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Summary

Background: Effortful control, or the regulation of thoughts and behaviour, is a

potential target for preventing childhood obesity.

Objectives: To assess effortful control in infancy through late childhood as a predictor

of repeated measures of body mass index (BMI) from infancy through adolescence, and

to examine whether sex moderates the associations.

Methods: Maternal report of offspring effortful control and measurements of child

BMI were obtained at 7 and 8 time points respectively from 191 gestational parent/

child dyads from infancy through adolescence. General linear mixed models

were used.

Results: Effortful control at 6 months predicted BMI trajectories from infancy

through adolescence, F(5,338) = 2.75, p = 0.03. Further, when effortful control at

other timepoints were included in the model, they added no additional explanatory

value. Sex moderated the association between 6-month effortful control and BMI,

F(4, 338) = 2.59, p = 0.03, with poorer infant effortful control predicting higher BMI in

early childhood for girls, and more rapid increases in BMI in early adolescence for boys.

Conclusions: Effortful control in infancy was associated with BMI over time. Specifi-

cally, poor effortful control during infancy was associated with higher BMI in child-

hood and adolescence. These findings support the argument that infancy may be a

sensitive window for the development of later obesity.
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1 | INTRODUCTION

Obesity in childhood and adolescence is increasingly prevalent

worldwide, from 4% of children in 1975 to 18% in 2016.1,2 Paediatric

obesity is a robust predictor of poor physical and mental health across

the lifespan.3,4 The Developmental Origins of Health and Disease

(DOHaD) hypothesis posits that early life factors shape physiological

systems (e.g., HPA axis, metabolic system) and behaviour to impact

health throughout the lifespan,5–7 and that these early factors may

have sex-specific effects.8,9 The current study examines the longitudi-

nal association between effortful control and body mass index (BMI)

from infancy through adolescence, aiming to identify sensitive periods

when effortful control most robustly predicts BMI.

Infancy is a sensitive period during which adult obesity may be

programmed through biological and behavioural mechanisms, such

that early experience is embedded to impact health.10 To date, most

Abbreviations: BMI, body mass index; CDC, Centers for Disease Control and Prevention;

DOHaD, developmental origins of health and disease; HPA Axis, hypothalamic–pituitary–
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of the obesity literature has focused on contributors to BMI that

emerge in childhood and adolescence, and has shown that childhood

and adolescent BMI predicts BMI through adulthood.11,12 However, it

is likely that vulnerability to obesity is developed even earlier in

life.7,13,14 There are several lines of evidence that support this hypoth-

esis. First, the fetal programming epidemiology literature has docu-

mented that prenatal factors, including fetal growth and birthweight,

are associated with obesity throughout the lifespan.15,16 Second, BMI

among children who later develop obesity begins to differ from chil-

dren with normal weight in early childhood, indicating that processes

influencing BMI likely originate even earlier.17 Third, rapid increases in

BMI during infancy (birth to 1-year), toddlerhood (1–3 years) and early

childhood (3–5 years) are predictive of obesity in adolescence and

adulthood.18,19 Finally, obesity may become largely intractable by

childhood, with small-to-null effects of interventions on changing BMI

in childhood and adolescence.20,21 As meta-analytic analyses of inter-

ventions conducted between 2 and 18 years of age suggest that these

later interventions are minimally effective,20,21 and because infancy

may be a sensitive period for the development of obesity,10 identify-

ing early-life factors associated with obesity may provide more prom-

ising targets for prevention and intervention.

Poor effortful control has been identified as a risk factor for the

development of obesity. Effortful control is the effortful regulation of

thoughts and behaviour, including attention, planning future actions

and inhibiting impulsive behaviours.22 The precursors of effortful

control, such as orienting and regulation of attention, emerge in

infancy.22,23 Effortful control continues to develop rapidly through

childhood and adolescence into adulthood, with the skills involved

becoming more complex as children age and the focus of effortful con-

trol shifting from external sources (i.e., caregivers regulating child

behaviour) to internal.22–24 Effortful control is influenced by early expe-

riences, including parenting and contextual factors.24 Effortful control

has been theorized to impact obesity through a multitude of pathways,

including shaping neural systems (e.g., prefrontal cortex, nucleus

accumbuns) and other physiological systems (e.g., inflammation, HPA

axis),25–31 that regulate eating behaviours that impact subsequent BMI

such as satiety and sensitivity to food cues.28,32,33 Meta-analyses of

cross-sectional studies of children ages 2–21 years document that

poorer effortful control is associated with obesity and overweight.34,35

These cross-sectional studies provide important evidence for the link

between effortful control and BMI, but longitudinal strategies are

needed to understand the developmental course of this relation and

whether effortful control may be a predictor of later obesity.

