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Abstract
Background: Poor quality relationships between mothers and toddlers have been associated with higher risk for
childhood obesity, but few prospective studies of obesity have assessed maternal-child relationship quality in
infancy. In addition it is not known whether the increased risk is associated with the mother’s or the child’s
contribution to the relationship quality.
Methods: We analyzed data (n = 5650) from the Early Childhood Longitudinal Study, Birth Cohort, a national study
of U.S. children born in 2001 and followed until they entered kindergarten. At 9 months of age, the Nursing Child
Assessment Teaching Scale (NCATS) was used to assess the quality of observed playtime interactions between
mothers and infants, yielding separate scores for maternal and infant behaviors. Obesity (BMI ≥95th percentile) at
age 5.5 years was based on measured weight and height.
Results: The prevalence (95% confidence interval) of obesity at 5.5 years of age was higher among children in the
lowest quartile of maternal NCATS score (20.2% [95% CI: 17.2%, 23.2%]) than in the highest quartile (13.9% [11.3%,
16.5%]), but maternal NCATS score was not significantly associated with obesity after adjustment for race/ethnicity,
maternal education and household income. The prevalence of obesity at 5.5 years of age was similar among
children in the lowest quartile of infant NCATS score (17.4% [14.4%, 20.3%]) and in the highest quartile (17.6%
14.4%, 20.8%]), and was not changed with covariate adjustment.
Conclusions: Maternal-infant relationship quality, assessed by direct observation at 9 months of age in a national
sample, was not associated with an increased risk of obesity at age 5.5 years after controlling for sociodemographic
characteristics.
Keywords: Mother-child relationship, Parent–child interactions, Maternal sensitivity, Obesity, Cohort studies, Infancy,
Parenting, Body mass index

Background
Whether the quality of parent–child interactions is related to children’s obesity risk is not a new research
question [1,2], but systematic investigation of this topic,
particularly in population studies, has been limited [3].
We have provided evidence from two national studies
that maternal-child interactions characterized by an insecure pattern of attachment and low levels of maternal
sensitivity are associated with higher risk for obesity [4,5].
Others have also identified low levels of maternal warmth
and sensitivity as risk factors for obesity [6-9]. Maternal
sensitivity is one contributor to the quality of maternal* Correspondence: sanderson@cph.osu.edu
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child relationships and increases the likelihood that a child
will develop a secure pattern of attachment [10,11].
Evolving with time, the maternal-child relationship is
shaped by the behavior and responses of both the
mother and the child [12-14]. Just as parenting behavior
can affect children, children’s behavior also influences
parenting [13,15]. The construct of mutually responsive
orientation has been developed to describe the positive,
reciprocal, and synchronous interactions that are characteristic of high-quality parent-child relationships [16].
There is innate variability in infant reactivity, predictability, responsiveness, mood, and activity level [17,18], and
the contributions of children’s temperamental attributes
to early childhood obesity prevention are being examined [19]. The need to include dyadic conceptualizations
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and measurements of parent-child interaction in obesity
research has been recognized [3], but there have been
few studies of childhood obesity that have examined the
contributions of both the parent and the child to parentchild relationship quality.
Infancy is an important time period to study the quality of maternal-child interactions relative to obesity risk
because it is during this time period that the limbic areas
of the brain governing stress response and emotion
regulation are rapidly developing in relationship to the
social environment [20]. These areas of the brain are
also involved in regulation of energy balance which can
be disrupted by an exaggerated stress response [21]. In
two longitudinal studies we have shown that those
toddlers who have poorer quality relationships with their
mothers were at greater risk of later obesity [4,5]. In
the current study, we used a large national sample to
determine whether poorer quality interactions between
mothers and infants increased the risk of childhood
obesity, and to examine whether any increased risk was
due to the behaviors of the infants, the mothers, or to
both participants in the dyadic interaction.

Methods
Early Childhood Longitudinal Study, Birth Cohort (ECLS-B)

We analyzed data collected in the Early Childhood Longitudinal Study, Birth Cohort (ECLS-B), a study conducted by
the National Center for Education Statistics (NCES) [22].
The NCES ethics review board approved the data collection, and parents provided written informed consent.
Analyses reported here were conducted at The Ohio
State University under a restricted-use data agreement.
This agreement requires that we report unweighted
sample sizes by rounding to the nearest 50.
The ECLS-B was designed to be representative of children born in the United States in 2001. The complex
sampling design of the study has been previously described [22], and is briefly summarized here. A clustered
list-frame design was used to select a probability sample
of 14000 U.S. births in 2001. Children were excluded
from the study if they were born to mothers under
15 years of age or if, before 9 months of age, infants had
died or were adopted. When the children were 9 months
of age, the final study cohort of 10700 was formed, and
additional assessments took place when children were
24 months old (n = 9850) and approximately 4.5 years
old (n = 8900). For budgetary reasons, an 85% random
subsample (n = 7700) was selected for inclusion in the follow up at age 5.5 years, and 6950 children were assessed at
that time [23]. Data were collected during visits to the children’s homes, and included a computer-assisted personal
interview with the child’s mother (or, in a small number of
cases, the father or other guardian), and direct measurements and observations of children and mothers.
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Maternal-infant interaction

