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Abstract

Background: Consumption of a diet with high adherence to a Mediterranean diet pattern (MDP) has been
associated with a favorable gastrointestinal tract (GIT) microbiome. A healthy GIT microbiome in pregnancy, as
defined by increased alpha diversity, is associated with lower chance of adverse perinatal outcomes. This study
aimed to evaluate the impact of adherence to an MDP on GIT microbial diversity longitudinally throughout
pregnancy.

Methods: Adherence to MDP was scored by the Alternate Mediterranean (aMED) Diet Quality Score, after being
applied to a validated Food Frequency Questionnaire. Association of aMED Scores with GIT alpha diversity profiles
were compared linearly and across time using a linear mixed model, including covariates of age, body mass index
(BMI), ethnicity, and parity.

Results: Forty-one participants of Filipino, Japanese, Native Hawaiian, and Non-Hispanic White descent provided
dietary information and microbiome samples during each trimester of pregnancy. Alpha diversity profiles changed over
gestation, with decreased microbial diversity in the third trimester. aMED scores positively correlated with Chao1 Index
and Observed Species Number (r = 0.244, p = 0.017, and r = 0.233, p = 0.023, respectively). The strongest association was
detected in the third trimester (Chao 1: r = 0.43, p = 0.020, Observed Species Number: r = 0.41, p = 0.026). Participants
with higher aMED scores had higher relative abundance of Acidaminoacaeae at the family level (p = 0.0169), as well as
higher abundance of several species known to increase production of short chain fatty acids within the GIT.

Conclusions: Adherence to MDP pattern is associated with increased maternal GIT microbial diversity, and promotes
the abundance of bacteria that produce short chain fatty acids. Increased consumption of fruits, vegetables and
legumes with low red meat consumption were key components driving this association. The effect of nutrition
however, was less of an effect than pregnancy itself. Further studies are needed to determine if adherence to a
Mediterranean diet translates not only into microbial health, but also into reduced risk of adverse pregnancy outcomes.
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Background
Gastrointestinal (GIT) microbiota play a role in protect-
ing or promoting adverse pregnancy outcomes. GIT mi-
crobial dysbiosis, as defined as low alpha diversity and
reduced levels of butyrate producing bacteria, is associ-
ated with bacterial translocation and the promotion of
endotoxins, creating systemic inflammation. Such in-
flammation may lead to preterm labor [1], higher blood
pressure [2], and increase the risk of developing gesta-
tional diabetes [3]. Thus, improving GIT microbial
health may help to mitigate adverse pregnancy
outcomes.
At baseline, a normal GIT microbial community shifts

throughout pregnancy. There is a natural decline in
butyrate-producing bacteria from the Firmicutes (Copro-
cocci, Eubacterium, Roseburia, and Faecalibacterium
genera) and Bacteroidetes (Odoribacter and Alistipes
genera) phyla [2] at the end of gestation. Bifidobacteria,
Proteobacteria, and lactic acid–producing bacteria in-
crease during the third trimester. This process is thought
to help facilitate the normally observed increase in in-
flammation and weight gain to increase energy supply
for the fetus [4]. The end result is less alpha diversity
and Operational Taxonomic Unit (OTU) richness by the
end of the third trimester. Several studies demonstrate
that at this point, the composition resembles that of an
individual with metabolic syndrome, with increased Acti-
nobacteria and Proteobacteria, and decreased Faecali-
bacterium [4, 5]. The rate at which these changes occur
and the degree to which alpha diversity changes may
play a role in avoiding preterm birth, preeclampsia, or
other adverse pregnancy outcomes. Furthermore, ma-
nipulating microbial diversity over time may be possible
with targeting maternal diet.
Several diet patterns have been associated with im-

