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IMPORTANCE Being born small for gestational age (SGA) is a leading cause of perinatal
morbidity and mortality with no effective prevention or therapy. Maternal suboptimal
nutrition and high stress levels have been associated with poor fetal growth and adverse
pregnancy outcomes.

OBJECTIVE To investigate whether structured interventions based on a Mediterranean diet or
mindfulness-based stress reduction (stress reduction) in high-risk pregnancies can reduce the
percentage of newborns who were born SGA and other adverse pregnancy outcomes.

DESIGN, SETTING, AND PARTICIPANTS Parallel-group randomized clinical trial conducted at a
university hospital in Barcelona, Spain, including 1221 individuals with singleton pregnancies
(19-23 weeks’ gestation) at high risk for SGA. Enrollment took place from February 1, 2017, to
October 10, 2019, with follow-up until delivery (final follow-up on March 1, 2020).

INTERVENTIONS Participants in the Mediterranean diet group (n = 407) received 2 hours
monthly of individual and group educational sessions and free provision of extra-virgin olive
oil and walnuts. Individuals in the stress reduction group (n = 407) underwent an 8-week
stress reduction program adapted for pregnancy, consisting of weekly 2.5-hour sessions and 1
full-day session. Individuals in the usual care group (n = 407) received pregnancy care per
institutional protocols.

MAIN OUTCOMES AND MEASURES The primary end point was the percentage of newborns
who were SGA at delivery, defined as birth weight below the 10th percentile. The secondary
end point was a composite adverse perinatal outcome (at least 1 of the following: preterm
birth, preeclampsia, perinatal mortality, severe SGA, neonatal acidosis, low Apgar score, or
presence of any major neonatal morbidity).

RESULTS Among the 1221 randomized individuals (median [IQR] age, 37 [34-40] years), 1184
(97%) completed the trial (392 individuals assigned to the Mediterranean diet group, 391 to
the stress reduction group, and 401 to the usual care group). SGA occurred in 88 newborns
(21.9%) in the control group, 55 (14.0%) in the Mediterranean diet group (odds ratio [OR],
0.58 [95% CI, 0.40-0.84]; risk difference [RD], −7.9 [95% CI, −13.6 to −2.6]; P = .004), and 61
(15.6%) in the stress reduction group (OR, 0.66 [95% CI, 0.46-0.94]; RD, −6.3 [95% CI, −11.8
to −0.9]; P = .02). The composite adverse perinatal outcome occurred in 105 newborns
(26.2%) in the control group, 73 (18.6%) in the Mediterranean diet group (OR, 0.64 [95% CI,
0.46-0.90]; RD, −7.6 [95% CI, −13.4 to −1.8]; P = .01), and 76 (19.5%) in the stress reduction
group (OR, 0.68 [95% CI, 0.49-0.95]; RD, −6.8 [95% CI, −12.6 to −0.3]; P = .02).

CONCLUSIONS AND RELEVANCE In this randomized trial conducted at a single institution in
Spain, treating pregnant individuals at high risk for SGA with a structured Mediterranean diet
or with mindfulness-based stress reduction, compared with usual care, significantly reduced
the percentage of newborns with birth weight below the 10th percentile. Due to important
study limitations, these findings should be considered preliminary and require replication, as
well as assessment in additional patient populations, before concluding that these treatments
should be recommended to patients.
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I nfants who are small for gestational age (SGA), defined as
birth weight below the 10th percentile, account for a large
proportion of perinatal mortality and morbidity and poor

neurodevelopment in children.1,2 There is currently no effec-
tive prevention or therapy for SGA. Maternal lifestyle factors,
including suboptimal nutrition and high levels of stress, may
be associated with SGA and other obstetric complications.3,4

This association is thought to potentially be mediated by ef-
fects on systemic and placental inflammation, oxidative stress,
and cellular senescence, all involved in the pathophysiology
of SGA.5 However, no randomized clinical trials have evalu-
ated the effect of interventions aimed at improving diet, re-
ducing stress, or both on preventing SGA.

Mediterranean diet interventions may reduce adverse
health outcomes, such as cardiovascular events, diabetes, cog-
nitive decline, and other inflammatory-based diseases.6,7 Two
randomized trials using Mediterranean diet in pregnant women
with obesity8 or “normal weight”9 reported significant reduc-
tions in the incidence of gestational diabetes. Although it was
not a primary end point, one of these studies also suggested
a reduction in the incidence of SGA.10

Mindfulness meditation and other mind-body therapies
have emerged as helpful adjuncts for stress-related diseases,
but there is limited evidence of their effects on objective health
outcomes.11 Mindfulness-based stress reduction (henceforth
referred to as stress reduction) is a structured program that has
been extensively used in medical research.12,13 In pregnancy,
small studies have reported that stress reduction was feasible
and associated with lower perceived stress and anxiety.14 How-
ever, no studies have evaluated the effect of stress reduction
on pregnancy outcomes.

