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ABSTRACT
Introduction

Gestational diabetes mellitus (GDM) is a metabolic disorder characterized by the onset
of hyperglycemia during pregnancy and is associated with short and long-term health
complications for both mother and child. Research is emerging that targeting the
capacity of the gut microbiome, the collection of archaea, eukarya, and bacteria found
within the gastrointestinal tract, may be an approach to prevent and manage GDM. To
date, initial studies show that women with GDM may exhibit a distinct gut microbiota
profile with differences in structure, metabolic function, and composition in comparison
to women without GDM during pregnancy. However, an examination of the gut
microbiome and maternal glycemic control is in its infancy and a comprehensive,
systematic synthesis on this knowledge has yet to be performed. Our scoping review
described in this protocol aims to fill that gap.

Inclusion Criteria

This scoping review inclusion criteria considers non-interventional human studies and
animal studies in English that examine the relationship between gut microbiome, GDM,
and maternal glycemia in pregnancy.

Method and Analysis

This scoping review will be conducted using the framework by the Johanna Briggs
Institute, which is an enhancement of the original scoping review framework by Arksey
& O’Malley (2005) and the updated version by Levac and colleagues (2010). The
search strategy consisted of a predefined criterion to search five electronic databases
(PubMed, Embase, CINAHL Plus with Full Text, CENTRAL, and ClinicalTrials.gov). The
Covidence online platform will be used to navigate screening and data extraction by two
independent reviewers. Data will be extracted in tabular and graphical form in addition
to a narrative summary that corresponds with the objectives of this review. Any
disagreement during screening and data extraction will be resolved during bi-weekly
team meetings and discussion with reviewers.



BACKGROUND

Gestational diabetes mellitus (GDM) is a metabolic disorder characterized by the onset
of hyperglycemia during pregnancy and is associated with short and long-term health
complications for both mother and child." For the child, these complications include
increased risks for macrosomia, metabolic syndrome, lifelong obesity, type 2 diabetes
(T2D), and even infant mortality.?35° Women diagnosed with GDM experience higher
risk for obstetric complications, such as pre-eclampsia and pre-term delivery, and have
a 30-70% chance of developing GDM in future pregnancies.?'%" Furthermore, women
who develop GDM have an increased risk for developing T2D and cardiovascular
disease. 21911 While the actual prevalence of GDM is uncertain due to differences in
screening, the current global estimates range from 8-14% within all pregnancies.t-810.11
Thus, targeting ways to prevent and manage GDM is a clinical and public health priority
that will improve the cardiometabolic health of women and future generations.

Currently, lifestyle modifications, which includes increasing physical activity and medical
nutrition therapy (MNT) is the first line intervention to reduce the onset of and manage
glucose levels in women with GDM. However, there is no consistent evidence or
consensus on the best dietary approaches for preventing and managing GDM that
would benefit maternal health and the developing fetus.% 1213 Furthermore, lifestyle
modifications are effective for only half of women diagnosed with GDM, and
pharmacotherapy, such as insulin and metformin, have varying safety profiles.'?14
Therefore, there is a need for innovative and safe non-pharmacological approaches for
preventing and managing GDM.

Leveraging the capacity of the gut microbiota, the collection of archaea, eukarya, and
bacteria found within the gastrointestinal tract may be an approach to prevent and
manage GDM.' Evidence shows that the gut microbiota can play a significant role in
maintaining human health by producing metabolites and nutrients that regulate energy
metabolism, intestinal permeability and immune responses.'?> More specifically, the gut
microbiota is intrinsically involved in glucose homeostasis, for both pregnant and non-
pregnant individuals and may play a role in the development and persistence of GDM. 6
Furthermore, the gut microbiota’s structure, composition, and metabolic activity are
influenced by environment, physical activity, antibiotics, pregnancy hormones, diet, and
dietary supplements; lending a salient target for preventing and managing GDM.6-18

To date, initial studies show that women with GDM may exhibit a distinct gut microbiota
profile, similar to adults with T2D, with differences in structure, composition and
metabolic function in comparison to non-GDM women.'%-22 Moreover, a few human and
animal studies have emerged examining the dynamic nature of the maternal gut
microbiome across pregnancy to understand its role in glycemia.'®-2° Yet, an
examination of the gut microbiome and maternal glycemic control is in its infancy and a
comprehensive, systematic synthesis on this knowledge has yet to be performed.



