ORIGINAL RESEARCH CURRENT DEVELOPMENTS IN NUTRITION

Maternal and Pediatric Nutrition

SN, 4

Maternal Mediterranean Diet Adherence and Its Associations with
Maternal Prenatal Stressors and Child Growth

Sarah Gonzalez-Nahm,' Joddy Marchesoni,? Arnab Mai'cy,3 Rachel L Maguire,2 John S House,* Rachel Tucker,?2 Tamara Atkinson,? Susan
K Murphy,® and Cathrine Hoyo?

1Def:>ar‘cment of Nutrition, University of Massachusetts Amherst, Amherst, MA, USA; 2Department of Biological Sciences, North Carolina State University, Raleigh, NC,
USA,; 3Depar‘cment of Statistics, North Carolina State University, Raleigh, NC, USA; “National Institute of Environmental Health Sciences, Durham, NC, USA; and
SDepartment of Obstetrics and Gynecology, Duke University, Durham, NC, USA

ABSTRACT

Background: Psychosocial and physiologic stressors, such as depression and obesity, during pregnancy can have negative consequences, such as
increased systemic inflammation, contributing to chronic disease for both mothers and their unborn children. These conditions disproportionately
affect racial/ethnic minorities. The effects of recommended dietary patterns in mitigating the effects of these stressors remain understudied.
Objectives: We aimed to evaluate the relations between maternal Mediterranean diet adherence (MDA) and maternal and offspring outcomes
during the first decade of life in African Americans, Hispanics, and Whites.

Methods: This study included 929 mother—child dyads from the NEST (Newborn Epigenetics STudy), a prospective cohort study. FFQs were used
to estimate MDA in pregnant women. Weight and height were measured in children between birth and age 8 y. Multivariable linear regression
models were used to examine associations between maternal MDA, inflammatory cytokines, and pregnancy and postnatal outcomes.

Results: More than 55% of White women reported high MDA during the periconceptional period compared with 22% of Hispanic and 18% of
African American women (P < 0.05). Higher MDA was associated with lower likelihood of depressive mood (8 = —0.45; 95% Cl: —0.90, —0.18;

P = 0.02) and prepregnancy obesity (8 = —0.29; 95% Cl: —0.57, —0.0002; P = 0.05). Higher MDA was also associated with lower bodly size at birth,
which was maintained to ages 3-5 and 6-8 y—this association was most apparent in White children (3-5y: g = —2.9, P=0.02; 6-8 y: $ = —3.99,
P=0.01).

Conclusions: If replicated in larger studies, our data suggest that MDA provides a potent avenue by which effects of prenatal stressors on maternal

and fetal outcomes can be mitigated to reduce ethnic disparities in childhood obesity. ~ Curr Dev Nutr 2022;0:nzac146é.
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Introduction seafood, low consumption of red meat, and moderate intake of alcohol

(7, 8). Although food intake and preferences in the United States do not

According to the developmental origins of health and disease hypoth-
esis, there are critical windows of exposure, such as pregnancy, during
which health trajectories can be established (1, 2). Data from animal
models and humans have shown that diet during pregnancy may mit-
igate the risk of some negative health outcomes (3, 4). In particular, a
Mediterranean-style dietary pattern has been associated with a number
of positive health outcomes, including lower levels of cardiovascular dis-
ease, cancer, and inflammation and greater longevity (5, 6). A Mediter-
ranean diet is rich in plant-based foods, uses olive oil as the main source
of added fat, and includes moderate to high consumption of fish and

mirror those from countries in the Mediterranean region, adherence to
a Mediterranean or Mediterranean-style dietary pattern has also been
shown to result in lower mortality (9) and lower risk of chronic disease
(10, 11) in non-Mediterranean countries.

Maternal physiologic and emotional (or psychosocial) stressors,
such as obesity and depression, during pregnancy can have detri-
mental effects on maternal and child health, including inflammation
(12, 13) and increased risk of chronic diseases (11, 14, 15), and con-
tribute to poor birth outcomes (16). Approximately 1 in 10 women of
reproductive age suffers from depression (17) and 29% of women of
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childbearing age are obese (18). Maternal stressors during pregnancy,
such as depression, can activate inflammatory pathways (19), which can
have harmful, possibly lifelong health consequences for mothers and
their children (19), including metabolic perturbations and obesity (20).
During pregnancy, depression has been associated with increased risk of
stillbirth (21), low birth weight (16, 22), and preterm birth (16). Obe-
sity before pregnancy and excess gestational weight gain during preg-
nancy have also been associated with poor child neurodevelopmen-
tal outcomes (23), child obesity (24), and maternal and child chronic
disease later in life (25-27). A healthful diet and greater diet quality
have been linked to better mental health and mood (28, 29) and lower
risk of obesity or excessive gestational weight gain (30). Further, other
studies using NEST (Newborn Epigenetics STudy) data have shown
that maternal dietary patterns are associated with offspring behavior in
12- to 24-mo-old offspring, and suggest a possible link through epige-
netic mechanisms (31, 32). However, a recent systematic review (33)
and a meta-analysis (34) of the associations between maternal healthy
diet and birth or childhood outcomes have reported inconsistent find-
ings, which may be, in part, driven by social determinants of health
and other factors, including structural racism, that drive differences by
race/ethnicity.

Importantly, racial/ethnic disparities exist in the prevalence of
chronic depression (35), obesity (18, 36, 37), diet quality (38), and
associated negative health outcomes in mothers and children (39).
Black/African American women report higher levels of stressful life
events (40), are more likely to be obese before pregnancy (18) and re-
port poor diet quality (38), and have a higher risk of health and preg-
nancy complications (41). In addition, infants born to Black/African
American mothers are more likely to have a low birth weight or be born
preterm (42, 43). These poor birth outcomes can carry lifelong conse-
quences for families (44-46) and are costly to the health care system
(47); thus, there is a need to gain a better understanding of modifiable
factors that can help mitigate risk.

This study leveraged existing NEST data to assess maternal adher-
ence to a Mediterranean-style dietary pattern [Mediterranean diet ad-
herence (MDA)] and the association between maternal MDA and 3 ma-
ternal outcomes during pregnancy: 1) depression (longitudinal associ-
ation), 2) prepregnancy BMI (in kg/m?) (cross-sectional association),
and 3) maternal gestational weight gain (longitudinal association). In
addition, we assessed the association between MDA during pregnancy
and the following child outcomes: 1) birth weight, 2) infant gestational
age at birth, and 3) child weight at ages <3 to 8 y. Because racial/ethnic
disparities exist in the outcomes of interest, we assessed associations
with diet by race.