This study evaluated whether structured lifestyle inter-
ventions based on either Mediterranean diet or stress reduc-
tion reduce the incidence of birth weight below the 10th per-
centile and adverse pregnancy outcomes in individuals at risk
for SGA.15

Methods
Trial Design
IMPACT BCN (Improving Mothers for a Better Prenatal Care
Trial Barcelona) was a parallel, unblinded, randomized clinical
trial conducted at BCNatal (Hospital Clínic and Hospital
Sant Joan de Déu), a large referral center for maternal-fetal and
neonatal medicine in Barcelona, Spain. Details of the trial de-
sign are provided in the protocol16 and available in Supplement 1
and the statistical analysis plan is provided in Supplement 2.
The protocol was approved by the Hospital Clínic institu-
tional review board (HCB-2016-0830). All individuals who
agreed to participate provided written informed consent be-
fore randomization.

Participant Selection
All individuals attending routine second trimester ultrasonog-
raphy scans from 19 weeks 0 days’ gestation through 23 weeks
6 days’ gestation were screened for eligibility under the Royal
College of Obstetricians and Gynaecologists criteria for being

at high risk of developing SGA during pregnancy,15 adapted with
minor modifications in an institutional clinical protocol
(eTable 1 in Supplement 3). Participants were recruited at this
time of gestation to allow standardized approach with the maxi-
mal information about risk factors, exclude most congenital
malformations and miscarriages, and focus the potential ef-
fects of the interventions in the second half of gestation. In-
clusion criteria were age 18 years or older, fluency in Spanish
language, singleton pregnancy, positive fetal heart rate at the
time of ultrasonography, and high risk of newborns with SGA
according to the adapted criteria of the Royal College of Ob-
stetricians and Gynaecologists for SGA15 (eTable 1 in Supple-
ment 3). Exclusion criteria were fetal anomalies, including chro-
mosomal abnormalities, structural malformations, and
congenital infections, detected prenatally; neonatal malfor-
mations or congenital anomalies diagnosed after birth; inabil-
ity to perform additional visits; participation in another trial;
and maternal intellectual disability or other mental or major
psychiatric disorders requiring therapy during pregnancy. Race
and ethnicity groups were recorded to describe the study popu-
lation, categorized by the participants from fixed categories
in a self-reported questionnaire, to have information about the
generalizability of the results of the trial.

Randomization
Participants were randomized in a 1:1:1 ratio to one of the 3
study groups: a Mediterranean diet supplemented with extra-
virgin olive oil and walnuts, a stress reduction program, or usual
care without any intervention (control group). Randomiza-
tion was performed immediately after the patient signed the
informed consent form using a web-based system and a
computer-generated random number. Details are provided in
Supplement 3.

Interventions and Measurements
The interventions were nonpharmacological and based on
counseling and behavioral training that was tested in previ-
ous studies.6,13

Key Points
Question Among pregnant individuals at high risk for
small-for-gestational age (SGA) newborns, is a Mediterranean diet
or mindfulness-based stress reduction effective in preventing SGA
at delivery?

Findings In this randomized clinical trial that included 1184
individuals with singleton pregnancies, the percentage of
newborns with birth weight below the 10th percentile was 14% in
the Mediterranean diet group and 15.6% in the mindfulness-based
stress reduction group, compared with 21.9% in the usual care
group; both interventions resulted in a significantly lower
percentage of SGA newborns compared with usual care.

Meaning Structured interventions based on a Mediterranean diet
or mindfulness-based stress reduction significantly reduced the
risk of SGA newborns in individuals at high risk for this condition;
however, the findings require replication, as well as assessment in
additional patient populations, before concluding that these
treatments should be recommended to patients.
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Mediterranean Diet Program
The dietary intervention, adapted from the PREDIMED trial,6

aimed to change the general dietary pattern rather than focus
on changes in single foods or macronutrients. All partici-
pants received olive oil (2 L every month) and 15 g of walnuts
per day (450 g every month) at no cost. Dietitians conducted
face-to-face interviews at enrollment and monthly until the
end of the intervention (34-36 weeks’ gestation). The partici-
pant received dietary training and personalized advice to in-
crease adherence to the Mediterranean diet (eTable 2 in Supple-
ment 3), including recipes, a quantitative 1-week shopping list
of food items according to the season of the year, and a weekly
plan of meals with detailed menus that were also available on
the trial website. Participants were encouraged to increase the
intake of whole grain cereals (≥5 servings/d); vegetables and
dairy products (≥3 servings/d); fresh fruit (≥2 servings/d); and
legumes, nuts, fish, and white meat (≥3 servings/week), as well
as olive oil use for cooking and dressings. To achieve a per-
sonalized goal, personal and individual recommendations were
introduced in the participant’s diet according to height, weight,
culture, and dietary preferences. A 151-item food frequency
questionnaire validated for this study population,17 a 7-day di-
etary journal, and a 17-item dietary assessment score (eTable 2
in Supplement 3) were used to assess baseline and final Medi-
terranean diet adherence. Two weeks after each face-to-face
visit, participants underwent telephone interviews. In addi-
tion, 4 monthly group sessions with up to 20 participants were
held to increase adherence. Physical activity was not pro-
moted and energy restriction was not specifically recom-
mended. Additional details of the intervention are provided
in Supplement 3.

