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ABSTRACT

Introduction Inappropriate gestational weight gain (GWG),
including inadequate and excessive GWG, has become
pandemic across nations and continents. This review aims
to synthesise the evidence on the correlation between
diet quality and GWG. If this association is confirmed,
improving diet quality could become an intervention target
in the efforts to reduce inappropriate GWG.

Methods and analysis We will conduct a systematic
review of all prospective cohort studies on diet quality

in preconception or pregnancy and GWG. Our secondary
outcomes include gestational diabetes, pre-eclampsia

and birth weight. A comprehensive search of all published
articles in MEDLINE ALL (Ovid), Embase (Ovid), Food
Science and Technology Abstracts (Ovid) and CINAHL
(EBSCOHost), from database creation to 20 April 2019, will
be conducted. Studies will be screened for eligibility by
title, abstract and full text in duplicate by two independent
reviewers. Study quality and risk of bias will be assessed
using the adapted Newcastle—Ottawa Scale. Results will
be reported following the meta-analysis of observational
studies in epidemiology guidelines. If sufficient data are
available, a meta-analysis will be conducted to synthesise
the effect size reported as OR with 95% Cl using both
fixed-effect and random-effect models. I? statistics

and visual inspection of the forest plots will be used to
assess heterogeneity and identify the potential sources of
heterogeneity. Publication bias will be assessed by visual
inspections of funnel plots and Egger’s test.

Ethics and dissemination Formal ethical approval is not
required as no primary data will be collected. We aim to
publish the results of this study in a peer-reviewed journal
and present them at conferences and scientific meetings
to promote knowledge transfer.

PROSPERO registration number CRD42019128732

INTRODUCTION

Defining diet quality

Diet quality is a relatively new concept
measured by scoring diet in terms of ‘a prior?
defined adherence to dietary guidelines or
a specific pattern. Compared with single
nutrient or single food group measures, diet
quality enables research on overall diet using
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Strengths and limitations of this study

» Compared with diet quantity, or single nutrients/food
groups, the importance of overall diet quality has
not been evaluated in correlation with gestational
weight gain and subsequent maternal and childhood
outcomes. This study is the first to synthesise the
evidence regarding the association between diet
quality and gestational weight gain.

» We will only include prospective cohort studies to
avoid recall bias in dietary assessment and reverse
causation in case—control and cross-sectional
studies.

» The main methodological limitations of this sys-
tematic review are the exclusion of abstracts and
foreign-language publications.

» Another potential limitation we anticipate is that we
might encounter different definitions of diet quality
and the secondary outcomes, which will limit our
ability to pool the results in meta-analysis.

broader components of food groups, based on
the best available knowledge concerning asso-
ciations between diet and health. Diet quality
indices also differentiate from a data-driven
dietary pattern analysis which is studied ‘a poste-
riori using factor or cluster analysis." Some diet
quality indices are based on national dietary
guidelines, such as the Healthy Eating Index
(HEI)?? in USA, which was developed in 2008
to assess the alignment of diet to Dietary Guide-
lines for Americans. Newer versions (HEI-
2010* and HEI-2015%) correspond to evolving
versions of the dietary guidelines. Other diet
quality indices evaluate adherence to certain
healthy dietary patterns such as Mediterranean-
style patterns’ or dietary approaches to stop
hypertension-style patterns.” Systematic reviews
have identified a list of diet quality indices
including Diet Quality Index, Dietary Guide-
line Index, Dietary Diversity Score, Recom-
mended Food Score and so on.*”
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Defining gestational weight gain (GWG) and its importance
Appropriate weight gain during pregnancy is important
for maternal and infant health. In 2009,10 the Institute
of Medicine (IOM; now known as the National Academy
of Medicine) updated the GWG guidelines'' to provide
specific recommendations regarding the ideal GWG.
The new guideline incorporated WHO categories of
maternal body mass index (BMI) and recommended less
GWG for overweight and obese women. Briefly, the IOM
recommended 12.5-18kg of total GWG for singleton
pregnancies with a prepregnancy BMI categorised as
underweight (BMI<18.5), 11.5-16kg for normal weight
(BMI 18.5-24.9), 7-11.5kg for overweight (BMI 25-29.9)
and 5-9kg for obese (BMI=30). Total GWG within the
IOM recommendations will be considered as appropriate
GWG, above the recommendations will be considered as
excessive GWG and below the recommendations will be
considered as inadequate GWG.