proved GIT microbial profiles. Vegetarian diets promote
higher levels of roseburia and lacnospiraceae, and reduce
collinsella, which is associated with higher levels of cir-
culating insulin [6] [7]. Proportions of high fiber and
low-fat intake are correlated with greater microbial di-
versity and lower levels of bacteriodaceae [8]. Polyunsat-
urated fatty acids also promote gut mucosal integrity
and insulin sensitivity by inhibiting inflammation
through byproduct fermentation [9]. Particular interest
lies in the Mediterranean diet pattern (MDP), which is
characterized by high amounts of fiber, lean proteins,
fruits and vegetables, and lower consumption of red
meats and processed foods. Several studies have noted a
beneficial association with consumption of an MDP and
GIT microbiome characteristics. MDP adherence is as-
sociated with lower levels of lower Escherichia coli,
higher amounts of bifidobacteria, and greater amount of
bacterial richness. Such a composition leads to high
levels of fecal short-chain fatty acids that contribute to

epithelial connections, reduce bacterial translocation and
improve systemic inflammation which would otherwise
lead to chronic disease [10–13].
Mediterranean diet patterns are also associated with

improved maternal and neonatal outcomes including a
lower chance of diabetes [14], hypertension during preg-
nancy [15], excessive gestational weight gain, low birth
weight neonates [16], and beneficial metabolic profiling
in offspring [17] [18]. The impact of an MDP has not
been thoroughly evaluated on the gastrointestinal micro-
biome during pregnancy. The relationship of improved
metabolic health with a Mediterranean diet via increased
GIT microbial diversity is established in non-pregnant
populations [8] [19], but gaps in knowledge of this rela-
tionship among parous women remain. To better under-
stand this relationship, we tested the hypothesis that
better adherence to an MDP is associated with higher
microbial diversity during pregnancy.

Methods
Study subjects and recruitment
This longitudinal cohort study was approved by the
Western Institutional Review Board in compliance with
Hawai’i Pacific Health protocol. Women were recruited
from the 4 most common ethnic groups in Hawai’i –
Japanese, Filipino, Native Hawaiian, and non-Hispanic
White [20], in the outpatient setting while awaiting first
trimester ultrasound appointments. Inclusion criteria
were as such: women aged 18–45 years old, primarily
English Speaking and English literate, self-identified as
Asian, Non-Hispanic White, or Native Hawaiian on in-
take registration information form and in their first tri-
mester of pregnancy (< 14 weeks 0 days gestation). While
many individuals in Hawai’i have a multiethnic back-
ground, participants had to identify as 50% or greater
(having one parent that is 100% of their reported heri-
tage) to participate in the study. Native Hawaiians of any
percent ethnicity were eligible for participation. Partici-
pants that identified as 50% one ethnicity and 50% of an-
other ethnicity were excluded.
Other exclusion criteria included: plans to move out of

the area prior to delivery, plan to deliver at another hos-
pital other than our medical center, multiple gestation,
pre-existing diabetes or hypertension, heart disease,
chronic renal disease, systemic lupus erythematosus,
hypothyroidism, history of bariatric surgery, history of
an eating disorder, or inflammatory bowel disease, and
women who are currently incarcerated.

Data collection
Participation included completing the Multiethnic Co-
hort Food Frequency Questionnaire (MEC FFQ) three
times: once during each trimester, and also collecting
microbiome samples via rectal swab at the same time
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points in each trimester. The first FFQ and bacterial
swab collection was completed at time of enrollment,
around 11–13 weeks’ gestation. The second collection
occurred in the second trimester at the time of their
anatomy ultrasound at 18–20 weeks’ gestation. Third tri-
mester samples were collected from 34 to 36 weeks’
gestation.
The MEC-FFQ was developed and validated in a large

healthy adult population from 1993 to 1996 in Hawai’i
and California [21]. Participants were followed for de-
cades and the tool has proven effective in associating
diet with oncologic outcomes and cardiovascular risk.
The FFQ includes 182 specific food items uniquely asso-
ciated with the contemporary local diet such as poi, taro,
spam, tofu, salted fish, miso soup, saimin, and fermented
foods presumably high in probiotics. Participants were
asked recall a typical diet for the previous month. The
data extracted from the MEC FFQ was analyzed by the
University of Hawai’i Cancer Center Nutrition Shared
Support Resource. Adherence to an MDP was scored via
the Alternate Mediterranean Diet (aMED) score (Com-
ponents and Scoring System displayed in Table 1) [22].
The analysis was performed on each questionnaire that
was completed, so that each participant had up to three
scores.