Mindfulness-Based Stress Reduction Program
The stress reduction program was based on the program de-
scribed by Kabat-Zinn12 and later adopted by health institu-
tions and tested in clinical trials.13,18 The stress reduction pro-
gram was adapted for the pregnancy status of the participants;
otherwise, it was consistent with previously described stress
reduction programs for adults.18 Stress reduction instructors
all self-identified as women, shared several meditations fo-
cused on the participant’s relationship with the fetus, encour-
aged informal “being with the baby” practices, and taught
prenatal yoga positions. The 8-week program-structured in-
tervention included weekly 2.5-hour sessions, 1 full-day ses-
sion, and daily home practice. The stress reduction program
included formal and informal techniques, with the goal of
enhancing nonjudgmental present-focused awareness and
reducing rumination (dysregulated focus on the past) and
anxiety. The sessions included didactic presentations, formal
45-minute meditation practices with various mindfulness
meditations, mindful yoga, body awareness, and group dis-
cussion. Home practice was strongly encouraged and was rec-
ommended to consist of 45-minute daily formal practice
(eg, sitting and walking meditation, body scanning, yoga
stretching) and informal practice (eg, mindfulness of daily ac-
tivities, the 3-minute breathing space). The stress reduction
groups were composed of up to 25 participants and were led
by 4 experienced, certified stress reduction instructors who

met regularly to monitor and optimize program implementa-
tion with the senior coordinators of the intervention (E.V. and
A.M.). The instructors supported practice and were available
for individual counseling throughout the 8-week program.
A book and MP3s or CDs of formal meditations adapted to preg-
nancy were provided for home practice, as well as a hand-
book including several activities for each week of the stress re-
duction program. Participants could record their activities in
a logbook, answer questions regarding the content of the week,
and share what they had done in the next session. The trial
website provided additional material. Stress reduction prac-
tices were encouraged after completion of the 8-week stress
reduction period; instructors remained available and offered
extra weekly sections, including meditations/yoga and expe-
rience-sharing among participants. Additional details of the in-
tervention are provided in Supplement 3.

Control (Usual Care) Group
Pregnant individuals randomized to the usual care group re-
ceived usual pregnancy care as per institutional protocols.

Adherence to the Interventions
All individuals included in the trial had a baseline visit (19 to
23.6 weeks’ gestation) and a final visit (34 to 36 weeks’ gesta-
tion) with a dietitian to assess the 151-item food frequency
questionnaire,17 the 7-day dietary journal, and the 17-item di-
etary assessment (score range, 0-17) (eTable 2 in Supple-
ment 3). All participants also provided self-reported lifestyle
questionnaires to measure their anxiety and mindful state
(State-Trait Anxiety Inventory [STAI] anxiety and personality
scores, with anchors from “not at all” to “very much so” [range,
0-80]; Perceived Stress Scale, with anchors from “never” to
“very often” [range, score 0-40]; WHO Five Well Being In-
dex, with anchors from “all of the time” to “at no time” [score
range, 0-100]; and Five Facet Mindfulness Questionnaire
[FFMQ], with anchors from “always true” to “never” [score
range, 8-40 for the observation, description, awareness, and
nonjudgmental facets and 7-35 for nonreactivity facet]). Spe-
cific details are provided in Supplement 3.

A high adherence to the Mediterranean diet intervention
was defined as an improvement of at least 3 points in the
final score of the 17-item dietary screener compared with the
baseline score. Adherence to the stress reduction interven-
tion was considered high if at least 6 of 9 stress reduction ses-
sions were attended.

Aside from the study interventions, the 3 study groups re-
ceived the same pregnancy care, including follow-up by
maternal-fetal specialists, according to institutional guide-
lines. Study investigators did not participate in the clinical care
of trial participants.

Outcomes
The prespecified primary end point was the percentage of
newborns who were SGA at birth, defined as birth weight
below the 10th percentile for gestational age19 according to
local standards.20

The prespecified secondary end point was the percent-
age of newborns with adverse perinatal outcome, defined as
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a composite of either preterm birth less than 37 weeks’ gesta-
tion, preeclampsia, perinatal mortality, severe SGA (birth
weight below the third percentile), neonatal acidosis, Apgar
score below 7 at 5 minutes, or the presence of any major neo-
natal morbidity. Major neonatal morbidity was defined as the
presence of intraventricular hemorrhage grade III/IV, necro-
tizing enterocolitis, periventricular leukomalacia, sepsis, bron-
chopulmonary dysplasia, or hypoxic-ischemic encephalopa-
thy. Details on definitions for secondary composite outcome
components are provided in Supplement 3. Other preestab-
lished secondary end points were Bayley-III score, blood pres-
sure, and heart rate evaluated at 2 years of corrected postna-
tal age. Collection of outcomes related to infants at 2 years of
postnatal age is ongoing.