Methods

Study participants

The NEST enrolled 1700 women during pregnancy (median gestational
age at enrollment: 11-12 wk) between 2009 and 2011 at qualifying pre-
natal clinics in North Carolina. Women were followed through preg-
nancy and upon delivery, and their children have been followed through
their eighth birthday. Details of study enrollment have been described
elsewhere (48). In brief, the study included women who met the fol-
lowing criteria: 18 y of age or older, planned to deliver in 1 of 2 birthing

facilities in Durham County, and English- or Spanish-speaking. Women
were excluded if they planned to give up custody of their child or did
not carry the pregnancy to term. Of the 1700 enrolled, 1304 remained
after additional exclusions (n = 115 experienced a fetal death, n = 281
refused further participation or there was an inability to follow up with
the participant). The current study includes 929 mother—child dyads
who completed an FFQ and had nonmissing data on the exposures and
outcomes of interest (Supplemental Figure 1). The women in the study
sample had more years of education, were more likely to be nonsmok-
ers, were older on average, and had lower prepregnancy BMI and lower
depression scores than those excluded from the analysis (Supplemental
Table 1). This study was approved by the Duke University Institutional
Review Board (#Pro00014548).

Data collection

MDA.

Women’s periconceptional diet was measured at enrollment using a
modified Block FFQ (49), which captured intake over the past 3 mo.
The FFQ collected data on intake frequencies of >150 food items and
supplements. Women were asked to report the frequency with which
they consumed a given food or group of foods and the typical portion
size of each food when consumed. Visuals were included to aid with por-
tion size reporting. Women’s diets were scored using the Mediterranean
Diet Score (MDS) (7), which assesses adherence to a Mediterranean-
like dietary pattern, adjusting for caloric intake. The MDS assesses re-
ported intake of foods and nutrients that are deemed to be beneficial:
fruit, vegetables, fish, dairy, whole grains, legumes, nuts, and MUFAs
(ratio of MUFAs to SFAs), and foods that are deemed detrimental: meat.
Women who reported intake of a beneficial food at or above the study
sample median received a score of 1 and 0 otherwise. Women who re-
ported intake of detrimental foods below the median received a score of
1 and 0 otherwise. The MDS was calculated per 1000 kcal of intake. For
the current study, alcohol was excluded from the MDS, because alcohol
is not recommended during pregnancy and reported alcohol intake in
our cohort was low. The MDS ranges from 0-9, with 0 representing the
lowest possible adherence to a Mediterranean diet pattern and 9 repre-
senting the highest adherence to a Mediterranean diet pattern. Maternal
MDA was assessed as a continuous variable.

Pregnancy-related outcomes.

Psychosocial stressors. Depression during pregnancy was assessed
in women at enrollment using the Center for Epidemiologic Studies—
Depression scale (CES-D) (50) measure. The CES-D includes 20 ques-
tions asking women to rate how often they experienced symptoms re-
lated to depression. Women were asked to provide responses in relation
to the 2 wk before questionnaire completion. Responses were scored ac-
cording to guidelines (50). For the current study, depression was treated
as a continuous variable.

Physiologic stressors. Gestational weight gain and maternal BMI
were obtained from medical records and assessed continuously. Ma-
ternal prepregnancy BMI estimates were based on measured height
and self-reported weight 6 mo before pregnancy, and verified with
medical records data (51). These were assessed as a continuous
variable.
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TABLE 1 Distribution of characteristics among study participants’

Mediterranean diet, stressors, and child outcomes 3

Black/African

Characteristic American (n = 341) White (n = 317) Hispanic (n = 225) All (n = 929)
Mediterranean Diet Score 3.8+ 1.8 52+ 19 47 £ 1.5 45+ 19
Maternal education level

No high school 211 4.4 57.3 23.7

High school 211 7.6 21.3 17.5

College 47.8 84.2 16.4 53.5
Maternal age at delivery, y 265 £ 5.9 30.8 £ 4.7 28.4 + 5.7 28.6 £ 5.7
Maternal smoking, yes 23.5 12.5 24 14.1
Maternal BMI, kg/m? 30.5 £+ 8.7 251 £ 5.3 26.9 £ 5.0 275+ 71
Sex of child, male 54.0 52.0 54.2 54.0
Depression score 141 £ 9.2 10.1 £ 7.8 10.1 £ 8.1 11.8 + 8.8
Birth weight, g 3005 + 725 3312 + 668 3283 + 580 3190 + 676
Gestational age at delivery, wk 37.7 £ 3.3 384 + 2.1 385+ 22 38.2 £ 2.6

"Values are mean + SD or percentages. The “other” racial group (n = 46) was not included owing to insufficient sample size.

Peripartum and postnatal outcomes.

Data on infant birth weight and gestational age at birth were abstracted
from medical records by trained personnel after delivery. Infant birth
weight (g) and gestational age at birth (wk) were normally distributed
and analyzed as continuous variables. Data on child weight (pounds; 1
Ib = 0.454 kg) and height or length (inches; 1 inch = 2.54 cm) were
obtained through a combination of medical records at ages 7 mo-8y,
as previously described (52). Weight-for-height or -length percentiles
were calculated at each age using CDC standards (53). Children were
grouped and categorized by age (<3 'y, 3-5y, 6-8 y).

Inflammatory cytokine IL-17A.

Based on suggestions that higher prenatal concentrations of IL-17A in-
creased the risk of childhood obesity at age <3 to 8 y as previously de-
scribed (48, 54), we used Milliplex Analyst version 5.1 to measure this
cytokine in plasma obtained at a median age of 2.9 months of gestation.

Statistical analysis

Multiple linear regression models were used to evaluate the relation be-
tween MDS and both maternal and birth outcomes: maternal factors in-
cluded maternal depression, prepregnancy BMI, and gestational weight
gain, and infant factors included birth weight, gestational age at birth,
and weight-for-height and BMI z score at ages <3 to 8 y. Each regres-
sion model included Mediterranean diet as an independent variable, ad-
justed for covariates. Covariates were chosen a priori based on substan-
tive knowledge from the literature on maternal diet and maternal and
child health outcomes (55-57). Models for maternal outcomes were ad-
justed for education level (to estimate socioeconomic status), maternal
age at delivery, and maternal smoking. Models for offspring birth out-
comes were adjusted for maternal education level, maternal smoking,
gestational age, and sex of child. We in addition adjusted for children’s
age, breastfeeding, parity, maternal BMI, gestational age, and gender in
models evaluating associations between prenatal MDSs and children’s
anthropometric measurements at age <3 to 8 y. Because income data
to estimate socioeconomic status in addition were missing for 20% of
the study population, we conducted a sensitivity analysis including in-
come as a covariate in a subset of n = 645; these analyses did not al-
ter the associations found when income was excluded (Supplemental
Table 2). For postnatal outcomes, supplemental analysis that included
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child caloric intake and income as covariates was conducted (Supple-
mental Table 3); however, estimates did not change in direction or sig-
nificance. The interaction term of Mediterranean diet x race/ethnicity
was assessed and found to be significant (P < 0.1). Therefore, overall
and racial/ethnic-stratified estimates are presented. In addition, we ex-
plored the use of cubic splines to allow for greater flexibility in model-
ing. Analysis was conducted in SAS version 9.4 (SAS Institute Inc.) and
R version 4.1.0 (R Foundation for Statistical Computing).

