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Key Points

Question

Is a Mediterranean diet or mindfulness-based stress reduction intervention during pregnancy
effective in improving child neurodevelopment at age 2 years?

Findings

In this randomized clinical trial that included 626 children, Bayley-III scores were significantly
higher in cognitive and social-emotional domains in the Mediterranean diet group and signifi-
cantly higher in the social-emotional domain in the stress reduction group compared with the
usual care group.
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Meaning

Structured interventions during pregnancy based on a Mediterranean diet or mindfulness-
based stress reduction significantly improved child neurodevelopment at 2 years.

This prespecified analysis of a randomized clinical trial evaluates the effect of a Mediterranean
diet or mindfulness-based stress reduction during pregnancy on child neurodevelopment at
age 2 years.

Abstract

Importance

Maternal suboptimal nutrition and high stress levels are associated with adverse fetal and
childhood neurodevelopment.

Objective

To test the hypothesis that structured interventions based on a Mediterranean diet or mindful-
ness-based stress reduction (MBSR) during pregnancy improve child neurodevelopment at age
2 years.

Design, Setting, and Participants

This was a prespecified analysis of the parallel-group Improving Mothers for a Better Prenatal
Care Trial Barcelona (IMPACT BCN) randomized clinical trial, which was conducted at a univer-
sity hospital in Barcelona, Spain, from February 2017 to March 2020. A total of 1221 singleton
pregnancies (19 to 23 weeks’ gestation) with high risk of delivering newborns who were small
for gestational age were randomly allocated into 3 groups: a Mediterranean diet intervention,
an MBSR program, or usual care. A postnatal evaluation with the Bayley Scales of Infant and
Toddler Development, 3rd Edition (Bayley-III), was performed. Data were analyzed from July to
November 2022.

Interventions

Participants in the Mediterranean diet group received monthly individual and group educa-
tional sessions and free provision of extra virgin olive oil and walnuts. Those in the stress re-
duction group underwent an 8-week MBSR program adapted for pregnancy. Individuals in the
usual care group received pregnancy care per institutional protocols.

Main Outcomes and Measures

Neurodevelopment in children was assessed by Bayley-III at 24 months of corrected postnatal
age.
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Results

A total of 626 children (293 [46.8%] female and 333 [53.2%] male) participated at a mean
(SD) age of 24.8 (2.9) months. No differences were observed in the baseline characteristics be-
tween intervention groups. Compared with children from the usual care group, children in the
Mediterranean diet group had higher scores in the cognitive domain (3, 5.02; 95% CI, 1.52-
8.53; P=.005) and social-emotional domain (3, 5.15; 95% CI, 1.18-9.12; P =.01), whereas chil-
dren from the stress reduction group had higher scores in the social-emotional domain (3,
4.75; 95% CI, 0.54-8.85; P=.02).

Conclusions and Relevance

In this prespecified analysis of a randomized clinical trial, maternal structured lifestyle inter-
ventions during pregnancy based on a Mediterranean diet or MBSR significantly improved
child neurodevelopmental outcomes at age 2 years.

Trial Registration

ClinicalTrials.gov Identifier: NCT03166332

Introduction

Prenatal well-being and health are strong determinants of future child and adult
neurodevelopment222 Maternal lifestyle is recognized as a potentially modifiable risk factor
for adverse perinatal outcomes and fetal neurodevelopment.42 Unhealthy high-fat dietary pat-
terns and periconceptional obesity are associated with poorer neurodevelopment in the
offspring.Lé'Z Likewise, increased maternal stress is associated with differences in fetal brain
structure®? and poorer postnatal neurodevelopmental outcomes.2>?1%1L The pathophysiologi-
cal basis for these associations is poorly understood, but activation of inflammation and the hy-
pothalamic-pituitary-adrenal axis have been postulated as potential mechanisms.232
Interventions for improving nutritional patterns or reducing stress in adults have both been
described to induce changes in inflammation and oxidation and the hypothalamic-pituitary-
adrenal axis.12131%415 However, to our knowledge, no randomized clinical trials have evaluated
the effects of structured dietary or stress reduction lifestyle interventions during pregnancy on

improving offspring neurodevelopment.