A prespecified subgroup analysis was designed to assess the
influence of several baseline variables in relation with the pri-
mary end point in each of the intervention groups (Mediterra-
nean diet or stress reduction) vs the usual care group as fol-
lows: maternal age 40 years or younger/older than 40 years;
White/not White; low/high socioeconomic status; prepreg-
nancy body mass index (BMI; calculated as weight in kilo-
grams divided by height in meters squared) less than 30/
greater than or equal to 30; chronic hypertension; diabetes;
parity (multiparous/nulliparous); use of assisted reproductive
technology; previous adverse obstetrical history; high risk of pre-
eclampsia; smoking during pregnancy; yoga/relaxation during
pregnancy; and baseline high/low total Mediterranean diet score.

Additionally, other prespecified exploratory outcomes
(perinatal and neonatal data, questionnaires, and biomark-
ers) were evaluated and are listed in Supplement 3.

Several prespecified biomarkers were evaluated in a
subsample of randomly selected participants (30%) to assess
the biological effects of the interventions. In 140 partici-
pants from each study group, plasma oleic, α-linoleic, and
α-linolenic acids (biomarkers of walnut consumption)
and urinary hydroxytyrosol metabolites (biomarkers of olive
oil consumption) were measured at the baseline visit and a
final visit. In 50 to 60 participants from each study group (ex-
cluding those receiving corticosteroid treatment), the
24-hour urinary cortisone/cortisol ratio (estimating the activ-
ity of 11β-hydroxysteroid dehydrogenase type 2) was mea-
sured at the baseline and final visits.

All end point–related medical records were examined by
trained research staff members blinded to the intervention
received.

Sample Size Calculation
The study was powered for the primary outcome of SGA. As-
suming that 30% of individuals would give birth to newborns
affected by SGA,15 it was hypothesized that the Mediterranean
diet or stress reduction program could reduce the incidence of
SGA by 30%, which corresponds to a 9% absolute risk differ-
ence. The 30% relative reduction in the primary outcome was
set as a likely observed effect, based on expert opinions of the
members of the steering committee and other maternal-fetal
specialists at the hospital.21 Assuming a type I error of 5% and
aiming for a power of 80%, the sample size estimate for the pri-
mary outcome was 1101 participants (367 per study group).

The required sample size was also calculated for the sec-
ondary composite adverse perinatal outcome. It was assumed
that an adverse perinatal outcome would occur in 15% of the
participants22,23 and that the interventions could reduce this per-
centage by 50%, which corresponds to an 8% absolute risk dif-
ference. Assuming a type I error of 5% and aiming for a power
of 80%, the sample size estimate for the secondary outcome was
1218 participants (406 per group).

The larger sample size estimate of 1218 was adopted as the
trial’s enrollment target. Differences in the primary outcome
were prespecified as confirmatory, while the findings on the
secondary end points should be interpreted as exploratory.

Statistical Analysis
In the full analysis set, participants were analyzed according
to their randomization group, excluding those who withdrew
consent for participation in the trial and those whose fetuses/
neonates had a malformation diagnosed during pregnancy or
in the postnatal period from analysis.

One interim analysis was performed at 50% sample re-
cruitment using the O’Brien-Fleming approach. Members of
the data monitoring committee, but not any investigator of the
trial, were informed about the interim analysis. The 1-sided α
to indicate statistical significance adjusted at the nominal level
was .0015 (2-sided α = .0031) at the interim analysis and .0245
(2-sided α = .0490) at the final analysis. The primary end point,
the percentage of newborns with a birth weight below the 10th
percentile, was analyzed and compared between groups using
generalized linear models for binary response with an unad-
justed model (1 for each intervention group); intervention ef-
fects were reported using odds ratios (ORs) with 95% CIs. Sta-
tistical significance was computed using the Wald test.

Hochberg adjustment for multiple comparisons was ap-
plied to the primary end point of each intervention group
(Mediterranean diet or stress reduction) vs the usual care group.
The P values for comparisons were put into descending or-
der: if the highest P value was lower than the threshold (.0490),
the study would be interpreted as positive for each interven-
tion group vs no intervention; if the highest P value was higher
than the threshold (.0490), the study would be interpreted as
null for this study group and the next P value would need to
be lower than .0245 (.0490/2) to conclude that there was a posi-
tive comparison of one of the intervention groups vs no inter-
vention. For the main variable, missing data were imputed
using the worst-case strategy.

For the analyses of the secondary end point, a logistic
regression model was used; no imputations of missing data
and no α adjustments were made; all secondary statistical
tests were applied with a 2-sided significance level of .05.
Because of the potential for type I error due to multiple com-
parisons, findings on the secondary end point should be
interpreted as exploratory.

Primary and secondary end points were also evaluated in
the full analysis set (as previously defined but without the
exclusion of fetal/neonatal malformation) and the per-
protocol analysis (ie, excluding those individuals without
high adherence to the intervention: improvement from base-
line to final score <3 points for the Mediterranean diet group
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and attendance to less than 6 of 9 class sessions for the stress
reduction group).

The subgroup analysis was performed according to a lo-
gistic regression model to test the intervention and subgroup
interaction (including subgroup, intervention, and interven-
tion × subgroup as fixed effects in the model). The subgroup
analyses should be interpreted as exploratory.