Inappropriate GWG has a significant effect on perinatal
outcomes, independent of maternal BMI. A systematic
review and meta—analysis12 found that excessive GWG is
associated with an increased risk of large for gestational
age (OR 1.85, 95% CI 1.76 to 1.95), macrosomia (1.95,
1.79 to 2.11) and caesarean delivery (1.30, 1.25 to 1.35).
Low GWG is related to increased risk of small for gesta-
tional age (1.53, 1.44 to 1.64) and preterm birth (1.70,
1.32 to 2.20). Higher maternal GWG is also associated
with higher risks of gestational hypertensive disorders,
pre-eclampsia, preterm birth and gestational diabetes."”
Although overweight and obese women present high
rates of both excessive GWG, and gestational diabetes and
pre-eclampsia, GWG has not been consistently found to
mediate these complications.12 1

Inappropriate GWG also has long-term effects on
maternal and offspring health. In a meta-analysis,'’
women with a GWG above recommended levels retained,
on average, an additional 3.06kg (95% CI 1.50 to 4.63)
after 3 years, and 4.72kg (2.94 to 6.50) after 215 years
post partum, compared with women with GWG within
the recommendations. In non-overweight women, exces-
sive GWG has been found to triple the risk of becoming
overweight after pregnancy (3.19, 1.87 to 5.44)."° In the
offspring, excessive maternal GWG has been associated
with increased adiposity'” and an increased risk of over-
weight/obesity'® during childhood.

Considering the global epidemic of inappropriate
GWG, with prevalence of excessive and inadequate GWG,
respectively, reaching 50% and 20% across continents
and ethnicities,'? it is urgent that effective interventions
be put in place.

Association between diet quality and GWG

Pregnancy is a critical period when energy and nutrient
intake must support growth of maternal and fetal
tissues. Low diet quality characterised by high saturated
fat, refined grains, free sugars, low fibre intake may
contribute to excessive energy intake which may be a risk
factor for excessive GWG and inadequate vital nutrient

intake. Thus, adjusting diet quality could be a target for
nutritional intervention to reduce excessive weight gain.

Although dietary patterns are difficult to change, preg-
nancy appears as a window of opportunity where women
are willing to adopt healthier dietary habits.*” Thus,
pregnancy is a critical intervention period to implement
dietary interventions targeting both women and their
families. Considering that the offspring share similar
dietary patterns with the parents, a good diet pattern can
be transmitted to the next generation with potential long-
lasting effects on health.

Why is it important to do this review?

With the recent development of prospective birth cohorts,
evidence of an association between diet quality and GWG
is accumulating. However, no systematic review has evalu-
ated this association. One systematic review evaluated the
relationship between macronutrients intake and GWG,*'
but none has reviewed the evidence on the relationship
between global diet quality and GWG. Consequently, diet
quality has been neglected as a risk factor and potential
intervention target for inappropriate GWG. We would like
to fill this knowledge gap by providing a robust evidence
synthesis on the subject. This work will guide effective
interventions and policy making to prevent inappropriate
GWG, and its short-term and long-term consequences.

Research objectives

The objective of our study is to systematically review
prospective cohort studies that explore the association
between diet quality and GWG. Our secondary aim will be
to explore whether this association is mediated by energy
intake, and whether diet quality has further impact on
clinical outcomes including gestational diabetes, pre-
eclampsia and birth weight. If significant heterogeneity is
identified, we will conduct subgroup analyses to explore
potential factors that modify the association between
diet quality and GWG. Potential effect modifying factors
include the origin of the study population (developed/
developing countries, urban/rural areas), the character-
istics of the population (overweight or obese/general
pregnant women) and the timing of dietary evaluation
(preconception/trimester of pregnancy).

METHODS AND ANALYSIS

Patient and public involvement

Patients and the public were not involved in the design
and conception of this study.

Eligibility criteria
Studies will be screened and selected according to the
criteria specified below.

Study designs

Only prospective cohort studies of human subjects will be
included in this systematic review. Case—control studies
will be excluded because they are retrospective and may
lead to recall bias in dietary assessment.”” Secondary
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analysis of the control arm of randomised control trials
will be included, since this design mimics a prospective
cohort and excludes the effect of the intervention. In
order to avoid recall bias in dietary assessment and avoid
reverse causation, we will only include studies where
dietary assessment is completed before the outcome
measurement. We will exclude other study types such as
narrative and systematic reviews, experimental or quasi-
experimental trials, case—control studies, cross-sectional
studies, case series and case reports.