Concerning dietary interventions, previous studies have shown that the Mediterranean diet
may reduce the incidence of health adverse outcomes, such as cardiovascular events, diabetes,
cognitive declines, and other inflammatory-based diseases in high-risk adults.2>Z Mindfulness-
based stress reduction (MBSR) is a well-described structured program and has been used ex-
tensively in medical research for stress-related diseases.1&12 The Improving Mothers for a
Better Prenatal Care Trial Barcelona (IMPACT BCN) was a randomized clinical trial designed to
investigate whether structured interventions based on a Mediterranean diet or MBSR in high-
risk pregnancies can reduce the percentage of newborns born small for gestational age (SGA)
and other adverse pregnancy outcomes.2%>2L The trial included 1221 pregnant individuals and
demonstrated a significant reduction in the rate of SGA (14.0% with SGA in the Mediterranean
diet and 15.6% in the stress reduction group compared to 21.9% in the nonintervention
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group).2L Here, we report the results of a prespecified secondary end point of this trial to test
the hypothesis that maternal Mediterranean diet or stress reduction interventions during preg-
nancy improved offspring’s neurodevelopmental outcomes at age 2 years as measured by the
Bayley Scales of Infant and Toddler Development, 3rd edition (Bayley-III).

Methods

Study Design, Population, and Ethics

The IMPACT BCN was a parallel, unblinded, randomized clinical trial conducted at BCNatal
(Hospital Clinic and Hospital Sant Joan de Déu), a large referral center for maternal-fetal and
neonatal medicine in Barcelona, Spain. Enrollment took place from February 2017 to October
2019 with follow-up until delivery (final follow-up on March 1, 2020). The study population in-
cluded pregnant individuals recruited at midgestation (19.0 to 23.6 weeks) who were consid-
ered at high risk of delivering newborns who were SGA, according to the criteria of the Royal
College of Obstetrics and Gynaecologists.2%4 Race and ethnicity were recorded, as defined by the
participants among fixed categories in a self-report questionnaire, to provide information
about the generalizability of the results of the trial. Details of the trial design are provided in
the protocol, 22 which is available in Supplement 1. The protocol was approved by the Hospital
Clinic research ethics committee, and all individuals who agreed to participate provided written
informed consent before randomization. This study followed the Consolidated Standards of
Reporting Trials (CONSORT) reporting guideline. Data were analyzed from July to November
2022.

Randomization

Participants were randomized in a 1:1:1 ratio into 3 groups: a nutritional intervention based on
Mediterranean diet with supplementation of extra virgin olive oil and walnuts, a stress reduc-
tion intervention based on an MBSR program, and a control group without any intervention
(usual care). Randomization was performed immediately after participants signed the informed
consent form, using a web-based system and a computer-generated random number. Details
are provided in the eMethods in Supplement 2. All participants attended the baseline visit at
enrollment (19 to 23 weeks’ gestation) and a final visit at the end of interventions (34 to 36
weeks’ gestation), during which they responded to several questionnaires and provided biolog-
ical samples and perinatal data were collected.

Outcomes

The prespecified primary end point of the trial (percentage of newborns who were SGA) and
the secondary end point related to perinatal period (adverse perinatal outcome) have been
published elsewhere.2l Among prespecified secondary end points for which the trial was pow-
ered, neurodevelopmental evaluation of the offspring by the Bayley-III scale at corrected post-
natal age 2 years was still ongoing when the main outcome of the trial was published.2 For
this study, the main prespecified outcome was the scores of each domain of the Bayley-III scale
(cognitive, language, motor, social-emotional, and adaptive). The cognitive scale measures sen-
sorimotor development, object relatedness, and concept formation; the language scale as-
sesses receptive and expressive communication; the motor scale evaluates both fine and gross

https://www.ncbi.nIm.nih.gov/pmc/articles/PMC10445211/?report=printable 6/22



16/11/23 11:58 Effect of a Mediterranean Diet or Mindfulness-Based Stress Reduction During Pregnancy on Child Neurodevelopment - PMC

motor skills; the social-emotional scale assesses the development of relationships and interac-
tions; and the adaptive behavior scale assesses how the child applies their developmental skills
to daily living.22 In addition, we assessed the associations between Bayley-III scores and ques-
tionnaires and biomarkers related to the interventions.