Microbiome sequencing
DNA isolation was performed using the AllPrep DNA/
RNA Extraction Kit (Qiagen). ThermoFisher Scientific
16S rRNA primers were then used to create bacterial
DNA libraries for sequencing according to manufac-
turer’s instructions. Metagenomic sequencing was

carried out on the Ion Genestudio S5 Sequencer (Ther-
moFisher Scientific). V2–4-8, V3–6, V7–9 primers are
used to amplify the hypervariable regions of the 16S
rRNA gene from bacteria. The Ion Torrent Data analysis
platform was used to align sequence fragments and pro-
vide OTUs at the family, genus, and species level. These
reads were used to assign alpha and beta diversity scores
through the Ion Torrent Software. The α-diversity in-
dexes were computed after rarefraction was performed,
using the average value of the 10 rarefied value at se-
quence number 15,927.

Data analysis
Characteristics of the participants were summarized by
mean and standard deviation for continuous variable,
frequencies, and percentages for categorical variables.
Two-tailed Student’s t test, ANOVA or χ2 test were used
to test the differences of these variables respectively.
Variables were log transformed to improve normality
and homoscedasticity where appropriate. Non-
parametric tests (Mann Whitney U, Kruskal Wallis Test)
was applied for non-normally distributed data. Repeated
Measures ANOVA with multiple comparison test via
Tukey HSD as post-hoc analysis was used to compare
alpha diversity (Shannon Index, Chao 1 Scores, Simpson
and Observed number of Species) indexes with demo-
graphic characteristics such as ethnicity and obesity ag-
gregately among trimesters. Beta diversity profiles were
analyzed with PCA among each ethnic group during
each trimester after Euclidean Distance Matrix was de-
veloped. The primary outcome measures of correlation
of aMED score with alpha diversity score were compared

Table 1 Scoring Components for Alternate Mediterranean Diet (aMED) Score Adapted from Fung et al., 200522

Alternate Mediterranean Diet Score

Food group Foods included Criteria for 1 point1

Vegetables All vegetables except potatoes Greater than median intake
(servings/d)

Legumes Tofu, string beans, peas, beans Greater than median intake
(servings/d)

Fruit All fruit and juices Greater than median intake
(servings/d)

Nuts Nuts, peanut butter Greater than median intake
(servings/d)

Whole grains Whole-grain ready-to-eat cereals, cooked cereals, crackers, dark breads, brown rice,
other grains, wheat germ, bran, popcorn

Greater than median intake
(servings/d)

Red and processed meats Hot dogs, deli meat, bacon, hamburger, beef Less than median intake
(servings/d)

Fish Fish and shrimp, breaded fish Greater than median intake
(servings/d)

Ratio of monounsaturated to
saturated fat

– Greater than median intake
(servings/d)

Ethanol Wine, beer, “light” beer, liquor 5–25 g/d

1–0 points if these criteria are not met
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with Pearson correlation as well as linear mixed model
while accounting for confounders such as age, Body
Mass Index (BMI), ethnicity and parity. All data analyses
were performed using R Studio version 1.0.136 (http://
www.r-project.org/) and a two-tailed p-value of less than
0.05 was be regarded as statistically significant.

Results
For this study, forty-one participants in total were re-
cruited. There were 10 (24.3%) participants each of
Non-Hispanic White, Filipino, Japanese descent and 11
(26.8%) participants of Native Hawaiian descent. The
average age of the cohort was 29, and the majority were
nulliparous (n = 22, 56%). Average BMI was 27.2 kg/m2,
with only 17% (n = 11) being obese. Demographic data
for those scoring below versus above the median aMED
score are listed in Table 2.
FFQs results were available for 40 participants during