Only a few studies have examined the longitudinal relation

between effortful control in childhood and BMI through early adoles-

cence. These studies show that poor effortful control in preschool,

the earliest childhood timepoint investigated, predicts higher BMI in

adolescence.36–38 Only one study evaluating the role of effortful con-

trol and BMI probed effortful control during infancy. This study found

that poorer effortful control at 1 year of age predicted higher odds of

obesity at 6-years in boys but not girls.39 This study included only one

outcome assessment at 6-years, so the longer-term effects of poor

infant effortful control are unknown. Additionally, the existing litera-

ture focuses on the difference in BMI over 2 timepoints, rather than

examining trajectories, which may preclude the examination of pat-

terns over development. Thus, the cross-sectional evidence, combined

with the few longitudinal studies, suggest that early life effortful con-

trol may be an important risk factor for higher BMI over time.

An additional gap in the literature is that despite strong evidence

for sex differences in BMI over time,40 and in sex-specific responses

to early experiences,8,9 sex differences in the association between

effortful control and BMI only have been examined in a few studies,

with mixed findings.36–39 This small literature provides a signal that

there might be sex differences in the relation between early effortful

control and later BMI, but the evidence is not consistent. More stud-

ies are needed to better understand potential sex differences.

The current longitudinal study examined the association between

effortful control in infancy through early adolescence and BMI trajec-

tories (repeated measures of BMI over time) from infancy to adoles-

cence. Study aims were to (1) assess whether effortful control was

associated with BMI measures from infancy through adolescence, and

specifically, whether effortful control in infancy predicted BMI, and

(2) to evaluate sex differences in these associations.

2 | METHODS

2.1 | Study overview

Figure 1 demonstrates the assessment timepoints and primary con-

structs included in the current study. All research assessments were

conducted in a family friendly research laboratory.

2.2 | Participants

The current study utilized a dataset where pregnant individuals were

enrolled. Participants included 191 gestational parents and their

children (44.5% female). Participants were recruited by a research

nurse during the prenatal period from a large medical centre in

Orange, California to participate in an observational longitudinal study

assessing early life influences on development.

Demographic information was obtained via parental report. For

race/ethnicity, parents identified 44.7% of children as non-Latinx

White, 1.8% as non-Latinx Black, 6.1% non-Latinx Asian, 17.5% Multi-

racial/Multiethnic and 29.8% Latinx. Other demographic information

can be found in Table 1. Recruitment occurred between 2002 and

2007 during the first trimester of pregnancy. Pregnant individuals

were approached and invited to participate in the study if they were

English-speaking, non-smokers, over 18 years of age, with a singleton

pregnancy and had no evidence of drug or alcohol use during preg-

nancy. A total of 227 participants were initially recruited during preg-

nancy. Participants in the current analyses were the 191 dyads who

were born after 34 gestational weeks, participated in the postnatal

assessments, and had effortful control and anthropometric measure-

ments when the child was 6 months of age.

Ethical approval for the study was obtained from the Institutional

Review Board for Protection of Human Subjects at the University of
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California, Irvine. Each gestational parent provided written and

informed consent for herself and her child. Children provided written

assent starting at the 9.5-year visit. Further recruitment procedures

for the cohort are described elsewhere.41 In order to keep families

engaged in the study, consistent contact was maintained with families

including sending birthday cards and newsletters. Further, long-term

contact information was collected in case researchers could not reach

the participant.

2.3 | Measures

Effortful control. Effortful control was assessed via maternal report on

the effortful control scale from the Rothbart Temperament

Questionnaires at the 6-month, 1-year, 2-year, 5-year, 6.5-year,

9.5-year and 11.5-year visits (see Table 2). The effortful control scale

of this measure assesses individual differences in reactivity and self-

regulation across development42 by assessing assesses a child's typical

response pattern to a variety of scenarios assessing components of

effortful control. The age appropriate version of this measure was

used to characterize effortful control at each time point.43–45 The

questionnaires at each time point assess or characterize aspects of

effortful control such as attentional focusing and inhibitory control

through asking about specific, age-appropriate behaviours in concrete

situations (see Table 2).