Interventions During Pregnancy

The dietary intervention was based on traditional Mediterranean diet, adapted to pregnancy
from the PREDIMED trial1® The intervention was composed of monthly individual 30-minute
visit assessments and a monthly 1-hour group sessions, both provided by trained nutritionists,
from recruitment (19 to 23 weeks) until the end of the intervention (34 to 36 weeks), with a
median (IQR) duration of 12.1 (10.7-13.3) weeks. In addition, participants in this group were
provided with extra virgin olive oil (2 L every month) and walnuts (450 g every month) at no
cost and specific materials were given at each visit, including recipes, a 1-week shopping list of
food items according to the season of the year, and a weekly meal plan with detailed menus.

Additional details of the intervention are provided elsewhere 2221

In the stress reduction group, participants were provided with an MBSR program adapted for
pregnancy, with meditations focused on the relationship with the fetus and prenatal yoga ses-
sions. The program included formal and informal techniques with the goal of enhancing non-
judgmental presence-focused awareness, reducing rumination and anxiety, and increasing the
ability to deal more effectively with stress. The program consisted of 8 weeks of weekly group
classes (20 to 25 women per group) of 2.5 hours, 1 full day session, and daily home practice.
The sessions included didactic presentations, formal 45-minute meditation practices with vari-
ous mindfulness meditations, mindful yoga, body awareness, and group discussion. MP3 files
or CDs of formal meditations adapted to pregnancy were provided for home practice.
Additional details of the intervention are provided elsewhere. 222! Participants who were ran-
domized to the usual care group received usual pregnancy care following institutional
protocols.

Measurements

Bayley-IIl The Bayley-IIl was conducted for all participants in the IMPACT BCN trial at the cor-
rected age of 24 months. The Bayley-IlI is a gold standard series of behavioral assessments
used to evaluate the developmental functioning of young children.232% The rigorous psychome-
tric properties of the tool are attributed to the carefully standardized normative samples and
quantitative scoring system throughout 5 domains: cognitive, language, motor, social-emotional
and adaptive behavior.2> The evaluations of cognitive, language, motor domains were done by
2 trained psychologists (A.C. and M.P.) who were blinded to the study groups and perinatal out-
comes. For the remaining domains, parents filled in the paper format questionnaires at the as-
sessment visit. The raw scores for each domain are standardized to a mean of 100 with a stan-

dard deviation of 15. Delayed performance in each domain was defined by a score below 85
(-1 SD).2%

Mediterranean Diet Assessment Nutritional information, including a validated 151-item food
frequency questionnaire? and the Mediterranean diet adherence score obtained from a 17-
item dietary assessment questionnaire, was collected at enrollment (19 to 23 weeks, baseline
visit) and at the end of the interventions (34 to 36 weeks, final visit) from all participants. Total
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fatty acid intake and fatty acid profile, derived from the food frequency questionnaire, were
calculated on the basis of Spanish food consumption guidelines, 2222 and participants were
classified into class of fatty acid intake (low, medium, and high intake). Adherence to the
Mediterranean diet intervention was considered high when a participant had improved the ad-
herence score 3 points or more at the final visit compared to their baseline visit. Additionally,
in a subsample of participants randomly selected from the 3 study groups (n =291 mothers of
the 626 children [46.5%]), several biomarkers were assessed at baseline and final visits to
evaluate the degree of compliance of the Mediterranean diet intervention: plasma oleic, o-
linoleic, and a-linolenic acids (biomarkers of walnut consumption) and urinary hydroxytyrosol
and tyrosol metabolites (biomarkers of olive oil consumption).