The objective of this scoping review is to understand relationships between the maternal
gut microbiome and maternal glycemic outcomes during pregnancy. Our primary
question is how does gut microbial structure, composition and metabolic activity change
relate to maternal glycemia and the onset of GDM. Two recently published narrative
reviews examined the relationship of diet, probiotics, gut microbiome, and maternal
glycemia, however, the approach was not comprehensive failing to include animal
studies.’>26 Our review will comprehensively examine existing literature as it relates to
the gut microbiome and maternal glycemia in humans and animal models through an
established systematic scoping process.

METHODS
Framework and Tools

Our proposed review will be conducted using the framework by the Johanna Briggs
Institute (JBI), which is an enhancement of the original scoping review framework by
Arksey & O’Malley (2005) and the updated version by Levac and colleagues (2010).27-2°
We will use the Preferred Reporting Items for Systematic Reviews and Meta-Analyses-
Extension for Scoping Reviews (PRISMA-SCR) checklist. Also, we will use Covidence
(Melbourne, Australia), an online platform that helps streamline the systematic process
for writing review articles.

Search Strategy

We conducted an exploratory search (in MEDLINE) to inform the authors on this topic,
identify published scoping studies which rendered no evidence in this area, and
published a commentary.3° Following this, we consulted with an information scientist
from the University of lllinois at Chicago Library of Health Sciences to discuss the aims
of the project, construct the search strategy, identify the relevant databases, and to
finalize the search terms used in this study.

The search strategy was designed around two conceptual domains: (1) the gut
microbiome and (2) gestational diabetes mellitus. The full search strategy for the
PubMed database is included in Table 1. The following databases were used to search
for articles that meet the eligibility criteria:

e PubMed (new platform; includes MEDLINE)

e Embase
e CINAHL Plus with Full Text
e CENTRAL

e ClinicalTrials.gov

Searches were initially conducted between June 29 and July 15, 2020. No restrictions
were placed on date or language of search results. In addition, we will perform a
backwards search, which requires hand searching all included studies’ reference list
along with searching any relevant review papers identified in the search process. Also,
we will conduct a forward citation search, which will identify articles that cited the



included studies. The backwards and forward searches will identify additional relevant
articles that were not captured in the initial database search.

Study Eligibility

Studies are eligible for this review if they examined a relationship between gut
microbiome, maternal glycemic outcomes including a diagnosis of gestational diabetes
among pregnant women and animals. Studies were included based on a pre-defined
PCC (Population or Participants, Concept, Context) criterion.

Population

This scoping review will consider all studies that focus on pregnant women or pregnant
animals.

Concept

This review will examine the relationships between the gut microbiome and maternal
glycemia. Glycemic outcomes include but are not limited to glucose intolerance (ex.
high levels of Hba1c, insulin, and/or glucose), insulin resistance, and low insulin
sensitivity. Only sequencing gut microbial analysis will be included (ex. 16S RNA) as it
relates to structural, composition, and functional activities of the microbiome.

Context

There were no restrictions on the context of included studies outside of focusing on
studies that examined pregnant women and animal models.

Inclusion and Exclusion Criteria

This scoping review encourages identifying a breadth of knowledge for data analysis
and to develop the discussion section when publishing our findings. However, since
starting the title and abstract screening a larger number of articles thus far have been
included for full-text review. To narrow the focus to a reasonable number of articles for
data analysis two rounds of criteria has been developed. Our initial search for title and
abstract screening for example, included all study types and grey literature such as
clinical trial registries and conference proceedings. For full-text screening, further
inclusion and exclusion criteria will be used. The following is our inclusion and exclusion
criteria for each round.

e Round 1: Inclusion Criteria
o All study types (including experimental, observational, and mixed
methods)
o Grey literature (including clinical trial registries)
o English only articles with no limitations on publication year
¢ Round 1: Exclusion Criteria:
o Review articles, conference proceedings, and commentaries
o Studies that only examined women or animals outside of the
gestational period
e Round 2: Inclusion Criteria



o Observational (cohort studies [prospective and retrospective], cross
sectional studies, and case control studies)
e Round 2: Exclusion Criteria:
o Human experimental research design, including
interventions/treatment studies
o Abstracts, editorials, research protocols/design papers

Relevant studies that fell within the first round of the inclusion criteria and review articles
will be used to inform the introduction and discussion sections of this review.

