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1 | INTRODUCTION

diet, Mindfulness-based Stress reduction or non-intervention—has demonstrated a
positive effect of Mediterranean diet and Stress reduction in the prevention of SGA.
However, the mechanism of action of these interventions remains still unclear. The
aim of this study is to investigate the effect of Mediterranean diet and Stress reduc-
tion on placental volume and perfusion.

Material and Methods: Participants in the Mediterranean diet group received
monthly individual and group educational sessions, and free provision of extra-virgin
olive oil and walnuts. Women in the Stress reduction group underwent an 8-week
Stress reduction program adapted for pregnancy, consisting of weekly 2.5-h and one
full-day sessions. Non-intervention group was based on usual care. Placental volume
and perfusion were assessed in a subgroup of randomly selected women (n=165)
using magnetic resonance (MR) at 36-week gestation. Small placental volume was
defined as MR estimated volume <10th centile. Perfusion was assessed by intravoxel
incoherent motion.

Results: While mean MR placental volume was similar among the study groups, both
interventions were associated with a lower prevalence of small placental volume (3.9%
Mediterranean diet and 5% stress reduction vs. 17% non-intervention; p=0.03 and
p=0.04, respectively). Logistic regression showed that small placental volume was
significantly associated with higher risk of SGA in both study groups (OR 7.48 [1.99-
28.09] in Mediterranean diet and 20.44 [5.13-81.4] in Stress reduction). Mediation
analysis showed that the effect of Mediterranean diet on SGA can be decomposed by
a direct effect and an indirect effect (56.6%) mediated by a small placental volume.
Similarly, the effect of Stress reduction on SGA is partially mediated (45.3%) by a small
placental volume. Results on placental intravoxel incoherent motion perfusion frac-
tion and diffusion coefficient were similar among the study groups.

Conclusions: Structured interventions during pregnancy based on Mediterranean diet
or Stress reduction are associated with a lower proportion of small placentas, which is
consistent with the previously observed beneficial effects of these interventions on

fetal growth.

KEYWORDS
fetal growth restriction, intrauterine growth restriction, magnetic resonance, Mediterranean
diet, Mindfulness, placenta, placental insufficiency, placental MR, prenatal, stress reduction

Key message

Infants born small for gestational age (SGA) represent 7%-10% of
all newborns! representing a leading cause of stillbirth, neonatal
mortality, and both short- and long-term cardiovascular, metabolic
and neurodevelopmental sequelae.2'3 Most SGA cases are related
to placental dysfunction.*® As oxygen and nutrient availability is
crucial for fetal development, abnormal placentation and altered
uteroplacental circulation may impair fetal growth and lead to SGA.¢
Given the lack of treatment to reverse its course, preventive strate-
gies and timely diagnosis represent vital aspects of SGA manage-
ment. IMPACT BCN, a recent randomized clinical trial by Crovetto

| 7.8

et al.”® involving 1221 high-risk pregnancies, demonstrated that the

This study shows a positive effect of Mediterranean diet
and Stress reduction during pregnancy on placental vol-
ume which could be partially mediating these interven-
tions' effect on reduced proportion of small for gestational
age newborns observed in the IMPACT BCN trial.

proportion of SGA newborns is significantly reduced by structured
maternal Mediterranean diet and Mindfulness-based Stress reduc-
tion interventions during pregnancy, when compared to usual care.
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These findings are of remarkable clinical significance even though
the mechanism of action of these interventions is still to be eluci-
dated. Given the utmost importance of placenta in fetal growth, we
hypothesized that placental size could mediate the observed effect
of these interventions on the incidence of SGA.

Over the last years, magnetic resonance (MR) imaging has
emerged as an adjuvant technique for precise assessment of pla-
cental volume since it is characterized by low operator dependence,
large field of view (FOV), and high tissue resolution.”*° Apart from
an accurate estimation of placental volume, novel MR sequences

could determine placental perfusion and diffusion mapping?4*

pro-
viding advantageous tools for the early detection of placental dys-
function. Indeed, placental MR allows for objective quantification of
placental function and elucidation of the complex mechanisms un-
derlying the development of fetal growth restriction, preeclampsia,
and other placenta-related pathologies such as placental confined
mosaicism. 124

The aim of this study was to investigate the effect of maternal
Mediterranean diet and stress reduction interventions during preg-

nancy on placental volume and perfusion assessed by MR.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