All other efficacy variables defined as exploratory out-
comes in this study (described in Supplement 3) were ana-
lyzed as follows: χ2 test was used for categorical variables and
analysis of variance or analysis of covariance with baseline ad-
justment were used for continuous variables.

Details of the statistical analyses are provided in the sta-
tistical analysis plan in Supplement 2. The statistical soft-
ware R, version 4.0.3 (R Foundation), and SPSS, version 26
(IBM), were used for data analyses.

Results
Baseline Characteristics
From February 2017 to October 2019, a total of 2186 pregnant
individuals who attended second trimester ultrasonography
scans were considered eligible for study inclusion. However,
965 of these individuals (44%) were excluded from recruit-
ment to the trial because they did not fulfill the inclusion cri-
teria, met at least 1 of the exclusion criteria, or declined to par-
ticipate (Figure 1; eTable 3 in Supplement 3). Of the 1221
participants (median age, 37 [IQR, 34-40] years) who under-
went randomization, 27 (2.2%) withdrew consent and 10 (0.8%)
were excluded for a fetal/neonatal malformation diagnosed af-
ter randomization. Two participants were lost to follow-up.
Study groups were similar with regard to baseline character-
istics (Table 1; eTable 4 in Supplement 3).

Primary End Point
SGA occurred in 88 of 401 participants (21.9%) in the control
group compared with 55 of 392 (14%) in the Mediterranean diet
group (odds ratio [OR], 0.58 [95% CI, 0.40 to 0.84]; risk dif-
ference, −7.9 [95% CI, −13.6 to −2.6]; P = .004) and 61 of 391
(15.6%) in the stress reduction group (OR, 0.66 [95% CI, 0.46
to 0.94]; risk difference, −6.3 [95% CI, −11.8 to −0.9]; P = .023)
(Table 2; eTable 5 in Supplement 3). The probabilities of SGA
at birth by study group are shown in Figure 2 and eFigure 1 in
Supplement 3. The results of the analysis of the full analysis
set with the inclusion of those neonates with a malformation
diagnosed after randomization is shown in eFigure 2 and
eTable 6 in Supplement 3.

Secondary End Point
The composite adverse perinatal outcome occurred in 105 of
400 participants (26.2%) in the control group compared with
73 of 392 (18.6%) in the Mediterranean diet group (OR, 0.64
[95% CI, 0.46 to 0.90]; risk difference, −7.6 [95% CI, −13.4 to
−1.8]; P = .01) and 76 of 390 (19.5%) in the stress reduction
group (OR, 0.68 [95% CI, 0.49 to 0.95]; risk difference, −6.8
[95% CI, −12.6 to −0.3]; P = .02). Details regarding the com-
ponents of the adverse perinatal outcome are provided in
Table 2 and eTable 5 in Supplement 3. The results of the analy-
sis of the full analysis set with the inclusion of those neonates
with a malformation diagnosed after randomization are shown
in eFigure 2 and eTable 6 in Supplement 3.

Subgroup Analyses
Baseline subgroup analyses of the primary outcome showed
no significant differences in most outcomes (all P values for
interaction >.05), with the exception of smoking during
pregnancy (P value for interaction = .01) (eFigure 3 in
Supplement 3).

Figure 1. Flow of Participants in a Study of the Effects of Mediterranean Diet or Mindfulness-Based
Stress Reduction on Prevention of Small-for-Gestational Age Birth Weights

2186 Women eligible (among general
obstetric population of 7686) 

1221 Underwent randomization

407 Randomized to the
Mediterranean diet group

392 Included in the analysis 391 Included in the analysis 401 Included in the analysis

407 Randomized to the stress
reduction group

407 Randomized to the usual
care group

965 Excluded 
357 Could not attend additional visits

36 Fetal malformations

317 Declined to participate
192 Did not meet inclusion criteria

Major psychiatric disorder
36 Participated in another trial
27

15 Excluded 
12 Withdrew consent
3  Malformations

16 Excluded 
12 Withdrew consent
4  Malformations

6 Excluded 
3 Withdrew consent
3  Malformations

Participants who withdrew consent
delivered at between 33 and 40
weeks’ gestation.
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Exploratory Outcomes
Details regarding the exploratory outcomes (perinatal and
neonatal data) are reported in eTable 7 and eFigure 4 in
Supplement 3.

Adherence to the Mediterranean Diet Intervention
Participants in the 3 study groups reported similar baseline pat-
terns of food and nutrient intake (eTables 8-10 in Supple-
ment 3). At the final assessment, significant differences in the
foods and nutrients were observed in the 151-item food fre-
quency questionnaire and mean (SE) final score of the 17-
item dietary assessment, which increased significantly for the
Mediterranean diet group (12 [0.12]), while no significant dif-
ferences were observed in mean (SE) scores in the other groups
(usual care: 7.8 [0.12]; stress reduction: 8.0 [0.12]) (eTables 8-10
in Supplement 3). In the Mediterranean group, the mean (SD)

visit attendance throughout the intervention was 3.2 (1.3), and
350 participants (89.3%) attended baseline and final visits. The
mean (SD) number of monthly group sessions attended was
1.8 (1.2) by a mean of 140 participants (38%). High adherence
(increase of 3 or more points in the 17-item dietary assess-
ment score) was observed in 243 of 392 participants (62%).
Primary and secondary end points for participants with high
adherence to Mediterranean diet intervention (eFigure 5 in
Supplement 3) are reported in eTables 11 and 12 in Supple-
ment 3. No relevant diet-related adverse events were re-
ported (see Supplement 3).

