressive symptoms, as has been found in

adults.39,40 Previous research indicates that prejudice to-

ward childrenwith obesity is prevalent in later childhood but

less so among 5-year-old children.41 Awareness and internal-

ization of societal attitudes aboutweight also increase during

childhood.42Bodydissatisfactionandnegativebody imagebe-

gin to predict depressive symptoms around the transition to

adolescence.43 Dietary restraint begins to emerge in later

childhood,44 and futile attempts to control one’sweightwhile

in an obesogenic environmentmight result in feelings of fail-

ure,guilt, impairedself-esteem,andlackofperceivedcontrol,45

leading to depressive symptoms. Taken together, this could

explain our finding that the association between BMI and in-

ternalizing symptomsdidnot emergeuntilmidchildhood. Po-

tential explanations for the internalizingsymptomstoBMI lon-

gitudinal pathway include emotional eating of high-calorie

“comfort foods” and stress-induced alterations to metabolic

signals that control energybalance.38,46Thesemechanismsare

also potential mediators of the observed socioeconomic dif-

ferentials in both health outcomes. These mechanisms and

their possible socioeconomicdifferential effects shouldbe ex-

amined by future studies in longitudinal pediatric popula-

tions. Recent research in adults has used genetic instruments

related to BMI to demonstrate that there is a potential asso-

ciation between higher BMI and the likelihood of depressive

symptoms47; such approaches applied to developmental

samples and examining both directional pathways may help

us understand how these health outcomes are associated

during the life course.

The lackof sexdifferences in the associationbetweenBMI

and internalizing symptomsdiverges fromadult studies15,18,19

in which sex differences were delineated. This finding repli-

cates the lack of sex differences found in a previous study21

that investigated temporal precedence in childhood.Our find-

ings suggest that at least until midadolescence, there are no

sexdifferences inhowBMIand internalizing symptomsarede-

velopmentally associated. In combination with the adult lit-

erature, these findings highlight the possibility that sex dif-

Table 2. Intercept and Slope Estimates From the Piecewise Latent GrowthModel and Their Pairwise Correlationsa

Variable Mean (SE)

Correlations

1 2 3 4 5 6

BMI

1. Intercept 16.62 (0.72)

2. Slope for ages 3-7 y −0.01 (0.22) 0.59b

3. Slope for ages 7-14 y 0.71 (0.21) 0.29b 0.73b

Internalizing symptoms

4. Intercept 0.77 (0.62) −0.09b 0.00 0.01

5. Slope for ages 3-7 y 0.02 (0.21) 0.06b 0.01 0.02b 0.15b

6. Slope for ages 7-14 y 0.03 (0.15) −0.01 0.13b 0.23b −0.37b −0.03b

Abbreviation: BMI, bodymass index.
aModel fit for piecewise growthmodel: root mean square error of approximation, 0.04; comparative fit index. 0.94; Tucker-Lewis index, 0.90;
and standardized root mean square residual, 0.06.

bP < .05.

Table 3. Predicting Development in BMI and Internalizing Symptomsa

Variable

Standardized Coefficient (SE)

Baseline
Model

Model With
Socioeconomic
Controls

Predicting BMI Development

Predicting BMI slope ages 3-7 y

Intercept BMI 0.26 (.05)b 0.26 (0.05)b

Intercept internalizing symptoms −0.02 (.02) −0.03 (0.02)

Predicting BMI slope ages 7-14 y

Intercept BMI 0.06 (0.04) 0.06 (0.04)

Intercept internalizing symptoms 0.01 (0.02) −0.01 (0.02)

BMI slope ages 3-7 y 0.49 (0.06)b 0.48 (0.06)b

Internalizing symptoms slope
ages 3-7 y

−0.01 (0.02) −0.01 (0.02)

Predicting Internalizing Symptom Development

Predicting internalizing symptoms slope
at ages 3-7 y

Intercept internalizing symptoms −0.18 (0.05)b −0.19 (0.05)b

Intercept BMI 0.02 (0.02) 0.01 (0.02)

Predicting internalizing symptoms slope
ages 7-14 y

Intercept internalizing symptoms −0.27 (0.03)b −0.27 (0.03)b

Intercept BMI −0.02 (0.03) −0.02 (0.03)

Internalizing symptoms slope
ages 3-7 y

−0.25 (0.05)b −0.26 (0.04)b

BMI slope ages 3-7 y 0.05 (0.03)b 0.05 (0.03)

