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IMPORTANCE Rapid growth and elevated weight status in early childhood increase risk for
later obesity, but interventions that improve growth trajectories are lacking.

OBJECTIVE To examine effects of a responsive parenting intervention designed to promote
developmentally appropriate, prompt, and contingent responses to a child’s needs on weight
outcomes at 3 years.

DESIGN, SETTING, AND PARTICIPANTS A single-center randomized clinical trial comparing a
responsive parenting intervention designed to prevent childhood obesity vs a home safety
intervention (control) among 279 primiparous mother-child dyads (responsive parenting
group, 140; control group, 139) who enrolled and completed the first home visit from January
2012 through March 2014 with follow-up to age 3 years (completed by April 2017).

INTERVENTIONS Research nurses conducted 4 home visits during infancy and annual
research center visits. The responsive parenting curriculum focused on feeding, sleep,
interactive play, and emotion regulation. The control curriculum focused on safety.

MAIN OUTCOMES AND MEASURES The primary outcome was body mass index (BMI) z score at
3 years (z score of 0 represents the population mean; 1 and −1 represent 1 SD above and
below the mean, respectively). BMI percentile at 3 years was designated previously as the
primary outcome. Secondary outcomes included the prevalence of overweight (BMI �85th
percentile and <95th percentile) and obesity (BMI �95th percentile) at 3 years.

RESULTS Among 291 mother-child dyads randomized, 279 received the first home visit and
were included in the primary analysis. 232 mother-child dyads (83.2%) completed the 3-year
trial. Mean age of the mothers was 28.7 years; 86% were white and 86% were privately
insured. At age 3 years, children in the responsive parenting group had a lower mean BMI
z score (−0.13 in the responsive parenting group vs 0.15 in the control group; absolute
difference, −0.28 [95% CI, −0.53 to −0.01]; P = .04). Mean BMI percentiles did not differ
significantly (47th in the responsive parenting group vs 54th in the control group; reduction
in mean BMI percentiles of 6.9 percentile points [95% CI, −14.5 to 0.6]; P = .07). Of 116
children in the responsive parenting group, 13 (11.2%) were overweight vs 23 (19.8%) of 116
children in the control group (absolute difference, −8.6% [95% CI, −17.9% to 0.0%]; odds
ratio [OR], 0.51 [95% CI, 0.25 to 1.06]; P = .07); 3 children (2.6%) in the responsive parenting
group were obese vs 9 children (7.8%) in the control group (absolute difference, −5.2% [95%
CI, −10.8% to 0.0%]; OR, 0.32 [95% CI, 0.08 to 1.20]; P = .09).

CONCLUSIONS AND RELEVANCE Among primiparous mother-child dyads, a responsive
parenting intervention initiated in early infancy compared with a control intervention
resulted in a modest reduction in BMI z scores at age 3 years, but no significant difference in
BMI percentile. Further research is needed to determine the long-term effect of the
intervention and assess its efficacy in other settings.
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I nfancy is a critical period of developmental plasticity with
long-lasting metabolic and behavioral consequences.1 Data
demonstrating associations between overweight and rapid

weight gain during infancy with increased risk for obesity2,3

and comorbidities3,4 later in the lifecourse support this con-
cept. These findings and US data from 2011 to 2016 indicating
that 23% of children aged 2 to 5 years are overweight5 and 9%
to 14% are obese6,7 underscore the need for research on pre-
venting obesity beginning in infancy. To date, research ef-
forts to prevent rapid infant weight gain and early life over-
weight have had limited success,8 but educational strategies
using a responsive parenting framework have shown prom-
ise at improving infant behaviors that contribute to later
obesity.9 Responsive parenting is defined as developmen-
tally appropriate, prompt, and contingent parenting re-
sponses to a child’s needs,10 and it promotes a range of posi-
tive adaptive outcomes in children.11

The Intervention Nurses Start Infants Growing on Health
Trajectories (INSIGHT) study was a randomized clinical trial
focused on reducing rapid weight gain in infancy and estab-
lishing healthy growth trajectories during early life by provid-
ing first-time mothers with caregiving guidance within a re-
sponsive parenting framework.12 Previous reports from the
study have demonstrated that the responsive parenting inter-
vention compared with a home safety intervention (control)
reduced rapid infant weight gain, reduced prevalence of over-
weight at age 1 year,13 improved infant sleep and sleep-
related behaviors,14 and improved adherence to current di-
etary guidance.15 This report focuses on the primary outcome
of the trial: weight status at age 3 years.