During the 9-month home visits, the Nursing Child
Assessment Teaching Scale (NCATS) was used to assess interactions between mothers and infants [24].
The NCATS is a standardized tool for assessing interactions between young children (0 to 36 months of
age) and their parent or caregiver, and it has been used
widely in research and clinical settings [14,25]. The
NCATS is scored for 73 aspects of mother-infant interaction (50 items for the maternal score, 23 for the infant score). Higher scores indicate a higher quality
(more adaptive and mutually responsive) pattern of
interaction between mother and child. The maternal
NCATS items assess maternal sensitivity to infant’s
cues, response to infant’s distress, and fostering of infant’s social-emotional and cognitive growth [14]. The
infant NCATS items assess the infant’s clarity of cues
and infant’s responsiveness to the mother. To conduct
the NCATS, mothers were shown a list of “activities”
ordered by difficulty and asked to teach their infant the
first activity on the list that he/she was not yet able to
do; for example, “reach for a rattle, scribble on a piece
of paper, stack 2 blocks on top of each other” [14]. The
ECLS-B field interviewers videotaped the interaction
between mother and infant, and the videotapes were
coded in a central location by trained coders who had
demonstrated reliable coding [25]. The internal consistency
(Cronbach’s alpha) of the maternal and infant NCATS
scores in ECLS-B were, respectively, 0.68 and 0.62 [25].
Obesity

At 5.5 years of age, children’s height and weight were
measured in the home using a standardized protocol.
Height was measured with a portable stadiometer and
weight was measured with a digital scale (both instruments from Seca [Hanover, MD]) while children were
wearing light clothing and no shoes [26]. Measurements
were taken three times, and the average value of the two
closest measurements was used to calculate the child’s
body mass index (BMI = kg/m2). We categorized children as obese if they had a sex-specific BMI-for-age at
or above the 95th percentile of the U.S. Centers for Disease Control and Prevention growth reference [27].
Covariates

Additional variables were considered for inclusion in our
analyses based on their established relationship with
obesity and possible relationship with maternal-infant
interaction. Birth weight was obtained from birth certificate records. At the 9-month interview with the mother,
each child’s age, gender, and race/ethnicity were obtained, and mothers were asked whether they had ever
breastfed the child, the age of the child at weaning, and
when solid foods were introduced [28]. Data were not
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available to determine the practice or duration of exclusive breastfeeding. Mothers were classified as smokers if
they reported smoking cigarettes at the time of the 9month interview. Maternal BMI was calculated from
measured weight and self-reported height. We used two
variables, maternal education and household income-topoverty ratio, to estimate socioeconomic status (SES);
both were derived from responses to the 9-month interview. The income-to-poverty ratio was calculated relative to 2002 U.S. poverty levels [29].

Statistical analysis

Our analyses included the 5650 children who had data
available on NCATS at 9 months and measured height
and weight at 5.5 years. Of the 6950 children in ECLS-B
that were assessed at 5.5 years, we excluded 1350 children—1200 children who did not participate in the
NCATS assessment or whose videotape was not codable
and 150 children who were missing height or weight at
5.5 years. We applied ECLS-B sampling weights, which include adjustments for disproportionate sampling, undercoverage of the target population, and nonresponse at each
wave of data collection [30]. Variance estimates that account for the complex sample design were calculated using
Jackknife replicate weights [23,31] as implemented in the
survey procedures in SAS [32].
We created quartiles for the maternal and infant
NCATS scores. We examined covariates relative to the
prevalence of being obese at 5.5 years, in the lowest
quartile of maternal NCATS score, and in the lowest
quartile of infant NCATS score, and we used the RaoScott design-corrected Χ2 to test for group differences.
We used logistic regression [33] to estimate odds ratios
(ORs) and 95% confidence intervals (CIs) for childhood
obesity comparing increasing quartiles of the maternal
NCATS score and infant NCATS score to the lowest
quartile. We assessed the functional form of the association between childhood obesity and NCATS scores
using LOWESS smoothed scatterplots and the method
of fractional polynomials [34]. Both maternal and infant
NCATS scores were linear in the logit. We used logistic
regression [33] to estimate the association of unit differences in maternal NCATS score or infant NCATS score,
each modeled as a continuous variable, with odds for
childhood obesity. Our analyses were conducted in steps;
first unadjusted models were estimated, then models
were adjusted for increasing numbers of covariates: 1)
child level covariates (age, sex, birth weight, infant
feeding), 2) maternal covariates (BMI and smoking)
and 3) all covariates including race/ethnicity and SES.
We present analyses with and without adjustment for
SES because these variables may be confounding variables or may be part of a causal chain or pathway to

Page 3 of 8

obesity that also involves the quality of the maternalinfant relationship [4,35,36].