This study is a secondary analysis of the IMPACT BCN trial
(Improving Mothers for a better PrenAtal Care Trial BarCeloNa).”®
IMPACT BCN was a parallel, randomized clinical trial conducted at
BCNatal (Hospital Clinic and Hospital Sant Joan de Déu), a large re-
ferral center for maternal-fetal and neonatal medicine in Barcelona,
Spain. The study was conducted from 2017 to 2020, including

1221 pregnant women at high risk for SGA (defined as birthweight
below the 10th centile) randomly allocated at 19- to 23-week
gestation into three groups (1:1:1 ratio): a nutritional interven-
tion based on Mediterranean diet, a Stress reduction intervention
based on Mindfulness, or a usual care group without any interven-
tion (Figure 1). The study design and interventions are described
elsewhere.”® In brief, participants in the Mediterranean diet group
received monthly individual and group educational sessions, and
free supplementation of extra-virgin olive oil and walnuts. Women
in the Stress reduction group underwent an 8-week Mindfulness-
based program adapted for pregnancy, consisting of weekly 2.5-h
and one full-day sessions. Participants who were randomized to the
usual care group received usual pregnancy care following institu-
tional protocols. At baseline (19- to 23-week gestation) and the final
(34-36 weeks) evaluation, maternal adherence to interventions was
assessed by a 17-item dietary score (Mediterranean diet score’) and

1516 measured in maternal 24-h urine.” The

cortisone/cortisol ratio
study protocol and the main outcomes (prevalence of SGA and ad-
verse perinatal outcome) of this trial have been previously published
elsewhere.”®

For the purpose of the present study, a subgroup of randomly se-
lected participants from the three study groups (n=196) underwent
an MR during the third trimester of pregnancy to assess placental
volume and function. Small placental volume was defined as MR es-
timated volume below the 10th centile. Placental perfusion was as-
sessed using intravoxel incoherent motion (IVIM). Placental volume
is known to be an important determinant of birthweight and fetal
growth,’” and IVIM has been assessed in several studies demon-
strating low placental perfusion in fetal growth restriction.?8-20
Thus, considering the significant reduction of the SGA prevalence in
the intervention groups of IMPACT BCN trial, we expected that these

interventions may have improved placental volume and perfusion.

1221 Randomized

y A,

A4

407 Assigned to Mediterranean diet group

407 Assigned to Stress reduction group

407 Assigned to usual care group

v v

!

| 117 Randomly approached for MR study | |

116 Randomly approached for MR study | |

117 Randomly approached for MR study |

2 Gave birth before planned MR date

A4 A,

> 51 Declined to participate >

47 Declined to participate » 49 Declined to participate
3 Gave birth before planned MR date 2 Gave birth before planned MR date

A

| 64 underwent placental MR |

| 66 underwent placental MR |

| 66 underwent placental MR |

—b| 12 excluded due to MR quality |

A

—D| 6 excluded due to MR quality

—.| 13 excluded due to MR quality |

A 4

| 52 Included in the placenta analysis |

| 60 Included in the placenta analysis |

| 53 Included in the placenta analysis |

FIGURE 1 Flowchart of the study population undergoing placental magnetic resonance (MR).
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The inclusion criteria for MR recruitment were those individuals
who participated in the IMPACT BCN trial and did not have any MR
contraindications, such as claustrophobia and metallic implants and
devices.

The Institutional Review Board of the Hospital Clinic of Barcelona
approved the study (HCB-2016-0830) on December 16, 2016. All
participants provided written informed consent on the day of MR

procedure.