Abbreviation: BMI, bodymass index.
a Baseline model andmodel with socioeconomic controls. Model fit for baseline
model: root mean square error of approximation, 0.03; comparative fit index,
0.93; Tucker-Lewis index, 0.93; and standardized root mean square residual,
0.04. Model fit for socioeconomic position–adjustedmodel: root mean square
error of approximation, 0.03, comparative fit index, 0.90, Tucker-Lewis index,
0.91, and standardized root mean square residual, 0.06.

bP < .05.
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ferences in how these outcomes are associatedmight emerge

in later adolescence. Investigating when and why these dif-

ferences occurmight helpusunderstand sex-specific risk fac-

tors, if any, in their longitudinal association.

Our study was the first, to our knowledge, to investigate

whether theobservedassociationsbetweenBMIand internal-

izing symptoms aremerely a functionof the known socioeco-

nomic disparities in the experience and development of both

weight gain and internalizing symptoms in childhood or

whether theyhaveunique temporal associationsover time.We

foundthat the fewcross-domainpredictorsof longitudinalBMI

and internalizing symptom development as measured by la-

tent slopes are attenuated by the inclusion of socioeconomic

factors, implicating a shared origin in terms of socioeco-

nomic risk. In the cross-laggedmodel adjusted for SEP, 2path-

ways remained: BMI at 7 years of age still predicted internal-

izingsymptomsat 11yearsofage,which, in turn,predictedBMI

at 14 years of age. Understanding of themechanisms through

which socioeconomic disadvantage is associatedwith risk for

bothobesityandpoormentalhealthandtheir associationsdur-

ingdevelopmentmighthelp indesigningpreventionandhealth

promotion interventions that are sensitive to socioeconomic

disadvantage. The shared socioeconomic risk in the develop-

ment of these health outcomes might be explained by many

factors. For instance, socioeconomically deprived areas tend

tohavepoorer access tohealthy foodandgreen spaces,which

maybea contributing factor to social disparities inbothhealth

outcomes, compounding effects of family-level socioeco-

nomic disadvantage.48,49

In light of our findings of an increasing association

between BMI and internalizing symptoms during develop-

ment and shared socioeconomic factors, efforts to reduce

risk factors associated with socioeconomic disadvantage and

the obesogenic or psychopathogenic environments for chil-

dren might be positively associated with both outcomes. For

example, a systematic review50 in adults reported evidence

of the efficacy of “green interventions,” whereby exposure

to the natural environment improved mood, increased

physical activity, and reduced cardiovascular disease–related

mortality. There has been little consideration of the efficacy

of such approaches in children beyond effects on physical

activity.51

Limitations

Thisanalysisusesa large,nationally representativesamplewith

objective anthropometricmeasures at all studywaves.Aswith

all longitudinal cohorts, therewasattrition in the studywaves;

however, we accounted for attrition using a well-established

method, and any remaining bias in the findings is likely to be

anunderreporting in thesizeof theassociations.Becauseof the

size and population-based nature of the study, clinical inter-

views are not used to assess internalizing symptoms, instead

relying on parent reports. It is possible that the biases associ-

ated with parental report masked the stronger associations

betweenthese factorsbecauseparent- andself-reportof symp-

tomswere weakly associated in this cohort52; however, com-

parisons of rates of comorbidity at 14 years of age identified a

similar proportion of those with high rates of symptoms hav-

ing comorbid obesity, albeit higher overall prevalence rates

based on self-reported symptoms.

Conclusions

Using longitudinal data from early childhood to midadoles-

cence, we found that a codevelopmental and bidirectional

association between BMI and internalizing symptoms

emerged in midchildhood, with little evidence of an asso-

Figure 2. Temporal Precedence in BodyMass Index (BMI) and Internalizing SymptomAssociations
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ciation between the occurrence and development in these

domains earlier in childhood. Although sex differences

existed in prevalence, there were no observable sex differ-

ences in how BMI and internalizing symptoms codeveloped

and interacted through these years. Socioeconomic factors

attenuated some of the observed associations between

these variables, stressing the role socioeconomic disadvan-

tage plays in the development and association between

these 2 key childhood health outcomes. Our findings high-

light the importance of early interventions that target both

weight and mental health in childhood to minimize nega-

tive outcomes later in adulthood.
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