Results
When compared to the analytic sample (n = 5650), children
who were excluded for missing information (n = 1350) did
not differ by sex (P = .26) but were more likely to have
mothers who had not finished high school (24.9% vs. 17.7%,
P < .001), to have an income-to-poverty ratio below 1.85
(54.7% vs. 46.5%, P = .01), and to be of Hispanic ethnicity
(29.8% vs. 22.9%, P = .002). The prevalence of obesity at
5.5 years was 17.3% in the analytic sample and 19.4%
among the 1200 children missing the NCATS (P = .25).
Maternal NCATS scores ranged from 15 to 49 with a
mean (standard deviation [SD]) of 34.7 (4.5) and 25th,
50th, and 75th percentile values of 31.7, 34.8, and 37.8,
respectively. Infant NCATS scores ranged from 7 to 23
with mean (SD) of 15.5 (2.7) and 25th, 50th, and 75th
percentile values of 13.7, 15.7, and 17.0. The correlation
of maternal to infant scores was r = .24. All of the maternal
and child characteristics we examined, except for child sex
and age at introduction of solid foods, were statistically
significantly related to maternal NCATS score and to obesity at 5.5 years (Table 1). However, none of these same
characteristics were associated with infant NCATS score
(Table 1).
The prevalence of obesity at age 5.5 years was 20.2%
(95% CI: 17.2% – 23.2%) among those children whose
mother was in the lowest quartile of the maternal NCATS
score compared to 13.9% (95% CI: 11.3% – 16.5%) among
those whose mother was in the highest quartile. The prevalence of obesity was intermediate for the second and third
quartiles of the maternal NCATS score, and the trend
was statistically significant (Table 2). When modeled as a
continuous variable in logistic regression, lower maternal
NCATS score was related to higher odds of obesity at
5.5 years (P = .0012). Based on this unadjusted model, each
5 unit (approximately 1 SD) difference in maternal NCATS
score at 9 months was associated with odds of obesity at
5.5 years that were 1.21 (95% CI: 1.08 – 1.36) times those
of infants with mothers who had higher (worse) NCATS
scores (Table 3). This estimate was little changed with adjustment for child age, sex, birth weight, and infant feeding
variables, or with additional adjustment for maternal weight
and smoking status (Table 3). However, with adjustment
for all covariates the odds of obesity at 5.5 years associated
with a 5 unit difference in maternal NCATS score was attenuated to 1.09 and was not statistically significant (95%
CI: 0.95 – 1.24). This pattern of results was not changed by
adjustment for infant NCATS score, and we observed no
evidence that infant NCATS score modified associations
between maternal NCATS score and obesity at 5.5 years
(P-value for interaction = .99).
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Table 1 Participant characteristics in relation to lowest quartile maternal and infant NCATS score and child obesity
Na (%)

Lowest quartile maternal NCATS
% (95% CI)

% (95% CI)

% (95% CI)

5650

23.3 (21.3 – 25.4)

23.1 (21.7 – 24.5)

17.3 (15.9 – 18.7)

2800 (49.3)

22.6 (20.2 – 25.1)

22.3 (20.5 – 24.1)

16.3 (14.2 – 18.3)

2850 (50.7)

24.0 (21.6 – 26.4)

23.9 (21.6 – 26.2)

18.4 (16.2 – 20.5)

.69

.66

.17

550 (1.2)

29.4 (24.9 – 34.0)

31.1 (26.2 – 36.1)

8.8 (6.0 – 11.7)

1500 – <2500 grams

850 (6.1)

26.4 (22.5 – 30.3)

27.6 (23.7 – 31.6)

12.3 (9.3 – 15.2)

2500 – < 3000 grams

1050 (16.8)

27.0 (22.7 – 31.2)

26.0 (21.6 – 30.3)

13.2 (10.3 – 16.1)

Total

Lowest quartile infant NCATS

Obesity at 5.5 yc

Sex
Female
Male
P-valueb
Birth weight
<1500 grams

3000 – < 3500 grams

1650 (37.9)

23.4 (20.3 – 26.5)

23.1 (20.7 – 25.5)

16.2 (13.7 – 18.7)

3500 – < 4000 grams

1150 (28.1)

21.7 (18.4 – 24.9)

20.0 (17.3 – 22.7)

18.8 (16.1 – 21.6)

350 (9.9)

19.1 (13.3 – 24.9)

23.2 (18.2 – 28.1)

28.9 (23.4 – 34.4)

.009

.15

<.0001

≥ 4000 grams
P-valueb
Duration of breastfeeding
≥6 months

700 (13.5)

17.3 (13.0 – 21.6)

19.5 (15.3 – 23.6)

13.1 (10.0 – 16.2)

2 to <6 months

1350 (23.3)

25.0 (21.5 – 28.4)

24.8 (21.6 – 28.0)

17.3 (14.3 – 20.3)

<2 months

1800 (33.8)

21.0 (18.1 – 23.9)

22.9 (20.6 – 25.2)

15.8 (13.5 – 18.1)

1700 (29.5)

27.6 (24.1 – 31.1)

23.8 (21.0 – 26.6)

21.0 (17.7 – 24.4)

<.0001

.69

.005

Never
P-valueb
Age introduced solid foods
≥6 months

1800 (26.2)

23.9 (19.8 – 28.0)

24.6 (21.5 – 27.7)

17.0 (14.7 – 19.3)

4-5 months

2700 (50.4)

22.6 (20.0 – 25.1)

22.8 (20.6 – 24.9)

16.2 (14.0 – 18.4)

0-3 months

1150 (23.4)

24.3 (20.5 – 28.2)

22.1 (18.9 – 25.4)

20.1 (17.0 – 23.1)

.14

.77

.09

P-value

b

Maternal BMId
300 (4.5)

19.2 (12.4 – 26.0)

17.8 (12.6 – 23.0)

10.1 (4.7 – 15.4)

2250 (39.3)

21.8 (18.5 – 25.0)

23.0 (20.3 – 25.6)