the first trimester, 37 for the second trimester, and 33
for the third trimester. Loss to follow-up or withdrawal
from the study occurred for 1 patient after the first tri-
mester (termination of pregnancy), and 4 participants
after the second trimester collection (1 termination due
to pre-viable preeclampsia with severe features, 1 s tri-
mester loss, 1 elective termination and 1 participant
moved away). During the third trimester, there were an
additional 8 participants who were lost to follow up and
did not fill out their survey in the mail, with results for
33 participants in the third trimester. Attempt was made
to contact all patients after delivery, regardless if 3rd tri-
mester sample was not collected at 34–36 weeks gesta-
tion, in order to gain information about pregnancy
outcomes. Pregnancy outcome data was available for 39
of 41 participants. After filtering for DNA quality and
samples that yielded greater than 10,000 unique 16S-
based sequencing reads, results were available for 35
participants from the first, 36 from the second, and 30
from the third trimester. Data is displayed from partici-
pants who had paired data of both FFQ and microbiome
in each trimester.

Diet quality
The aggregate distribution of the aMED scores was nor-
mally distributed among all three trimesters, (Supple-
mentary Fig. 1). The diet scores among each ethnic
group are shown in Fig. 1 – aggregately and according
to Trimester (Panel A). Overall, Native Hawaiian partici-
pants had higher adherence to Mediterranean diet qual-
ity than Filipino participants (p = 0.005), as did Japanese
(non-significant (NS), p = 0.06). These differences were
primarily comprised of scores in the third trimester, as
demonstrated in Fig. 1 Panel B (NS). There were no dif-
ferences in scores of those who are obese versus non-
obese (mean = 3.9 vs 4.2, p = 0.56).

Microbiome data
Overall, 577 different OTUs were identified. Differences
were detected among aggregate abundance at the family
level among ethnicities. We observed greater abundance
of lactobacillaceae in Japanese and Filipino compared to
Non-Hispanic White and Native Hawaiian participants
(p = 0.018). Non-Hispanic White women tended to have
higher Porphyromonadaceae (NS). Native Hawaiians had
higher levels of Acidaminococcaceae (NS) (Fig. 2), and
the highest ratios of Prevotellaceae to Bacteroidaceae,
versus Non-Hispanic white women had the lowest ratios
(NS).
The most abundant phyla and families according to

trimester are shown in Fig. 3. There is a shift in the
types and abundance of microbes present between the
first and second trimesters to the third trimester. Con-
sistent with other observations [4], alpha diversity de-
creased significantly over time from first to third
trimester. The rate of change was not different between
those who scored above and below the mean aMED
Score (Fig. 4). There was also no difference detected in
the rate of change over time among participants of dif-
ferent ethnicities or those who were obese versus non-
obese (not shown). Principal Component Analysis plots
are shown to compare samples. Third trimester samples
segregate away from first and second in the distance
matrix (Fig. 5), demonstrating a shift of microbial com-
position at the end of gestation. There was no distinct
grouping among those who had higher aMED diet qual-
ity scores versus those who had lower scores, and no dis-
tinct groupings among ethnicity or BMI class (not
shown).
The primary test for a relationship between alpha di-

versity metrics and aMED Score was evaluated as a lin-
ear correlation, with the hypothesis that better
adherence to the Mediterranean diet would increase
alpha diversity. While bivariate analysis of those above
and below the mean did not show a rate of change over
time (Fig. 4), there was linear correlation with aMED
score and alpha diversity of the GIT microbiome. Table 3
shows the correlation coefficient for all diversity metrics
with combined aMED scores, irrespective of trimester.
The correlation is primarily supported by the association
in the third trimester with regards to overall richness, as
measured by Chao1 Index and Observed species number
(Fig. 6). Specifically, this comparison is visualized in a
scatterplot, with aMED score on the X axis, and alpha
diversity measures on the Y-axis (Fig. 6). Overall even-
ness of the species (as measured by Shannon and Simp-
son index) was not impacted by aMED score (Table 2
and Fig. 6). To determine the relationship between ob-
served species number and aMED score, multivariate
linear mixed-effect model was implemented using lme4
package in R. Fixed effect covariates included obesity,
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parity, ethnicity, trimester and age, while subject was
treated as random effects. Visual inspection of residual
plots did not reveal any obvious deviations from homo-
scedasticity or normality. No significant correlation or
covariate was produced from the model, except for
aMED score (B-estimate 4.83, 95% Confidence Interval
1.5–8.14).

