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Abstract

Background: The gut microbiota plays a critical role in maintaining health, influencing nutrient metabolism, immune
function, and disease susceptibility. During pregnancy, the maternal diet can significantly alter the composition and
diversity of the gut microbiota, potentially impacting maternal and fetal health.
Objective: This mini-review aims to answer whether maternal diet during pregnancy is associated with the composition
and diversity of maternal gut microbiota.
Methods: A comprehensive literature search was conducted in Embase, Scopus, PubMed, Web of Science, and Cochrane
databases in May 2024. A risk of bias assessment was performed.
Results: Twenty articles were selected, including randomized controlled trials, cohort, cross-sectional, and case-control
studies. Increased dietary fiber intake was consistently associated with higher gut microbiota richness and diversity.
Conversely, high-fat diets were linked to reduced microbial diversity and pro-inflammatory profiles. Dietary interventions
such as vegetarian and Mediterranean diets promoted a more diverse and beneficial gut microbiota composition.
Conclusion: Maternal diet during pregnancy is associated with changes in gut microbiota composition and diversity. These
findings underscore the importance of dietary interventions to improve the gut microbiota to improve pregnancy health.
Future research should focus on personalized nutrition strategies to optimize maternal outcomes.
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Introduction

Since the advent of sequencing methods and bioin-
formatic analysis, understanding the microbiome in
the human organism has rapidly evolved (Galloway-
Peña, 2020). The gut microbiota is involved in nutri-
ent extraction, metabolism, biosynthesis of vitamins,
amino acids, and lipids, and/or the development
of intestinal mucosa and the immune system (Hou,
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2022). Numerous studies have demonstrated how a
healthy microbiome can reduce the risk of obesity,
heart disease, diabetes, and cancer (Noor et al., 2023).
Likewise, associations have been established between
human intestinal microbiota and a number of dis-
eases, including irritable bowel syndrome, inflam-
matory bowel disease, systemic metabolic diseases,
and atopic eczema (Bull, 2014). During pregnancy,
women undergo multiple physiological changes that
also affect the microbiome, increasing the risk of
diseases linked with altered intestinal flora, such
as gestational diabetes, preeclampsia, obesity, and
metabolic syndrome (Koren, 2024).

Previous studies found that dietary changes dur-
ing pregnancy may modify the maternal microbiota
in women with pregnancy-related conditions. Fiber-
rich diets and high consumption of carbohydrates
and proteins have been shown to positively affect
microbiome variability (Martin, 2023), preventing
metabolic disorders and inflammatory diseases (Rin-
ninella, 2023). Conversely, high-sugar and high-fat
diets, especially those containing processed foods,
can increase harmful bacteria, leading to inflamma-
tion and metabolic disorders (Son, 2022). Thus, un-
derstanding the correlation between diet, microbiota,
and certain conditions is crucial for better clinical
practice.

This review aims to explore the effects of di-
etary patterns and microbiota changes during preg-
nancy, with a focus on the diversity and predom-
inance of bacterial species, in reducing the inci-
dence of preeclampsia, gestational diabetes, and
other metabolic conditions. New research in this
area may offer insights into how individualized di-
etary interventions can foster a healthier maternal
microbial environment, which in turn may benefit
the newborn by reducing the risk of future health
issues.

Materials and Methods

Study Design

This review followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines. The search was conducted in Embase,
Scopus, PubMed, Web of Science, and Cochrane
databases in May 2024 without the use of any fil-
ters in the initial search. The aim was to iden-
tify studies that addressed the research question:
“Is maternal diet during pregnancy associated with
the composition and diversity of maternal micro-
biota/microbiome?”. A protocol for this review was
not registered in the International Prospective Regis-
ter of Systematic Reviews (PROSPERO) because this
study is considered an academic exercise.

Search Strategy

The search was performed in the five selected
databases using the terms "pregnancy," "diet," "gut
microbiome," and "maternal outcome," and their
variations. The research strategy was adapted
according to the database. The description of the
exact terms used in this review can be found in the
supplementary materials.