9.3 (7.3 – 11.2)

25 - <30 kg/m

1400 (28.1)

23.8 (20.5 – 27.1)

20.9 (17.7 – 24.1)

18.0 (15.5 – 20.4)

≥30 kg/m2

1550 (28.1)

24.6 (21.4 – 27.7)

25.8 (22.8 – 28.8)

28.9 (25.7 – 32.1)

.002

.40

<.0001

<18.5 kg/m2
18.5 - <25 kg/m2
2

P-value

b

Maternal smoking status
Nonsmoker

4600 (81.7)

22.4 (20.3 – 24.4)

23.0 (21.4 – 24.6)

16.6 (15.0 – 18.1)

Smoker

1050 (18.3)

27.7 (23.1 – 32.2)

23.8 (19.7 – 27.8)

20.9 (17.2 – 24.6)

<.0001

.90

.02

P-value

b

Racial-ethnic group
White, non-Hispanic

2350 (55.1)

18.4 (15.7 – 21.1)

23.1 (20.9 – 25.4)

12.9 (11.2 – 14.5)

Black, non-Hispanic

950 (15.5)

24.3 (20.5 – 28.2)

20.4 (17.0 – 23.8)

21.2 (17.3 – 25.1)

Hispanic, any race

1000 (22.9)

34.4 (29.3 – 39.5)

25.2 (22.3 – 28.1)

24.1 (19.8 – 28.3)

Other race, non-Hispanic

1300 (6.4)

24.1 (19.4 – 28.8)

22.0 (17.8 – 26.2)

22.3 (16.9 – 27.6)

<.0001

.68

<.0001

P-value

b

Anderson et al. BMC Pediatrics 2014, 14:54
http://www.biomedcentral.com/1471-2431/14/54

Page 5 of 8

Table 1 Participant characteristics in relation to lowest quartile maternal and infant NCATS score and child obesity
(Continued)
Na (%)

Lowest quartile maternal NCATS

Lowest quartile infant NCATS

Obesity at 5.5 yc

% (95% CI)

% (95% CI)

% (95% CI)

Maternal education
< High school

950 (17.7)

38.4 (33.1 – 43.8)

26.6 (22.8 – 30.5)

21.2 (17.6 – 24.9)

High school degree or GED

1450 (27.7)

29.3 (25.8 – 32.7)

23.2 (20.6 – 25.8)

20.6 (17.2 – 24.0)

Some college

1600 (29.1)

18.0 (15.1 – 21.0)

23.6 (20.8 – 26.4)

17.4 (14.9 – 20.0)

College graduate

1650 (25.4)

12.3 (9.9 – 14.7)

20.0 (17.4 – 22.6)

11.1 (8.8 – 13.3)

<.0001

.53

<.0001

P-value

b

Household income/poverty ratio
< 0.50

650 (10.3)

38.3 (32.3 – 44.3)

23.9 (18.8 – 29.0)

20.8 (17.1 – 24.6)

0.50 to 0.99

700 (12.7)

29.9 (24.6 – 35.3)

25.6 (21.1 – 30.1)

22.6 (17.5 – 27.6)

1.00 to 1.85

1300 (23.5)

31.3 (26.9 – 35.7)

26.4 (23.0 – 29.8)

20.9 (17.8 – 24.0)

1.86 to 3.00

1550 (28.0)

17.6 (14.3 – 20.9)

21.0 (18.2 – 23.8)

14.8 (11.9 – 17.8)

1450 (25.4)

13.0 (10.6 – 15.3)

20.8 (17.3 – 24.4)

12.8 (10.2 – 15.4)

<.0001

.07

<.0001

>3.00
P-valueb

Restricted to children with information on NCATS at 9 months and weight-status at 5.5 years.
a
N is unweighted and rounded to the nearest 50. Percents are weighted and 95% confidence intervals account for survey design. Percentages may not total 100%
due to rounding.
b
P-value from Rao-Scott design-adjusted Χ2 tests.
c
BMI-for-age ≥95th percentile at age 5.5 years.
d
Maternal BMI from reported height and measured weight at 9 month assessment. If maternal height was available but weight at the 9 month assessment was
missing (n = 1000) then measured weight from the first available assessment was substituted [24 months (n = 700), 4.5 years (n = 250), 5.5 years (n = 50)].
Information missing for 150 individuals for maternal BMI, <100 individuals for breast feeding duration, and <50 individuals for birth weight, age introduced solid
foods, maternal smoking status, and maternal education.

We observed no evidence of an association between infant NCATS scores and obesity at age 5.5 years irrespective
of modeling approach. The prevalence (95% CI) of obesity
was 17.4% (95% CI: 14.4% – 20.3%) in the lowest quartile of
the infant NCATS and 17.6% (95% CI: 14.4% – 20.8%) in
the highest quartile (Table 2). Modeled as a continuous
variable in logistic regression analyses, lower scores on the
infant NCATS were not associated with higher risk for

obesity with or without covariate adjustment (P-values
between .34 and .42).
Twenty of the items in the maternal NCATS score and
twelve in the infant NCATS score are designated as “contingency items” because they are coded for behaviors made
by one participant in the interaction (the mother or the
child) in response to the other [14]. Consistent with what
we observed for the full scores, the maternal contingency

Table 2 Quartiles of maternal and infant NCATS scores at 9 months and obesity at 5.5 years
NCATS score range
(min – max)