Stress Reduction Assessment All participants included in the trial also provided 4 types of self-
reported lifestyle questionnaires to measure their anxiety, well-being, and mindful state: the
Perceived Stress Scale,22 which measures the perception of stress with anchors from never to
very often (score range, 0-40); the State-Trait Anxiety Inventory personality and anxiety ques-
tionnaires that measure trait and state of anxiety, with anchors from not at all to very much
(score range, 0-80); the World Health Organization Five Well-being Index,2: which measures
subjective quality of life and psychological well-being, with anchors from all of the time to at no
time (score range, 0-100); and the Five Facet Mindfulness Questionnaire,22 which measures
mindfulness with regards to thoughts, experiences and action in daily life with anchors from al-
ways true to never (score range, 8-40 for the observation, description, awareness, and non-
judgmental facets and 7-35 for the nonreactivity facet). All questionnaires were filled out twice
during the trial, at baseline and at the final visit. Participants’ well-being status was classified
according to their World Health Organization Five Well-being Index as poor (<52) or favorable
(>52).22 Adherence to the stress reduction intervention was considered high when a partici-
pant attended at least 6 of the 9 sessions.

Additionally, in a subsample of randomly selected participants from all 3 groups (26.5%, ex-
cluding those receiving corticosteroid treatment), maternal 24-hour urinary cortisone and cor-
tisol were measured.2* The cortisone/cortisol ratio was calculated as an estimate of 11p-hy-
droxysteroid dehydrogenase type 2 activity at baseline and the final visit as a surrogate of ma-
ternal stress.

Statistical Analysis

The sample size calculation for this specific study was based on the previous data from our
group22 and is provided in the trial protocol and statistical analysis plan (Supplement 1).2% In
brief, aiming for a power of 80% and assuming a type I error of 5%, the sample size estimate
for the outcome was 87 participants per group. Considering a loss of 30%, the final sample size
calculated was 124 participants per group (total = 372).

Participants were analyzed according to their randomization group, excluding those who with-
drew consent for participation in the trial and those whose fetuses or neonates had a malfor-
mation diagnosed during pregnancy or in the postnatal period. The normal distribution of vari-
ables was tested using the Shapiro-Wilk test and histograms. Data are presented as means with
SDs, medians with IQRs, or numbers with percentages, as appropriate. Comparisons among
study groups were assessed by the Student ¢ test for continuous variables and Pearson x? test
for categorical variables to compare each intervention group with the usual care group or high
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score vs low score, as appropriate. Likewise, the characteristics of patients originally included
in the IMPACT BCN trial but who did not participate in the Bayley-IIl assessment were evalu-
ated and compared with those of participants. According to the statistical analysis plan of the
trial, for the analyses of the secondary end points, no imputations of missing data had to be
made.

The main end point of this study, as a prespecified secondary outcome of the IMPACT BCN trial,
was the 5 domain scores of the Bayley-III evaluation. Comparisons of the composite scores
among study groups were analyzed by a linear regression unadjusted analysis. The rates of
children with a score less than 85 were analyzed by x? test. In addition, for composite scores, a
linear regression analysis adjusting for variables considered predictive of neurodevelopment
at 24 months was performed, including maternal socioeconomic status and fetal sex. For the
main end point of the study both models are reported. The Bayley-III evaluation was also com-
pared in the children who were SGA and those who were not.

Exploratory analyses in the whole study population were performed by linear regression with
the adjusted model as detailed above to assess the association of Bayley-III with aspects of ma-
ternal diet or stress at the final visit, including Mediterranean diet adherence score, the profile
of fatty acid intake (low vs high), the levels of biomarkers of olive oil and walnut consumption,
the levels of maternal stress and anxiety (assessed by Perceived Stress Scale and State-Trait
Anxiety Inventory questionnaires), maternal well-being (poor vs favorable World Health
Organization Five Well-being Index scores), maternal mindful state (Five Facet Mindfulness
Questionnaire), and levels of 24-hour urinary cortisone/cortisol.

Analysis of covariance was used to compare the final scores of the biomarker values and the
questionnaire scores adjusted for the baseline values. Parametric mediation analyses was con-
ducted to generate evidence about the mechanisms by which interventions may influence the
outcomes (eMethods in Supplement 2).22

Differences were considered statistically significant at P <.05. Statistical comparisons and ad-
justed means were computed with the emmeans library in R version 1.8.2 (R Foundation). The
mediation analysis was done with mediation package in R version 4.5.0.27 Statistical analyses
were performed with R version 4.0.5 (R Foundation), RStudio version 1.4.1106 (Rstudio), and
Stata version 16 (StataCorp).