The underlying constructs of effortful control in the Rothbart

assessments are consistent across assessment ages, and is operationa-

lized so that items assessment are developmentally appropriate. In the

F IGURE 1 Timeline of the study. In the figure, BMI, body mass index; M and SD are age in years at measurement.

TABLE 1 Demographic characteristics.

N M SD Min Max

Birthweight (g) 191 3418.57 468.30 1687 4580

INR 6 months 191 321.93 195.26 6 709

PDS 9.5 years 116 1.47 0.57 1 3

PDS 11.5 years 117 2.26 1.14 1 5

PDS 13 years 86 3.39 1.08 1 5

Male % Female %

Child sex 55.5% 44.5%

Non-Latinx White Non-Latinx Black Non-Latinx Asian Multiracial/Multiethnic Latinx

Child race 44.7% 1.8% 6.1% 17.5% 29.8%

Yes No

Breastfed at 6 months 55.8% 44.2%

Abbreviations: INR, income-to-needs ratio; PDS, pubertal developmental scale.

TABLE 2 Effortful control measures.

Measure name Subscales Time points used Chronbach's alpha Citation

Infant Behaviour Questionnaire-

Revised (IBQ-R)

Duration of orienting, soothability,

low-intensity pleasure, cuddliness

6-month, 1-year 0.91, 0.88 Gartstein & Rothbart, 200342

Early Childhood Behaviour

Questionnaire-Revised

(ECBQ-R)

Inhibitory control, attention shifting,

attention focusing, low-intensity

pleasure, cuddliness

2-year 0.90 Putnam et al., 200663

Temperament in Middle

Childhood Questionnaire

(TMCQ)

Inhibitory control, attention

focusing, activation control, low-

intensity pleasure, perceptual

sensitivity

5-year, 6.5-year, 9.5-year 0.89, 0.88, 0.88 Simonds, 200664

Early Adolescent Temperament

Questionnaire (EATQ-R)

Inhibitory control, attention

focusing, activation control

11.5-year 0.90 Ellis & Rothbart, 200165

DEER ET AL. 3 of 10
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Infant Behaviour Questionnaire, which is used at the 6-month and

1-year timepoints, effortful control is measured using the duration of

orienting, soothability, low-intensity pleasure and cuddliness con-

structs. In the Early Childhood Behaviour Questionnaire, which is used

at the 2-year assessment, inhibitory control, attention shifting, atten-

tion focusing, low-intensity pleasure and cuddliness are used. In the

Temperament in Middle Childhood Questionnaire, which is used at

the 5-year, 6.5-year and 9.5 year assessments, effortful control is

measured using the inhibitory control, attention focusing, activation

control, low-intensity pleasure and perceptual sensitivity constructs.

Lastly, in the Early Adolescent Temperament Questionnaire, which is

used at the 11.5-year assessment, effortful control is measured using

the inhibitory control, attention focusing and activation control

constructs.

This measure has strong internal reliability (consistency across

items), external reliability (stability over time and across raters) and

external validity (consistency with observational data).46 These mea-

sures were completed by gestational parents at the time of the visit.

Gestational parents rated their infant/child using a Likert scale (higher

scores indicate better effortful control) on each scenario. The effortful

control score was calculated as an average of the subscales scores,

consistent with the standardized scoring of this construct,42 and then

standardized to be on the same scale across ages. The Cronbach's

alpha in the current study ranged from 0.88 to 0.91 across timepoints.

Body mass index (BMI). Weight and length or height were mea-

sured by trained research assistants at each of the eight visits to cal-

culate BMI. Length was measured with children in a supine position at

the 6-month, 1-year and 2-year visit while standing height was mea-

sured at the subsequent visits. Weight was measured on a digital

scale. Measurements were taken once without heavy clothing or

shoes. BMI was calculated using the standard formula at each time

point (kg/m2). Raw BMI was used in the analyses in concordance with

previous research.47

Sex at birth. Sex was collected from obstetric and neonatal medi-

cal records.