N (%)a

Obesity prevalence at
5.5 years (95% CI)

P trendb

Unadjusted OR (95% CI)
for obesity at 5.5 years

Q1 (low)

15.0 – 31.7

1400 (23.3)

20.2 (17.2 - 23.2)

.0012

1.57 (1.17 - 2.10)

Q2

31.8 – 34.7

1400 (24.6)

19.6 (16.5 - 22.6)

1.51 (1.11 - 2.05)

Q3

34.8 – 37.8

1450 (25.8)

16.1 (13.5 - 18.7)

1.19 (0.89 - 1.60)

Q4 (high)

37.9 – 49.0

1400 (26.3)

13.9 (11.3 - 16.5)

1.0 (referent)

Q1 (low)

7.0 – 13.7

1450 (23.1)

17.4 (14.4 - 20.3)

Q2

13.8 – 15.7

1450 (25.1)

20.0 (17.2 - 22.7)

1.17 (0.90 - 1.53)

Q3

15.8 – 17.0

1550 (28.5)

14.8 (12.5 - 17.1)

0.81 (0.61 - 1.09)

Q4 (high)

17.1 – 23.0

1200 (23.3)

17.6 (14.4 - 20.8)

1.0 (referent)

Maternal

Infant
.42

0.99 (0.74 - 1.32)

Restricted to children with information on NCATS at 9 months and weight-status at 5.5 years.
a
N is unweighted and rounded to the nearest 50. Percents are weighted and 95% confidence intervals account for survey design. Percentages may not total 100%
due to rounding.
b
P-value from logistic regression models with NCATS score as a continuous variable; P-values for these trends were similar when quartiles were modeled.
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Table 3 Logistic regression models of association between maternal NCATS score and obesity at age 5.5 years
N

Estimate

SE

P-valuea

OR (95% CI) for obesity associated with a 5
unit decrease in maternal NCATS scoreb

5650

0.038

0.012

.0012

1.21 (1.08 - 1.36)c

Adjusted for child covariates

5500

0.039

0.013

.0017

1.22 (1.08 - 1.38)

Adjusted for child and maternal covariatese

5450

0.033

0.013

.01

1.18 (1.04 - 1.33)

5450

0.016

0.014

.23

1.09 (0.95 - 1.24)

Model
Unadjusted
d

f

Adjusted for all covariates
a

P from logistic regression modeling maternal NCATS as a continuous variable.
b
Difference in maternal NCATS score of 5 units is approximately 1 SD.
c
Results of unadjusted model were unchanged with exclusion of the 200 children who were missing information on ≥1 covariate.
d
Covariates = age, gender, birth weight, duration of breast feeding, age when solid food introduced.
e
Covariates = age, gender, birth weight, duration of breast feeding, age when solid food introduced, maternal BMI, maternal smoking.
f
Covariates = age, gender, birth weight, duration of breast feeding, age when solid food introduced, maternal BMI, maternal smoking, race/ethnicity, maternal
education, income-to-poverty ratio.

score was associated with higher risk for obesity at age
5.5 years in models that were not adjusted for SES, but not
in models that adjusted for SES. The infant contingency
score was not associated with obesity in either adjusted or
unadjusted models.

Discussion
We sought to assess the extent to which maternal and
infant components of observed interactions between
9-month-old infants and their mothers were associated
with obesity risk at 5.5 years of age in a large national
cohort study. After controlling for SES, lower scores on
the maternal component of the NCATS, which assesses
maternal sensitivity, responsiveness, and fostering of infant emotional and cognitive growth, were not associated
with an increased risk for obesity at 5.5 years of age.
Our results showed no evidence that the infant’s contribution to the maternal-infant interaction affected the
risk of obesity, nor did infant behavior modify the relationship between maternal behavior and children’s obesity risk.
Using observations of non-feeding interactions between
mothers and infants, our goal was to examine separately
the contributions of the infants’ and the mothers’ behaviors
to the risk of childhood obesity. Prior research suggests that
children’s self-regulation capacity is likely to be an important factor in the development of obesity [37-39]. Selfregulation, including emotion regulation, appears to be
optimized by a parent–child relationship that has a mutually responsive orientation, meaning that interactions between parent and child are cooperative, coordinated, and
harmonious, and involve the display of positive emotion
[16,40,41]. Direct observation is the best method to assess
whether the maternal-child relationship is mutually responsive [42]. The child’s behaviors, especially the child’s responsiveness to the mother, reflects more than the child’s
temperament [43], and the importance of studying children’s contribution to the quality of maternal-child interaction in the context of obesity has been recognized [3].
Although the NCATS was not designed to assess mutually