2.2 | Placental MR acquisition

Between 33- and 39-week gestation, participants randomly se-
lected underwent a 3.0 T MR scanner using an eight-channel
body array radiofrequency coil without fetal sedation following
the American College of Radiology guidelines for pregnancy.21
Participants were allowed to choose their positions, either a su-
pine, a slightly tilted left decubital position, or a sided position.
Single-shot fast spin-echo T2-weighted sequences and diffusion-
weighted echo-planner imaging sequence were achieved in one
of two hospitals (Hospital San Joan de Déu and Hospital Clinic)
with Philips Ingenia or Siemens MR MAGNETOM Vida scanner.
MR examiners were blinded to the IMPACT BCN trial group and
to SGA status. The T2-weighted sequence was performed from
the fundus to the cervix of the uterus to assure the whole pla-
centa was included. For the diffusion-weighted images, the um-
bilical cord insertion area was detected by a trained researcher,
then the diffusion-weighted echo-planner imaging sequence was
performed close to the cord insertion slice. The parameters used
in the T2-weighted sequence for each machine were as follows: (1)
Philips: repetition time (TR) 1330 ms, echo time (TE) 150ms, FOV
400x400mm, slice thickness 3mm, voxel spacing 0.78 x0.78 mm,
no interslice-slice gap; (2) Siemens: TR 1220ms, TE 150ms, FOV
420x420mm, slice thickness 3mm, voxel spacing 0.7 x0.7mm,
no interslice-slice gap. The parameters used in the IVIM for each
machine were as follows: (1) Philips: TR 5500 ms, TE 76 ms, FOV
343 x 343 mm, slice thickness 4 mm, voxel spacing 0.98 x0.98 mm,
with 4 b-values (0, 300, 450, 600 s/mm?); Siemens: TR 4500 ms, TE
84 ms, FOV 350x 350 mm, slice thickness 3.4 mm, voxel spacing
3.4x3.4mm, with 12 b-values (0, 10, 20, 30, 40, 50, 80, 100, 200,
400, 800, and 1000s/mm?).

2.3 | Placental MR image processing

The placental volume was assessed with the software Image) Fiji®,
by delineating the whole placenta on each T2-weighted image slices
including the basal plate. The region of interest (ROI) was delineated
on all the slices where placenta was present, ranging from 39 to 74
slices per participant (57 slices on average) and summed to calculate
the total volume in pixels (Figure 2A). The volume was converted
into cube centimeters with the formula: total pixelsx pixel spac-
ing x thickness (3mm).

The IVIM analysis was assessed with ivim.sav software for
Philips images and a prototype software Siemens MR Body
Diffusion Toolbox for Siemens images. Low-quality images due
to fetal/maternal movements or artifacts were excluded from
the analysis. The whole placenta including the basal plate was
delineated on the seven slices closest to the cord insertion slice
(Figure 2B). The IVIM parameters, perfusion fraction (f, %), diffu-
sion coefficient (D, 10'3mm2/s), and pseudo diffusion coefficient
(Dp, 1073 mm?/s), were automatically generated for each ROl with

the equation:
S(b) = SO((1 - f)exp( — b - D) + fexp(— b - Dp))

where S(b) is the measured mean signal intensity, SO is the signal
measured at b=0. The f represents the microcirculation volume
compared to the total tissue volume, D is the diffusion param-
eter representing slow component of diffusion and reflects the
extravascular tissue cellularity, and Dp is the diffusion parame-
ter representing fast component of diffusion which reflects the
microcirculation of regional capillary.*¢?2%22 The average values
of the seven slices were used for statistical analysis. All the ROls
were delineated by trained researchers blinded to the intervention
arms and to SGA status. A single researcher delineated all ROIs
obtained by each machine (AK and ED delineated ROls obtained
by Philips and Siemens, respectively).

2.4 | Statistical analyses

Data are presented as mean (+standard deviation) or number (per-
centage), as appropriate. Normal distributions of variables were
tested using the Shapiro-Wilk test and histograms. To determine
the rate of small placentas, the 10th centile of placental volume was
defined from the whole study population (estimated as 649.9 cm®in
this population).

Comparisons of maternal baseline and perinatal characteristics
were performed using Student's t-test for continuous variables
and Pearson's chi-squared test for categorical variables, to com-
pare each intervention group vs the usual care group. Placental
parameters (volume and IVIM) were compared by linear or logistic
regression adjusted by gestational age at MR, MR machine, and
maternal thyroid disorder. Additional analyses were conducted to
assess the association between small placental volume and SGA,
Mediterranean diet score, or urinary cortisone/cortisol ratio re-
sults by logistic regression. Moreover, parametric mediation anal-
ysis was performed to investigate whether placental volume might
be mediating the effect of Mediterranean diet and stress reduc-
tion interventions on the proportion of SGA fetuses previously
reported in the IMPACT BCN trial.” The estimation of average
causal mediation effects, average direct effects, the total effects,
and the proportion-mediated effects were computed for each of
1000 bootstrapped resamples, and the 95% confidence interval
was computed by determining 2.5th and 97.5th centiles for the
resamples.?®



NAKAKI eT AL.