Covariates. Child birthweight, income-to-needs ratio (INR) at the

6-month visit, breastfeeding status at 6 months of age and pubertal

status were assessed as covariates based on the existing literature (see

supplement). These covariates were included in the final model if they

were correlated p < 0.10 with the primary predictor: effortful control at

6 months of age. Birthweight was assessed via birth records. Gesta-

tional parents reported their income and family size when their child

was 6 months of age. INR was calculated by dividing their total family

income by the federal poverty threshold for a family of their size in the

year the data were collected. At 6 months, gestational parents reported

whether or not their child was still being breastfed. Lastly, gestational

parents and children completed the pubertal developmental scale (PDS)

at the 9.5-year, 11.5-year and 13-year visits, which is a well-validated

measure of pubertal status.48,49 Gestational parent report was used on

the PDS for children younger than 12 years of age while child self-

report was used for children older than 12 years of age. This was done

as prior work documents that, compared with clinical measurements

such as Tanner staging, parents are more accurate at reporting pubertal

development before age 12, while children become more accurate at

rating their own development following age 12.50,51 Birthweight,

pubertal stage and breastfeeding status at 6 months were not included

in the final model because they did not meet the aforementioned corre-

lation criteria (ps = 0.18–0.87; Table S1). INR (r = 0.13, p = 0.07) met

covariate criteria and therefore was included in the final model.

2.4 | Data analysis plan

Descriptive analyses. Descriptive analyses were performed using

means and standard deviations for continuous variables and frequen-

cies and percentages for categorical variables (see Table 1 and

Table S1). Correlations among the major variables of interest are

reported in Table S2. The percentage of participants with present

(i.e., non-missing data) at each measurement was assessed. The corre-

lation between missingness and effortful control at 6 months, sex, and

the covariate INR was also assessed.

The majority of children (58%) completed at least five visits

(23.4% completed all eight visits, and 85% completed at least two

visits). Some missingness was due to the structure of the study result-

ing in not all participants being eligible for all visits. Timing of grant

funding meant that some participants missed age windows for assess-

ments, resulting in them missing visits. All data that participants

provided was used in the current analyses. The general linear mixed

model used in the analyses allows estimation and inference for partici-

pants with complete as well as missing data.52 Missing data were

more common at the end of the study than the beginning. Missing-

ness was not associated with effortful control at 6 months (p = 0.08)

or sex (p = 0.67). Missingness was significantly associated with INR at

6 months (p = 0.02), such that participants who had a lower INR were

more likely to be missing data.

2.5 | Hypothesis testing

Effortful control and BMI. To examine the role of effortful control in

infancy and whether effortful control at additional time points

increased explanatory power, a planned sequence of hypothesis tests

was conducted (see Table 3). General linear mixed models assessed

the associations between repeated (6 months, 1 year, 2 years, 5 years,

6.5 years, 9.5 years and 11.5 years of age) or time-period-specific

(6 months) measures of effortful control and BMI trajectories. This

approach was used as it is optimal for applying a hypothesis-driven

approach to determine the most parsimonious, best-fitting model. A

random intercept for each participant and a random slope for age with

an unstructured covariance between the random effects were fit to

account for within-participant correlation between repeated measure-

ments and the increase in variance of BMI across time.

It is known that BMI has a roughly quadratic pattern across the

age range specified.53 The typical BMI trajectory consists of an

increase from birth to about 6 months to the ‘infancy peak’, followed

by a gradual decrease until about 5 years of age, where the ‘adiposity

4 of 10 DEER ET AL.
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rebound’ occurs and BMI again increases through adolescence.53

The linear and quadratic terms in age were added to the model as

precision covariates, to allow better discernment of the association

between effortful control and BMI. Hypotheses were tested using the

mixed model F statistic (Wald statistic) using Kenward–Roger degrees

of freedom.54 Significance was assessed at a 0.05 Type I error rate for

each of a series of planned hypothesis tests.

Three models were compared using planned hypothesis tests.

These models differed in the effortful control measures included as

predictors. The sequence of models used the multiple design matrix

approach advocated by Srivastava,55 which allows a different set of

predictors for the outcome at each time period. The sequence of

hypothesis tests compared three nested models which are referred to

as: the ‘early-life model’, ‘all-times-before’ model and the ‘immedi-

ately-before’ model. The sequence of hypothesis tests identified

which of the three hypothesized models best fit the data.