Methods
Participants
This study was approved by the Human Subjects Protection
Office of the Penn State College of Medicine. All participating
mothers provided written informed consent. Mothers and
their newborns were recruited in-person by research staff
shortly after delivery from 1 maternity ward (Penn State
Milton S. Hershey Medical Center, Hershey, Pennsylvania)
(Figure 1). The enrollment period spanned January 2012 to
March 2014; the final participant’s 3-year study visit occurred
in April 2017. Major eligibility criteria were full-term (≥37
weeks’ gestation), singleton newborns delivered to English-
speaking, primiparous mothers 20 years and older. Infants
born less than 2500 g were excluded. More details have been
published elsewhere,12,13 and the study protocol is available
in Supplement 1.

Interventions
Participants were randomized by research staff to the respon-
sive parenting or home safety intervention (control) group using
a secure Microsoft Excel application 10 to 14 days after deliv-
ery. The randomization scheme used permuted blocks of 6, and
stratified on birth weight for gestational age16 (<50th percen-
tile or ≥50th percentile) and intended feeding mode (breast-
feeding or formula feeding).

The responsive parenting intervention guidance advised
parents on how to respond to their child’s needs across 4
behavioral states: drowsy, sleeping, fussy, and alert (ie, inter-
active play and feeding).12 Following randomization, mothers
in the responsive parenting group were mailed initial inter-
vention content to be reviewed and practiced prior to the
first study visit. These materials included a DVD demonstrat-
ing infant soothing techniques,17 a CD with white noise
tracks, and handouts on infant stomach size, feeding guid-
ance, lactation support, and postpartum depression. At study
visits, age-appropriate sleep instructions promoted longer
sleep duration, including putting infants to bed drowsy but
awake, avoiding feeding infants to sleep, and anticipating
and responding to night awakening. The emotion regulation
component encouraged parents to use alternatives to feeding
to calm fussy but not hungry infants. Parents were later
instructed on establishing routines and expectations, and
setting limits, rules, and consequences. The feeding compo-
nent taught parents to recognize hunger and satiety cues,
provide age appropriate portion sizes, and to feed in response
to hunger only and not as a reward, punishment, or soothing
strategy for a distressed but not hungry child. The responsive
parenting guidance emphasized feeding a child exhibiting
signs of hunger and to use infant fullness signals to deter-
mine when to stop feeding. Guidance during the introduction
of solid foods included use of repeated exposure to promote
acceptance of healthy foods, the importance of modeling
healthy eating behaviors, and the concept of shared feeding
responsibility, which recognizes the parent’s role is to pro-
vide healthy choices while the child’s role is to determine
how much and whether to eat. The interactive play compo-
nent focused on developmentally appropriate physical activi-
ties beginning with daily prone position playtime and later
with outdoor play. Limit-setting specific to screen time was
discussed. Growth chart education instructed parents on
typical patterns of child growth and weight gain using color-
coded growth charts, providing feedback based on the indi-
vidual child’s anthropometrics.

The control group received a home safety intervention that
was dose-matched to ensure equivalent time and intensity.12

For example, early visits included developmentally relevant
information on prevention of sudden infant death syndrome

Key Points
Question Does an educational intervention designed to inform
primiparous mothers about responsive parenting behaviors affect
weight outcomes of children at age 3 years?

Findings In this randomized clinical trial that included 279
mother-child dyads, a responsive parenting intervention
significantly reduced body mass index z scores compared with
controls (−0.13 vs 0.15, respectively) at age 3 years.