Results

Study participants

Table 1 shows the distribution of variables among the 929 study parti-
cipants: n = 317 White, n = 341 Black/African American, and n = 225
Hispanic women. These participants were comparable with respect to
parity and gestational age at delivery (P > 0.05). However, African
American and Hispanic women, on average, were younger, had lower
levels of education, and were more likely to have a BMI > 30 before
pregnancy than White women (P < 0.05). Consistent with previous re-
ports (58), children of Black/African American women were more likely
to have lower birth weight and shorter gestational age at delivery than
those of Whites. The prevalence of depressive symptoms was 26% over-
all, and Black/African American women also reported a higher level of
depressive symptoms than White and Hispanic women (mean CES-D
score: 14.1, 10.1, and 10.1, respectively). Forty-nine percent of women
in the study gained, on average, more weight during pregnancy than
that recommended for their BMI classification. White women gained
15.3 kg, Black/African American women gained 13.7 kg, and Hispanic
women gained 12 kg.

MDA during the perinatal period by race/ethnicity
Black/African American women had the lowest MDA compared with
Hispanic and White women (mean diet score: 3.8, 4.7, and 5.2 out of
9, respectively) (Table 1). A greater proportion of Black/African Amer-
ican women reported diets that scored <5 than did women of all other
races/ethnicities (Figure 1).

Exploration of sources of this variation revealed that whereas the
majority of Black/African American and non-Hispanic White women
(61.8% and 64.9%, respectively; P < 0.0001) reported fruit and vegetable
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Mediterranean diet score by race

801 Race

Z Black (u=3.7)
Hispanic (u=4.7)
White (u=5.1)

60+

Frequency

201

FIGURE 1 MDS by race. MDS, Mediterranean Diet Score.

consumption below the study medians of 150.7 and 82.2 g/1000 kcal
(Table 2), Hispanic women consumed a greater amount of fruit and
legumes than women of other races/ethnicities (P < 0.0001). Only
25.8% of Hispanic women consumed below the study median intake
of 150.7 g fruit/1000 kcal and only 20.3% consumed below the study
median of 15.2 g legumes/1000 kcal. Other major sources of varia-
tion between ethnic groups were intakes of nuts and dairy. For ex-
ample, although overall nut and dairy consumption in this study was
low, non-Hispanic White women consumed more nuts and dairy foods
than did Black/African American and Hispanic women, because only
24.1% of non-Hispanic White women consumed below the study me-
dian of 0.7 g nuts/1000 kcal and only 28% of non-Hispanic White
women consumed below the study median of 31.2 g dairy/1000 kcal
(P < 0.0001).

5 6 7 8 9
Mediterranean diet score (adherence at 6+)

Association between MDA and prenatal stressors

We evaluated the extent to which periconceptional MDA was cross-
sectionally associated with lower risk of prepregnancy BMI, and lon-
gitudinally associated with depressive mood and gestational weight
gain. Table 3 shows that, among all participants, a 1-unit increase in
MDS was associated with a —0.29 difference in BMI periconception-
ally (B = —0.29; 95% CI: —0.57, —0.0002; P = 0.05) and a —0.45-point
difference in depression score in the first trimester of pregnancy (8 =
—0.45; 95% CI: —0.90, —0.18; P = 0.02). However, MDA did not influ-
ence gestational weight gain (8 = 0.07; 95% CI: —0.25, 0.39; P = 0.670).
The protective associations between MDA and depressive mood were
greater among Hispanic women, with Hispanic women experiencing
a —0.91 difference in depression score (8 = —0.91; 95% CI: —1.71,
—0.17; P = 0.04) and Black/African American women experiencing a

TABLE 2 Maternal Mediterranean diet adherence scores by race/ethnicity’

MDS component score = 02

Non-Hispanic Black

Hispanic women Non-Hispanic White

women (n = 341) (n = 225) women (n = 317)
Fruit 201 (61.8) 56 (25.8) 186 (60.6)
Vegetables 211 (64.9) 1(41.9) 172 (56.0)
Fish 132 (40.6) 109 (50.2) 137 (44.6)
Dairy 196 (60.3) 128 (59.0) 86 (28.0)
Whole grain 186 (57.2) 146 (67.3) 80 (26.1)
Nuts 191 (58.8) 139 (64.1) 4 (24.1)
Legumes 251 (77.2) 44 (20.3) 137 (44.6)
MUFA:SFA 186 (58.2) 100 (46.1) 148 (48.2)
Meat 160 (49.2) 102 (47.0) 155 (50.5)

Walues are n (%). MDS, Mediterranean Diet Score.

2For beneficial food/nutrient groups (fruit, vegetables, fish, dairy, whole grains, nuts, legumes, MUFA:SFA), a component score of 0 indicates intake below the median
for the study population; for detrimental foods (meats), a component score of 0 indicates intake at or above the median for the study population.
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TABLE 3 Association between maternal Mediterranean diet adherence and maternal stressors during pregnancy’

Black/African American,
B (95% Cl),

Hispanic,  (95% CI),

White, B (95% ClI),

All,2 B (95% ClI),

P value P value P value P value
Depression score (CES-D)3 n=254 n=156 n=270 n=716
—0.44 (-1.35,0.01) —0.91(-1.71, =0.17) —0.19 (-0.67,0.33) —0.45 (-0.90, —0.18)
0.194 0.041 0.455 0.017
Gestational weight gain® n=278 n=191 n=262 n=1770
0.01 (—0.65, 0.66) 0.19 (-0.41, 0.78) —0.03 (—0.46, 0.41) 0.07 (—0.25, 0.39)
0.980 0.534 0.910 0.668
Maternal obesity* n =288 n=193 n=277 n=797
—0.46 (—1.10,0.17) 0.09 (—0.38, 0.56) —0.27 (-0.63, 0.08) —0.29 (-0.57, —0.0002)
0.150 0.697 0.130 0.050

" Adjusted for education (high school/no high school), maternal smoking, and maternal age at delivery. CES-D, Center for Epidemiological Studies—Depression scale.

2"All" group includes race/ethnicity as a covariate.
3Prospective association.
4Cross-sectional association.

—0.44 difference in depression score (8 = —0.44; 95% CI: —1.35, 0.01;
P =0.19) with a 1-unit increase in MDS compared with White women
(B=—0.19;95% CI: —0.67, 0.33; P = 0.46). Intriguingly, in the n = 127
in whom cytokines and diet were measured, higher MDA was associ-
ated with higher concentrations of prenatal IL-17A, although this asso-
ciation was most apparent in Black/African American mothers, with a
difference of 0.21 per 1-unit increase in MDA (8 = 0.21; 95% CI: 0.01,
0.41; P = 0.03) (Supplemental Table 3).