To further understand the relationship above, the
OTU abundance at the family level was compared via
non-parametric t-test among those with high versus low
aMED scores. There is a greater abundance of Acidami-
noaceae in the those that scored the highest compared
to than those with the lowest aMED scores. (p = 0.0169).
Interestingly, there is also a trend for higher diet quality

Table 2 Composite results from all three trimesters for all participants who completed FFQs, according to Energy adjusted aMED
Score (those who scored below and above the median). Aggregate Nutrient Consumption is displayed as mean (SD), and compared
via t-test

Composite Energy Adjusted aMED Score Low (n = 21) High (n = 19) p-value

Range: [0–4.0] [4.3–7.0]

Age

Median [Min, Max] 26.0 [19.0, 38.0] 33.0 [24.0, 40.0] 0.030

Obesity 0.978

Normal 10 (47.6%) 9 (47.3%)

Overweight 5 (23.8%) 5 (26.3%)

Obese 6 (28.6%) 5 (26.3%)

Ethnicity 0.218

Filipino 8 (38.1%) 2 (10.5%)

Japanese 4 (19%) 5 (26.3%)

Native Hawai’i an 4 (19%) 7 (36.8%)

Non-Hispanic White 5 (23.8%) 5 (26.3%)

Parity 0.672

Nulliparous 11 (52.4%) 11 (57.9%)

Primaparous 8 (38.1%) 5 (26.3%)

Multiparous 2 (9.5%) 3 (15.7%)

Pregnancy Outcomes (available for n = 18 in each group)

Excess Gestational Weight Gain 2 7

Gestational Diabetes 2 2

PreEclampsia 5 4

Spontaneous Preterm Birth 1 0

Infant Birth weight (grams, Mean [SD]) 3110 [507] 3500 [360] 0.016

Gestational Age at Delivery (Weeks) 39 38.6 0.762

Composite Nutritional Components

Total Energy (kcal) 2143 (2017) 2181 (1102) 0.942

% carbohydrates from total energy 46.8 (4.6) 50.6 (4) 0.008

% protein from total energy 16.3 (2) 15.8 (2) 0.440

% fat from total energy 36.8 (3.4) 33.5 (2.9) 0.002

Monounsaturated fat (g) 34.53 (32.4) 31.39 (16) 0.697

Polyunsaturated fat (g) 16.3 (14.4) 17.2 (9.3) 0.794

Cholesterol (mg) 325.8 (314) 295.9 (179) 0.711

Sodium (mg) 3536.4 (2827) 3653.3 (1696.4) 0.874

Fiber (g) 15.6 (13.6) 28.3 (16) 0.011

Calcium (mg) 816.5 (807) 997.4 (482) 0.391

Folate (Mg) 447.8 (372) 700.4 (390) 0.044

Iron (mg) 13.7 (10.9) 19 (9.9) 0.118
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being associated with increased Prevotellaceae. The ratio
of Prevotellaceae to Bacteroidaceae was normalized by
log transformation and compared among high and low
aMED scores. Those with higher aMED scores had
higher Prevotellaceae: Bacteroidaceae ratios (Supple-
mentary Material Fig. 2), especially in the third trimes-
ter. At the species level, several species associated with
the highest AMED scores (> 6) and are listed in Table 4.