Meaning Among primiparous mother-child dyads, an educational
intervention that provided instruction about responsive parenting
behaviors improved body mass index z score at age 3 years
compared with a control intervention.
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for sleep, breast milk storage and formula preparation for feed-
ing, and safe bathing of infants as part of the drowsy time guid-
ance, among others.

To maintain the integrity of these behavioral interven-
tions, scripted manuals were used for training, and fidelity was

monitored.13 Measurement of fidelity and maternal accep-
tance of the intervention are described in the eMethods in
Supplement 2.

Research nurses were trained in both responsive parent-
ing and safety interventions, and generally an individual

Figure 1. Flow of Primiparous Mother-Child Dyads Through the Study

3276 Mother and newborn pairs
screened for eligibility

316 Enrolled

2569 Excludeda

1875 Multiparous mother

86 Had a medical condition
56 Newborn birth weight <2500 g
39 Premature newborn (<37 wk gestation)
30 Did not speak English
27 Nonsingleton birth
25 Other

262 Resides out of area or moving
169 Mother younger than 20 years

391 Excluded (declined to participate)a

216 Mother not interested

27 Father not interested
45 Other

70 Too busy or too tired
41 Multiple reasons

25 Excluded (withdrew before participation)
17 Lost to follow-up

1 Moved
1 Other

5 No longer interested
1 Personal constraints

291 Randomized

5 Excluded (withdrew before
3-4 wk home visit)

7 Excluded (withdrew before
3-4 wk home visit)

15 Excluded (withdrew from 3-4
wk home visit to 1-y clinic visit)

14 Excluded (withdrew from 3-4
wk home visit to 1-y clinic visit)

2 Excluded (withdrew before
2-y clinic visit)

6 Excluded (withdrew before
2-y clinic visit)

7 Excluded (withdrew before
3-y clinic visit)

4 Excluded (withdrew before
3-y clinic visit)

707 Eligible

145 Randomized to receive responsive
 parenting intervention

146 Randomized to receive home
safety intervention (control)

116 Completed 3-y clinic visit 116 Completed 3-y clinic visit

139 Included in primary analysis at 3 y140 Included in primary analysis at 3 y

140 Completed 3-4 wk home visit 139 Completed 3-4 wk home visit

125 Completed 1-y clinic visit 125 Completed 1-y clinic visit

123 Completed 2-y clinic visit 120 Completed 2-y clinic visit

a Potential participants may have had
multiple exclusions.
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nurse completed all study visits for each family. The inter-
vention was delivered via mailed instructions at 2 weeks, at
home visits at child age 3 to 4, 16, 28, and 40 weeks, research
center visits at 1 and 2 years, and through telephone contacts
at 18 and 30 months. The final study visit at age 3 years did
not include any intervention.

Measures
Background Characteristics
Family demographic information was collected at enroll-
ment. Self-identified race/ethnicity was collected using fixed
categories consistent with National Institutes of Health en-
rollment tables as required by the funding agency. Maternal
age, prepregnancy weight, and infant gestational age were ex-
tracted from medical records.

Anthropometrics
Trained research staff obtained all study measurements ex-
cept birth weight and length, which were obtained from medi-
cal records. At the 1-, 2-, and 3-year visits measurements were
performed by staff blinded to study group. At all study time
points, weight was measured in duplicate to the nearest 0.1 kg
using an electronic scale (Seca 354 or Seca 874; Seca). Lengths
and heights were measured to the nearest 0.1 cm. Additional
measurements were taken until 2 measurements differed by
no more than 0.1 kg or 1 cm, and means of the measurements
were used for analysis.

At visits before age 2 years, length was measured using a
recumbent length board (Shorr Productions). At 2 and 3 years,
standing heights for children were measured with a stadiom-
eter (Seca 216; Seca). Child body mass index (BMI; calculated
as weight in kilograms divided by height in meters squared)-
for-age was converted to percentiles and z scores using the
2000 Centers for Disease Control and Prevention growth ref-
erence for children 2 years and older.18 At 2 and 3 years, BMI
at or above the 85th percentile but below the 95th percentile
was defined as overweight, and BMI at or above the 95th per-
centile was defined as obese.19

Maternal height was measured (n = 256) using a stadiom-
eter (Seca 240; Seca) or obtained from medical records (n = 23).
Maternal prepregnancy BMI was calculated as prepregnancy
weight (kg) divided by height (m2).

