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Neonatal regulatory behavior problems are predicted by
maternal early pregnancy overweight and obesity: findings
from the prospective PREDO Study
Polina Girchenko1, Marius Lahti-Pulkkinen1, Jari Lahti1, Anu-Katriina Pesonen1, Esa Hämäläinen2, Pia M. Villa3, Eero Kajantie4,
Hannele Laivuori5, Rebecca M. Reynolds6 and Katri Räikkönen1

INTRODUCTION: Maternal overweight/obesity and comorbid hypertensive disorders and gestational diabetes associate with
neurodevelopmental delay in the offspring in childhood. We hypothesize that these maternal conditions associate also with the
offspring regulatory behavior problems and impact on neurodevelopment via the offspring regulatory behavior.
METHODS: A number of 3117 women of the PREDO Study filled in a questionnaire on regulatory behavior problems at the child’s
mean age of 16.9 days and 2116 of them a questionnaire on developmental milestones at the child’s mean age of 42.2 months.
Data on maternal BMI and comorbid disorders come from the Finnish Medical Birth Register.
RESULTS: Offspring of overweight/obese mothers in comparison to normal weight mothers had higher levels of regulatory
behavior problems and 22% (95% confidence interval 5–42%) higher odds of having problems on multiple domains of behavioral
regulation at the mean age of 16.9 days. Offspring regulatory behavior problems partially mediated the association between
maternal overweight/obesity and developmental milestones comprising communication, gross motor, fine motor, problem solving,
and personal/social domains of development. Comorbid disorders did not associate with offspring regulatory behavior problems.
CONCLUSION: Regulatory behavior problems of the offspring have prenatal origins and partially mediate the effects of maternal
overweight/obesity on offspring neurodevelopment.

Pediatric Research (2018) 84:875–881; https://doi.org/10.1038/s41390-018-0199-1

INTRODUCTION
Approximately 20% of infants during the first year of life
experience regulatory behavior problems that manifest in
excessive crying, fussiness, and difficulties related to sleeping or
feeding.1 These regulatory behavior problems in infancy predict
childhood behavioral and neurodevelopmental adversities,
namely behavior problems, attention-deficit/hyperactivity disor-
der (ADHD),1–6 autism spectrum disorder (ASD),7 lower IQ,8 and
disadvantages in motor function9 in early and middle childhood
(up to the age of 13 years). Since regulatory problems in infancy,
especially those affecting multiple areas of infant’s behavioral
regulation, indicate the risk of future behavioral and neurodeve-
lopmental adversity,1 it is essential to identify factors that may
underpin these early-emerging problems in self-regulation.
Preterm birth (defined as a birth before 37 completed weeks of

gestation) and low birth weight (defined as a birth weight of
<2500 g) are among the known risk factors for regulatory
behavior problems in infancy.10 These findings are in line with
the Developmental Origins of Health and Disease (DOHaD)
hypothesis, which suggests that exposure to environmental
adversity in the prenatal life may alter the structure and
functioning of cells, tissues and organs, and body’s physiological
feedback systems, and thereby increase the risk for behavioral and

neurodevelopmental problems later in life. Preterm birth and low
birth weight are, however, crude proxies of exposure to
environmental adversity in the prenatal period, and hence do
not inform about the potential underlying mechanisms. Maternal
overweight/obesity and comorbid hypertensive (gestational and
chronic hypertension and preeclampsia) and diabetic (gestational
diabetes mellitus, GDM) disorders are among the key underlying
causes of preterm birth and low birth weight.11 It remains unclear
if these maternal conditions are related to infant regulatory
behavior problems, even though there exists some evidence
which suggests that they are associated with the child’s risk of
ADHD,12,13 ASD,14 developmental delay,13,15 and impaired cogni-
tion.16 We are aware of only one study which has shown that
maternal pre-pregnancy obesity was not associated with 2–32-
day-old term-born (defined as births between 37 and 42
completed weeks of gestation) infants’ neurobehavior measured
with NICU Network Neurobehavioral Scale, which includes a
summary score of self-regulation (self and other soothing
capabilities).17 In this study pre-pregnancy obesity was, however,
self-reported and it did not account for the associations
between the comorbid hypertensive disorders or GDM and
infant behavioral self-regulation. Furthermore, it also remains
unclear whether infant regulatory behavior problems mediate the
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associations between maternal overweight/obesity and the
comorbid disorders and child neurobehavioral development.
To fill in these gaps in the research literature, the current study