Equations used to estimate the three models are provided in the sup-

plement (see Supplement Analytic Strategy Sections 1 and 2).

The ‘early-life’ model contained, as a predictor of each measure

of BMI, only the effortful control measure taken at 6 months of age.

The ‘immediately-before’ model contained, as a predictor of the BMI

measure at each age (t), only the measurement of effortful control

taken immediately before (t�1). For example, to predict BMI at

6.5 years of age, only the effortful control measure at 5 years of age

was used. The ‘all-times-before’ model included all measures of

effortful control measured before the outcome measure of BMI. For

example, to predict BMI at 6.5 years of age, the effortful control mea-

sures at 6 months, 1 year, 2 years and 5 years of age were used.

Table 3 details the approach and hypotheses for each of the three

models.

Early-life model. If the first sequence of hypothesis testing arrived

at an ‘early-life’ model as the best fitting model, one more hypothesis

test was planned. As a comparator to the ‘early-life’ model, which

allowed different magnitude and direction of association at each time

period, a nested model which assumed the same direction and magni-

tude of association between the early life measure and the outcome

(BMI) at each time point was evaluated.

Finally, if the model which assumes the same direction and magni-

tude of association was the better fitting model, an additional step

was planned such that the model was collapsed into a more parsimo-

nious model with fewer parameters, increasing power. In this model,

2-way interactions between age or age2 and the effortful control

predictor(s) were added. Starting with the interactions of age2 first,

interactions were tested and removed using an alpha level of 0.05. In

the final model, model assumptions were tested using Jackknifed

residuals. Global hypothesis testing was then used to determine if

there was a significant association between effortful control and BMI

trajectories.

Sex-specific trajectories. Additionally, in the final model, modera-

tion by sex was tested by adding 2- and 3- way interactions of sex

with age polynomials and effortful control. To do this, all terms in the

model were stratified by sex and a contrast test was used to deter-

mine if there was an interaction using the Wald F-test and an alpha

level of 0.05. INR at 6 months was included as a covariate in the final

model. Analyses were conducted in SAS version 9.4 (SAS Institute.). In

order to illustrate the relation between effortful control and BMI

trajectories in the final model, percentiles of effortful control at the

90th, 50th and 10th percentile were computed.

3 | RESULTS

Effortful control and BMI. Hypothesis tests were conducted comparing

the three models to assess whether the ‘early-life’ model or the two

alternative models were the best fit to the data. A global hypothesis

test was first conducted to examine the overall effect of effortful con-

trol in the ‘early-life’ model. This test showed a significant association

between 6-month effortful control and BMI trajectories from infancy

through adolescence, F(5, 338) = 2.75, p = 0.03, indicating that lower

effortful control predicted higher BMI over time.

The first hypothesis of the current study was that effortful

control at 6 months is a robust predictor of BMI over time, and that

adding effortful control at other timepoints would not increase

explanatory ability. This hypothesis was assessed by conducting two

TABLE 3 Summary of models tested.

Model name Hypothesis Definition Example

‘Early-life’ model H1: 6-month effortful control predicts

BMI trajectories.

For each BMI assessment time

point, effortful control assessed at

6 months was used as a predictor.

When modelling BMI at 6.5 years,

only the 6-month measure of

effortful control was used as a

predictor.

‘Immediately-before’
model

H2: Effortful control in the time period

immediately before BMI is measured

is the best predictor.

For the BMI measurement at time t,

the effortful control measurement

at time (t�1) was used as a

predictor.

When modelling BMI at 6.5 years,

only the 5-year measure of effortful

control was used as a predictor.

‘All-times-before’
model

H3: Effortful control predicts BMI

trajectories without timing effects.

For the BMI measurement at time t,

all effortful control measurements

taken before time t were used as

predictors, including time 1, time

2, …, time (t�1).

When modelling BMI at 6.5 years, the

6-month, 1-year, 2-year, and 5-year

measures of effortful control were

used as predictors.

DEER ET AL. 5 of 10
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TABLE 4 Model estimates for the
early-life model.