Results

Study Population

Among 1221 pregnant women randomized in the IMPACT BCN trial (Figure), 626 (51%) chil-
dren (293 [46.8%] female and 333 [53.2%] male; mean [SD] age, 24.8 [2.9] months) were
evaluated for Bayley-III assessment, 37 (3%) were excluded due to either withdrawal of con-
sent or malformation, and 558 (46%) were either not located or declined to participate (eFig-
ure 1 and eTable 1 in Supplement 2). Maternal, neonatal, and child characteristics of those eval-
uated for Bayley-IIl assessment were similar among study groups (Table 1). Adherence was
high in 177 participants (71.8%) in the Mediterranean diet intervention and 137 (63.7%) in the
stress reduction intervention.
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Bayley-IIl The Bayley-IIl assessment was performed from May 2019 to June 2022 at a median
(IQR) of 24.1 (23.5-25.0) months after birth, with similar age among study groups (Table 1).
Children from the Mediterranean diet group had significantly higher scores in the cognitive do-
main (mean [SD], 123.6 [17.8] vs 118.6 [18.3]; 3, 5.02; 95% CI, 1.52-8.53; P =.005), and the so-
cial-emotional domain (mean [SD], 108.6 [22.0] vs 103.4 [18.5]; 3, 5.15; 95% CI, 1.18-9.12; P
=.01), and those from the stress reduction group had significantly higher scores in the social-
emotional domain (mean [SD], 108.2 [24.0] vs 103.4 [18.5]; 3, 4.75; 95% CI, 0.54-8.85; P =.02),
compared to usual care (Table 2), although the effect sizes were small . These differences re-
mained similar after adjusting for maternal socioeconomic status and fetal sex (eResults and
eTable 2 in Supplement 2). Language, motor, and adaptive scores were similar among study
groups (Table 2 and eTable 2 in Supplement 2). No differences in Bayley-III scores were ob-
served between children who were SGA and those who were not (eResults and eTable 3 in
Supplement 2).

Association Between Mediterranean Diet Assessment Variables and Bayley-IIl Maternal adher-
ence to Mediterranean diet, fatty acid intake, and biomarkers of olive oil and walnut consump-
tion are reported in eTables 4 and 5 in Supplement 2. In the whole study population, the
Mediterranean diet score showed significant positive associations with the cognitive and lan-
guage Bayley-IIl domains (eResults and eFigure 1 in Supplement 2). Association between
Bayley-IIl and fatty acid intake or nutritional biomarkers are reported in eTables 6 and 7, re-
spectively, in Supplement 2. Among other findings, higher intake of docosahexaenoic acid
(DHA) was associated with significantly better language scores, while higher intake of trans
fatty acids was inversely associated with social-emotional scores and language scores.
Mediation analysis results are reported in the eResults and eFigures 5 to 9 in Supplement 2.

Association Between Maternal Stress Assessment Variables and Bayley-1Il Maternal adherence
to the stress reduction intervention during pregnancy is reported in eTable 8 in Supplement 2.
In the whole study population, the levels of maternal stress and anxiety during pregnancy
showed negative significant associations with all 5 Bayley-1Il domains (eFigure 2 in Supplement
2). Higher maternal well-being in the World Health Organization Five Well-being Index (eFigure
3 in Supplement 2) was associated with higher scores in the Bayley-III language, social-emo-
tional, and adaptive behavior domains. There were positive associations in the maternal mind-
ful state and several domains of the Bayley-III in the Five Facet Mindfulness Questionnaire de-
scription and awareness scores (eTable 9 in Supplement 2). The levels of 24-hour urinary
cortisone/cortisol showed a positive significant association with the language domain and a
nonsignificant positive trend with the cognitive domain (eFigure 4 in Supplement 2). Mediation
analysis results are reported in eFigures 5-7 and 10 in Supplement 2.