Inclusion and Exclusion Criteria

Articles were screened for eligibility based on specific
inclusion criteria: pregnant women of any gestational
age, over 18 years old, irrespective of ethnicity or
health condition. Eligible studies investigated dietary
patterns during pregnancy and included dietary in-
terventions to modify the gut microbiota composition
and diversity. Some studies also reported maternal
outcomes related to gut microbiota changes. The
review included randomized controlled trials (RCTs)
and observational studies, with publications accepted
in English, Portuguese, or Spanish. No limitations
were placed on the year of publication.

Excluded articles were animal and in vitro studies,
those conducted on postpartum women, or those
lacking a description of the dietary pattern or
nutritional intervention. Articles providing only
general recommendations without specific directions,
outcomes unrelated to maternal health or microbiota,
and certain study types, including case series,
guidelines, reviews, meta-analyses, systematic
reviews, editorials, or opinion pieces, were also
excluded. Additionally, studies not available in
full text were not considered for this review. All
excluded articles were assessed individually, without
using filters during the search strategy.

Screening

The screening and data extraction for this review
were conducted using Covidence. Initially, selected
papers were screened for duplicates and then
assessed based on their titles and abstracts by a
team of 16 authors. Subsequently, they underwent a
full-text review by 23 reviewers. Any discrepancies
between reviewers were resolved through discussion
among the authors, with a third reviewer consulted
when necessary to reach a consensus. Refer to Figure
1 for more details.

Selection of Studies and Data Extraction

Data from the papers were extracted using a
standardized extraction form. After independently
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Figure 1: PRISMA flow diagram: This diagram provides an overview of the process to ensure the quality and relevance of the included
studies.
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extracting information, reviewers generated a
comparison table to identify any discrepancies.
Conflicts were resolved through discussion to reach
a consensus, enhancing the accuracy and reliability
of the data extraction process. No assumptions
were made regarding missing or unclear data in this
review.

Data Synthesis

Since the primary outcome was the microbiome and
its changes, no conventional effect measures, such as
risk ratio or mean differences, were used to evaluate
this variable. The studies were grouped based on
specific characteristics of the population studied
in each trial: pregnant women in general, those
with gestational diabetes, those with high blood
pressure, and those with obesity or overweight. This
review aimed to assess the differences in microbiome
composition across these groups. As some articles
focused on a specific type of population, these
subgroups allowed for a more targeted analysis.
Data summarized in the text and tables were not
adjusted for missing information if an item was
omitted in the original study; it was not reported in
our results.

Risk of Bias Assessment

The risk of bias for randomized controlled trials
(RCTs) was assessed using the Cochrane Risk of
Bias Tool for Randomized Trials (RoB 2) (Sterne,
2019), which covers domains such as sequence gener-
ation, allocation concealment, blinding, incomplete
outcome data, selective reporting, and other poten-
tial biases. Each domain was categorized as low,
high, or unclear risk of bias. For observational stud-
ies, the Newcastle-Ottawa Scale (NOS) (Wells, 2013)
was used to assess selection, comparability, and out-
come/exposure with studies rated as good (≥7 stars),
fair (2-6 stars), or poor (≤1 star). Two independent re-
viewers conducted the assessments, and any disagree-
ments were resolved through discussion to reach a
consensus, ensuring a rigorous and reliable evalua-
tion process.

Results

Description of the Studies

This systematic review includes 20 studies, covering
a population of 21,30 pregnant women. The stud-
ies’ designs varied, including thirteen prospective
cohort studies, four cross-sectional studies, two RCTs,
and one case-control study. Each addressed the rela-
tionship between dietary intake and gut microbiota

diversity during pregnancy. The geographic distribu-
tion included Asia (27.8%), North America (22.2%),
Europe (22.2%), and other regions (27.8%).