Growth-Related Adverse Events
A data and safety monitoring plan was developed to monitor
for insufficient growth using 2 definitions: (1) weight-for-age
<5th percentile and (2) downward crossing of 2 major growth
chart percentile lines between study visits.

Outcomes
This trial was designed in 2010; the primary outcome listed
in the protocol and trial registration in 2010 was BMI percen-
tile at age 3 years, although it was powered on BMI z score.
The primary outcome was not changed in the protocol or trial
registration, but in 2012 the study team recognized the use of
imprecise terminology for the primary outcome. Therefore,
the published methods article in 2014 clarified the primary
outcome to be BMI z score at age 3 years12 prior to any analy-
sis of data. This decision reflected the fact that percentiles are
not normally distributed, and they should be converted to
z scores, which are normally distributed, before using para-
metric analyses such as analysis of variance (ANOVA) that
assume normal distribution.20 Both BMI z scores and percen-
tiles are reported at age 3 years. A BMI z score of 0 represents
the population mean, whereas a BMI z score of 1 and −1 repre-
sent 1 SD above and below the mean, respectively. Secondary
outcomes include the proportion overweight or obese at 3
years; BMI z scores, BMI percentiles, proportion overweight
and obese at 2 years; and the proportion with accelerated
weight gain (0.67 difference in BMI z score) between numer-
ous study intervals (eg, birth to 4 months, birth to 1 year).
The a priori analysis plan included a repeated measures
analysis of the treatment effect from birth to 1 year; analysis
to age 3 is included as a post hoc analysis. We have previously

Table. Mother and Child Characteristics Among Those Completing
the First Nurse Home Visit (N = 279)a

No. (%)
Responsive
Parenting Group
(n = 140)

Control Group
(n = 139)

Neonates and Infants

Boys 75 (54) 69 (50)

Gestational age, mean (SD), wk 39.6 (1.2) 39.5 (1.1)

Birth weight, mean (SD), kg 3.40 (0.43) 3.46 (0.43)

Birth length, mean (SD), cm 50.9 (2.4) 51.0 (2.1)

Birth BMI, mean (SD) 13.1 (1.2) 13.3 (1.3)

Mothers

Age, mean (SD), y 28.7 (4.6) 28.7 (4.9)

Prepregnancy BMI, mean (SD) 25.5 (5.0) 25.3 (5.6)

Gestational weight gain,
mean (SD), kg

15.6 (6.4) 15.0 (6.0)

Diabetes during pregnancy 6 (4.3) 13 (9.4)

Smoked during pregnancy 12 (8.6) 9 (6.5)

Hispanic ethnicity 10 (7.1) 9 (6.5)

Race

White 122 (87.1) 127 (91.4)

Black 10 (7.1) 7 (5.0)

Asian 5 (3.6) 4 (2.9)

Native Hawaiian or Pacific
Islander

1 (0.7) 0

Other 2 (1.4) 1 (0.7)

Marital status

Married 102 (72.9) 108 (77.7)

Not married, living with partner 25 (17.9) 19 (13.7)

Single 12 (8.6) 12 (8.6)

Divorced or separated 1 (0.7) 0

Education

≤High school graduate 16 (11.4) 16 (11.5)

Some college 37 (26.4) 36 (25.9)

College graduate 48 (34.3) 52 (37.4)

≥Graduate degree 39 (27.9) 35 (25.2)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared).
a First nurse home visit occurred at child age 3 to 4 weeks.
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reported the secondary outcomes of conditional weight gain
during the first 6 months and weight-for-length percentile at
1 year.13 Post hoc analyses of conditional weight gain and
weight outcomes at 3 years are reported. Additional study
outcomes related to infant sleep, feeding, diet, temperament,
and parent feeding style are not reported here.