Publication type

Only full-text articles published in scholarly peerreviewed
journals in English will be included. Only articles published
in English will be included. We will exclude abstracts,
unpublished grey literature, commentaries, letters, reviews
and editorials, meeting proceedings, theses and disserta-
tions, books, treatment guidelines or manuals.?

Participants

We are interested in studies of women from the general
population in the preconception period or pregnancy.
Studies including only women with a specific disease, such
as heart disease, diabetes, hypertension or gestational
diabetes, will be excluded because these populations may
already adhere to specifically prescribed dietary patterns,
which might lead to reverse causation in the association
between diet and the outcomes. Studies of diet quality
in the general population including some women with a
specific disease will be included. Studies of women with
overweight or obesity will also be included. Most included
women are expected to be 18-45years at the time of study
participation, but general population studies including
some minor or older participants will be included. We will
exclude studies focusing only on participants <18years old
such as studies of teenagers.

Exposure

We are interested in the difference in the outcomes of
women exposed to high diet quality, compared with women
exposed to low diet quality in the same population. Diet
quality will be assessed systematically using prespecified
scoring scales and validated dietary assessment methods
including food diaries, food recalls or food frequency ques-
tionnaires. Diet quality analysed as both categorical and
continuous variables will be included. Studies with expo-
sures defined as a single or few nutrients or food groups
will be excluded.

Outcomes

Our primary outcome is GWG according to the IOM
recommendations, and our secondary outcomes include
gestational diabetes, pre-eclampsia, preterm delivery,
delivery by caesarean section and birth weight for gesta-
tional age. We will not exclude studies based on the defi-
nition of the outcomes because we anticipate that there
will be discrepancies in the definition of outcomes in
the target studies. We will extract outcomes in all data
forms (eg, dichotomous, continuous) as reported in the

included studies. The definition of the outcomes in each
study will be recorded.

Information sources

Four databases will be searched: MEDLINE ALL (Ovid),
Embase (Ovid), Food Science and Technology Abstracts
(Ovid) and CINAHL (EBSCOHost). All databases will be
searched from the date of database creation to the cut-off
date of 20 April 2019. In order to further ensure a compre-
hensive literature search, reference lists of included studies
and relevant review articles identified through the search
will be checked for additional references. Authors of rele-
vant published abstracts will be contacted to verify if full-text
manuscripts have been published. Finally, we will circulate
a bibliography of the included articles to the systematic
review team for feedback.

Search strategy

Both medical subject headings and text keywords were
used to develop the search strategies. Two groups of
keywords were used: ‘preconception or pregnancy’, and
diet quality. The Medline search strategy was developed
with inputs from the whole research team and the health
science librarian (LS) with expertise in systematic review
research strategies. After the Medline search strategy was
finalised, it was adapted to the syntax of other databases.
The search terms were then peer reviewed by a second
health science librarian not otherwise associated with
the project.” The detailed search terms used in OVID
Medline are shown in online supplementary file 1.

Study selection

The publications identified with the search process will be
uploaded to the Covidence software, which is an online
service working in partnership with Cochrane to improve
the production and use of systematic reviews for health
and well-being. Two review authors (YY and IH) will inde-
pendently screen the titles and abstracts of the search results
to exclude articles that do not meet the eligibility criteria.
All articles that seem to meet the inclusion criteria in the
title and abstract screening or those with uncertainties will
be assessed with full text. Reasons for exclusion in the full-
text screening will be recorded. Any disagreement arising
during the selection process will be resolved by discussion
with a third reviewer. The process of study selection will be
reported using the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses flow diagram.”

Data collection process
YY and IH will independently extract all information
related to the research question from the included studies
for both narrative synthesis and potential meta-analysis.
A predefined extraction sheet will be used. We will also
contact the authors if related data are ambiguous or not
included in the publications. Any disagreement arising
during the extraction process will be resolved by discus-
sion with a third reviewer LD.

The following data will be extracted from all studies
meeting the inclusion criteria:
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. Study authors.

. Year of study.

. Country/countries where study was conducted.

. Population characteristics (including their ethnic-
ity, age, parity and so on) with inclusion/exclusion
criteria.

. Study design and characteristics.

. Number of participants.

7. Exposure information on diet quality, including diet
assessment method, definition of diet quality, calcula-
tion, time of measurement (preconception or gesta-
tional age).