Observational studies provided information for
understanding how dietary exposures affect the ma-
ternal microbiome. For instance, Roytio et al. (2017)
correlated the dietary intake of fat and fiber and
its relation to gut microbiota richness in overweight
pregnant women. This study highlighted signifi-
cant associations between higher fiber intake and
increased microbiota diversity. Moreover, Barret et
al. (2018) examined the effects of a vegetarian diet
on gut microbiota composition in early pregnancy,
demonstrating a significant increase in gut micro-
biota diversity. The detailed results of each article are
described in Table 4: “Summary of Study Designs,
Statistical Methods, and Findings.”

RCTs provided evidence through controlled
dietary interventions. Sugino et al. (2022) conducted
a study in Gestational Diabetes Mellitus (GDM),
women following a diet that had “60% complex
carbohydrate, 25% fat, and 15% protein,” concluding
that this “CHOICE diet” increased the abundance
of Bifidobacterium spp. in adolescent mothers and
decreased Prevotella copri, but no significant re-
sults were found regarding the diversity of both diets.

Population

The summed population varied considerably, encom-
passing small cohorts of fewer than 50 participants
to large groups exceeding 500 individuals. Key
demographic variables, such as age, body mass
index (BMI), and gestational age at recruitment, were
documented to ensure comprehensive demographic
representation. Participants’ ages ranged from 26
to 37 years, thereby involving a broad spectrum of
reproductive ages. The BMI of participants ranged
from 21.8 to 34.9 kg/m², with study populations
including those with gestational diabetes mellitus,
overweight/obesity, and hypertensive diseases. The
main characteristics of the studies are displayed in
Table 1.

Outcomes

Primary outcomes across these studies included
changes in gut microbiota diversity, measured us-
ing alpha diversity, which addresses diversity within
a single microbial community; it is commonly quan-
tified using the Shannon diversity index and species
richness. The Shannon index considers both the abun-
dance and evenness of species, providing a nuanced
view of community structure; the higher the Shan-
non index values, the more diverse and resilient gut
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Table 1: Characteristics of the included studies.

microbiota, often associated with better health out-
comes. Species richness, on the other hand, counts
the number of different species present, being an-
other key indicator of gut health. (Gomez-Arango
et al., 2018; Knight et al., 2018). Beta diversity is
also evaluated in several studies to understand differ-
ences in microbial communities across groups, such
as those on high-fiber versus high-fat diets. Beta di-
versity helps to identify how specific dietary patterns
shift the gut microbiota’s overall composition, often
using measures like Bray-Curtis dissimilarity or Prin-
cipal Component Analysis (PCA) plots (Lozupone &
Knight, 2005; Ley et al., 2006). Additionally, shifts in
specific microbial taxa and metabolic markers, such
as short-chain fatty acids (SCFAs), offer insights into
functional changes within the microbiota. SCFAs
are key indicators of gut health and metabolic func-
tion, as they play a role in reducing inflammation
and improving gut barrier function, which is crit-
ical during pregnancy (Mokkala et al., 2020). The
methods of aggregation and time points for each
outcome were clearly stated, ensuring rigorous and
reproducible results. Studies measured dietary in-
take and microbiota composition during the first and
third trimesters of pregnancy to assess changes in
the microbiota in time and identify significant differ-
ences that may arise due to variations in the diet over

time.
Main Results

These studies focused on the impact of dietary in-
take on gut microbiota diversity during pregnancy.,
Roytio et al. (2017) explored the relationship be-
tween fiber intake and gut microbiota richness in
overweight pregnant women. Their findings revealed
that adherence to dietary fiber recommendations was
associated with a higher microbial diversity. Mean-
while, Barrett et al. (2018) demonstrated that di-
ets high in fat, typical of Western patterns, led to
a more pro-inflammatory gut microbiota composi-
tion, whereas vegetarian diets were associated with
greater microbial diversity, indicating a protective
effect of plant-based diets. Kunasegaran et al. (2024)
found similar effects, showing that high fiber im-
proves beneficial gut bacteria and reduces inflamma-
tion, whereas high fat does the oppositeTomsett et al.
(2020) emphasized t that higher fiber intake increases
the abundance of bacteria associated with decreased
inflammation, such as Veillonella sp. in women with
future hypertensive disorders of pregnancy (HDP)
and Oscillospira sp. in normotensive women. Ad-
ditionally, higher fiber intake was associated with a
lower increase in gut permeability, reflected in lower
serum zonulin levels as pregnancy progressed in nor-
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Table 2: Patient and arm characteristics.

motensive women. However, this beneficial effect on
gut permeability was not observed in women with
future HDP, suggesting that dietary fiber’s positive
impact on gut barrier function may be limited in this
population, probably due to other factors influencing
gut permeability in women at risk of HDP (Sugnino,
2022).