Adherence to the Stress Reduction Intervention
The 3 study groups showed similar baseline scores on life-
style and well-being questionnaires (eTable 13 in Supple-
ment 3). At the end of the intervention, participants in the stress

Table 1. Baseline Characteristics of Participants in a Study of the Effects of Mediterranean Diet
or Mindfulness-Based Stress Reduction on Prevention of Small-for-Gestational Age (SGA) Birth Weights

Characteristic

No. (%)
Mediterranean diet
(n = 392)

Stress reduction
(n = 391)

Usual care
(n = 401)

Age, median (IQR), y 37.2 (34.5-40.4) 37.6 (33.9-40.4) 37 (33.2-40.5)

Race and ethnicitya

Asian 8 (2) 6 (1.5) 8 (2)

Black 8 (2) 7 (1.8) 7 (1.7)

Latin American 54 (13.8) 67 (17.1) 61 (15.2)

Maghreb 8 (2) 10 (2.6) 9 (2.2)

White 314 (80.1) 301 (77) 316 (78.8)

Socioeconomic statusb

High 234 (59.7) 214 (54.7) 229 (57.1)

Medium 138 (35.2) 146 (37.3) 143 (35.7)

Low 20 (5.1) 31 (7.9) 29 (7.2)

BMI before pregnancy, mean 24 (4.8) 24 (5) 23.9 (4.8)

Previous medical condition 173 (44.1) 183 (46.8) 174 (43.4)

Autoimmune disease 59 (15.1) 53 (13.6) 70 (17.5)

Obesityc 47 (12) 48 (12.3) 46 (11.5)

Thyroid disorder 46 (11.7) 54 (13.8) 34 (8.5)

Diabetes 21 (5.4) 20 (5.1) 16 (4)

Minor psychiatric disorderd 13 (3.3) 19 (4.9) 19 (4.7)

Chronic hypertension 12 (3.1) 13 (3.3) 21 (5.2)

Chronic kidney disease 8 (2) 9 (2.3) 8 (2)

Obstetric adverse history 92 (23.5) 79 (20.2) 87 (21.7)

Previous SGA birth 69 (17.6) 57 (14.6) 72 (18)

Previous preterm birth 27 (6.9) 19 (4.9) 22 (5.5)

Previous preeclampsia 26 (6.6) 21 (5.4) 21 (5.2)

Previous stillbirth 14 (3.6) 8 (2) 7 (1.7)

Nulliparous 215 (54.8) 228 (58.3) 231 (57.6)

Use of assisted reproductive technologies 98 (25) 97 (24.8) 102 (25.4)

During pregnancy

Cigarette smoking 27 (6.9) 31 (7.9) 38 (9.5)

Alcohol intake 4 (1) 5 (1.3) 9 (2.2)

Drug consumption 3 (0.8) 1 (0.8) 1 (0.2)

Sports practice 74 (18.9) 84 (21.5) 79 (19.7)

Yoga or Pilates 66 (16.8) 58 (14.8) 74 (18.5)

Gestational age at randomization, mean (SD), wk 21.2 (0.7) 21.3 (0.7) 21.2 (0.7)

a Race and ethnicity were
self-reported by the participants.

b Socioeconomic status was defined
as low if participants reported
having never worked or being
unemployed for more than 2 years
and having a partner with
unqualified work or who was
unemployed; high if they reported
university studies regardless of
whether they were working; and
medium if any other situations.

c Obesity was defined as body mass
index (BMI; calculated as weight in
kilograms divided by height in
meters squared) greater than 30.

d Defined as disorders without
treatment during pregnancy, either
because they were minor disorders
or were not active during
pregnancy.
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reduction group had significantly lower anxiety scores (mean
[SE] STAI anxiety score, 12.6 [0.34]; mean [SE] STAI person-
ality score, 13.7 [0.3]; eTable 13 in Supplement 3) and signifi-
cantly higher mean (SE) scores on the well-being and mindful
state–related questionnaires (WHO Five Well Being Index score,
67.2 [0.71]; FFMQ observation score, 27.7 [0.29]; FFMQ de-
scription score, 32.7 [0.24]; FFMQ awareness score, 30.8 [0.33];
FFMQ nonjudgmental score, 31.3 [0.25]; FFMQ nonreactivity
score, 25 [0.22]; eTable 13 in Supplement 3) compared with the
usual care group. The median (IQR) number of sessions
attended was 6 (1-7). High adherence to the stress reduction
intervention was recorded in 198 of 391 participants (50.6%).
Primary and secondary end points for participants with high
adherence to the stress reduction intervention (eFigure 5 in
Supplement 3) are reported in eTable 11 in Supplement 3.
No relevant mindfulness-related adverse event was reported
(see Supplement 3).