Data Screening

We will use the Covidence online platform to support data screening. Title and abstract
screening will be conducted by two reviewers independently to identify potential papers
that meet the first round of inclusion criteria. Disputes between reviewers on specific
articles will be settled at least bi-weekly with the research team by a consensus. Articles
included for the full-text screening will be evaluated using the first and second round of
inclusion/exclusion criteria. These articles will be downloaded in full and the full text will
be reviewed by two reviewers independently to confirm they meet the inclusion criteria.
If the articles do not meet the inclusion criteria based on the first and second rounds,
they will be pushed back to title and abstract screening and re-voted on by two
independent reviewers. If the articles meet the inclusion criteria but do not fit the aims of
this review or was lacking important information, the articles will be excluded and
reasons for exclusion will be noted. Disputes between reviewers will be discussed with
the research team and resolved by a consensus.

Data Extraction

Data will be extracted from each included study by two reviewers independently using a
predefined, yet flexible, data extraction form shown in Table 2 and Table 3. This form
will be developed by the research team prior to data extraction and include standard
information, such as study details and characteristics, and further detailed information
that corresponds with the research questions of this study. Furthermore, based on the
Levac et al., the form will go through an initial validation process where two reviewers
independently extract data from four random studies. Next, a consultation with the team
will review the form to ensure consistency, accuracy, and all the necessary information
is captured. During this consultation, any amendments to this form will be agreed upon
by the team for a finalized version of the form. The extraction process will be continued
by the same two reviewers independently with weekly consultations for any
inconsistencies or disagreements which will be discussed and resolved with the two
reviewers.

Data Analysis

As a scoping review, this study will provide a descriptive synthesis of the main findings
from the included studies to determine the current evidence on the relationship between
GDM and maternal glycemia with the gut microbiome. Therefore, we will identify the



major concepts, methodologies and assessments used, and gaps in research, if any, to
address where further research is needed in observational human and animal studies
related to this topic.

DISCUSSION

To our knowledge this is the first scoping review to examine and assimilate the current
evidence on the relationships between maternal gut microbiome and maternal glycemia
including the diagnosis of GDM. This is an emerging research area with great potential
for improving the overall health status of mothers and their children. Furthermore, this
review will provide timely insight on the extent of research on this topic to inform future
investigations.
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Table 1: Example Search Strategy of PubMed (new platform) Database

Search
Number

Search Keywords

#1

"Gastrointestinal Microbiome"[mesh]

#2

"Gastrointestinal Tract"[mesh] OR "Feces"[mesh]

#3

gut[tiab] OR "gastrointestinal"[tiab] OR "intestinal"[tiab]
OR "intestine"[tiab] OR "intestines"[tiab] OR "GlI"[tiab] OR
"fecal"[tiab] OR "faecal"[tiab] OR "colon"[tiab] OR
"rectum"[tiab] OR "rectal"[tiab] OR "colorectal"[tiab] OR
"feces"[tiab] OR "faeces"[tiab] OR "fecal"[tiab] OR
"faecal"[tiab] OR "stool"[tiab] OR "cecum"[tiab] OR
"caecum"[tiab] OR "bowel"[tiab] OR "bowels"[tiab] OR
"stomach"[tiab] OR "gastric"[tiab]

#4

#2 OR #3

#5

"Microbiota"[mesh] OR "microbiology"[subheading] OR
"dysbiosis"[mesh] OR "probiotics"[mesh] OR
"prebiotics"[mesh] OR "synbiotics"[mesh] OR
"Bacteria"[mesh]