FIGURE 2 Delineation of the placenta using magnetic resonance imaging. (A) Delineation of the whole placenta on all the slices where
placenta is present, and the combined image of the region of interest. (B) lllustrative sample of delineation of the whole placenta, seven
slices closest to the cord insertion slice (Current image done on a T2-weighted image on Fiji software). *Cord insertion point.

For all comparisons, p<0.05 was considered statistically signif-
icant. All statistical analyses were performed with software R (ver-
sion 4.0.5, R Foundation) and R Studio (version 1.4.1106, R Studio)

including mediation package version 4.5.0.2*

3 | RESULTS

3.1 | Characteristics of the study population

Among 350 participants initially approached, 196 mothers under-
went a placental MR. No differences in baseline characteristics or
perinatal outcome were observed between accepting and declin-
ing participants. The main reason to decline participation was un-
certainty and fear since MR is not commonly performed during
pregnancy. After quality image control, data from 165 participants
were included in the current study, including 52 Mediterranean diet
group, 60 Stress reduction group, and 53 usual care group mothers.
The flowchart of individuals included in the examinations and analy-
ses here reported are shown in Figure 1.

This subpopulation of 165 participants was representative of
the IMPACT BCN trial population.”® No differences were observed
in maternal baseline characteristics among the study groups, ex-
cept for higher prevalence of pre-pregnancy thyroid disorders in the
Stress reduction group (Table 1). Mediterranean diet score at the
final visit was significantly higher in the Mediterranean diet group
participants compared to the usual care, and significantly improved
compared to the initial assessment within the Mediterranean diet
group. Maternal urinary cortisone/cortisol ratio at the final visit did
not differ between groups. However, it has significantly improved
compared to the initial assessment within the Stress reduction group
and also in the Mediterranean diet group (Table S1).

In line with the main results from the IMPACT BCN trial, a ten-
dency to lower SGA incidence was observed in the intervention
groups. Other pregnancy complications and neonatal results were
similar among the study groups, with all pregnancies delivering at
term (Table 1).

3.2 | Placental MR

Table 2 displays the results of MR placental volume and IVIM accord-
ing to the study groups. The mean gestational age at the time of MR
was 36.6+ 1 weeks of gestation in all study groups with similar per-
centage of MR machine use (Siemens machine was used in 52% of
the participants of the Mediterranean diet, 62% in Stress reduction,
and 62% in usual care, p=0.28 and 0.95, respectively). The mean
placental volume and IVIM parameters were similar among the study
groups. Both Mediterranean diet and Stress reduction showed a sig-
nificant reduction of the proportion of small placental volume (3.9%
in the Mediterranean diet group and 5% in the Stress reduction vs.
17% in usual care). Table S2 displays maternal baseline characteris-
tics and perinatal outcome of pregnancies with small placental vol-
ume. The small placental volume participants were found more in
the usual care group, they were younger (maternal age mean [SD]
34.6 [4.7] years in small placenta vs. 37.9 [4.4] years in normal pla-
centa) and had earlier gestational age at delivery (39.8 [1] weeks of
gestation in small placenta vs. 38.9 [1.2] weeks of gestation in normal
placenta) and smaller newborns (birthweight centile 12.9 [18.1] in
small placenta vs. 47.3 [29.1] in normal placenta) compared to normal
placental volume participants. Small placental volume was inversely
associated with Mediterranean diet score (odds ratio [OR] 0.78 [95%
confidence interval 0.64-0.93, p=0.009]) (Figure S1) and maternal
urinary cortisone/cortisol ratio (OR 0.19 [0.01-0.96], p=0.10).
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TABLE 1 Maternal baseline and perinatal characteristics according to intervention groups.