Discussion

In this prespecified analysis of the IMPACT BCN randomized clinical trial, structured maternal
lifestyle interventions based on Mediterranean diet or stress reduction during pregnancy re-
sulted in better scores in the cognitive and social-emotional domains of the Bayley-III scale
scores of children at age 2 years. To our knowledge, this is the first randomized clinical trial
evaluating the effects of maternal lifestyle interventions based on Mediterranean diet or stress
reduction on child neurodevelopment.

https://www.ncbi.nIm.nih.gov/pmc/articles/PMC10445211/?report=printable 10/22



16/11/23 11:58 Effect of a Mediterranean Diet or Mindfulness-Based Stress Reduction During Pregnancy on Child Neurodevelopment - PMC

The association between maternal diet and offspring neurodevelopment has been suggested
by several epidemiological studies.23832 It has been proposed that several dietary components
may mediate changes in inflammatory status interfering with brain development in utero.
Three randomized clinical trials have evaluated the effects of DHA supplements during preg-
nancy on child neurodevelopment. The largest of these studies* evaluated 726 children at 18
months of age and reported no differences in Bayley-III scores. Another study evaluated 86
children at 43 weeks of age*! and reported larger total brain volumes, total gray matter, and
corpus callosum as assessed by magnetic resonance in children whose mothers received DHA
supplementation during pregnancy. The KUDOS trial* included 301 mothers and reported that
DHA supplementation was associated with higher sustained attention on habituation tasks at
age 4 to 9 months but not after age 18 months. The positive findings in our study may be ex-
plained by the use of a healthy dietary pattern instead of supplementation with a specific nutri-
ent. [t has been proposed that the synergistic actions of several dietary components, including
long-chain polysaturated fatty acids, monosaturated fatty acids from extra virgin olive oil, an-
tioxidant vitamins, dietary fiber, and polyphenols, may explain the effects of the Mediterranean
diet on reducing inflammatory and oxidative stress markers.£2 In the present study, adherence
to Mediterranean diet was associated with improved Bayley III scores in the whole population.
In previous nonrandomized studies, maternal adherence to a Mediterranean diet in early preg-
nancy has been associated with favorable neurobehavioral outcomes in early childhood.23€

Maternal psychological stress and anxiety during pregnancy have consistently been associated
with adverse offspring neurodevelopment. 24445 A recent nonrandomized study including 161
pregnant women with low socioeconomic status and high stress levels%® reported that a mind-
fulness-based intervention was associated with improved biobehavioral reactivity and regula-
tion in infants at age 6 months. These results are in agreement with the present trial, where
children from the stress reduction group showed higher scores in the social-emotional domain
compared with children from the usual care group. Stress reduction is a plausible mechanism
for the findings of this study. Stress is associated with increased proinflammatory
cytokines*248 and cortisol.22 The deleterious effects of inflammatory mediators on fetal brain
development have extensively been demonstrated in experimental and clinical studies.2=2~2%=2=
In line with previous studies in pregnant mothers,2% the stress reduction program was associ-
ated with improvements in anxiety, well-being, and stress biomarkers compared with the other
study groups. In the whole population, higher maternal well-being and lower stress biomarkers
were associated with significant improvements in several Bayley-III domains.

Previous studies report that the cognitive domain results in early infancy were associated with
future intelligence quotient,2>2%27 which gives clinical importance to our findings. Actually, in
accordance with other studies, a Bayley-IIl mean group difference greater than 5 points could

be regarded as clinically important.2822
Limitations

The study has some limitations that merit comment. First, only a proportion of children from
the original IMPACT BCN trial were included; with a larger sample size, some of the trends ob-
served may have become statistically significant. However, according to the sample size calcula-
tion, the number of participants analyzed was sufficient to observe an effect of the interven-
tions. Second, the social-emotional and adaptative behavior items were administered by care-
givers, introducing a potential source of bias. Third, the population of the original trial was not
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representative of a general pregnancy population since participants were selected among preg-
nancies at high risk for SGA. In addition, the study was conducted in a high-resource setting in
a population with high levels of education and socioeconomic status and a low proportion of
obesity and gestational diabetes. Again, the dropout rates were higher in those with lower so-
cioeconomic status (eResults and eTable 1 in Supplement 2), which might have biased the re-
sults. Therefore, these findings might not be replicable in other settings. Fourth, the interven-
tions were highly intense and required time engagement, which may not be feasible for some
pregnant individuals. Fifth, the interventions may have changed maternal lifestyle after preg-
nancy. The differences found in Bayley-IIl domains might partially reflect changes in maternal
lifestyle after rather than during pregnancy. Sixth, the interventions tested were associated
with an improvement in SGA and other pregnancy complications. It cannot be completely ex-
cluded that the effects observed were partly mediated by a reduction in pregnancy complica-
tions, although no differences in the Bayley-III score were found between children with and
without SGA in this population.