Ferrocino et al. (2018) investigated the impacts
of dietary patterns on gut microbiota diversity in
patients with GDM. The study revealed significant
changes in microbiota α-diversity values between
enrolment and the end of the study (p<0.001). Specif-
ically, species richness is the number of different
species. At the phylum level, there was an increase
in Firmicutes and a reduction in Actinobacteria and
Bacteroidetes. Further analysis indicated that the
microbial diversity of the subjects varied signifi-
cantly over time. Principal Component Analysis
based on microbiota composition showed a signif-
icant relationship between genus-level microbiota
composition and sampling time (P<0.001). Dualib
et al. (2022) illustrated the influence of metabolic
conditions on gut flora by comparing normal preg-
nancies and those with gestational diabetes. More-
over, Ruebel et al. (2021) studied 140 pregnant
women and their associations between maternal diet,
body composition, and gut microbial ecology dur-
ing pregnancy. Alpha-diversity measures showed

no significant changes across pregnancy stages or
between women with normal weight (NW) and over-
weight/obese (OW/OB) status. However, specific mi-
crobial taxa such as Actinobacteria, Lachnospiraceae,
Akkermansia, Bifidobacterium, Streptococcus, and
Anaerotuncus showed significant changes with gesta-
tion. Maternal obesity was associated with increased
abundance of Lachnospiraceae, Bilophila, Dialister,
and Roseburia, while maternal BMI, fat mass, triglyc-
eride, and insulin levels correlated positively with
Bilophila abundance. The study highlights the rela-
tionships between diet intake and specific bacterial
genera. Sun et al. (2023) also conducted a longi-
tudinal case-control study in GDM patients, who
were matched with healthy pregnant controls. The
study examined the dynamic associations between
the gut microbiome and host glucose metabolism.
Results showed a decrease in gut microbial diver-
sity and changes in microbial community composi-
tion in healthy controls with advancing gestation but
not in GDM patients. Specifically, 10 GDM-related
microbial species were identified, such as Alistipes
putredinis, which had significant associations with
glycemic traits and were modulated by habitual in-
take of fiber-rich plant foods. The study also found
that microbial metabolic potentials related to fiber fer-
mentation were linked to GDM status and glycemic
traits. Notably, the addition of microbial features to
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a predictive model for GDM significantly improved
its accuracy.

Alvernaz et al. (2024) conducted a longitudinal
cohort study with 49 pregnant women to explore the
impact of inflammatory dietary potential on vitamin
depletion and gut microbial dysbiosis in early preg-
nancy. The study found that diets with high inflam-
matory potential, measured by the Dietary Inflam-
matory Index (DII), were associated with decreased
intake of essential vitamins and minerals, such as
vitamins B12, B6, A, iron, magnesium, niacin, and
zinc. The gut microbiota of participants with higher
DII scores exhibited dysbiotic changes, including a
decrease in short-chain fatty acid producers like Fae-
calibacterium and an increase in bacterial pathways
related to vitamin B12 synthesis and methylglyoxal
detoxification. The main results indicated that a pro-
inflammatory diet during early pregnancy is linked
to nutrient deficiencies and harmful shifts in gut mi-
crobiota composition, potentially impacting maternal
and fetal health.