Mediterranean Mediterranean Stress reduction
diet Stress reduction Usual care diet vs. usual care vs. usual care
n=>52 n=60 n=53 p value p value
Maternal baseline characteristics
Age (years) 38(4.3) 37.9 (4.5) 36.9 (4.8) 0.19 0.24
Ethnicity 0.12 0.25
Afro-American 1(1.9) 1(1.7) 0(0)
Asian 2(3.8) 0(0) 1(1.9)
Latin 8(15.4) 7(11.7) 2(3.8)
White 41(78.8) 51 (85) 50 (94.3)
Study class 0.96 0.52
No education/Primary grade 2(3.8) 1(1.7) 2(3.8)
Secondary/Technology grade 15(28.8) 21 (35) 14 (26.4)
University 35 (67.3) 38 (63.3) 37 (69.8)
Socioeconomic status? 0.88 0.35
Low 2(3.8) 1(1.7) 2(3.8)
Medium 16 (30.8) 23(38.3) 14 (26.4)
High 34 (65.4) 36 (60) 37 (69.8)
BMI before pregnancy (kg/m2) 23.7 (4.4) 23.4 (4.4) 23.1(3.7) 0.47 0.77
Medical condition
Thyroid disorders 6(11.5) 10 (16.7)*" 1(1.9) 0.05 <0.01
Autoimmune disease 7 (13.5) 6 (10) 9(17) 0.62 0.28
Obesity® 5(9.6) 6 (10) 4(7.5) 0.71 0.65
Diabetes mellitus 4(7.7) 2(3.3) 1(1.9) 0.16 0.63
Chronic hypertension 3(5.8) 1(1.7) 3(5.7) 0.98 0.25
Psychiatric disorders 1(1.9) 1(1.7) 4(7.6) 0.18 0.13
Nulliparous 29 (55.8) 41 (68.3) 34 (64.2) 0.38 0.64
Assisted reproductive 17 (32.7) 7 (28.3) 13 (24.5) 0.35 0.65
technologies
During pregnancy
Cigarette smoking 9(17.3) 8(13.3) 10 (18.9) 0.84 0.42
Alcohol intake 11 (21.1) 13 (21.7) 8(15.1) 0.42 0.37
Drugs consumption 1(1.9) 0(0) 0(0) 0.53 0.90
Gestational age at 20.9 (0.6) 20.9 (0.7) 20.8(0.7) 0.42 0.22
recruitment (weeks)
High adherence to the 43 (82.7) 47 (78.3) NA NA NA
intervention®
Perinatal data
Gestational diabetes mellitus 9(17.3) 5(8.3) 5(9.4) 0.24 0.84
Pre-eclampsia® 1(1.9) 2(3.3) 4 (7.6) 0.18 0.32
Gestational age at delivery 39.9(1) 39.8 (1) 39.6 (1) 0.08 0.34
(weeks)
Cesarean section 16 (30.8) 15 (25) 15 (28.3) 0.88 0.92
Female sex 26 (50) 28 (46.7) 22 (41.5) 0.38 0.58
Birthweight (g) 3342 (427) 3322 (419) 3198 (493) 0.11 0.15
Birthweight centile 46.5(31.1) 46.2(28) 40.3(31.2) 0.31 0.29
Small for gestational age® 7 (13.5) 5(8.3) 12 (22.6) 0.22 0.03

(Continues)
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TABLE 1 (Continued)

Mediterranean Mediterranean Stress reduction

diet Stress reduction Usual care diet vs. usual care vs. usual care

n=>52 n=60 n=53 p value p value
Neonatal Apgar 5min <7 0(0) 0(0) 0(0) 0.99 0.93
Umbilical artery pH 7.19 (0.09) 7.20 (0.07) 7.19 (0.09) 1.00 0.53
Admission to NICU 0(0) 4(6.7) 4(7.5) 0.04 0.86

Note: Data are given as mean (SD) or n (%).

Abbreviations: BMI, body mass index; NA, non-applicable; NICU, neonatal intensive care unit; Pl, pulsatility index.

2Socioeconomic status is defined as follows: low (never worked or unemployed >2 years), medium (secondary studies and work), and high (university
studies and work).

Obesity defined as BMI above 30.

A high adherence to the Mediterranean diet intervention was defined by an improvement of >3 points in the final score of the 17-item dietary
screener compared with the baseline score. Adherence to the Mindfulness-based stress reduction intervention was considered high if at least six out
of nine Mindfulness sessions were attended.

dpre-eclampsia defined as systolic blood pressure 2140mmHg or diastolic blood pressure 290 mmHg at least 4 h apart after 20 weeks of gestation
and proteinuria of 2300mg in 24 h or protein/creatinine ratio >0.3.

€Small-for-gestational age defined as birthweight below 10th centile according to local standards.

TABLE 2 Placental volume and intravoxel incoherent motion (IVIM) results using magnetic resonance (MR) according to the intervention
groups.