Conclusions

In this prespecified analysis of a randomized clinical trial, treating pregnant women at high risk
for SGA with structured interventions based on Mediterranean diet or stress reduction signifi-
cantly improved child neurodevelopment at age 2 years as assessed by Bayley-III. These results
need replication in further randomized clinical trials as well as assessment in additional patient
populations.

Notes

Supplement 1.

Trial Protocol and Statistical Analysis Plan
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Supplement 2.

eMethods
eResults

eTable 1. Maternal, neonatal and infants’ characteristics of individuals who did not participate in the Bayley Scales of

Infant and Toddler Development, 3rd edition (Bayley-III) assessment, according to intervention groups (n=558)

eTable 2. Adjusted comparisons of Bayley Scales of Infant and Toddler Development examination (Bayley-III) of in-

fants according to intervention groups (n=626)

eTable 3. Comparison of Bayley Scales of Infant and Toddler Development examination, 3rd edition (Bayley-III) com-

paring appropriate versus small for gestational age newborns (n=626)

eTable 4. Maternal Mediterranean diet adherence and fatty acid intake at the final visit adjusted by baseline assessment

per intervention group (n=543)

eTable 5. Maternal biomarkers of Mediterranean diet adherence at the final visit adjusted by baseline assessment per

intervention group (n=291)

eTable 6. Associations between fatty acids intake according to Spanish food consumption (tertiles) at final assessment

during pregnancy (34-36 weeks’ gestation) and the infant Bayley-III results in the whole study population (n=543)

eTable 7. Association between biomarkers related to Mediterranean diet at 34-36 weeks’ gestation and the infant

Bayley-III results in the whole study population (n=290)

eTable 8. Maternal lifestyle questionnaires and biological sample related to maternal stress, well-being and mindful

state at the final visit adjusted by baseline assessment per intervention group

eTable 9. Association between maternal mindful state (FFMQ) at final assessment during pregnancy (34-36 weeks’

gestation) and the infant Bayley-III results in the whole study population (n=587)

eFigure 1. Associations between maternal Mediterranean diet adherence scores during pregnancy and the infant

Bayley-IIl domain scores

eFigure 2. Associations between maternal stress/anxiety questionnaires and the infant Bayley-III scores
eFigure 3. Associations between infant Bayley-III scores and maternal WHO-5 score

eFigure 4. Associations between infant Bayley-III scores and maternal 24h-urinary cortisone/cortisol ratio
eFigure 5. Mediation analysis models of intervention mechanisms*, Casual Model 1

eFigure 6. Mediation analysis models of intervention mechanisms*, Casual Model 2

eFigure 7. Mediation analysis models of intervention mechanisms*, Casual Model 3
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eFigure 8. Mediation analysis models of intervention mechanisms*, Casual Model 4
eFigure 9. Mediation analysis models of intervention mechanisms*, Casual Model 5
eFigure 10. Mediation analysis models of intervention mechanisms*, Casual Model 6
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Figure.
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Table 1.