sought to determine associations between maternal early
pregnancy overweight/obesity and co-morbidities, including
gestational and chronic hypertension, preeclampsia and GDM,
and infant regulatory behavior problems. Our study also explored
if infant regulatory behavior problems mediated the associations
between these maternal conditions and the child’s developmental
milestones in early childhood.

METHODS
The participants came from the Prediction and Prevention of Pre-
eclampsia and Intrauterine Growth Restriction (PREDO) study, a
prospective multicenter study of Finnish women who were
pregnant between 2005 and 2009. The study enrolled 4785
pregnant women, of whom 4777 gave birth to a singleton live
child between 2006 and 2010.18 To enrich the number of women
with preeclampsia and intrauterine growth restriction (IUGR) in
the PREDO sample, 969 of the recruited women had one or more
risk factors for preeclampsia and IUGR, including early pregnancy
obesity and chronic hypertension.18 PREDO study design is
described in detail elsewhere.18

Follow-up assessment of infant’s regulatory behaviors was
conducted up to 3 months after the delivery. In total, 3180 women
(66.6%) provided ratings of their infant’s regulatory behaviors.
From this sample, we excluded 44 women who filled in the survey
more than 5 standard deviations (SD) from the mean time and
were considered as outliers and 19 women with type 1 diabetes,
since the number was too small to study its effect. The analytic
sample comprised 3117 mother–child dyads with data on maternal
early pregnancy overweight/obesity, hypertensive disorders and
GDM, and infant’s regulatory behaviors rated by the mother at the
infant’s mean age of 16.9 days (SD 7.4 days; range 1–90 days).
Follow-up assessment of child’s developmental milestones was

conducted in 2011–2012. In total, 2667 (55.8% of those giving live
birth; 85.5% of those with ratings on infant regulatory behaviors)
women rated their child’s developmental milestones at the child’s
mean age of 42.1 months (range 23.2–68.8 months). In total, 163
mothers filled in the age-specific developmental milestones
questionnaire too early or too late for age and were excluded.
Maternal early pregnancy overweight/obesity, hypertensive dis-
orders and GDM, infant regulatory behaviors, and child develop-
mental milestones were available for 2116 mother–child dyads for
the mediation analyses.
Women in the analytic sample for analyses of infant regulatory

behaviors, namely those who had data on overweight/obesity,
comorbid disorders, and infant regulatory behaviors, were older
and were more often primiparous as compared to women who
did not have these data and hence were not included in this
analytic sample (p-values < 0.001). Women in the analytic sample
for the mediation analyses, namely those who had data on
overweight/obesity and comorbid disorders, infant regulatory
behaviors, and early childhood developmental milestones, had a
higher level of education (p= 0.0003), were more often primipar-
ous (p= 0.006), had less often hypertensive pregnancy disorders
(p= 0.002), and less often gave birth to boys (p= 0.04), as
compared to women who did not have these data, and hence
were not included in the mediation analyses. There were no
differences in other maternal or child perinatal characteristics
between these groups (p-values > 0.12).

Maternal overweight/obesity and hypertensive and diabetic
disorders
Data were extracted from the Finnish Medical Birth Register
(MBR).19 For the subsample recruited based on their increased risk

of preeclampsia and IUGR, each individual diagnosis was further
verified by a clinical jury consisting of two physicians and a nurse.
Early pregnancy BMI was calculated from height and

weight verified by a measurement conducted by a nurse
at the first visit to the antenatal clinic (M= 8+ 4 weeks+ days,
SD= 1+ 3 weeks+ days of gestation), and categorized to normal
weight (<25 kg/m2 or less) and overweight/obese (≥25 kg/m2)
groups according to the World Health Organization criteria;20 104
women (3.3%) had BMI below 18.5 kg/m2 indicating underweight;
the underweight and normal weight groups were pooled for the
analyses (infant regulatory behavior problems were not different
between underweight and normal weight groups: mean differ-
ence=−0.18 SD, 95% CI −0.38, 0.01; from here on referred to as
“normal weight”).
Gestational hypertension was defined as blood pressure ≥140/