Stress reduction
vs. usual care

Mediterranean
diet vs. usual care

Mediterranean Stress
diet reduction Usual care p value? p value?
Gestational age at MR (weeks) 36.5(1) 36.6(0.9) 36.7 (0.9) 0.43 0.73
Placental volume n=>52 n=60 n=53
Placental volume (cm®) 922 (226.6) 935 (196.2) 899.2 (219) 0.70 0.19
Placental volume/birthweight (g/cms) 27.6 (5.7) 28.1(4.9) 28.1(4.9) 0.61 0.72
Small Placental volume® 2(3.9%) 3 (5%) 9 (17%) 0.03 0.04
Placental IVIM n=50 n=51 n=50
Perfusion fraction (%) 38.3(10.3) 38.7 (9.2) 37.1(9.4) 0.50 0.35
Diffusion coefficient (10" mm?/s) 1.43(0.23) 1.46(0.21) 1.45(0.28) 0.74 0.80
Pseudo-diffusion coefficient 35.9 (8.3) 34.9 (7.3) 36.2(9.2) 0.93 0.62

(1073 mm?/s)°

Note: Data are given as mean (SD) or n (%).

@Placental MR volume and IVIM variables were compared using a linear or logistic regression adjusted for gestational age at MR scan, MR machine,
and maternal thyroid disorder.

bSmall placental volume is defined as placental volume below the 10th centile.
‘Pseudo-diffusion coefficient data were available for 23 Mediterranean diet, 24 Stress reduction, and 22 usual care.

3.3 | Association of placental MR with SGA 4 | DISCUSSION

Small placental volume was significantly associated with the propor-
tion of SGA (Figure 3). Mediation analysis showed that the effect of
Mediterranean diet intervention on SGA can be decomposed by a
direct effect and also an indirect effect (56.6%) mediated by a small
placental volume. Similarly, the effect of Stress reduction interven-
tion on SGA is partially mediated (45.3%) by a small placental volume
as shown in Figure 4.

To our knowledge, this is the first trial evaluating the effect of struc-
tured maternal lifestyle interventions during pregnancy on placental
volume and perfusion. Given the significantly reduced percentage of
SGA within the IMPACT BCN trial, we hypothesized that these inter-
ventions could have positive effects on placental size and function.
Our results show that both Mediterranean diet and Stress reduc-
tion interventions during pregnancy are associated with a lower
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FIGURE 3 Association between placental volume and the proportion of small-for-gestational age (SGA) newborns in the Mediterranean
diet vs the usual care group (A, C) and in the Stress reduction vs the usual care group (B, D). Graphs A and B are generated from logistic
regression including SGA as outcome and placental volume (in continuous) as predictive variable. Graphs C and D are generated from logistic
regression including SGA as outcome and small placental volume (in dichotomic, defining small placenta as placental volume below the 10th
centile estimated using magnetic resonance) as predictive variable. Lines represent the mean predicted possibility and 95% confidence

interval. OR, odds ratio.

proportion of small placentas, partially mediating the influence of
these interventions on SGA.

In this study, we demonstrate that the promotion of
Mediterranean diet during pregnancy is associated with lower
rates of small placentas, being consistent with the previously
reported lower rates of SGA in this population.” Indeed, we
demonstrated a significant correlation between maternal
Mediterranean diet score and placental volume. This rep-
resents the first evidence of an association between placental
volume and maternal diet from a randomized trial. These find-
ings are in line with previous observational studies suggest-
ing an association between maternal healthy dietary pattern
and biomarkers of placental function.?® Interestingly, previous
observations described a higher adherence to Mediterranean
diet prior to conception in relation with lower uteroplacental
vascular resistance.?® However, in our study, no differences in
placental perfusion were observed between the study groups
using MR IVIM. This inconsistency might be explained by the
limited standardization and sensitivity of the IVIM technique or