Maternal, Neonatal, and Child Characteristics by Intervention Group With Bayley-III Assessment (N=626)

Characteristic Intervention, No. (%)

Mediterranean diet (n= Stress reduction (n Usual care (n=

218) =215) 193)
Maternal
Age, mean (SD), y 38.0 (4.0) 37.6 (4.5) 37.6 (4.5)
Race and ethnicity
African American 2 (0.9) 2(0.9) 4 (2.1)
Asian 2(0.9) 5(2.3) 5(2.6)
Latin American 31(14.2) 28 (13.0) 22 (11.4)
Maghreb 6 (2.8) 3(1.4) 3(1.6)
White 177 (81.2) 177 (82.3) 159 (82.4)
Socioeconomic status?
Low 7 (3.2) 9 (4.2) 14 (7.3)
Medium 66 (30.3) 72 (33.5) 59 (30.6)
High 145 (66.5) 134 (62.3) 120 (62.2)
Education
None/primary 7 (3.2) 9 (4.2) 14 (7.3)
Secondary /technology 54 (24.8) 62 (28.8) 55 (28.5)
University 157 (72.0) 144 (67.0) 124 (64.2)
Cigarette smoking 31 (14.2) 40 (18.6) 30 (15.5)
Alcohol intake 28 (12.8) 34 (15.8) 23 (11.9)
Drug use 1(0.5) 2 (0.9) 3(1.6)
Neonatal
Sex
Female 110 (50.5) 99 (46.0) 84 (43.5)
Male 108 (49.5) 116 (54.0) 109 (56.5)
Gestational age at delivery, median (IQR),  40.0 (39.1-40.4) 39.9 (38.6-40.4) 39.6 (38.6-40.4)
wk
Cesarean delivery 81 (37.2) 68 (31.6) 60 (31.1)
Birthweight, mean (SD), g 3244.8 (509.3) 3205.3 (513.0) 3154.7 (517.0)
Birthweight percentile 43.7 (29.7) 44.2 (29.1) 40.7 (30.5)
Small for gestational age (<10th centile) 35(16.1) 32 (14.9) 40 (20.7) -

Abbreviation: Bayley IlI, Bayley Scales of Infant and Toddler Development, 3rd edition.

aSocioeconomic status was defined as follows: low (never worked or unemployed for more than 2 years), medium

(secondary studies and work), and high (university studies and work).
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Table 2.

Effect of a Mediterranean Diet or Mindfulness-Based Stress Reduction During Pregnancy on Child Neurodevelopment - PMC

Bayley-III Scores for Children by Intervention Group (N = 626)

Bayley-III Mediterranean Stress Usual Mediterranean diet  Stress reduction vs
domain diet (n=218) reduction care (n= vsusual care usual care
(n=215) 193) Mean P Mean P

difference value difference value
(95% CI) (95% CI)

Cognitive 123.6 (17.8) 119.3 (19.6) 118.6 5.02 (1.52to .005 0.67 (-3.02 .72

composite (18.3) 8.53) to 4.38)

score, mean

(SD)

Cognitive score 2 (0.9) 8 (3.7) 7 (3.6) NA .06 NA .96

<85, No. (%)

Language 107.9 (19.2) 104.7 (17.7) 105.5 2.40 (-1.15 .18 -0.78 (-4.20 .65

composite (17.0) to 5.96) to 2.63)

score, mean

(SD)*

Language score 15 (6.9) 19 (8.9) 16 (8.5) NA .55 NA .86

<85, No. (%)?

Motor 113.3 (14.4) 113.4 (13.9) 114.7 -1.40 (-4.17 .31 -1.37 (-4.07 .32

composite (13.8) to 1.33) to 1.34)

score, mean

(SD)®

Motor score 0 1 (0.5) 3(1.6) NA .06 NA 27

<85, No. (%)

Social- 108.6 (22.0) 108.2 (24.0) 103.4 5.15(1.18t0 .01 4.75 (0.54to .02

emotional (18.5) 9.12) 8.85)

composite

score, mean

(SD)¢

Social- 24 (11.1) 23 (10.7) 28 (14.5) NA .30 NA .25

emotional score

<85, No. (%)°

Adaptive 94.8 (16.3) 93.0 (16.5) 94.0 0.82(-2.28 .60 -0.99 (-4.12 .53

composite (15.5) to 3.92) to 2.13)

score, mean

(sD)¢

Adaptive score 50 (23.1) 58 (26.9) 51(26.4) NA 44 NA .90

~or A~ roznd

Abbreviations: Bayley IlI, Bayley Scales of Infant and Toddler Development, 3rd edition; NA, not applicable.

an=620.
b =625.
‘n=624.
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