90mmHg on ≥2 occasions at least 4 h apart in a woman who was
normotensive before 20 weeks of gestation; preeclampsia as
blood pressure ≥140/90 mmHg on ≥2 occasions at least 4 h apart
in a woman with new-onset proteinuria ≥300 mg/24 h after
20 weeks of gestation. We also identified women with chronic
hypertension defined as blood pressure ≥140/90mmHg present
before pregnancy or before the 20th week of gestation.
Gestational diabetes was defined as fasting, 1 or 2 h plasma

glucose during a 75 g oral glucose tolerance test ≥5.1, 10.0, and/or
8.5 mmol/L that emerged or was first identified during pregnancy.
None of the women in our sample had type 2 diabetes.

Infant regulatory behavior problems
Infant’s regulatory behavior problems were rated by the Neonatal
Perception Inventory (NPI),21,22 which evaluates behaviors related
to crying, feeding, spitting, elimination (bowel movements),
sleeping, and predictability. In order to decrease potential bias
pertaining to subjective perceptions of infant behaviors, we first
asked the mother to rate concerns related to regulatory behaviors
she would expect an “average” infant to display. Then we
asked her to rate concerns regarding her own infant’s regulatory
behaviors. The ratings were made using a five-point scale
ranging from no problems (1) to a great number of problems
(5). A difference score between her own and the average
infant’s regulatory behaviors (own infant− average infant) reflects
more regulatory behavior problems in her own infant.23 In
addition to this difference score, we calculated an ordinal
“accumulation” variable which indicated the number of areas
in which the infant had regulatory problems (own infant had
more problems than an average infant on any of the six subscales;
score 0–6).

Developmental milestones
Developmental milestones were rated by the Ages and Stages
Questionnaires (ASQ) Third edition24 (translated into Finnish and
back-translated and approved by the publisher). ASQ is a reliable
and valid tool with high sensitivity and specificity to screen
children requiring further developmental assessment, monitoring,
or special education.24,25 It comprises 30 age-appropriate items (in
our sample for children aged 22.2–26.2, n= 75, 24.5–29.5, n= 67,
27.5–32.5, n= 93, 30.5–35.5, n= 199, 33.0–41.5, n= 377,
37.0–47.0, n= 463, 42.0–53.0, n= 618, 55.0–59.0, n= 205, and
54.0–69.0 months, n= 29) measuring communication, gross
motor, fine motor, problem solving, and personal/social skills.
Each domain comprises six questions with the responses

“yes” (scored 10), indicating the child can master the skill,
“sometimes” (scored 5) if the skill is emerging or occasional, and
“not yet” (scored 0) if the child is not able to perform the skill;
scores range from 0 to 60 with the highest value indicating
mastering of the skill. In this study, we used the total
developmental milestones score calculated as a sum of the
subscale scores.26
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Covariates
The following factors were included as covariates in our analysis:
maternal age at childbirth (years), parity (primiparous/multipar-
ous), delivery mode (vaginal/cesarean), maternal smoking during
pregnancy (did not smoke/quit during the first trimester/smoked
throughout pregnancy), child’s gestational age at delivery (weeks),
birth weight (grams), and sex (boy/girl) with data extracted from
patient case reports and/or the MBR, and maternal alcohol use
during pregnancy (yes/no) and education level (basic/secondary
vs. tertiary) as self-reported in early pregnancy; and child’s age at
follow-ups reported in conjunction with filling in the child
assessments.