Yu et al. (2022) conducted a case-control study
with 170 pregnant women, including 72 with hyper-
tensive disorders of pregnancy (HDP) and 98 healthy
controls. The study explored dietary nutrient intake
and gut microbiota composition in the third trimester.
The results showed that daily intakes of vitamins
A and C were significantly lower in women with
HDP. Gut microbiota analysis revealed increased rel-
ative abundances of Bacteroidota and Bacteroides
and decreased abundances of Actinobacteriota, Lach-
nospiraceae, Prevotellaceae, and Bifidobacterium in
women with HDP. Notably, a higher abundance of Bi-
fidobacterium was positively correlated with dietary
vitamin C intake and was associated with a lower risk
of HDP. These findings suggest that diet and gut mi-
crobiota composition are significantly linked to HDP,
with potential implications for dietary interventions
in managing HDP risk.

Selma-Royo et al. (2020) conducted a nested cross-
sectional study within the longitudinal MAMI birth
cohort, including 73 mother-infant dyads, to explore
the associations between maternal diet during preg-
nancy, maternal intestinal markers, and neonatal gut
microbiota. The study found that maternal diet signif-
icantly influenced maternal and neonatal gut micro-
biota at birth. Specifically, higher maternal intake of
saturated and monounsaturated fatty acids was posi-
tively associated with the abundance of Firmicutes in
neonatal microbiota and negatively correlated with
fiber, vegetable proteins, and vitamin intake. The
study also found that maternal intestinal markers,
such as zonulin and intestinal alkaline phosphatase,
were related to dietary patterns, with higher lipid
intake linked to increased zonulin levels, indicating

higher gut permeability. These findings suggest ma-
ternal diet, particularly fat intake, affects maternal
gut function and microbial transmission to neonates,
potentially impacting neonatal health.

Wu et al. (2022) conducted a case-control study
involving 57 pregnant women, including 27 with
GDM and 30 healthy controls, to analyze the gut
microbial composition and the effects of dietary
intervention. The study utilized the Illumina HiSeq
2500 platform for microbiome analysis and found
that the overall bacterial composition was clustered
by diabetes status rather than diet intervention.
Notably, the phylum Acidobacteria was signifi-
cantly increased in the GDM group and positively
correlated with blood glucose levels. Additionally,
the genera within Firmicutes, Bacteroidetes, Pro-
teobacteria, and Lentisphaerae were distinct in GDM
patients. Short-term diet management improved
the Firmicutes/Bacteroidetes ratio and increased
the abundance of beneficial SCFAs-producing
bacteria in GDM subjects. These findings suggest
that diet intervention can modulate gut microbiota
composition and potentially improve metabolic
homeostasis in pregnant women with GDM.

Assessment of Risk of Bias in Individual Studies

Each study was assessed for risk of bias using stan-
dardized tools. Cross-sectional studies and case-
control studies were evaluated using NOS, as shown
in Table 2. Conversely, in randomized controlled tri-
als, the RoB2 assessment was used, as reported in
Table 3. Common biases identified included selection
bias due to non-randomized designs, performance
bias due to lack of blinding, and reporting bias. The
overall risk of bias for each study is summarized,
providing a clear picture of the quality and reliability
of the findings.

Discussion

The review of 20 studies on gut microbiota and its
relationship with pregnancy and diet reveals diverse
results. For example, Röytiö et al. (2017) highlighted
that high-fiber diets are associated with increased di-
versity and richness in gut microbiota, while high-fat
diets tend to reduce microbial diversity. Kunasegaran
et al. (2024) found similar effects, showing that high
fiber improves beneficial gut bacteria and reduces in-
flammation, whereas high fat does the opposite. Du-
alib et al. (2022) illustrated the influence of metabolic
conditions on gut flora by comparing normal preg-
nancies and those with gestational diabetes. Liu et
al. (2023) and Haddad et al. (2023) used various
methodologies to explore diet-microbiome interac-
tions, with findings ranging from personalized diet
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Table 3: ROB2 assessment.

Table 4: Summary of study designs, statistical methods, and findings.

Principles and Practice of Clinical Research (2024) 10; 3 59



Systematic Review

effects to comprehensive metabolite insights. Houttu
et al. (2018) showed alterations in metabolic and in-
flammatory profiles in obese pregnant women. Miller
et al. (2021) linked adherence to the Mediterranean
diet to beneficial changes in gut microbiota. Sugino
et al. (2022) investigated the effects of a high-complex
carbohydrate diet, and Urwin et al. (2014) focused
on the influence of salmon consumption during preg-
nancy.