Association between MDA and offspring outcomes

We evaluated the extent to which periconceptional maternal MDA was
associated with birth and childhood outcomes. We found no evidence
for associations between MDSs and birth weight (8 = —10.97; 95% CI:
—33.4, 11.5; P = 0.34) or gestational age (8 = —0.42; 95% CI: —1.19,
0.35; P = 0.28) (Table 4), although associations for both White and
Black women were in the hypothesized direction. However, periconcep-
tional MDA was associated with weight-for-height percentiles at ages
2-8 y when stratified by race/ethnicity (Table 5). We found a —2.9 per-
centile difference in child weight-for-height per 1-unit increase in peri-
conceptional MDA in children ages 3-5 y among White mother—child
dyads (8 = —2.9;95% CI: —5.31, —0.46; P=0.02). This trend continued
in children 6-8 y of age with a —3.99 difference in weight-for-height per-
centile per 1-unit increase in periconceptional MDA (8 = —3.99; 95%
CI: —6.98, —1.0; P = 0.01). Conversely, among Hispanic mother—child

dyads we observed a 3.96 difference in weight-for-height percentiles in
association with a 1-unit increase in periconceptional MDA in children
ages 3-5y (B = 3.96; 95% CI: 0.63, 7.29; P = 0.02). This association
was no longer statistically significant in children ages 6-8 y; however,
estimates were in a consistent direction (8 = 1.73; 95% CI: —2.55, 6.02;
P =0.43).

Supplemental analysis using cubic splines

We found that the use of cubic splines did not improve model fit for
any outcomes except for gestational age (Supplemental Table 4). The
results of our supplemental analysis suggest that a change from low ma-
ternal MDA to “mid-level” adherence was associated with a —1.11-wk
difference in gestational age; however, a change from “mid-level” ad-
herence to high adherence was associated with a 1.09-wk difference in
gestational age (Supplemental Table 5).

Discussion

Accumulating evidence suggests that the Mediterranean diet confers
numerous physical and mental health benefits. Our study adds to
this evidence by showing associations between maternal MDA dur-
ing the periconceptional period and lower prepregnancy BMI, lower
depression scores, increased proinflammatory cytokine IL-17 during
pregnancy, and weight-for-height percentiles among children at ages

TABLE 4 Associations between maternal Mediterranean diet adherence and infant birth outcomes'’

Black/African
American, B (95%

Hispanic, B (95% Cl),

White, B (95% CI), P

Cl), P value P value value All,2 B (95% CI), P value
Birth weight3 n=292 n=196 n=278 n =806
—13.07 (-54.90, 28.78) 31.14 (—13.06, 75.34) —34.70 (-69.97,0.57) —10.97 (-=33.40, 11.50)
0.539 0.166 0.054 0.338
Gestational age at birth3 n=296 n=198 n=284 n=2818
—1.19(-2.79, 0.41) —0.37 (-1.82,1.07) —0.02 (—1.04, 0.99) —0.42(-1.19,0.35)
0.144 0.612 0.965 0.281

T Adjusted for education (high school/no high school), maternal smoking, high gestational age (yes/no), and infant gender.

2"All" group adjusted for race/ethnicity as a covariate.
3Prospective association.
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TABLE 5 Associations of maternal adherence to a Mediterranean-style diet pattern with child weight-for-height percentiles by

age group and race/ethnicity’

Overall Black/African American Hispanic Non-Hispanic White
Age B 95% Cl P B 95% ClI P B 95% ClI P B 95% Cl P
<3y -0.30 (-1.78,1.19) 070 —0.65 (-3.09,1.79) 0.60 126 (-1.95,4.47) 044 —-130 (-3.82,1.22) 0.31
3-5y 030 (-1.2,1.8) 0.69 0.90 (—1.54,3.33) 047 3.96 (0.63,7.29) 0.02 —2.89 (-5.31,-0.46) 0.02
6-8y —-035 (-231,1.62 0.73 207 (-1.58,5.71) 0.27 173 (=255,6.02) 043 —-3.99 (-6.98,—-1.00) 0.01

" Adjusted for children’s age, breastfeeding, parity, maternal BMI, gestational age,

3-8 y. In general, these effects were ethnic-specific. These data sup-
port European clinical trials data suggesting that Mediterranean-style
diet is perhaps a potent avenue for preventing adverse maternal and
offspring prenatal and early postnatal outcomes, including prenatal
depressive mood and childhood obesity, which disproportionately af-
fect Blacks/African Americans. In our study, MDA differed starkly by
race/ethnicity, with non-Hispanic White mothers reporting the highest
MDA and non-Hispanic Black mothers reporting the lowest MDA. The
stark differences in MDA by race/ethnicity showcase the need for inter-
ventions to support healthy eating among populations of color in the
United States.

The findings that a higher adherence to a Mediterranean-style diet
was associated with lower depression scores, especially among Hispanic
women, are consistent with the literature. For example, a recent study in
women during pregnancy similarly found an association between diet
quality and depression that appeared stronger among Hispanic women
(59). The reasons for this are not clear, although they may be related
to the greater consumption of fruits and legumes underpinning higher
MDA among Hispanic women in our study, because these food groups
contain a number of antioxidant compounds, including flavonoids and
phenolic compounds (60, 61). Previous studies in nonpregnant popu-
lations have also reported associations between greater MDA and im-
provements in depressive symptoms and mood (62-64). Among these,
a systematic review found a consistent link between the polyphenols
present in the Mediterranean diet and decreases in depressive symp-
toms (65). Clinical trial findings in addition suggest that individuals
who adhered to a Mediterranean-style diet and increased omega-3 in-
take [(EPA (20:5n-3) and DHA (22:6n-3)] had lower stress and negative
emotions at 3 and 6 mo (62). Because links exist between depression and
inflammatory pathways (66, 67), there is a need to prioritize a diet that
can reduce inflammation, such as the Mediterranean diet. Additional
research is needed to better understand the timing of Mediterranean
diet consumption and depression and determine whether consumption
of a Mediterranean diet can also prevent the onset of depression, and
other psychosocial stressors common during pregnancy, including anx-
iety and stress, because research evidence is lacking in this area.

Our findings indicating an association between periconceptional
maternal MDA and lower prepregnancy BMI are also consistent with
existing literature in nonpregnant populations (68-70). In addition to
an association with lower BMI, associations have been observed be-
tween consumption of a Mediterranean dietary pattern and improved
cardiometabolic outcomes (69) and weight loss (68). The Mediter-
ranean diet includes an abundance of plant-based and fiber-rich foods,
which contribute to lower inflammation and weight status than a tradi-
tional Western diet.

and gender.

Previous studies have assessed the association between maternal
MDA and child growth outcomes, with inconsistent results. A study
using the Rhea and Project Viva cohorts found that improving mater-
nal MDA resulted in a lower BMI z score in children ages 4-10 y (71).
A study using the INMA (Infancia y Medio Ambiente) cohort found
no association between maternal MDA and BMI z scores at age 4 y,
but did find an association between MDA and lower waist circumfer-
ence among children at age 4 y (72). Our finding that children born to
women who identify as White had a lower weight status at 3-5 y of age
when their mothers reported greater MDA is intriguing, because it may
point to the minimum “dose” of dietary intake contributing to benefi-
cial effects, for which the score was highest among Whites. However,
a greater MDA among Hispanic mothers was associated with a greater
weight status at ages 3-5 y. It is possible that this association is related
to more indulgent feeding practices, which have been associated with
obesity among Hispanic children (73, 74).