Estimate SE F value p 95% CI

Intercept 17.66 1.05

Age �1.58 0.56 7.91 0.005 �2.69, �0.48

Age2 0.18 0.04 24.81 <0.0001 0.11, 0.25

Sex �0.64 0.24 7.12 0.008 �1.12, �0.17

Effortful control �0.64 0.24 1.03 0.31 �0.20, 0.62

INR �0.001 0.001 3.97 0.048 �0.002, �0.0001

Age*effortful control 0.15 0.11 1.79 0.18 �0.07, 0.37

Age2*effortful control �0.02 0.007 7.66 0.006 �0.03, �0.006

Age*sex 1.68 0.76 4.87 0.03 0.18, 3.17

Age2*sex �0.15 0.05 9.12 0.003 �0.25, �0.05

Age*sex*effortful control �0.31 0.15 4.27 0.04 �0.60, �0.02

Age2*sex*effortful control 0.03 0.01 9.03 0.003 0.01, 0.05

Abbreviation: INR, income-to-needs ratio.

*implies interaction terms.

F IGURE 2 Model predicted BMI over time by sex with point estimates of BMI from 6 months.

6 of 10 DEER ET AL.
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tests to compare the early-life model with two more complex models

described in Table 3. The sequence of hypothesis tests conducted

indicated that the additional measures of effortful control in the

‘immediately-before’ (F(21, 257) = 1.21, p = 0.25) and the ‘all-times-

before’ (F(21, 254) = 1.18, p = 0.27) models did not explain more var-

iance than the early life model. Output from the ‘immediately-before’
and ‘all-times-before’ models are provided in the supplement (see

Analytic Strategy Section 3). Removal of predictors that add little

explanatory value results in a model with less overfitting and higher

generalisability.56 As a result, the more parsimonious, ‘early-life’
model where effortful control at 6 months predicted BMI trajectories

was the best fitting model. Because the ‘early-life’ model was the best

fitting model, the additional test to evaluate the nature of the relation

between effortful control at 6-months and BMI at all later ages was

conducted. This model indicated that the magnitude and direction of

the association between effortful control at 6 months and BMI at

each time point did not differ (F(6, 651) = 0.80, p = 0.57). Beta coeffi-

cients and confidence intervals for the individual terms predicting

BMI trajectories are shown in Table 4.

Sex-specific trajectories. A global hypothesis test was conducted to

examine whether the BMI trajectories predicted by effortful control

at 6 months differed by sex. This test indicated that BMI trajectories

differed by sex, F(4, 338) = 2.59, p = 0.03. Figure 2 shows BMI trajec-

tories estimated from the model for those at the 10th sample percen-

tile, 50th sample percentile and 90th sample percentiles of effortful

control, as well as model predicted BMI at different time points.

Effortful control was used as a continuous variable in all analyses. The

model produces predicted trajectories for people at every percentile

of effortful control in the range of the study sample.

For females, as shown in Figure 2, low effortful control was asso-

ciated with higher BMI from early to middle childhood (F(5, 338)

= 2.59, p = 0.03 for overall trajectory difference). The model esti-

mates in Figure 2 also demonstrate this association. For males, as

shown in Figure 2, low effortful control was associated with higher

BMI as males entered adolescence, and the difference in BMI for

those with high and low effortful control continued to widen into ado-

lescence (F(3, 296) = 3.84, p = 0.01 for overall trajectory difference).

This is also illustrated well in the estimates from the model that are

shown in Figure 2.

4 | DISCUSSION

The current study provides novel evidence that effortful control during

infancy is a predictor of BMI trajectories from infancy, childhood and

adolescence. Effortful control at 6 months of age predicted BMI trajec-

tories, and the inclusion of effortful control at later time (i.e., childhood)

did not provide any additional explanatory value. This finding adds to

the current literature by leveraging a longitudinal design with multiple

repeated measures. Findings from the current study are consistent with

other evidence that infancy may be a sensitive period for potential bio-

behavioural programming of later BMI.10,57

There are a number of plausible pathways by which early self-

regulatory abilities might be associated with later BMI. First,

precursors of effortful control that are present in infancy may shape

neural systems including the prefrontal cortex and nucleus accum-

bens, as well as other physiological systems (e.g., HPA axis) that regu-

late satiety and sensitivity to food cues, which then predict BMI

through subsequent intake of calories.28,32,33 Second, early self-

regulatory abilities may shape processes that operate independently

of effortful control, such as food-related parenting. Infants' regulatory

abilities may influence how they interact with their early feeding envi-

ronment, influencing parental feeding practices, which may set up

feeding habits that persist into childhood and adolescence. Lastly, it is

possible that parallel prenatal factors (e.g., biological, environmental)