The studies varied in focus and approach. Röytiö
et al. (2017) and Tomsett et al. (2020) emphasized
dietary fibers and fats, while Dualib et al. (2022) and
Kunasegaran et al. (2024) explored broader lifestyle
impacts. Liu et al. (2023) used individualized net-
work analysis, and Haddad et al. (2023) conducted
metabolite analyses. Houttu et al. (2018) and Miller
et al. (2021) focused on obesity and the Mediter-
ranean diet. Sugino et al. (2022) and Urwin et al.
(2014) examined specific dietary components. Their
findings suggested that higher dietary quality was
associated with greater microbiota diversity (Houttu
et al., 2018) (Röytiö et al., 2017). Similarly, the study
by Mandal et al. (2016) found that higher intakes of
fats and fat-soluble vitamins, particularly vitamin D,
were linked to a pro-inflammatory microbiota profile,
increasing the abundance of Proteobacteria. Laitinen
and Mokkala (2019) demonstrated that higher dietary
quality in overweight and obese pregnant women is
associated with increased gut microbiota diversity.
Conclude that daily consumption of whole grains
and vegetables enhances gut microbiota diversity,
highlighting the potential benefits of a high-quality
diet on maternal metabolic health.

Discrepancies arose concerning the impact of short-
term interventions. Some included studies in this
review noted that while immediate changes in mi-
crobiota composition occurred, long-term impacts
were unclear. These findings contrast with Liu et al.
(2023), whose individualized diet network analysis
indicated sustained effects on gut microbiota with
consistent dietary adherence.

Strengths of this review include several studies
with large sample sizes (Gow et al., 2003; Ferrocino et
al., 2018; Dualib et al., 2022), enhancing generalizabil-
ity. The geographic focus also varied, which further
increased generalizability. However, differences in
study design, sample populations, and methodolo-
gies led to diverse findings. Liu et al. (2023) used
individualized network analysis, while Haddad et al.
(2023) conducted comprehensive metabolite analyses.
Wu et al. (2022) and Selma-Royo et al. (2020) focused
on specific metabolic conditions and dietary patterns.

Methodological strengths included homogeneous
groups in Röytiö et al. (2017), comparable weights
in Dualib et al. (2022), and precise microbiome data

from high-throughput sequencing in Wu et al. (2022).
Limitations included small sample sizes in Röytiö et
al. (2017) and Tomsett et al. (2020), regional focus
in Houttu et al. (2018), and the short-term nature of
Liu et al. (2023). Some studies, like Wu et al. (2022),
did not adjust for multiple testing, and reliance on
self-reported dietary data (Gow et al., 2023) could
lead to inaccuracies. The absence of PROSPERO reg-
istration for the review may reduce transparency and
replicability. Furthermore, inconsistency in reviewer
training for assessing studies may have introduced
variability in bias assessment, potentially affecting
the objectivity of quality ratings across studies.

This review underscores the potential for monitor-
ing and managing the gut microbiota in pregnant
women as part of clinical practice due to its impact
on overall health. Personalized dietary interventions
tailored to individual patient needs are essential for
improving health outcomes in pregnancy, especially
metabolic disorders.

Conclusion

This review highlights one of the factors influencing
gut microbiota during pregnancy. Dietary patterns
affect the diversity of gut microbiota: high-fiber diets
enhance diversity, while high-fat diets decrease and
promote a pro-inflammatory profile. Besides, studies
show that dietary interventions, such as vegetarian
and Mediterranean diets, improve gut microbiota
composition. These considerations might affect the
pregnancy and its outcomes. Consequently, person-
alized nutritional strategies may be promising for
optimal maternal health during pregnancy. Further
research is needed to understand these relationships
and the long-term effects of maternal diet on health
outcomes. In conclusion, improving maternal diet to
enhance gut microbiota diversity presents a valuable
area for investigation that could inform future clin-
ical practices and improve health outcomes during
pregnancy.
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