Many of the benefits of a Mediterranean-style diet pattern are re-
lated to its inflammation-lowering properties. The mechanism by which
Mediterranean-style diets decrease inflammation and chronic disease
is an active topic of investigation. However, it is now established that
in pregnant women, oxidative stress induced by prenatal stressors con-
tributes to systemic inflammation—an established risk factor for ma-
ternal and fetal adverse outcomes, including gestational diabetes, pre-
eclampsia, preterm delivery, depressive symptoms, and recurrent abor-
tion (75), and changes to the maternal gut microbial diversity (76). Ox-
idative stress is an established risk factor for antioxidant depletion, DNA
damage, pathologic aging, and systemic inflammation (77-79). Mech-
anistically, it is plausible that components of Mediterranean-style diets
reduce free radicals and oxidative stress, leading to decreased concen-
trations of circulating proinflammatory cytokines and chemokines (80,
81) as seen in preclinical and clinical anti-inflammatory diet studies (82,
83). Polyphenols present in olive oil and other plant-based foods have
received particular attention, and have shown promise as one of the ac-
tive components in reducing inflammation as a result of consuming a
Mediterranean diet (84). The anti-inflammatory properties of polyphe-
nols and flavonoids have been studied in a number of animal (85, 86)
and experimental studies (87, 88), and have been shown to reduce in-
flammatory markers and expression of genes regulating inflammation.

One exemplar is the PREDIMED (Prevencién con Diet Mediter-
ranea) randomized clinical trial, which compared a Mediterranean-
style dietary pattern supplemented with extra-virgin olive oil or nuts
and a control (lower-fat) diet in nonpregnant adults. This study showed
a 30% reduction in major cardiovascular events in the intervention
arms (89) with lower rates of breast cancer (90) and incident dia-
betes (91). Remarkably, these findings persisted even among those
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exposed to an established proinflammatory environmental contami-
nant, such as methylmercury common in fish, a prominent compo-
nent in Mediterranean-style diets (92). In the CARDIA study compris-
ing >1000 nonpregnant adult Blacks and Whites, higher MDA was
associated with lower F,-isoprostane concentrations—an established
biomarker of oxidative stress (80, 81). Moreover, a meta-analysis com-
prising 17 studies of dietary patterns and inflammatory markers during
pregnancy found that some diets (i.e., high-glycemic diets, high animal
protein, and low fiber) were associated with higher concentrations of
circulating proinflammatory markers, including CRP, IL-6, IL-1, and
TNF-«, than were Mediterranean-style diets (75).

Limitations

Our study benefits from many strengths, including the collection of
biological samples during a sensitive time period in development, the
use of validated questionnaires for data collection, the inclusion of a
racially/ethnically diverse sample, and prospective measures of child
BMI in the first 6 y of life. However, our study also has limitations
that should be noted and the results should be interpreted with caution
given these limitations. Our sample size is small, some of our analyses
are cross-sectional, and we did not account for multiple comparisons;
therefore, future studies are needed to confirm the findings of the cur-
rent study. The sample included for analysis was different with respect
to education, smoking, maternal age, and maternal prepregnancy BMI.
Although we adjusted for these covariates in our analysis, we cannot rule
out the possibility of residual confounding. In addition, participants in
this study were recruited from clinics, early in pregnancy. Not all women
seek care during pregnancy, and many do not initiate care until later in
their pregnancy; therefore, selection bias may have affected our results,
because care-seeking behaviors may be associated with both dietary pat-
terns and outcomes of interest. Because our sample represents a local
population from 1 state, our results cannot be generalized to the over-
all US population. We did not include income as a confounding vari-
able in our main analysis owing to missing data; however, our sensitivity
analysis showed that results did not change in significance or direction
when we included income in our models. Diet measures were obtained
through self-report and the diet score used for this analysis does not
capture intakes of many added sugars and fats in the diet. In addition,
the use of FFQs without validation through supplemental 24-h recalls
or biomarkers may have introduced bias in our results, because FFQs
tend to underestimate energy intake (93). Our diet score was energy-
adjusted; however, there still may be residual bias. Finally, it is important
to note that, although adherence to a Mediterranean-style diet pattern
was assessed using a validated score, a “true” Mediterranean diet pattern
may not be represented in the intakes of women in the current study. Re-
searchers have argued that adaptation of the Mediterranean diet in other
countries may be missing key components that are thought to convey
health benefits, such as olive oil and other antioxidant compounds, be-
cause food preferences and availability differ between countries (94).

Conclusion

A Mediterranean-style diet pattern during the periconceptional period
appears to convey psychosocial and physiologic health benefits to moth-
ers and their unborn children, although racial/ethnic disparities exist
in dietary intake. The racial/ethnic disparities seen in diet pattern are
rooted in inequities related to the social determinants of health, because
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Black and Hispanic individuals in the United States are disproportion-
ately affected by low economic stability and limited upward mobility,
and are more likely to live in areas where access to healthy food is a
challenge. Given the many benefits of adherence to a Mediterranean-
style dietary pattern, interventions addressing these issues, in addition
to studies of mechanism and racial/ethnic differences in outcomes, are
needed.

Acknowledgments

The authors’ responsibilities were as follows—CH and SKM: designed
the research; CH and RLM: conducted the research; SKM: provided
essential materials; JM and AM: analyzed the data; SG-N, JSH, TA,
RT, and CH: wrote the paper; SG-N and CH: had primary responsi-
bility for the final content; and all authors: read and approved the final
manuscript.

Data Availability

Data described in the article, code book, and analytic code will be made
available upon request pending adequate permissions.

References

—

. Barker DJP, Thornburg KL. The obstetric origins of health for a lifetime. Clin

Obstet Gynecol 2013;56(3):511-19.

2. Fleming TP, Watkins AJ, Velazquez MA, Mathers JC, Prentice AM,
Stephenson J, et al. Origins of lifetime health around the time of conception:
causes and consequences. Lancet 2018;391(10132):1842-52.

3. Dolinoy DC, Weidman JR, Waterland RA, Jirtle RL. Maternal genistein alters
coat color and protects A ¥ mouse offspring from obesity by modifying the
fetal epigenome. Environ Health Perspect 2006;114(4):567-72.

4. Strohmaier S, Bogl LH, Eliassen AH, Massa ], Field AE, Chavarro JE, et al.
Maternal healthful dietary patterns during peripregnancy and long-term
overweight risk in their offspring. Eur ] Epidemiol 2020;35(3):283-93.

5. Sofi F, Abbate R, Gensini GF, Casini A. Accruing evidence on benefits of
adherence to the Mediterranean diet on health: an updated systematic review
and meta-analysis. Am J Clin Nutr 2010;92(5):1189-96.

6.Sofi F, Cesari F, Abbate R, Gensini GF, Casini A. Adherence
to Mediterranean diet and health status: meta-analysis. BM]J
2008;337(7671):a1344.

7. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a
Mediterranean diet and survival in a Greek population. N Engl ] Med
2003;348(26):2599-608.