responsive orientation per se, it is based on direct observation and consists of separately coded behaviors for infants
and mothers, including a subset of contingency items
that assess the infant’s and mother’s responsiveness to one
another.
Only a single study has examined the relationship
between NCATS scores and childhood obesity [44].
Washington and colleagues recruited 200 low-income
Mexican-American toddlers and their mothers at a WIC
clinic in one Texas city. Half of the children were obese
(BMI ≥95th percentile) and half were normal weight
(BMI <85th percentile) and the NCATS was administered at two time points separated by six months [44].
Overall, there was no evidence that obese children had
lower scores on the maternal or child NCATS, and some
suggestion of higher scores for mothers of obese compared to normal weight toddlers [44]. However it is difficult to compare their findings to ours because of the
small size and low sociodemographic heterogeneity of
their sample.
We are not aware of additional studies of obesity and
parent–child interaction that have directly assessed
parent and child contributions to the quality of the relationship, but two studies have examined whether the relationship between maternal sensitivity and childhood
obesity was modified by child temperament as reported
by the parent. In a longitudinal analysis of 900 children
studied between infancy and grade 6, Wu and colleagues
found no relationship between infant temperament and
the risk of being overweight or obese at school age
(grades 1–6), but they did find that lower maternal sensitivity during infancy was associated with later weight
status [9]. Although we did not find such a relationship,
our study had a more socioeconomically diverse sample
and involved a different measure of maternal interaction
with the infant. Other prospective studies have shown
that lower maternal warmth and sensitivity in interaction with toddlers [4,5], school-age children [6,8], and
adolescents [7] is associated with a risk of later obesity.
In a cross-sectional study of treatment-seeking obese
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youth (ages 8–16 years) in comparison to nonoverweight controls, obesity was associated with low
maternal warmth but only among children rated as
temperamentally difficult [45].
Limitations

Some ECLS-B participants were lost-to-follow-up or did
not have NCATS data in infancy. This could have biased
our findings and the direction of the bias is not possible
to know. We controlled for infant birth weight and feeding, but we had no information on infant sleep quality
or quantity. We did not have data on the interactions
between fathers and infants; the quality of such interactions between fathers and infants may have affected children’s risk for obesity or modified how maternal-infant
interaction was related to childhood obesity.
Although the NCATS is based on observed maternalinfant interaction and yields separate scores for maternal
and infant behaviors, the measure has limitations. The
internal consistency (Cronbach’s alpha) of the NCATS
scores in ECLS-B were between 0.6 and 0.7, which is
lower than the reliability values reported by others [14].
Our data were based on a single, brief interaction, which
may not have been a typical one. Others have argued
that the NCATS is more sensitive to cognitive than to
affective components of mother-child interaction and
contains items that may reflect cultural biases about parenting [46,47]. It is possible that the NCATS, as implemented in this study, did not adequately measure the
emotional quality of the maternal interaction with the
child, and this could be one reason we did not observe a
stronger association between the quality of maternal
interaction and children’s obesity risk.
In our study, maternal NCATS scores were related to
race/ethnicity and sociodemographic characteristics, as
had been seen in other studies [14]. In our analyses, we
found that lower maternal NCATS scores were associated with obesity in models adjusted for the infant’s age,
gender, birth weight, and feeding practices and the
mother’s BMI and smoking status, but the association
between maternal NCATS score and obesity was attenuated and no longer statistically significant with adjustment
for race/ethnicity and sociodemographic characteristics—a
pattern similar to what we have found previously [4]. We
cannot distinguish with an observational study whether
these results are due to a causal pathway going from these
sociodemographic factors to the quality of the maternalchild relationship to obesity, or to confounding.

Conclusions
In this longitudinal study of a large national sample, the
risk of obesity at 5.5 years of age was not associated with
maternal-infant relationship quality. The lack of association was clearer for the infant contribution to
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relationship quality than for the maternal contribution,
which was significant before adjustment for SES. Our
findings leave open the possibility that low levels of maternal sensitivity may increase risk for childhood obesity
and suggest that further research focus on the mother’s
not the infant’s, contribution to the quality of maternalchild relationship. This approach would be consistent
with interventions that have demonstrated the potential
to increase parental sensitivity [48], and in so doing have
a beneficial impact on children’s weight [49].
Abbreviations
BMI: Body mass index; CI: Confidence interval; ECLS-B: Early Childhood
Longitudinal Study-Birth Cohort; NCATS: Nursing Child Assessment Teaching
Scale; OR: Odds ratio; SD: Standard deviation; SES: Socioeconomic status.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SA and RW conceived the study and acquired funding. SA analyzed the data
and drafted the manuscript. All authors were involved in interpretation of
the data, critically revised the manuscript for important intellectual content,
and read and approved the final manuscript.
Acknowledgements
This work was supported by grant R01DK088913 from the National Institutes
of Health. All data used in this study were collected by the National Center
for Education Statistics, within the Institute of Education Sciences of the US
Department of Education. A license agreement is in place with The Ohio
State University for analysis of restricted-use data from this study. The
manuscript was cleared by the National Center for Education Statistics Data
Security Office after disclosure review. Neither the sponsor nor the funder
was involved in the design or conduct of the analyses, interpretation of results,
preparation or approval of the manuscript, or decision to publish the study.
Author details
1
Division of Epidemiology, The Ohio State University College of Public
Health, 336 Cunz Hall, 1841 Neil Avenue, Columbus, Ohio 43210, USA.
2
Division of Biostatistics, The Ohio State University College of Public Health,
204 Cunz Hall, 1841 Neil Avenue, Columbus, Ohio 43210, USA. 3Departments
of Public Health and Pediatrics and Center for Obesity Research and
Education, Temple University, 1801 N Broad Street, Philadelphia, Pennsylvania
19122, USA.
Received: 11 December 2013 Accepted: 19 February 2014
Published: 24 February 2014
References
1. Birch LL, Marlin DW, Kramer L, Peyer C: Mother-child interaction patterns
and the degree of fatness in children. J Nutr Educ 1981, 13:17–21.
2. Bruch H: Eating Disorders: Obesity, Anorexia Nervosa, and the Person Within.
New York, New York: Basic Books; 1973.
3. Skouteris H, McCabe M, Ricciardelli L, Milgrom J, Baur L, Aksan N, Dell’
Aquila D: Parent–child interactions and obesity prevention: a systematic
review of the literature. Early Child Dev Care 2012, 182:153–174.
4. Anderson SE, Gooze RA, Lemeshow S, Whitaker RC: Quality of early
maternal-child relationship and risk of adolescent obesity. Pediatrics 2012,
129:132–140.
5. Anderson SE, Whitaker RC: Attachment security and obesity in US
preschool-aged children. Arch Pediat Adol Med 2011, 165:235–242.
6. Avula R, Gonzalez W, Shapiro CJ, Fram MS, Beets MW, Jones SJ, Blake CE,
Frongillo EA: Positive parenting practices associated with subsequent
childhood weight change. J Prim Prev 2011, 32:271–281.
7. Neal Davis R, Ashba J, Appugliese DP, Kaciroti N, Corwyn RF, Bradley RH,
Lumeng JC: Adolescent obesity and maternal and paternal sensitivity
and monitoring. Int J Pediatr Obes 2011, 6:e457–e463.