Biological Effects of the Interventions
Baseline levels of blood biomarkers of walnuts and urinary bio-
markers of extra-virgin olive oil intake in 434 participants were
similar in all study groups but were significantly increased by
the end of the intervention in the Mediterranean diet group
(eg, mean [SE] α-linolenic acid of 0.53 [0.02], mean [SE] hy-
droxytyrosol of 1.75 [0.23]) compared with the same group at
baseline and with the usual care group, as reported in eTable 14
and eFigures 6 to 8 in Supplement 3.

The baseline 24-hour urinary cortisone/cortisol ratio in 162
participants was similar in all groups but was significantly in-
creased at the end of the intervention in the stress reduction
group (mean [SD] of 1.83 [0.1]) compared with the same group

at baseline and with the usual care group, as shown in eTable 14
and eFigure 9 in Supplement 3.

Discussion
In this randomized clinical trial that involved pregnant indi-
viduals at high risk for delivering newborns SGA, interven-
tions based on Mediterranean diet or stress reduction, com-
pared with usual pregnancy care, were associated with a
reduction in the percentage of newborns who were born SGA,
defined as birth weight below the 10th percentile.

Most studies on nutritional strategies in high-income set-
tings have failed to show effects on SGA. A 2018 review24 iden-
tified 70 randomized trials evaluating omega-3 addition in preg-
nancy that showed little or no difference in frequency of SGA.
A substantial number of studies have evaluated associations
between dietary patterns and birth weight,3 but only a few were
randomized trials. A clinical trial25 of 290 healthy pregnan-
cies reported that a cholesterol-lowering diet resulted in simi-
lar percentages of SGA as control participants. More recently,
2 randomized trials evaluated the effects of a supervised
Mediterranean diet intervention on pregnancy outcomes.8,9

The Esteem trial8 used a Mediterranean diet from 18 weeks’
gestation in 1252 pregnant individuals with obesity, chronic hy-
pertension, or hypertriglyceridemia, observing no differ-
ences in SGA. The percentages of participants with BMI greater
than 30 was 69.5% compared with 12% in the present study.
The St Carlos trial9 evaluated the effects of Mediterranean diet
on gestational diabetes in 874 low-risk participants with a low
BMI from 8 to 12 weeks’ gestation. A 2019 subanalysis of this

Table 2. End Points According to Trial Group in a Study of the Effects of Mediterranean Diet or Mindfulness-Based Stress Reduction on Prevention
of Small-for-Gestational Age (SGA) Birth Weights

Outcome

No. (%) Mediterranean diet vs usual care Stress reduction vs usual care
Mediterranean
diet

Stress
reduction Usual care

Risk difference
(95% CI) P valuea

Risk difference
(95% CI) P valuea

Primary end point

SGA 55 (14) 61 (15.6) 88 (21.9) −7.9 (−13.6 to −2.6) .004 −6.3 (−11.8 to −0.9) .02

Secondary composite end point

Adverse perinatal outcomeb 73 (18.6) 76 (19.5) 105 (26.2) −7.6 (−13.4 to −1.8) .01 −6.8 (−12.6 to −0.3) .02

Preterm birth 24 (6.1) 26 (6.7) 29 (7.3) −1.1 (−4.6 to 2.4) .53 −0.6 (−4.1 to 3.0) .75

Preeclampsia 22 (5.6) 24 (6.2) 37 (9.3) −3.6 (−7.3 to 0.0) .05 −3.1 (−6.8 to 0.6) .11

Severe SGA 20 (5.1) 19 (4.9) 39 (9.8) −4.7 (−8.3 to −1.0) .01 −4.9 (−8.5 to −1.3) .01

Perinatal death 0 1 (0.3) 6 (1.5) −1.5 (−2.7 to −0.3) .03 −1.2 (−2.5 to 0.1) .12

Neonatal metabolic acidosisc 25 (6.5) 26 (6.8) 30 (7.7) −1.2 (−4.9 to 2.4) .50 −0.9 (−4.6 to 2.8) .64

Major neonatal morbidity 9 (2.3) 6 (1.5) 8 (2) 0.3 (−1.7 to 2.3) .78 −0.5 (−2.3 to 1.4) .62

Combination end point

Severe SGA and/or preeclampsia 37 (9.4) 38 (9.7) 69 (17.2) −7.8 (−12.5 to −3.1) .002 −7.5 (−12.2 to −2.8) .002

Severe SGA and/or preeclampsia
and/or perinatal death

37 (9.4) 38 (9.7) 70 (17.5) −8.1 (−12.8 to −3.4) .001 −7.8 (−12.5 to −3.0) .002

Severe SGA and/or preeclampsia
and/or perinatal death and/or preterm birth

55 (14.0) 55 (14.1) 86 (21.5) −7.5 (−12.8 to −2.2) .007 −7.4 (−12.7 to −2.1) .007

a P values refer to logistic regression analysis.
b Missing data of 2 pregnancies (1 in the usual care group and 1 in the stress

reduction group), imputed just for primary end point (n = 1182 [400 in the
usual care group and 390 in the stress reduction group]).