Statistical analyses
We applied linear regression analyses to examine the associations
between maternal early pregnancy overweight/obesity and
comorbid disorders and infant regulatory behavior problems total
difference score. When we tested associations with the infant
regulatory behavior problems on multiple behavioral domains
(0 [n= 1741], 1 [n= 813], 2 [n= 359], 3 [n= 151], 4 [n= 72], 5
[n= 27], and 6 [n= 6]), we used the continuation-ratio ordinal
logistic regression.
To eliminate any potential confounding or effect modification

by these comorbid conditions, we tested the effects of over-
weight/obesity by excluding women with other disorders from the
analyses, which allowed us to assess the unique effect of
overweight/obesity on infant regulatory behaviors. We also
examined if overweight/obesity and hypertensive disorders and
GDM had additive effects by including an interaction term
“overweight/obesity vs normal weight × hypertensive disorders
or GDM vs no disorders” into the regression models.
We also explored whether any potential associations between

maternal overweight/obesity and comorbid disorders and child
developmental milestones were mediated by infant regulatory
behavior problems by using the PROCESS macro for SPSS with
5000 bootstrapped samples.27 Before applying the mediation
analysis, we verified that the associations between maternal
overweight/obesity and developmental milestones and between
regulatory behavior problems and developmental milestones in
our sample were statistically significant (p-values < 0.05).
Linear and logistic regression analyses were performed using

SAS 9.4 (SAS Institute, Inc., Cary, NC). Mediation analysis was
performed using SPSS-IBM (Software, v.24.0 SPSS).

RESULTS
Characteristics of the study sample according to maternal early
pregnancy overweight/obesity and normal weight are presented
in Table 1. Overweight/obese mothers in comparison to normal
weight mothers were older at delivery, less often had a tertiary
education, more often quit smoking during the first trimester, and
more often delivered by a cesarean section. Overweight/obese
mothers also had a higher prevalence of hypertensive disorders
and GDM (Table 1).

Associations between maternal overweight/obesity and comorbid
disorders and infant regulatory behavior problems
Table 2 shows that maternal overweight/obesity in comparison to
normal weight was associated with higher infant regulatory
behavior problems total difference score. Table 2 also shows that
infants of overweight/obese mothers were also more likely to
have multiple regulatory behavior problems. These associations
held when we excluded women who had hypertensive disorders
and GDM from the analyses (Fig. 1). Figure 1 shows that the
predicted probability of a mother to be overweight/obese
increased as the level (panel a) and the likelihood of the infant
to have multiple regulatory behavior problems (panel b)
increased. There were no significant associations between

Table 1. Characteristics of the sample according to maternal early
pregnancy overweight/obesity

Mean (SD) or N (%)

Normal
weight
(N= 2105)

Overweight/
obesity
(N= 1012)

P

Maternal characteristics

Maternal age at delivery, years 31.6 (4.6) 32.1 (4.8) 0.008

Education level

Lower secondary or less 744 (35.3%) 521 (51.5%) <0.0001

Upper secondary 548 (26.0%) 257 (25.4%)

Tertiary 810 (38.5%) 233 (23.0%)

Data not available 3 (0.1%) 1 (0.1%)

Parity

Primiparous 865 (41.1%) 402 (39.7%) 0.45

Multiparous 1236 (58.7%) 606 (59.9%)

Data not available 4 (0.2%) 4 (0.4%)

Smoking during pregnancy 0.03

No 1976 (93.9%) 933 (92.2%)

Quit during the first trimester 58 (2.8%) 43 (4.3%)

Smoked through the
pregnancy

71 (3.4%) 34 (3.4%)

Data not available 0 2 (0.2%)

Alcohol use during pregnancy 0.09

No 1737 (82.5%) 862 (85.2%)

Yes 349 (16.6%) 138 (13.6%)

Data not available 19 (0.9%) 12 (1.2%)

Mode of delivery <0.0001

Vaginal 1802 (85.6%) 766 (75.7%)

Cesarean section 297 (14.1%) 242 (23.9%)

Data not available 6 (0.3%) 4 (0.4%)

Hypertensive disorders <0.0001

Normotension 1943 (92.3%) 804 (79.5%)

Gestational hypertension 62 (3.0%) 66 (6.5%)