Fig. 7 shows the differences in components of the
aMED score in those with the highest (green) and lowest
(orange) Chao1 scores. Participants with greater alpha
diversity as measured by the Chao1 Index tended score a
point more frequently in the aMED categories of vegeta-
bles, fruit, nuts, legumes, and red meat (equating to less
red meat), compared to those with lower Chao1 scores.
There were not large differences in the amount of fish

Fig. 1 Box plot of aMED scores for each ethnic group aggregately for all trimesters (PANEL A) (mean – solid line, SD- whisker). aMED scores in to
each trimester (PANEL B) showing the mean (•) and Standard deviations (dashed lines)
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Fig. 2 Aggregate OTU abundance at the family level across all trimesters according to ethnicity
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or monosaturated to saturated fats consumed. Other
macro and micronutrients did not differ between those
of high versus low alpha diversity scores, except for the
amount of polyunsaturated fats. And while those with
higher aMED scores consumed larger amounts of fiber,
this was not independently correlated with alpha diver-
sity metrics. There were no differences in the amount of
fiber between those of high versus low Chao1 scores.

Pregnancy outcomes
Pregnancy data was available for 39 participants from
the cohort, and complete paired data for 36 participants.
Nine (25%) women developed Pregnancy-induced
Hypertension (PIH) (including gestational hypertension,
PreEclampsia with and without severe features). Four
participants (11.11%) developed gestational diabetes
(GDM), and 10 (27.8%) participants had excess gesta-
tional weight gain (GWG) beyond the amount of gesta-
tional weight gain recommended by the Institute of
Medicine (IOM). One participant had a second trimester

loss due to cervical insufficiency, and another preterm
birth at 36 weeks. Exploratory analysis was performed to
look at mean differences of alpha diversity profiles
among women who did and did not develop the most
common adverse pregnancy outcomes (PIH, GDM, and
excess GWG). (Supplementary Material Table 1).
Comparisons were made from mean scores across all tri-
mesters and according to trimester. No consistent pat-
terns were demonstrated for any of the adverse
pregnancy outcomes. Interestingly, women with excess
gestational weight gain had higher aMED scores, which
is not consistent with previous studies [15], and reflect-
ive of the small sample size. Abundance of particular
families or genera were not associated with any of these
adverse pregnancy outcomes (not shown).

Discussion
The relationship of improved metabolic health with a
Mediterranean diet via increased GIT microbial diversity
during pregnancy is not well understood, in particular

Fig. 3 Phylum (Top panel) and Family (bottom panel) distribution across all samples according to trimester. The most abundant phyla are
Proteobacteria, Fusobacteria, Firmicutes, Bacteroidetes, and Actinobacteria
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among ethnically diverse women. To our knowledge, this
study is the first to characterize dietary patterns and
GIT microbiome in a multi-ethnic cohort in the Pacific,
and examine this relationship at the microbial species
level. The unique makeup of Hawai’i residents is infre-
quently represented in dietary research of pregnant
women [29–31]. The population consists of immigrants,
first generation individuals, and a large heterogenous
group of mixing cultures. As such, dietary patterns are
influenced from a variety of sources. There is also a
unique consumption of diverse fermented foods such as
nato and poi that may contribute to a distinct gut
microbiota.

Our cohort followed the widely described transition to
decreased diversity under the influence of hormonal
shifts across gestation. Commensurate with other pub-
lished studies of pregnant populations [32] [4], there
were significant differences in Shannon, Chao1, Simp-
son, and observed number of species from first trimester
to third trimester. The changes were mostly represented
in a decrease in total abundance of lactobacillaceae (p =
0.013), and lachnospiracheae (p = 0.00489), and an in-
crease in prevotellaceae (p = 0.03). On top of this preg-
nancy shift, MDP adherence influenced microbial
diversity over time, even while accounting for BMI, eth-
nicity and parity. While other studies have demonstrated

Fig. 4 Alpha Diversity profiles according to trimester for those averaging above and below the median aMED diet quality score