8. Trichopoulou A, Kouris-Blazos A, Wahlqvist ML, Gnardellis C, Lagiou P,
Polychronopoulos E, et al. Diet and overall survival in elderly people. BMJ
1995;311(7018):1457-60.

9. Mitrou PN, Kipnis V, Thiébaut ACM, Reedy J, Subar AF, Wirfilt E, et al.
Mediterranean dietary pattern and prediction of all-cause mortality in a US
population. Arch Intern Med 2007;167(22):2461-8.

10. Gardener H, Wright CB, Gu Y, Demmer RT, Boden-Albala B, Elkind
MSV, et al. Mediterranean-style diet and risk of ischemic stroke, myocardial
infarction, and vascular death: the Northern Manhattan Study. Am J Clin
Nutr 2011;94(6):1458-64.

11. Ahmad S, Demler OV, Sun Q, Moorthy MV, Li C, Lee I-M, et al. Association
of the Mediterranean diet with onset of diabetes in the Women’s Health Study.
JAMA Netw Open 2020;3(11):e2025466.

12. Barbaresko J, Koch M, Schulze MB, Nothlings U. Dietary pattern analysis
and biomarkers of low-grade inflammation: a systematic literature review.
Nutr Rev 2013;71(8):511-27.

13. Kiecolt-Glaser JK, Derry HM, Fagundes CP. Inflammation: depression fans

the flames and feasts on the heat. Am J Psychiatry 2015;172(11):1075-91.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35

Gonzalez-Nahm et al.

Fernandez-Barrés S, Vrijheid M, Manzano-Salgado CB, Valvi D, Martinez D,
Iniguez C, et al. The association of Mediterranean diet during pregnancy with
longitudinal body mass index trajectories and cardiometabolic risk in early
childhood. J Pediatr 2019;206:119-27.¢6.

Bhattacharya R, Shen C, Sambamoorthi U. Excess risk of chronic
physical conditions associated with depression and anxiety. BMC Psychiatry
2014;14:10.

Grote NK, Bridge JA, Gavin AR, Melville JL, Iyengar S, Katon WJ. A meta-
analysis of depression during pregnancy and the risk of preterm birth,
low birth weight, and intrauterine growth restriction. Arch Gen Psychiatry
2010;67(10):1012-24.

Zhou ], Ko JY, Haight SC, Tong VT. Treatment of substance use disorders
among women of reproductive age by depression and anxiety disorder status,
2008-2014. ] Womens Health (Larchmt) 2019;28(8):1068-76.

Driscoll AK, Gregory ECW. Increases in prepregnancy obesity: United States,
2016-2019. NCHS Data Brief 20205(392):1-8.

Traylor CS, Johnson JD, Kimmel MC, Manuck TA. Effects of psychological
stress on adverse pregnancy outcomes and nonpharmacologic approaches for
reduction: an expert review. Am ] Obstet Gynecol MFM 2020;2(4):100229.
XiaoY, Liu D, Cline MA, Gilbert ER. Chronic stress, epigenetics, and adipose
tissue metabolism in the obese state. Nutr Metab (Lond) 2020;17:88.
Wisborg K, Barklin A, Hedegaard M, Henriksen TB. Psychological stress
during pregnancy and stillbirth: prospective study. BJOG 2008;115(7):882-5.
Lima SAM, El Dib RP, Rodrigues MRK, Ferraz GAR, Molina AC, Neto
CAP, et al. Is the risk of low birth weight or preterm labor greater when
maternal stress is experienced during pregnancy? A systematic review and
meta-analysis of cohort studies. PLoS One 2018;13(7):e0200594.

Sanchez CE, Barry C, Sabhlok A, Russell K, Majors A, Kollins SH, et al.
Maternal pre-pregnancy obesity and child neurodevelopmental outcomes: a
meta-analysis. Obes Rev 2018;19(4):464-84.

Heslehurst N, Vieira R, Akhter Z, Bailey H, Slack E, Ngongalah L, et al.
The association between maternal body mass index and child obesity: a
systematic review and meta-analysis. PLoS Med 2019;16(6):e1002817.
Baidal JAW, Locks LM, Cheng ER, Blake-Lamb TL, Perkins ME, Taveras EM.
Risk factors for childhood obesity in the first 1,000 days. Am ] Prev Med
2016;50(6):761-79.

Ajmera VH, Gunderson EP, VanWagner LB, Lewis CE, Carr JJ, Terrault NA.
Gestational diabetes mellitus is strongly associated with non-alcoholic fatty
liver disease. Am ] Gastroenterol 2016;111(5):658-64.

Lo JC, Yang J, Gunderson EP, Hararah MK, Gonzalez JR, Ferrara A. Risk of
type 2 diabetes mellitus following gestational diabetes pregnancy in women
with polycystic ovary syndrome. ] Diabetes Res 2017:5250162.

Molendijk M, Molero P, Sanchez-Pedrefio FO, Van der Does W, Martinez-
Gonzélez MA. Diet quality and depression risk: a systematic review and dose-
response meta-analysis of prospective studies. ] Affect Disord 2018;226:346-
54.

Bremner JD, Moazzami K, Wittbrodt MT, Nye JA, Lima BB, Gillespie CF,
et al. Diet, stress and mental health. Nutrients 2020;12(8):2428.

McDowell M, Cain MA, Brumley J. Excessive gestational weight gain. J
Midwifery Womens Health 2019;64(1):46-54.

House ]S, Mendez M, Maguire RL, Gonzalez-Nahm S, Huang Z, Daniels
J, et al. Periconceptional maternal Mediterranean diet is associated with
favorable offspring behaviors and altered CpG methylation of imprinted
genes. Front Cell Dev Biol 2018;6:107.

Alick CL, Maguire RL, Murphy SK, Fuemmeler BF, Hoyo C, House JS.
Periconceptional maternal diet characterized by high glycemic loading
is associated with offspring behavior in NEST. Nutrients 2021;13(9):
3180.

Biagi C, Nunzio MD, Bordoni A, Gori D, Lanari M. Effect of adherence
to Mediterranean diet during pregnancy on children’s health: a systematic
review. Nutrients 2019;11(5):997.

Abdollahi S, Soltani S, de Souza RJ, Forbes SC, Toupchian O, Salehi-
Abargouei A. Associations between maternal dietary patterns and perinatal
outcomes: a systematic review and meta-analysis of cohort studies. Adv Nutr
2021;12(4):1332-52.

. Bailey RK, Mokonogho J, Kumar A. Racial and ethnic differences in

depression: current perspectives. Neuropsychiatr Dis Treat 2019;15:603-9.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Isong IA, Rao SR, Bind M-A, Avendano M, Kawachi I, Richmond
TK. Racial and ethnic disparities in early childhood obesity. Pediatrics
2018;141(1):¢20170865.

Min ], Goodale H, Xue H, Brey R, Wang Y. Racial-ethnic disparities in obesity
and biological, behavioral, and sociocultural influences in the United States:
a systematic review. Adv Nutr 2021;12(4):1137-48.