c Data available for 1156 pregnancies (389 in the usual care group, 386 in the
Mediterranean diet group, and 381 in the stress reduction group).
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study10 reported a statistically significant reduction in SGA
(1.2% vs 5.7% in control participants; P < .001). Some differ-
ences may explain the positive findings of the present study
in comparison with others. First, it was designed and pow-
ered to address a difference in SGA and conducted in individu-
als at risk. Second, it used a structured and supervised Medi-
terranean diet intervention that was associated with significant
changes in objective biomarkers of olive oil and walnut in-
take. Mediterranean diet pattern has been associated with an-
tioxidative and anti-inflammatory properties.26,27 Because SGA
is associated with increased placental inflammation, oxida-
tive stress, and aging, the results might be biologically re-
lated to the effects of the Mediterranean diet. Third, the study
sample was predominantly composed of White individuals
with low BMI and middle to high socioeconomic status, who
may respond to the intervention tested while others do not.

To our knowledge, this is the first evidence that a cogni-
tive intervention might improve pregnancy outcomes. Stress
reduction is a plausible mechanism for the study findings. Ma-
ternal stress levels have been associated with increased SGA28

and higher levels of cortisol and proinflammatory cytokines.29

Increased inflammation, oxidative stress, and placental ag-
ing are pathogenic mechanisms involved in SGA.5 In-line with
previous studies in pregnant30 and nonpregnant adults,31,32 the
stress reduction program was associated with improvements
in anxiety and well-being scales and with increased esti-
mated activity of a cortisol-deactivating enzyme compared
with the other study groups.

SGA is considered a surrogate of fetal growth restriction
and is a key target of global health policies. It is associated
with stillbirth1 and neonatal mortality and has neurologic33 and
cardiometabolic34 long-term consequences into infancy

Figure 2. Scatterplots of Birth Weight vs Gestational Age at Delivery in Each Study Group
With Jitter Random Noise to Avoid Overlaps
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and adulthood. Additionally, severe SGA (ie, birth weight be-
low the third percentile), which has been estimated to ac-
count for approximately two-thirds of all fetal deaths35 among
growth-restricted newborns, was reduced in this study. In the
long term, a mean 100-g increase in birth weight as observed
in this study has been associated with a 7% reduction in the
likelihood of developing diabetes during adulthood.36 Medi-
terranean diet and stress reduction were also associated with
a significant decrease in the composite adverse outcome that
included the main obstetric complications (ie, preeclampsia,
preterm birth, and stillbirth).37 The study was not powered to
detect differences in the individual components of the com-
posite adverse outcome.

Limitations
The study has several limitations. First, the biological basis of
the study hypotheses and results is speculative. Second, the
effect size in the control group was smaller than anticipated.
Third, there were some baseline imbalances in prognostic char-
acteristics. There is the potential that the findings, in part, re-
flect a relatively worse outcome in the control group rather than
beneficial effects in the intervention groups; however, the prog-
nostic direction of the imbalances was not consistent. Fourth,
the excess number of early births in the control group clus-
tered extremely early in the intervention period, raising a ques-
tion of whether the observed differences were due to the in-
tervention or represent a chance outcome.

Fifth, cross-effects may have occurred between the inter-
vention groups: a healthier diet may have improved mental
well-being and vice versa. However, changes in oil metabo-
lites were small in the stress reduction group and changes in
anxiety/well-being levels were small in the Mediterranean diet
group. Sixth, there was a lack of an attention control to en-

sure that control participants had the same number of visits
and same amount of personal interaction as the intervention
groups. Seventh, there were small differences in the number
of participants responding to well-being questionnaires that
may have caused attrition bias.

Eighth, the study was conducted in individuals with high-
risk pregnancies and the interventions started in mid-
pregnancy. Further research is required to ascertain the ef-
fects of these interventions in all pregnant individuals and
starting earlier in pregnancy. Ninth, the study was conducted
in a high-resource setting, and the findings may not be repli-
cable in other settings. Tenth, the population had a low pro-
portion of obesity, gestational diabetes, and large-for-
gestational-age newborns. As suggested by this and previous
studies,24,38 the interventions tested might not be effective in
patients with obesity or metabolic conditions.

In aggregate, given these limitations these findings should
be considered preliminary unless and until they are repli-
cated, including in more diverse populations.

Conclusions
In this randomized trial conducted at a single institution in
Spain, treating pregnant individuals at high risk for SGA with
structured Mediterranean diet or with mindfulness-based
stress reduction, compared with usual care, significantly re-
duced the percentage of newborns with birth weight below the
10th percentile. Due to important study limitations, these find-
ings should be considered preliminary and require replica-
tion, as well as assessment in additional patient populations,
before concluding that these treatments should be recom-
mended to patients.
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