8. Outcomes: definition and time of measurement.

9. Conflicts of interest and funding.

10. Statistical analysis.

11. Confounders adjusted for in the statistical analysis.

12. Selected main findings.

00 N =

o Ot

Risk of bias in individual studies

YY and IH will independently assess the quality and risk of
bias of the included studies in duplicates. Discrepancies
between the two reviewers will be resolved by discussion.
If necessary, a third author of the team will be consulted
to achieve consensus. The quality of the studies will be
assessed with the Newcastle—Ottawa Scale.? In this scale, a
maximum of 9 points can be awarded to each cohort study:
4 for selection, which evaluates selection bias ascertainment
of exposure; 2 for comparability, which requires control
of appropriate confounders and 3 for the outcome, which
requires a high quality measurement of the outcomes and
follow-up. The sum of points for all subscale items will be
used to categorise overall study quality as either high (>7),
moderate (5=7) or low (<5) to decide on the likelihood of
reliability of the outcome reports. Justification from the
study report will be supplied to support the judgement as
appropriate.

Data synthesis

Risk ratios with 95% CI will be used to summarise the asso-
ciation between diet quality (the highest vs lowest levels
of diet quality scores) and GWG (excessive or insufficient
GWG compared with appropriate GWG category according
to IOM guideline) and the association between diet quality
and other categorical outcomes. Weighted mean differ-
ences with 95% CI will be used for continuous outcomes.
We are anticipating different scales of reporting diet quality
across studies, including 1 absolute unit increase, 1 SD
increase, tertiles, quartiles, quintiles. The different scales
will be transformed to calculate the effect size in the top
tertile of diet quality scores compared with the bottom
tertile using the method reported in previous studies.?’
The homogeneity of the study results will be assessed
using I” statistic and by visual inspection of the forest plots.
The rough guide for interpretation of I* are as follows:
0%-40% may present low heterogeneity, 30%-60% may
present moderate heterogeneity, 50%-90% may repre-
sent substantial heterogeneity and 75%-100% is consid-
erable heterogeneity.30 If there is a substantial amount of

3

heterogeneity (275%), the sources of heterogeneity will be
examined through subgroup analyses examining factors
including origin of the study population (developed/devel-
oping countries, urban/rural areas), the characteristics of
the population (overweight or obese/general pregnant
women) and the timing of dietary evaluation (preconcep-
tion/trimesters of pregnancy). Considering the possibility
of different covariates used in each study, we are planning
to do subgroup analysis separating studies including or not
including the important covariates including prepregnancy
BMI, socioeconomic background, parity and so on, if a
sufficient number of studies are available. If appropriate,
we will also make exclusions based on the sensitivity anal-
ysis excluding studies with high risk of bias to improve the
homogeneity of the results. A quantitative analysis (meta-
analysis) will be done using Review Manager (RevMan)
V.5.3 (The Nordic Cochrane Centre, The Cochrane Collab-
oration, 2014). Populational characteristics and exposure/
outcome definitions may vary between the target observa-
tional studies, so pooling data using a random-effect model
may seem more reasonable. But presenting results from
both models in a sensitivity analysis may be informative.”
In this study, both fixed-effect model and random-effect
model will be used to estimate the summary statistics and
95% ClIs. If there is a sufficient number of studies on the
mediation effect of total energy on the association between
diet quality and GWG, we will use correlation-based or
parameter-based approaches, as appropriate, to conduct a
meta-analytic structural equation modelling as reviewed by
Cheung and Cheung.™ If the included studies are not suffi-
ciently homogenous to conduct a meta-analysis or if three
or fewer studies use similar measuring methods, a narrative
synthesis will be provided to report relevant findings from
the included studies.

Publication bias and small study effects

Publication bias will be assessed in all analyses synthe-
sising 10 or more studies to ensure adequate power in the
analysis.” For investigation of the effect of small studies
and publication bias, data from included studies will be
entered into a funnel plot asymmetry test if we have at
least 10 studies in the meta-analysis. Egger’s statistical test
will be implemented using STATA/SE V.13 (Stata Corp).

Confidence in cumulative evidence

The quality of supporting evidence will be assessed by the
Grades of Recommendation, Assessment, Development
and Evaluation.®

Amendments

This is an original research protocol, as opposed to an
amendment of a previously completed protocol. If the
protocol requires major amendments, the changes will
be documented and updated via PROSPERO and stated
in the final review manuscript.
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