Preeclampsia 53 (2.5%) 57 (5,6%)

Chronic hypertension 47 (2.2%) 85 (8.4%)

Gestational diabetes mellitus <0.0001

No diabetes 2004 (95.2%) 777 (76.8%)

Gestational diabetes mellitus 101 (4.8%) 235 (23.2%)

Child characteristics

At birth

Child sex

Boy 1073 (51.0%) 530 (52.4%) 0.27

Girl 1032 (49.0%) 481 (47.5%)

Data not available 0 1 (0.1%)

Gestational age at birth, weeks 40.0 (1.4) 39.9 (1.7) 0.19

Birth weight, g 3499.5 (490.7) 3601.8 (580.0) <0.0001

Birth length, cm 50.1 (2.1) 50.3 (2.5) 0.01

In infancy

Age, days 16.8 (7.3) 16.9 (7.6) 0.71

Infant regulatory behavior
problems difference score (own
infant–average infant), in
standard deviation units

–0.03 (1.0) 0.06 (1.0) 0.02

Accumulation of infant regulatory behavior problems

N.o problems in any of the six
areas

1196 (56.8%) 516 (51.0%) 0.006

One problem in any of the six
areas

525 (24.9%) 274 (27.1%)

Two and more problems in
any of the six areas

384 (18.2%) 222 (21.9%)

In childhood

Age, months 41.8 (8.2) 42.6 (8.4) 0.06

Total developmental milestones
score, range 0–300 (median, IRQ)

280 (250–290) 275 (250–290) 0.03
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maternal hypertensive disorders and GDM and infant regulatory
behavior problems (Table 2). Maternal overweight/obesity and
hypertensive disorders and GDM did not show additive effects
(p= 0.26 and 0.30 for overweight/obesity vs. normal weight ×
hypertensive disorders/GDM vs. no disorder interactions in the
analyses of regulatory behavior problems total difference score
and multiple regulatory behavior problems, respectively).

Mediation analysis
As shown in Fig. 2, higher level of infant regulatory behavior
problems total difference score (panel a) and problems on
multiple domains of behavioral regulation (panel b) were
associated with lower total developmental milestones score in
childhood (−0.06, 95% confidence interval [95% CI] −0.10, −0.01,
and −0.05, 95% CI −0.01 and −0.09, respectively). Furthermore,
children of overweight/obese mothers in comparison to normal
weight women had lower total developmental milestones scores
in childhood (−0.10, 95% CI −0.19 and −0.01) (Fig. 2). Figure 2
also shows that infant regulatory behavior problems partially
mediated the effect of maternal overweight/obesity on lower
childhood developmental milestones total difference score
(−0.006, 95% CI −0.02 and −0.001) (panel a) and on problems
on multiple domains of behavioral regulation (−0.01, 95% CI
−0.02 and −0.002) (panel b).

DISCUSSION
Our study showed that infants of the mothers with early
pregnancy overweight/obesity, in comparison to infants of the
mothers with early pregnancy normal weight had higher levels of
regulatory behavior problems at the age of 16.9 days. Our study
also showed that maternal overweight/obesity was associated
with 22% (95% CI 5–42%) higher odds of having problems on
multiple domains of behavioral regulation. These associations
were not accounted for by the comorbid hypertensive disorders or
GDM, which was in contrast to what we expected, as there was no
significant association with infant regulatory behavior problems.
Maternal hypertensive disorders or GDM did not either add to the
effects of maternal overweight/obesity. None of these effects was
accounted for by a number of other important covariates,
including maternal and child perinatal characteristics. Hence, our
findings show that regulatory behavior problems in infancy have

Table 2. Associations between maternal early pregnancy overweight/obesity, hypertensive disorders, and gestational diabetes mellitus and infant
regulatory behavior problems

Maternal early pregnancy overweight/obesity, hypertensive
disorders, and gestational diabetes mellitus

Regulatory behavior problems total difference
score (own infant−average infant)

Problems on multiple domains of
behavioral regulation

Mean difference in standard deviation units
(95% confidence interval)