Rehm CD, Penalvo JL, Afshin A, Mozaffarian D. Dietary intake among US
adults, 1999-2012. JAMA 2016;315(23):2542-53.

Cheng Y], Kanaya AM, Araneta MRG, Saydah SH, Kahn HS, Gregg EW, et al.
Prevalence of diabetes by race and ethnicity in the United States, 2011-2016.
JAMA 2019;322(24):2389-98.

Burns ER, Farr SL, Howards PP, Centers for Disease Control and Prevention
(CDQ). Stressful life events experienced by women in the year before their
infants’ births—United States, 2000-2010. MMWR Morb Mortal Wkly Rep
2015;64(9):247-51.

Petersen EE, Davis NL, Goodman D, Cox S, Syverson C, Seed K, et al.
Racial/ethnic disparities in pregnancy-related deaths—United States, 2007~
2016. MMWR Morb Mortal Wkly Rep 2019;68(35):762-5.

Grobman WA, Parker CB, Willinger M, Wing DA, Silver RM, Wapner R],
et al. Racial disparities in adverse pregnancy outcomes and psychosocial
stress. Obstet Gynecol 2018;131(2):328-35.

Lu MC, Halfon N. Racial and ethnic disparities in birth outcomes: a life-
course perspective. Matern Child Health J 2003;7(1):13-30.

Johnson S, Marlow N. Early and long-term outcome of infants born
extremely preterm. Arch Dis Child 2017;102(1):97-102.

Perng W, Stuart J, Rifas-Shiman SL, Rich-Edwards JW, Stuebe A, Oken E.
Preterm birth and long-term maternal cardiovascular health. Ann Epidemiol
2015;25(1):40-5.

Crump C. An overview of adult health outcomes after preterm birth. Early
Hum Dev 2020;150:105187.

Beam AL, Fried I, Palmer N, Agniel D, Brat G, Fox K, et al. Estimates
of healthcare spending for preterm and low-birthweight infants in a
commercially insured population: 2008-2016. ] Perinatol 2020;40(7):
1091-9.

Liu Y, Murphy SK, Murtha AP, Fuemmeler BF, Schildkraut J, Huang Z,
et al. Depression in pregnancy, infant birth weight and DNA methylation of
imprint regulatory elements. Epigenetics 2012;7(7):735-46.
Gonzalez-Nahm S, Mendez MA, Robinson WR, Murphy SK, Hoyo C, Hogan
VK, et al. Low maternal adherence to a Mediterranean diet is associated with
increase in methylation at the MEG3-IG differentially methylated region in
female infants. Environ Epigenet 2017;3(2):dvx007.

Radloft LS. The CES-D scale: a self-report depression scale for research in the
general population. Appl Psychol Meas 1977;1(3):385-401.

Fuemmeler BF, Zucker N, Sheng Y, Sanchez CE, Maguire R, Murphy SK,
et al. Pre-pregnancy weight and symptoms of attention deficit hyperactivity
disorder and executive functioning behaviors in preschool children. Int J
Environ Res Public Health 2019;16(4):667.

Maguire RL, House JS, Lloyd DT, Skinner HG, Allen TK, Raffi AM, et al.
Associations between maternal obesity, gestational cytokine levels and child
obesity in the NEST cohort. Pediatr Obes 2021;16(7):e12763.

Centers for Disease Control and Prevention. A SAS Program for the 2000
CDC Growth Charts (ages 0 to <20 years) [Internet]. Atlanta, GA: CDC;
2016 [cited 10 September, 2016]. Available from: http://www.cdc.gov/nced
php/dnpao/growthcharts/resources/sas.htm.

Hoyo C, Murtha AP, Schildkraut JM, Jirtle RL, Demark-Wahnefried W,
Forman MR, et al. Methylation variation at IGF2 differentially methylated
regions and maternal folic acid use before and during pregnancy. Epigenetics
2011;6(7):928-36.

Rifas-Shiman SL, Rich-Edwards JW, Kleinman KP, Oken E, Gillman MW.
Dietary quality during pregnancy varies by maternal characteristics in
Project Viva: a US cohort. ] Am Diet Assoc 2009;109(6):1004-11.

Muraca GM, Joseph KS. The association between maternal age and
depression. ] Obstet Gynaecol Can 2014;36(9):803-10.

Hein A, Rauh C, Engel A, Hiberle L, Dammer U, Voigt F, et al
Socioeconomic status and depression during and after pregnancy in the
Franconian Maternal Health Evaluation Studies (FRAMES). Arch Gynecol
Obstet 2014;289(4):755-63.

CURRENT DEVELOPMENTS IN NUTRITION


http://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm

58.

59.

60.

6

—

62.

63.

64.

65.

66.

67.

68.

69.

70.

7

—_

72.

73.

74.

75.

Vidal AC, Murtha AP, Murphy SK, Fortner K, Overcash F, Henry N, et al.
Maternal BMI, IGF-I levels, and birth weight in African American and white
infants. Int J Pediatr 2013:191472.

Avalos LA, Caan B, Nance N, Zhu Y, Li DK, Quesenberry C, et al
Prenatal depression and diet quality during pregnancy. ] Acad Nutr Diet
2020;120(6):972-84.

Maleki SJ, Crespo JF, Cabanillas B. Anti-inflammatory effects of flavonoids.
Food Chem 2019;299:125124.

. Xu B, Chang SKC. Total phenolic, phenolic acid, anthocyanin, flavan-3-ol,

and flavonol profiles and antioxidant properties of pinto and black beans
(Phaseolus vulgaris L.) as affected by thermal processing. ] Agric Food Chem
2009;57(11):4754-64.

Parletta N, Zarnowiecki D, Cho J, Wilson A, Bogomolova S, Villani A,
et al. A Mediterranean-style dietary intervention supplemented with fish
oil improves diet quality and mental health in people with depression: a
randomized controlled trial (HELFIMED). Nutr Neurosci 2019;22(7):474~
87.

McMillan L, Owen L, Kras M, Scholey A. Behavioural effects of a 10-day
Mediterranean diet. Results from a pilot study evaluating mood and cognitive
performance. Appetite 2011;56(1):143-7.

Toobert DJ, Glasgow RE, Strycker LA, Barrera M, Jr, Ritzwoller DP, Weidner
G. Long-term effects of the Mediterranean lifestyle program: a randomized
clinical trial for postmenopausal women with type 2 diabetes. Int ] Behav
Nutr Phys Act 2007;4(1):1.

Bayes J, Schloss J, Sibbritt D. Effects of polyphenols in a Mediterranean
diet on symptoms of depression: a systematic literature review. Adv Nutr
2020;11(3):602-15.

Miller AH, Raison CL. The role of inflammation in depression: from
evolutionary imperative to modern treatment target. Nat Rev Immunol
2016;16(1):22-34.

Felger JC, Lotrich FE. Inflammatory cytokines in depression: neurobiological
mechanisms and therapeutic implications. Neuroscience 2013;246:
199-229.

Mancini JG, Filion KB, Atallah R, Eisenberg MJ. Systematic review of the
Mediterranean diet for long-term weight loss. Am ] Med 2016;129(4):407—
15.e4.