Sample Size and Power Calculation
The study was powered to detect a 0.67 difference in BMI z score
(the difference between growth chart major percentile lines)18

at 3 years at 90% power, 5% type I error rate, with an antici-
pated attrition rate of 30%. This difference has often been used
in epidemiologic studies of early growth.2 However, a 2017 state-
ment from the US Preventive Services Task Force indicated that
a BMI z score reduction in the range of 0.20 to 0.25 is a suitable
threshold for clinically important change.21 Given the attrition
rate that occurred prior to the first visit in our pilot trial, the
3- to 4-week time point was chosen to establish the study co-
hort as opposed to at enrollment or randomization.22 Two hun-
dred seventy-six participants were required to complete the first
study home visit at age 3 to 4 weeks. The final cohort size of 279
resulted from participants in the “run-in” phase of the trial when
the sample size goal was met.

Statistical Analysis
As determined prior to study onset, all analyses followed modi-
fied intention-to-treat principles, including randomized par-
ticipants who received the first study home visit. For cross-
sectional analyses of weight outcomes at ages 2 years and 3
years, ANOVAs estimated the effects of intervention group on
BMI z score. Logistic regression was used to compare inter-
vention effects on the dichotomous outcomes of overweight
and obesity. To evaluate the treatment effect across 7 post-
randomization visits, we fit a mixed-model repeated mea-
sures ANOVA, with visit and treatment group as within and be-
tween factors. Two-factor ANOVA was used for post hoc
analyses of intervention effect moderation by child sex and by
intended feeding mode. To address missing data for those who
did not complete the trial, an iterative Markov chain Monte
Carlo imputation analysis of BMI z score was performed as de-
scribed in the eMethods in Supplement 2. Conditional weight
gain from birth to 28 weeks was calculated and the associa-
tion with weight outcomes at 3 years examined as described
in the eMethods in Supplement 2.13 Statistical significance was
defined as a P value less than .05, and all tests of the inter-
vention were 2-sided. The analysis plan did not adjust for mul-
tiple comparisons, so secondary outcomes should be viewed
as exploratory. Data were analyzed using SAS (SAS Institute),
version 9.4.

Results
Of 316 consenting mother-child dyads, 291 were randomized;
279 dyads completed the first home visit at 3 to 4 weeks after
birth and were considered the study cohort for outcomes per
the study protocol (Figure 1). Among those who received the first
home visit, study groups were similar on demographic and base-

line variables including birth weight, length, and BMI (Table).
Mothers were predominantly white (86%), non-Hispanic (93%),
married (75%), working full-time (72%) at enrollment, college
educated (62%), and privately insured (86%). Breastfeeding rates
were similar at randomization and subsequent assessment
points (eTable 1 in Supplement 2). Forty-seven dyads com-
pleted the first home visit but withdrew from the trial by age 3
years; attrition did not vary by study group (P = .98), but was
significantly more likely to occur for dyads with mothers who
were Hispanic, unmarried, younger, and had a high school edu-
cation or less (eTable 2 in Supplement 2).

Primary Outcomes of BMI and Weight at Age 3 Years
For the primary outcome at 3 years, the responsive parenting
group had a lower mean BMI z score than controls (−0.13 in the
responsive parenting group vs 0.15 in the control group; ab-
solute difference, −0.28 [95% CI, −0.53 to −0.01]; P = .04)
(Figure 2). Mean BMI percentiles did not differ significantly
(47th in the responsive parenting group vs 54th in the control
group; reduction in mean BMI percentiles of 6.9 percentile
points [95% CI, −14.5 to 0.6]; P = .07).