#6

"microbiome"[tiab] OR "microbiomes"[tiab] OR
"microbiota"[tiab] OR "flora"[tiab] OR "bacterium"[tiab] OR
"bacteria"[tiab] OR "mycobiome"[tiab] OR "microbial"[tiab]
OR "microbe"[tiab] OR "microbes"[tiab] OR
"dysbiosis"[tiab] OR "symbiont"[tiab] OR "symbionts"[tiab]
OR "bacterial"[tiab] OR "prebiotic"[tiab] OR
"prebiotics"[tiab] OR "probiotic"[tiab] OR "probiotics"[tiab]
OR "synbiotic"[tiab] OR "synbiotics"[tiab] OR
"microbiology"[tiab] OR "colonization"[tiab] OR
"colonisation"[tiab]

#7

#5 OR #6

#8

"Metagenome"[mesh] OR "Metagenomics"[mesh] OR
"Sequence Analysis"[mesh] OR "Proteome"[mesh] OR
"Proteomics"[mesh] OR "Metabolome"[mesh]

#9

"DNA sequencing"[tiab] OR "exact sequence
variants"[tiab] OR "operational taxonomic units"[tiab] OR
"operational taxonomic unit"[tiab] OR "operational
taxonomy units"[tiab] OR "operational taxonomy unit"[tiab]
OR "amplicon sequence"[tiab] OR "amplicon
sequencing"[tiab] OR "shotgun"[tiab] OR
"metagenomic"[tiab] OR "metagenomics"[tiab] OR
"metagenome"[tiab] OR "metagenomes"[tiab] OR
"metabolomic"[tiab] OR "metabolomics"[tiab] OR
"metabolome"[tiab] OR "metabolomes"[tiab] OR
"proteomic"[tiab] OR "proteomics"[tiab]

#10

#8 OR #9

#11

#7 OR#10

#12

#4 AND #11

#13

#1 OR #12
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#14

"Diabetes, Gestational"[mesh]

#15 "GDM"[tiab]

#16 #14 OR #15

#17 "Pregnancy"[mesh] OR "Pregnancy complications"[mesh]
OR "Postpartum Period"[mesh] OR "Mothers"[mesh]
"pregnant"[tiab] OR "pregnancy"[tiab] OR
"gestational"[tiab] OR "first trimester"[tiab] OR "second
trimester"[tiab] OR "third trimester"[tiab] OR

#18 "prenatal”[tiab] OR "perinatal"[tiab] OR "postnatal"[tiab]
OR "obstetric"[tiab] OR "maternal"[tiab] OR
"gestation"[tiab] OR "postpartum"[tiab] OR "mother"[tiab]
OR "mothers"[tiab]

#19 #17 OR #18
"blood glucose"[mesh] OR "insulin resistance"[mesh] OR
"Insulin"[mesh] OR "Glucose Tolerance Test"[mesh] OR
"Glucose Intolerance"[mesh] OR "Hyperglycemia"[mesh]

#20 OR "Prediabetic State"[mesh] OR "Diabetes
Mellitus"[mh:noexp] OR "Diabetes Mellitus, Type 2"[mesh]
OR "Glycated Hemoglobin A"[mesh] OR "Hypoglycemic
Agents"[mesh]
"diabetes"[tiab] OR "diabetic"[tiab] OR "diabetics"[tiab] OR
"insulin"[tiab] OR "glucose"[tiab] OR "metabolic"[tiab] OR
"metabolism"[tiab] OR "prediabetes"[tiab] OR

401 "prediabetic"[tiab] OR "hbA1c"[tiab] OR "hb A1c"[tiab] OR
"A1c"[tiab] OR "metabolomic"[tiab] OR
"hyperglycemia"[tiab] OR "hyperglycaemia"[tiab] OR
"hyperglycemic"[tiab] OR "hyperglycaemic"[tiab] OR
"glycemic"[tiab] OR "glycaemic"[tiab]

#22 #20 OR #21

#23 #19 AND #22

#24 #16 OR #23

#25 #13 AND #24
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Table 2: Preliminary Data Extraction Instrument for Animal Studies

Author, Country, Year (Reference)
Animal Models

Comparison and Study Duration
Type of collection sample

Method of gut microbiota evaluation
Major findings

Table 3: Preliminary Data Extraction Instrument for Human Observational Studies

Author, Country, Year (Reference)
Participant Characteristics

Study Type and Duration

GDM criteria

Type of sample/ collection site
Method of gut microbiota evaluation
Major findings

13