Dinu M, Pagliai G, Angelino D, Rosi A, DallAsta M, Bresciani L, et al.
Effects of popular diets on anthropometric and cardiometabolic parameters:
an umbrella review of meta-analyses of randomized controlled trials. Adv
Nutr 2020;11(4):815-33.

Vitale M, Masulli M, Calabrese I, Rivellese AA, Bonora E, Signorini S,
et al. Impact of a Mediterranean dietary pattern and its components on
cardiovascular risk factors, glucose control, and body weight in people with
type 2 diabetes: a real-life study. Nutrients 2018;10(8):1067.

. Chatzi L, Rifas-Shiman SL, Georgiou V, Joung KE, Koinaki S, Chalkiadaki

G, et al. Adherence to the Mediterranean diet during pregnancy and
offspring adiposity and cardiometabolic traits in childhood. Pediatr Obes
2017;12(Suppl 1):47-56.

Fernandez-Barrés S, Romaguera D, Valvi D, Martinez D, Vioque J,
Navarrete-Mufioz EM, et al. Mediterranean dietary pattern in pregnant
women and offspring risk of overweight and abdominal obesity in
early childhood: the INMA birth cohort study. Pediatr Obes 2016;11(6):
491-9.

Hughes SO, Power TG, O’Connor TM, Fisher JO, Micheli NE, Papaioannou
MA. Maternal feeding style and child weight status among Hispanic families
with low-income levels: a longitudinal study of the direction of effects. Int ]
Behav Nutr Phys Act 2021;18(1):30.

LeCroy MN, Siega-Riz AM, Albrecht SS, Ward DS, Cai ], Perreira KM,
etal. Association of food parenting practice patterns with obesogenic dietary
intake in Hispanic/Latino youth: results from the Hispanic Community
Childrens Health Study/Study of Latino Youth (SOL Youth). Appetite
2019;140:277-87.

Yeh K-L, Kautz A, Lohse B, Groth SW. Associations between dietary patterns
and inflammatory markers during pregnancy: a systematic review. Nutrients
2021;13(3):834.

CURRENT DEVELOPMENTS IN NUTRITION

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Mediterranean diet, stressors, and child outcomes 9

Al Bander Z, Nitert MD, Mousa A, Naderpoor N. The gut microbiota
and inflammation: an overview. Int ] Environ Res Public Health
2020;17(20):7618.

Burke NJ, Hellman JL, Scott BG, Weems CF, Carrion VG. The impact of
adverse childhood experiences on an urban pediatric population. Child
Abuse Negl 2011;35(6):408-13.

Danese A, Tan M. Childhood maltreatment and obesity: systematic review
and meta-analysis. Mol Psychiatry 2014;19(5):544-54.

Suglia SF, Duarte CS, Chambers EC, Boynton-Jarrett R. Cumulative social
risk and obesity in early childhood. Pediatrics 2012;129(5):e1173-9.

Devaraj S, Mathur S, Basu A, Aung HH, Vasu VT, Meyers S, et al. A
dose-response study on the effects of purified lycopene supplementation on
biomarkers of oxidative stress. ] Am Coll Nutr 2008;27(2):267-73.

Meyer KA, Sijtsma FP, Nettleton JA, Steffen LM, Van Horn L, Shikany
JM, et al. Dietary patterns are associated with plasma F-isoprostanes in
an observational cohort study of adults. Free Radic Biol Med 2013;57:
201-9.

Dancause KN, Laplante DP, Hart KJ, O'Hara MW, Elgbeili G, Brunet A, et al.
Prenatal stress due to a natural disaster predicts adiposity in childhood: the
Towa Flood Study. ] Obes 2015:570541.

Tamashiro KL, Moran TH. Perinatal environment and its influences
on metabolic programming of offspring. Physiol Behav 2010;100(5):
560-6.

Gorzynik-Debicka M, Przychodzen P, Cappello F, Kuban-Jankowska A,
Marino Gammazza A, Knap N, et al. Potential health benefits of olive oil and
plant polyphenols. Int ] Mol Sci 2018;19(3):686.

Fuccelli R, Fabiani R, Rosignoli P. Hydroxytyrosol exerts anti-inflammatory
and anti-oxidant activities in a mouse model of systemic inflammation.
Molecules 2018;23(12):3212.

Jiang C, Sun Z-M, Hu J-N, Jin Y, Guo Q, Xu J-J, et al. Cyanidin ameliorates
the progression of osteoarthritis via the Sirt6/NF-« B axis in vitro and in vivo.
Food Funct 2019;10(9):5873-85.

Konstantinidou V, Covas M-I, Mufioz-Aguayo D, Khymenets O, de la Torre
R, Saez G, et al. In vivo nutrigenomic effects of virgin olive oil polyphenols
within the frame of the Mediterranean diet: a randomized controlled trial.
FASEB ] 2010;24(7):2546-57.

Musumeci G, Trovato FM, Pichler K, Weinberg AM, Loreto C,
Castrogiovanni P. Extra-virgin olive oil diet and mild physical activity
prevent cartilage degeneration in an osteoarthritis model: an in vivo
and in vitro study on lubricin expression. ] Nutr Biochem 2013;24(12)
:2064-75.

Estruch R, Ros E, Salas-Salvadd ], Covas M-I, Corella D, Ards F,
et al. Primary prevention of cardiovascular disease with a Mediterranean
diet supplemented with extra-virgin olive oil or nuts. N Engl ] Med
2018;378(25):e34.

Toledo E, Salas-Salvad¢ J, Donat-Vargas C, Buil-Cosiales P, Estruch R, Ros
E, et al. Mediterranean diet and invasive breast cancer risk among women at
high cardiovascular risk in the PREDIMED trial: a randomized clinical trial.
JAMA Intern Med 2015;175(11):1752—60.

Salas-Salvadé J, Bullé M, Babio N, Martinez-Gonzalez MA, Ibarrola-Jurado
N, Basora J, et al. Reduction in the incidence of type 2 diabetes with the
Mediterranean diet: results of the PREDIMED-Reus nutrition intervention
randomized trial. Diabetes Care 2011;34(1):14-19.

Downer MK, Martinez-Gonzéalez MA, Gea A, Stampfer M, Warnberg J, Ruiz-
Canela M, et al. Mercury exposure and risk of cardiovascular disease: a nested
case-control study in the PREDIMED (PREvention with MEDiterranean
Diet) study. BMC Cardiovasc Disord 2017;17(1):9.

Freedman LS, Commins JM, Moler JE, Arab L, Baer DJ, Kipnis V, et al.
Pooled results from 5 validation studies of dietary self-report instruments
using recovery biomarkers for energy and protein intake. Am J Epidemiol
2014;180(2):172-88.

Martinez-Gonzalez MA, Hershey MS, Zazpe I, Trichopoulou A.
Transferability of the Mediterranean diet to non-Mediterranean countries.
What is and what is not the Mediterranean diet. Nutrients 2017;9(11):
1226.