shape both infant effortful control and systems that contribute to

appetite and satiety processes.5–7

The current study identified associations between effortful control

and BMI that were sex dependent. Specifically, analyses presented here

indicated that poorer infant effortful control in females was associated

with higher BMI in early and middle childhood, while poorer infant

effortful control in males was associated with more rapid increases in

BMI starting in early adolescence. Although the prior literature evaluat-

ing sex-differences is fairly limited, the finding that effortful control is a

stronger predictor of BMI in early adolescence for boys is consistent

with at least one prior study.58 The mechanisms underlying these sex

differences are unknown. Given that there are known differences in

body composition over development,40 it is possible that physiological

alterations in systems related to appetite, eating behaviour and body

composition that occur early in life are not apparent in BMI for females

until late adolescence or adulthood.

The differences for females in this sample in early and middle child-

hood by infant effortful control were, while statistically significant,

quite small. For males in this sample, the difference in BMI associated

with differences in effortful control was small in early childhood and

relatively large during adolescence. By 15 years of age, males in this

sample with effortful control at the 10th percentile (low) had a pre-

dicted BMI that was almost 3 kg/m2 higher than those with effortful

control at the 90th percentile (high) of effortful control. According to

CDC guidelines for 15-year-old males, this difference in BMI at

15 years of age means that males with effortful control at the 10th per-

centile would fall into the ‘overweight’ range of BMI (23.4–26.8 kg/m2),

while males with effortful control at the 90th percentile would be consid-

ered what the CDC calls a ‘healthy weight’ range (16.6–23.4 kg/m2).59 If

the sample results reported in this manuscript hold in the general popula-

tion, this difference in BMI would be important, as paediatric overweight

and obesity are documented predictors of poor physical and mental

health across the lifespan.3,4 Additionally, having high body weight

puts youth at risk for experiencing weight stigma, which also places

youth at risk for worse social and academic outcomes and poorer

mental and health.60

4.1 | Strengths and limitations

Strengths of this study include multiple assessments of BMI and

effortful control from infancy through adolescence and the modelling

of BMI. The repeated, longitudinal measures of BMI and effortful
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control allowed for a novel modelling strategy to identify sensitive

periods during which effortful control shapes BMI over development.

The new analyses described here identified that effortful control in

infancy predicted BMI trajectories, and that the addition of other time

points in the model did not improve explanatory ability. Additionally,

the diverse sample is a strength, and increases generalizability of the

findings. Further consideration of potential confounding factors such

as INR, birthweight, breastfeeding and pubertal timing is a strength.

The present study has several limitations. First, effortful control

was assessed by parental report. Although a strength of parental

report is that parents observe their children over a wide range of con-

texts, there is a possibility of parental bias. However, this bias is some-

what mitigated by the effortful control measures, which ask about

specific behaviours in concrete situations, rather than subjective

judgements about global behaviours. Additionally, these scales exhibit

good internal reliability and validity as well as high consistency

between parent-report and behavioural measures of effortful control.

Second, BMI is just one measure of cardiometabolic health, and while

it is correlated with other cardiometabolic health measures,61 it is not

a perfect measure of adiposity. An additional limitation of the current

study is that height and weight measurements were taken once,

rather than in duplicate. Lastly, missing data in the study was

predicted by family INR, and not missing completely at random.62

4.2 | Future directions

In order to bolster the current literature, there are additional ques-

tions that need to be explored. First, future work should incorporate

additional early-life predictors of BMI trajectories such as eating

behaviours and parenting practices. Inspection of these alternate pre-

dictors would allow for a fuller understanding of early influences on

BMI. Second, future work should examine other longitudinal measures

of cardiometabolic health, and potential cardiometabolic mechanisms

underlying the association between infant effortful control and later

BMI. Because BMI is just one measure of cardiometabolic health,

future research would benefit from using additional assessments of

cardiometabolic health repeatedly measured from infancy.

5 | CONCLUSION

The current study used effortful control and BMI measured at multi-

ple time points with rigorous statistical methods to examine whether

effortful control in infancy or later in development predicts BMI tra-

jectories. These analyses support the hypothesis that effortful control

measured in infancy is associated with BMI trajectories into adoles-

cence, and that the strength and pattern of the associations differed

by sex.
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