Fig. 5 Principal Component Analysis of OTUs at the family level, compared by aMED Score and Trimester. aMED Scores above the mean are
represented by circles and scores below the mean are represented by triangles
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that diet has more of an influence on microbial compos-
ition than body mass index, this was masked in our
study by the pregnant cohort [33]. Our primary out-
come, a linear correlation with diet quality as measured
by adherence to MDP and microbial diversity was dem-
onstrated; Women with higher adherence to the MDP
had a smaller decrease in alpha diversity in the third tri-
mester. The benefits of adherence to an MDP is well
documented both on development of chronic disease,
and likely mechanisms by which these occur – namely
inflammation, and aberrant gut microbiota. These rela-
tionships have not been specifically explored during
pregnancy. Our results offer novel insight into the im-
pact that diet had on microbial composition and

richness over pregnancy. Specifically, despite a normal
transition to more dysbiosis in the GIT during the third
trimester, this shift was mitigated by better adherence to
MDP.
One other recent study describes the impact of dietary

quality on GIT microbial health during pregnancy. Laiti-
nen et al. measured diet quality by the “Index of Diet
Quality” (IDQ) score and alpha diversity in early preg-
nancy (one time point at less than 18 weeks gestation)
[34]. Researchers detected a correlation of diet quality
and all indices (Shannon Index, Chao, observed Species
number and phylogenetic diversity) within this cohort of
overweight and obese women in Finland. They noted the
two food components most associated with increased
alpha diversity were whole grains and vegetables, similar
to our findings. Both our study and Laitinen’s demon-
strate that comprehensive diet quality is beneficial for
maternal GIT microbial health. While other research has
focused on particular micro or macronutrients [8, 35]
impact on GIT microbiome, we sought to understand
how holistic and balanced nutrition improves the gut
microbiome, as this type of dietary pattern is the easiest
to which to adhere.

Table 3 Correlation between aggregate aMED score and α-
diversity indexes

Diversity index r p

Chao1 0.244 0.017

Observed Species # 0.233 0.023

Shannon 0.103 0.321

Simpson 0.137 0.1862

Fig. 6 Pearson correlation of each alpha diversity metric with aMED Score according to Trimester. Correlation Coefficients (R) are listed in order of
Trimester (1st, 2nd, and 3rd), with associated p-values
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At the species level, several species were noted to be
more abundant in those with the highest aMED scores
(> 6). While the literature is limited in descriptions of
how these organisms directly impact human health,
some of the identified species have been described in pa-
tients with autoimmune or inflammatory conditions [27,
36, 37]. Several of the species more abundant in partici-
pants with higher aMED scores are described as produ-
cing beneficial by products such a butyrate and acetic

acid (As described in Table 4) [23]. For instance, there
was greater abundance of lactobacillus rogosae and ali-
steps sp. in women with higher aMED Scores in our co-
hort. These organisms are observed to be decreased in
women with gestational diabetes or glucose intolerance
during pregnancy [28, 38]. Coprococcus and A. tetradius
are also known to produce butyrate and acetic acid, sup-
porting tight mucosal adhesion within the gastrointes-
tinal tract and thus decreasing systemic inflammation

Table 4 Species with significant correlations with the highest aMED Scores (> 6)

Genus_Species Correlation
(r)

p-
value

Metabolic Production and Physiologic Effects cited in literature

Lactobacillus_rogosae 0.277 0.007 Decreased in women with Gestational Diabetes [23]

Coprococcus_eutactus 0.256 0.012 Actively ferments carbohydrates, produces butyric and acetic acids with formic or propionic and/or
lactic acid [24]

Phascolarctobacterium_
faecium

0.243 0.018 Produces short-chain fatty acids, including acetate and propionate, upregulated by metformin in ani-
mal models [25]

Anaerococcus_tetradius 0.242 0.018 Primarily found in vagina and female reproductive tract. Ferments glucose and mannose, butyrate is
an end-product [26]

Collinsella_aerofaciens 0.235 0.022 Unique collinsella species with butyrate kinase [27]

Alistipes_sp. 0.229 0.025 Negative correlation with glucose intolerance in pregnancy [28]

Faecalibacterium_
prausnitzii

0.205 0.046 Butyrate producing, Anti-inflammatory properties, associated with low secretion of pro-inflammatory
cytokines (IL-12 and IFN-γ), and elevated secretion of the anti-inflammatory cytokine IL-10 [36, 38, 39].