differences in the study population and the timing of lifestyle
intervention. Nevertheless, our results support the concept
that an adequate maternal diet is crucial for an optimal pla-
cental development.?”?® One of the possible mechanisms that
could be mediating the effect of Mediterranean diet on placen-
tal and fetal size is its anti-inflammatory effect. Mediterranean
diet is known for its high antioxidant properties and its anti-
inflammatory effect through decreasing proinflammatory
molecules such as interleukins and chemokines.?’ In fact,
our group has recently portrayed that a high intake of (poly)
phenols—bioactive compounds with strong anti-inflammatory
and antioxidant properties—seems to mediate the effect of
Mediterranean diet on fetal growth (Castro-Berraquero et al.,
unpublished data). In addition, supplementation of omega-3-
polyunsaturated fatty acids, which is rich in Mediterranean
diet, could also reduce maternal and placental inflammatory
markers in obese pregnant women.%° Future studies are war-
ranted to determine the dietary pattern or specific nutrients
that influence placental development.
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FIGURE 4 Parametric mediation analysis to assess the potential mediation of small placental volume on the interventions' effect (A,
Mediterranean diet; B, Stress reduction) on small-for-gestational newborns. The upper panel shows the causal model of the hypothesized
mechanisms of each intervention. The lines represent the effect of the Mediterranean diet or Stress reduction interventions. The middle
panel displays the results for estimated effect and its 95% confidence intervals (Cl) of the average causal mediation effects (ACME), average
direct effects (ADE), total effect and proportion of mediated Effect. The lower panel graphics show that the average total effect of the
intervention on SGA is decomposed into direct effect (ADE) and indirect (mediated by small placenta) effect (ACME). The point represents
the estimated effect and the lines represent the 95% confidence intervals.

Our results suggest that Stress reduction during pregnancy has
a beneficial effect on placental size, in line with its positive effect on
fetal growth. We have also observed a tendency to lower maternal
cortisone/cortisol ratio—a marker of maternal stress—in association
with small placental volume. These results are consistent with pre-
vious observational studies describing an association between ma-
ternal stress, reduced placental expression of 11f-hydroxysteroid
dehydrogenase type-2 the enzyme that inactivates cortisol con-

version to cortisone,>%!

restricted umbilical artery blood flow,?
and reduced fetal growth. Excess of placental glucocorticoids not
only leads to consequences on fetal development®® but also nega-
tively affects placental growth, vascularization, and nutrient trans-
port.323433 Similar to the Mediterranean diet group, our study does
not demonstrate significant changes in placental perfusion in Stress
reduction, possibly due to the relatively low sensitivity of the tech-
nique. Leastwise, our data suggest a beneficial effect of maternal
Stress reduction on placental development and fetal growth, high-
lighting the importance of programs designed to improve maternal
well-being during pregnancy.

Placental size is known to be a significant determinant of both
birthweight and fetal growth.)” Indeed, it could modify the ef-
fect of maternal determinants of fetal growth especially maternal

anthropometry and weight gain during pregnancy.'”% Subsequently,
reduced placental size has been demonstrated to be associated with
higher risk of SGA.>” On the other hand, maternal nutritional and
metabolic factors that influence fetal growth, birthweight, and neo-
natal body composition are also independent determinants of pla-
cental size.®® Interestingly, the IMPACT BCN trial has demonstrated a
positive effect in the prevention of SGA with lifestyle-structured in-
terventions like Mediterranean diet and Stress reduction.?! However,
the mechanism of action of these interventions on fetal growth re-
mains still unknown. In the current study, we demonstrate the bene-
ficial effect of both Mediterranean diet and Stress reduction during
pregnancy in the reduction of small placentas. The effect on placental
size seems to mediate partially the effect of these interventions on
the reduction of SGA. Thus, these findings are relevant to understand
the mechanism(s) of action of lifestyle interventions on SGA.

Our study has some strengths that merit a comment. Firstly, it is
based on data from a randomized trial with well-controlled and com-
parable study groups. Secondly, placental volume was accurately
estimated using MR. Thirdly, we followed a prespecified and strict
methodology in collecting and analyzing the data included in this
study. On the other hand, we acknowledge some limitations. Firstly,
MR could only be performed in a relatively small subset of participants
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of the IMPACT BCN trial due to logistic and budgetary issues. Secondly,
two different machines and protocols were employed for the MR. For
this reason, MR machine was included as a covariate in the statistical
analysis to reduce the impact of this variance. Thirdly, the study partic-
ipants had mainly high socioeconomic status and relatively low rates
of obesity and gestational diabetes, limiting its replicability in other
settings. Finally, since placental assessment was not the main outcome
of the IMPACT BCN trial, these results should be taken with caution.

5 | CONCLUSION

This study suggests that improving maternal diet and well-being
improves placental volume. These findings open opportunities for
lifestyle programs in pregnancy to boost pregnancy outcomes since
placental volume mediates the effect of these programs on fetal
growth. Future studies are warranted to determine the exact mech-
anisms of this association and identify the best maternal lifestyle

strategies to optimize placental development and size.
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