Secondary Outcomes
For secondary outcomes, among 116 children in the respon-
sive parenting group, 13 (11.2%) were overweight at 3 years vs
23 children (19.8%) of 116 in the control group (absolute dif-
ference, −8.6% [95% CI, −17.9% to 0.0%]; P = .07); 3 children
(2.6%) in the responsive parenting group were obese vs 9 chil-
dren (7.8%) in the control group (absolute difference, −5.2%
[95% CI, −10.8% to 0.0%]; P = .08). The odds ratios (ORs) that
children in the responsive parenting group would be over-
weight or obese at age 3 years compared with controls were
0.51 (95% CI, 0.25 to 1.06; P = .07) and 0.32 (95% CI, 0.08 to
1.20; P = .09).

Figure 2. Distribution of BMI z Score at Age 3 Years Among Children
Receiving Responsive Parenting vs Home Safety (Control) Interventionsa
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At age 2 years, the mean BMI z score was −0.09 for the
responsive parenting group compared with 0.11 for the con-
trol group (absolute difference, −0.21 [95% CI, −0.65 to 0.06];
P = .10). Mean BMI percentiles did not differ significantly
(48th in the responsive parenting group vs 52nd in the con-
trol group; reduction in mean BMI percentiles of 4.2 percen-
tile points [95% CI, −11.7 to 3.2]; P = .26). Among 123 children
in the responsive parenting group, 14 (11.4%) were over-
weight at age 2 years vs 25 children (20.8%) of 120 in the con-
trol group (absolute difference, −9.4% [95% CI, −18.6% to
−0.03%]; P = .04); 1 child (0.8%) in the responsive parenting
group was obese compared with 10 children (8.3%) in the
control group (absolute difference, −7.5% [95% CI, −12.7% to
−2.3%; P = .005). The ORs that children in the responsive
parenting group would be overweight or obese at age 2 years
compared with controls were 0.49 (95% CI, 0.24 to 0.99;
P = .048) and 0.09 (95% CI, 0.01 to 0.72; P = .02).

None of the prespecified secondary outcomes of acceler-
ated weight gain at various intervals using the definition of 0.67
z score change were statistically significant (eResults in
Supplement 2).

Post Hoc Outcomes and Sensitivity Analyses
Results using multiple imputation for the primary outcome,
BMI z score at 3 years, were similar to the main analysis (eTables
3 and 4 in Supplement 2).

A post hoc analysis with sex as a moderator of the treat-
ment effect on BMI z score at 3 years indicated a significant in-
teraction (F1,228 = 4.2; P = .04) with a larger effect for girls. The
estimated mean responsive parenting group treatment effect
on BMI z score for girls was −0.55 (95% CI, −0.91 to −0.19) and
for boys was −0.01 (95% CI, −0.37 to 0.35). A post hoc analy-
sis with intended feeding mode (breastfeeding or formula feed-
ing) as a moderator of the treatment effect on BMI z score in-
dicated no significant interaction (F1,228 = 0.7; P = .42).

The post hoc analysis with sex as a moderator on the treat-
ment effect on BMI z score at 2 years indicated no significant
interaction (F1,239 = 2.5; P = .14). The estimated mean treat-
ment effect on BMI z score for girls was −0.41 (95% CI, −0.77
to −0.05) and for boys was −0.03 (95% CI, −0.39 to 0.33).

The effect of the responsive parenting intervention on
BMI over the entire intervention period was statistically sig-
nificant (F1,277 = 12.44; P < .001). The main effect across the 7
measurement time points in the trial (Figure 3) demonstrated
lower values for the responsive parenting group with a mean
BMI difference of −0.43 (95% CI, −0.67 to −0.19). Conditional
weight gain between birth and 28 weeks was positively
related to BMI z score, overweight, and obesity at 3 years
(eResults in Supplement 2).

Fidelity and maternal acceptance of the intervention were
high (eResults in Supplement 2).

Growth-Related Adverse Events
Twenty-five growth-related adverse events were detected dur-
ing the study period with no significant differences by study
group. Seventeen growth-related adverse events were for
weight-for-age below the 5th percentile (11 children in the re-
sponsive parenting group vs 6 children in the control group)

and 8 were for downward crossing of 2 major percentile lines
(3 children in the responsive parenting group vs 5 children in
the control group).