Anderson et al. BMC Pediatrics 2014, 14:54
http://www.biomedcentral.com/1471-2431/14/54

8.
9.

10.

11.
12.

13.

14.
15.
16.
17.
18.

19.

20.

21.
22.

23.

24.
25.

26.

27.

28.
29.
30.

Rhee KE, Lumeng JC, Appugliese DP, Kaciroti N, Bradley RH: Parenting
styles and overweight status in first grade. Pediatrics 2006, 117:2047–2054.
Wu TJ, Dixon WE, Dalton WT, Tudiver F, Liu XF: Joint effects of child
temperament and maternal sensitivity on the development of childhood
obesity. Matern Child Hlth J 2011, 15:469–477.
De Wolff MS, van IJzendoorn MH: Sensitivity and attachment: a metaanalysis on parental antecedents of infant attachment. Child Dev 1997,
68:571–591.
Isabella RA: Origins of attachment: maternal interactive behavior across
the first year. Child Dev 1993, 64:605–621.
Ainsworth M, Bell S, Stayton D: Infant-mother attachment and social
development: socialization as a product of reciprocal responsiveness to
signals. In The Integration of a Child into a Social World. Edited by Richards
M. London: Cambridge University Press; 1974:99–135.
Collins WA, Maccoby EE, Steinberg L, Hetherington EM, Bornstein MH:
Contemporary research on parenting: the case for nature and nurture.
Am Psychol 2000, 55:218–232.
Sumner G, Spietz A, University of Washington, School of Nursing: NCAST
Caregiver/Parent–Child Teaching Manual. Seattle: NCAST Publications; 1994.
Kiff CJ, Lengua LJ, Zalewski M: Nature and nurturing: parenting in the context
of child temperament. Clin Child Fam Psychol Rev 2011, 14:251–301.
Kochanska G: Mutually responsive orientation between mothers and their
young children: implications for early socialization. Child Dev 1997, 68:94–112.
Thomas A, Chess S, Birch H: Temperament and Behavior Disorders in Children.
New York: New York University Press; 1968.
Goldsmith HH, Buss AH, Plomin R, Rothbart MK, Thomas A, Chess S, Hinde
RA, McCall RB: Roundtable: what is temperament? Four approaches.
Child Dev 1987, 58:505–529.
Anzman-Frasca S, Stifter CA, Paul IM, Birch LL: Negative temperament as a
moderator of intervention effects in infancy: testing a differential
susceptibility model. Prev Sci 2013. e-pub ahead of print 6 July:
doi:10.1007/s11121-013-0408-4.
Schore AN: Back to basics: attachment, affect regulation, and the
developing right brain: linking developmental neuroscience to
pediatrics. Pediatr Rev 2005, 26:204–217.
McEwen BS: Understanding the potency of stressful early life experiences
on brain and body function. Metabolism 2008, 57(Suppl 2):S11–S15.
Bethel J, Green JL, Kalton G, Nord C: Early Childhood Longitudinal Study, Birth
Cohort (ECLS-B), Sampling. Volume 2 of the ECLS-B Methodology Report for
the 9-Month Data Collection, 2001–02 (NCES 2005–147). Washington, DC:
National Center for Education Statistics, Institute of Education Sciences, U.S.
Department of Education; 2005.
Wheeless S, Ault K, Copello E, Black S, Johnson R: Early Childhood
Longitudinal Study, Birth Cohort (ECLS-B), Sampling. Volume 2 of the ECLS-B
Methodology Report for the Kindergarten 2006 Data Collection (NCES 2010–
007). Washington, DC: National Center for Education Statistics, Institute of
Education Sciences, U.S. Department of Education; 2009.
Andreassen C, West J: Measuring socioemotional functioning in a
national birth cohort study. Infant Ment Health J 2007, 28:627–646.
Andreassen C, Fletcher P: Early Childhood Longitudinal Study, Birth Cohort
(ECLS-B), Psychometric Characteristics. Volume 1 of the ECLS-B Methodology Report for the 9-Month Data Collection, 2001–02 (NCES 2005–100). Washington,
DC: National Center for Education Statistics, Institute of Education Sciences,
U.S. Department of Education; 2005.
Najarian M, Snow K, Lennon J, Kinsey S: Early Childhood Logitudinal Study,
Birth Cohort (ECLS-B), Preschool-Kindergarten 2007 Psychometric Report (NCES
2010–009). Washington, DC: National Center for Education Statistics, Institute
of Education Sciences, U.S. Department of Education; 2010.
Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z,
Wei R, Curtin LR, Roche AF, Johnson CL: 2000 CDC Growth Charts for the
United States: methods and development. Vital Health Stat 11 2002,
246:1–190.
Early Childhood Longitudinal Program: ECLS-B National 9-Month Parent
Questionnaire. http://nces.ed.gov/ecls/pdf/birth/parent_nine.pdf.
Department of Health and Human Services: Annual Update of the HHS
Poverty Guidelines. Washington, DC: Federal Register; 2002:6931–6933.
Snow K, Derecho A, Wheeless S, Lennon J, Rosen J, Kinsey S, Morgan K,
Einaudi P: Early Childhood Longitudinal Study, Birth Cohort (ECLS-B),
Kindergarten 2006 and 2007 Data File User’s Manual (2010–010). Washington,
DC: National Center for Education Statistics, Institute of Education Sciences,
U.S. Department of Education; 2009.