Pseudobutyrivibrio_
ruminis

0.202 0.050 Butyrate producer [23]

Fig. 7 Components of aMED Score for paired GIT microbiome samples with the lowest and highest alpha diversity as measured by specimens in
the bottom and top 25th percentiles of Chao1 Index scores
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[26, 39]. Likewise, Faecalibacterium prausnitzii is associ-
ated with decreased cytokine production in patients with
Crohn’s disease [25, 40].
Looking at the specific enterotypes represented in this

cohort, Prevotella was highly abundant in participants
with higher diet quality scores [34]. Within the GIT
microbiome, a Prevotella-dominant enterotype is associ-
ated with high intake of fiber, carbohydrate, and simple
sugars, whereas Bacteroides-dominant enterotype is as-
sociated with the high intake of animal fat and protein
[24]. De Fillipo et al. and Martinez et al. both describe a
Prevotella dominant enterotype is prevalent in popula-
tions eating a more traditional diet versus Westernized
dietary pattern [41] [42]. As such, this composition led
to overall greater microbial richness, and produced
higher levels of short-chain fatty acids. In our cohort,
Native Hawaiians had the highest abundance of Prevotel-
laceae, and also had higher adherence to MDP. Yet, this
population also has some of the highest adverse preg-
nancy outcomes in Hawai’i [43, 44]. Further investiga-
tion of these relationships is needed to understand what
contribution nutrition plays into ethnic-specific dispar-
ate birth outcomes.
Mechanistic knowledge is still needed before the con-

nection to translatable, modifiable health interventions
utilizing the microbiome is achieved. This study aimed
to provide more baseline knowledge about nutrition and
the GIT microbiome in pregnancy with the aim to gen-
erate new areas of investigation. The majority of re-
search on the microbiome in pregnancy thus far has
been directed toward characterizing vaginal microbial
communities, with an emphasis on the association with
preterm birth. Many studies demonstrate that increased
vaginal microbial diversity and depletion lactobacillus-
dominant communities are associated with preterm birth
[45–47]. Researchers hypothesize this is due to acquisi-
tion of pathogenic organisms, or from metabolites pro-
duced by anerobic microbes [48]. Conversely, little is yet
known regarding the GIT microbiome in pregnancy.
The specific families, species or communities that are
most important have yet to be characterized, and inter-
ventions such as probiotics to affect pregnancy health
have thus far proven futile [49]. Furthermore, the vaginal
and GIT microbiome are closely related, and additional
studies are needed to demonstrate how both the vaginal
and GIT microbial communities, which are intercon-
nected, contribute to adverse pregnancy outcomes, as
well as interventions that can be utilized to impact
health outcomes.
Limitations of this study include inherent recall bias

by using a Food Frequency Questionnaire. However,
FFQs are often structured to have patients recall what
they eat over a predetermined time period. FFQs have
been shown to be as accurate as 24-h recall in

correlation with biologic specimens showing metabolites
and nutrients [50]. Another limitation is our limited
sample size. The authors acknowledge the limitation in
the observational nature of this small study as
hypothesis-generating. The cohort was not powered to
measure the ultimate impact of microbial diversity of ad-
verse pregnancy outcomes. While an attempt was made
to account for other confounding factors that influence
microbial health, some aspects were not captured such
as exercise, maternal adiposity, or domestic environment
(rural versus urban). However, this study lays the
groundwork for future research for understanding the
contributions of GIT microbial dysbiosis, nutrition and
prevention of adverse perinatal outcomes, and biologic
mechanisms by which this occurs. The strengths of this
study include it being the first-time diet quality and mi-
crobial composition has been described in pregnant
women in Hawai’i. Measuring these relationships and
changes longitudinally across all three trimesters makes
this insightful information even more impactful.

Conclusions
Ultimately, microbial diversity is comprised of several
environmental factors including adiposity, environment,
geography and diet. The strongest determinant observed
in our cohort was pregnancy itself, with the hormonal
changes leading to an expected decrease in diversity over
time. While to a lesser degree, adherence to MDP was
also impactful on alpha diversity within the GIT and
should be considered when discussing nutrition recom-
mendations with pregnant women.
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