P Odds ratio (95% confidence
interval)

P

Early pregnancy body mass index (BMI)

Normal weight (BMI < 25 kg/m2) Referent Referent

Overweight/obesity (BMI ≥ 25 kg/m2) 0.08 (0.005, 0.16) 0.04 1.22 (1.05, 1.42) 0.01

Hypertensive disorders

Normotension Referent Referent

Gestational hypertension −0.06 (−0.24, 0.11) 0.49 0.92 (0.65, 1.31) 0.27

Preeclampsia 0.07 (−0.13, 0.27) 0.47 1.30 (0.90, 1.89) 0.16

Chronic hypertension 0.14 (−0.04, 0.31) 0.14 1.02 (0.72, 1.44) 0.90

Gestational diabetes mellitus

No gestational diabetes mellitus Referent Referent

Gestational diabetes mellitus 0.04 (–0.08, 0.15) 0.50 1.05 (0.83, 1.32) 0.68

All analyses are adjusted for maternal age at delivery, mode of delivery, parity, maternal smoking, and alcohol use during pregnancy, maternal education,
child’s gestational age, birthweight, sex, and age at follow-up
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Fig. 1 Predicted probability of a mother to be overweight/obese
according to the infant regulatory behavior problems total
difference score (a) and to the infant problems on multiple domains
of behavioral regulation (b)
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prenatal origins that can be attributed at least partially to maternal
overweight/obesity.
These findings are in line with the previous studies that have

shown that preterm birth and low birth weight increase the risk of
having regulatory problems in infancy.10,28–30 Our findings,
however, are not in accordance with the only previous study that
we are aware of that found that maternal obesity during
pregnancy was not associated with 2–92-day-old term-born
infant’s self-regulation.17 This study, however, used self-reports
of maternal weight and height and used a summary measure of
infant neurobehavior which included infant’s self- and other
soothing capabilities and the sample was restricted to those born
at term. Our study findings are therefore not directly comparable
with the findings of this previous study. Hence, our findings lend
credence to the Developmental Origins or Health and Disease
(DOHaD) concept,31 and for the first time demonstrate that
maternal overweight/obesity that increase the risk of preterm
birth and IUGR may be a condition that underpins these
previously reported associations.
Another novel finding of our study is that infant regulatory

behavior problems partially mediated the effects of maternal
overweight/obesity on the child’s poorer achievement on a
measure of developmental milestones at the child’s mean age
of 3.5 years. This finding is noteworthy, as a number of studies
have shown the predictive significance of early life regulatory
behavior problems on childhood neurobehavioral adversity,
including externalizing behavior, ADHD, ASD, developmental
delay, and poorer cognition.1–8 As this mediation was partial,
additional mechanisms explaining why children of mothers with
overweight/obesity are less likely to fully master the age-
appropriate developmental milestones skills, and why infants
with higher levels of regulatory behavior problems fare worse on
this developmental milestones measure, still remain to be
determined. The mechanisms may be partly shared, as there
exists some evidence suggesting that the roots of both regulatory
behavior problems in infancy and neurodevelopmental adversity
in childhood may be related to abnormal insulin/IGF-I signaling in
the fetal brain,32 changes in the maternal microbiota,33,34 and DNA
methylation35,36 caused by maternal overweight/obesity.
Other underlying mechanisms that may underpin the direct and

indirect effects of maternal overweight/obesity on infant regula-
tory behaviors and developmental milestones may relate to
placental function.37 We have demonstrated in a subsample of the
PREDO study participants that higher placental glucocorticoid,

mineralocorticoid, and serotonin gene expression levels are
associated with higher levels of infant regulatory behavior
problems.23 These gene expression levels are also associated with
maternal pre-pregnancy BMI.38 In addition, oxidative stress in the
placenta in women with obesity alters cell membranes by
increasing the incorporation of cholesterol and oxidized free fatty
acids and low-density lipoproteins,39,40 inducing fetal epigenetic
reprogramming.41 Further, increased maternal levels of cytokine
interleukin-6, the production of which is higher in the presence of
obesity,42 can cross the placenta, and may disrupt normal fetal
brain development.
An inherent strength of our study is related to our study design:

over 20% of the participants were recruited based on their
identified risk factor status for preeclampsia and suboptimal fetal
growth. These recruitment criteria led to a higher prevalence of
maternal overweight/obesity, hypertensive disorders, and GDM in
our study sample and gave us increased statistical power to
examine their specific and independent effects. By conducting
analyses that excluded women with hypertensive disorders and
GDM, we were able to completely eliminate their possible
confounding and modifying effects, and show the independent
effects of maternal overweight/obesity on infant regulatory
behavior problems. The other strengths of our study include the
prospective study design, and deriving exposure data from the
MBR and medical records. For a subsample, these data were
further verified by a clinical jury. Also, in contrast to most previous
studies, objective measurements of maternal weight and height
were conducted at the first antenatal clinic visit, which took place
in early pregnancy. We also benefited from having a large study
sample. In addition, we were able to adjust for several possible
confounders that we expected to predict infant regulatory
behaviors. These factors included maternal age at delivery, mode
of delivery, parity, maternal smoking and alcohol use during
pregnancy, maternal education, and child’s gestational age and
birthweight. In contrast, the study limitations include the fact that
neonatal regulatory behaviors and developmental milestones data
were mother-reported. This may have introduced an information
bias. To overcome any potential bias in reporting regulatory
behavior problems, the mothers were asked to rate regulatory
behaviors they would expect an “average” infant to display and
then rate her own infant.23 The majority of previous studies have
also used mother reports or parent reports of infant regulatory
behavioral challenges, as we did. Neurologists’ assessments have
been used in some studies, but these assessments usually concern

Maternal overweightobesity

Maternal overweight-obesity

Total developmental score

Total developmental score

Regulatory behavior
problems total difference

score

Problems on mutiple
domains of behavioral

regulation

Indirect effect β=–0.006, 95% Cl (–0.02, –0.001)

β=–0.10, 95% Cl (–0.19, –0.01)

Indirect effect β=–0.01, 95% Cl (–0.02, –0.002)

β=–0.10, 95% Cl (–0.19, –0.01)

β=0.11, 95% Cl (0.02, 0.21)

β=–0.16, 95% Cl (–0.06, 0.27)

β=–0.06, 9
5% Cl (–

0.10, –
0.01)

β=–0.05, 95% Cl (–
0.01, –0.09)

a

b

Fig. 2 Mediation analyses results showing that maternal early pregnancy overweight/obesity partly acts via infant regulatory behavior
problems total difference score (a) and via infant problems on multiple domains of behavioral regulation (b) to impact on total developmental
milestones score in early childhood. Numbers represent adjusted standardized coefficients and 95% confidence intervals
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oral motor functioning in relation to feeding problems.4 Hence,
the use of mother reports remains a limitation, as long as gold
standards do not exist on how to measure regulatory behavioral
challenges in infancy more objectively. Previous research has also
found that the ASQ is a reliable and well-validated instrument to
assess child developmental milestones, demonstrating high
sensitivity and specificity to screen the children in need of
additional developmental assessment, monitoring, or special
education.24,25 Further limitations of our study include the
follow-up attrition, which was also associated with maternal
characteristics. The participating mothers were older at delivery
and more often primiparous than the mothers who did not
participate. However, this selective attrition should not cause a
bias, unless the associations between maternal overweight/
obesity and infant regulatory problems would differ between
participants and nonparticipants. Furthermore, while we could
control for a number of potential confounders, there remains the
chance of residual confounding by unmeasured factors.
In sum, our study showed that infants of overweight/obese

mothers displayed higher levels of regulatory behavior problems
and were more likely to display problems on multiple areas of
behavioral self-regulation. Regulatory behavior problems partially
mediated the effects of maternal overweight/obesity on child-
hood developmental milestones. Our findings suggest that
prevention of overweight/obesity in women of childbearing age
will benefit the offspring by reducing the burden of regulatory
problems in infancy and preventing their long-term neurodeve-
lopmental consequences.
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