Page 8 of 8

31. Wolter KM: Introduction to Variance Estimation. 2nd edition. New York:
Springer; 2007.
32. SAS Institute Inc: SAS Statistical Software, Version 9.2. Cary, NC: SAS Institute,
Inc; 2009.
33. Hosmer DW, Lemeshow S: Applied Logistic Regression. 2nd edition. New
York, NY: John Wiley & Sons, Inc; 2000.
34. Sauerbrei W, Meier-Hirmer C, Benner A, Royston P: Multivariable regression
model building by using fractional polynomials: description of SAS,
STATA and R programs. Comput Stat Data An 2006, 50:3464–3485.
35. Belsky J, Houts RM, Fearon RM: Infant attachment security and the timing of
puberty: testing an evolutionary hypothesis. Psychol Sci 2010, 21:1195–1201.
36. Kelly Y, Sacker A, Del Bono E, Francesconi M, Marmot M: What role for the
home learning environment and parenting in reducing the
socioeconomic gradient in child development? Findings from the
Millennium Cohort Study. Arch Dis Child 2011, 96:832–837.
37. Golan M, Bachner-Melman R: Self-regulation and the management of
childhood obesity. J Community Med Health Educ 2012, 1(2). doi:10.4172/
jcmhe.1000107.
38. Lowe MR: Self-regulation of energy intake in the prevention and
treatment of obesity: is it feasible? Obes Res 2003, 11(Suppl):44S–59S.
39. Johnson F, Pratt M, Wardle J: Dietary restraint and self-regulation in eating
behavior. Int J Obes 2012, 36:665–674.
40. Aksan N, Kochanska G, Ortmann MR: Mutually responsive orientation
between parents and their young children: toward methodological
advances in the science of relationships. Dev Psychol 2006, 42:833–848.
41. Kochanska G, Aksan N, Prisco TR, Adams EE: Mother-child and father-child
mutually responsive orientation in the first 2 years and children’s outcomes
at preschool age: mechanisms of influence. Child Dev 2008, 79:30–44.
42. Demir D, Skouteris H, Dell’ Aquila D, Aksan N, McCabe M, Ricciardelli L,
Milgrom J, Baur L: An observational approach to testing bi-directional
parent–child interactions as influential to child eating and weight. Early
Child Dev Care 2012, 182:943–950.
43. Kochanska G: Toward a synthesis of parental socialization and child
temperament in early development of conscience. Child Dev 1993,
64:325–347.
44. Washington PS, Reifsnider E, Bishop SL, Ethington MD, Ruffin RE: Changes
in family variables among normal and overweight preschoolers. Issues
Compr Pediatr Nurs 2010, 33:20–38.
45. Zeller MH, Boles RE, Reiter-Purtill J: The additive and interactive effects of
parenting style and temperament in obese youth seeking treatment.
Int J Obes 2008, 32:1474–1480.
46. Gross D, Conrad B, Fogg L, Willis L, Garvey C: What does the NCATS
measure? Nurs Res 1993, 42:260–265.
47. Tesh EM, Holditch-Davis D: HOME inventory and NCATS: relation to
mother and child behaviors during naturalistic observations. Res Nurs
Health 1997, 20:295–307.
48. Bakermans-Kranenburg MJ, van IJzendoorn MH, Juffer F: Less is more:
meta-analyses of sensitivity and attachment interventions in early
childhood. Psychol Bull 2003, 129:195–215.
49. Brotman LM, Dawson-McClure S, Huang KY, Theise R, Kamboukos D, Wang J,
Petkova E, Ogedegbe G: Early childhood family intervention and long-term
obesity prevention among high-risk minority youth. Pediatrics 2012,
129:e621–628.
doi:10.1186/1471-2431-14-54
Cite this article as: Anderson et al.: Maternal-infant relationship quality
and risk of obesity at age 5.5 years in a national US cohort. BMC
Pediatrics 2014 14:54.