Discussion
A responsive parenting educational intervention designed for
the primary prevention of obesity beginning shortly after birth
resulted in a reduction in BMI z scores at age 3 years. Differ-
ences between study groups were modest, not all study out-
comes achieved statistical significance (such as BMI percen-
tiles and proportion overweight and obese at 3 years), and the
pattern of significant results from age 2 to 3 years varied. How-
ever, the direction of the differences consistently favored the
responsive parenting intervention group.

The absolute z score difference of 0.28 that occurred
between groups in this trial is less than the prespecified clini-
cally important difference of 0.67 commonly used in evaluat-
ing associations with later morbidity in epidemiologic
studies.2 The corresponding mean BMI percentile difference
(47th in the responsive parenting group vs 54th in the control
group) is relatively small and could call into question the
clinical significance of the effect of the responsive parenting
intervention. However, the 0.28 difference in BMI z score is
greater than the 0.20 to 0.25 difference suggested by the US
Preventive Services Task Force as a threshold for a clinically
important difference.21 Furthermore, when reviewed against
population-level changes over the past 3 decades,6 such a dif-
ference, if applied broadly, would be meaningful particularly
given that weight status at 3 years has been established as a
predictor of later obesity and its comorbidities.23,24 Addition-
ally, there were no significant group differences in adverse
events in this trial, which is important because early inter-
vention trials for obesity prevention must balance the aim of

Figure 3. Mean Difference in BMI Between Children Receiving
Responsive Parenting vs Home Safety (Control) Interventions
at Each Study Assessment Pointa
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promoting healthy growth while simultaneously not increas-
ing rates of failure to thrive.

Three other obesity prevention trials beginning during in-
fancy have shown initial success through age 1 to 2 years,22,25,26

but primary outcome findings of this trial reveal the most sus-
tained effects on BMI associated with an early parenting edu-
cational intervention. The protective effect of the responsive par-
enting intervention on rapid infant weight gain was previously
reported,13 and the intervention was associated with a signifi-
cantly reduced BMI at 6 of 7 study assessment points includ-
ing the primary end point at 3 years. This suggests that it may
be possible for early effects to be maintained longitudinally.

The responsive parenting framework used for the interven-
tion was expected to affect multiple domains of child behavior
including feeding, sleep, and activity12 while promoting the de-
velopment of children’s self-regulation.27-30 Positive parent-
ing during infancy has been associated with greater regulation
of negative emotions during the toddler years, which has been
shown to predict lower BMI at age 3 years.31 The UK Millennium
Cohort Study extended these associations by demonstrating that
emotional self-regulation at age 3 is an independent predictor
of obesity at age 11 years.32

The post hoc analysis that revealed sex as a moderator of
the treatment effect at age 3 years is hypothesis generating. It
is possible that parenting in response to the intervention dif-
fered by child sex, and this question will be investigated with
data from the present study. Additionally, future studies should
prospectively explore whether potential differences in ef-
fects of responsive parenting intervention components exist

based on sex and other factors known to be associated with
childhood obesity such as maternal prepregnancy BMI, ges-
tational weight gain, and infant temperament.

Limitations
This study has several limitations. First, the sample was rela-
tively homogeneous, recruited from a single center with mostly
white, middle-income, predominantly well-educated, and
English-speaking first-time mothers, and attrition was more
likely to occur among higher risk participants. Second, the
sample included only first-time mothers because it is typi-
cally easier to establish new behaviors than to change exist-
ing ones. Third, although it appears that intervening early was
important, the 2-group randomized design precludes defini-
tively determining which intervention components or com-
bination of components were responsible for the positive ef-
fects. Fourth, the use of BMI for assessment of early life
adiposity is debatable,33 though it remains a widely used and
generally accepted outcome measure.

Conclusions
Among primiparous mother-child dyads, a responsive parent-
ing intervention initiated in early infancy compared with a con-
trol intervention resulted in a modest reduction in BMI z scores
at age 3 years, but no significant difference in BMI percentile.
Further research is needed to determine the long-term effect
of the intervention and assess its efficacy in other settings.
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