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Abstract

Purpose of Review Gestational diabetes mellitus (GDM) is the most common medical complication of pregnancy globally.
Hyperglycaemia and associated production of reactive oxygen species can lead to oxidative stress in pregnancy. However,
the potential effectiveness of increased antioxidant intake in the management of GDM has not been widely examined. Its
usefulness alongside medical nutrition therapy (MNT) for assisting glycaemic control in women with GDM is poorly under-
stood. This review aimed to establish the effect of antioxidant supplementation on the risk and management of gestational
diabetes mellitus (GDM).

Recent Findings A systematic review of intervention studies was conducted based on PRISMA guidelines. Databases
searched were MEDLINE, CINAHL, Global Health, Scopus, Embase and Cochrane until September 2024. Random effects
meta-analyses using Cochrane Review Manager software to establish the effect of antioxidant supplementation on glucose
outcomes in women with GDM were conducted. A total of 13 studies (1380 participants) were included in the review
with four different antioxidants used (selenium (n=3); alpha-lipoic (n=4); zinc (n=5); e-3-gallate (n=1)). Significant pre-
post differences between antioxidant supplementation and control groups were found for fasting insulin (SMD, 95%CI)
(-0.97 [-1.69 -0.24]; p=0.009, HOMA-IR (-0.90 [-1.25, -0.54]; p<0.0000, HOMA-B (-0.86 [-1.05, -0.67]; p<0.00001 and
QUICKI (1.09 [0.32,1.87]; p=0.005 Heterogeneity was substantial (I>>50%, p<0.05) for all models except for HOMA-B
(I*=0%, p>0.05).

Summary Antioxidant supplementation has possible benefit as an adjunct therapy to current dietary management for women
with GDM. Further clinical trials are needed to establish the preferred type and dosage of antioxidants likely to be effective.
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Introduction

Gestational diabetes mellitus (GDM) is defined as any
degree of glucose intolerance which is first recognised dur-
ing pregnancy [1], and is the most common medical com-
plication of pregnancy globally [2]. Prevalence of GDM has
been estimated at approximately 15-20% [3, 4] although in
some populations, prevalence may be as high as 25% [5].
Wide variation in diagnostic criteria and lack of adequate
screening in some populations likely underestimate the
number of pregnancies affected by GDM [5, 6]. Notwith-
standing, rates of GDM are increasing rapidly and mirror
those of obesity and type 2 diabetes mellitus (T2DM) [5].

A diagnosis of GDM increases risk for multiple short and
long term maternal and fetal complications. Women who
experience GDM are at higher risk for preeclampsia and
caesarean section delivery [4], are more likely to develop
GDM in subsequent pregnancies, and are at increased risk
of both cardiovascular disease (CVD) and T2DM later in
life [7]. Findings from a recent systematic review of 20
studies showed that women with GDM were ten-times more
likely to develop future T2DM than women unaffected by
GDM [8, 9]. Babies born to women with GDM are more
likely to be born large for gestational age (LGA) and are at
higher risk of neonatal hypoglycaemia, respiratory distress,
shoulder dystocia and still birth [2, 5]. The offspring are
further predisposed to developing future obesity and T2DM
[5, 10]. Preventive approaches as well as strategies which
focus on optimal management of GDM in the clinical set-
ting are therefore critical to support best intergenerational
health outcomes.

Medical Nutrition Therapy (MNT), together with self-
monitoring of blood glucose levels are the first line treat-
ments of GDM [11, 12]. The goal of MNT is to assist
women to meet blood glucose and weight gain targets, in
addition to providing a well-balanced diet to optimise both
maternal and fetal health. Glycaemic control is primar-
ily achieved by distributing a woman’s total carbohydrate
intake evenly across the day (ranging from 36 to 65% total
carbohydrate), and prioritising foods with a lower glycae-
mic index and higher fibre content [11]. Currently, recom-
mendations emphasise that MNT should be individualised,
according to comorbidities, learning and decisional capacity
of the woman and cultural characteristics [12, 13]. With the
predominant focus of MNT being on macronutrient intake,
the vitamin and mineral intake recommendations do not dif-
fer from those specified to all pregnant women, irrespective
of GDM status (e.g. folic acid, calcium, iron).

While a focus on adherence to dietary guidelines is fun-
damental for optimising maternal and neonatal health and
growth, many women do not meet dietary guidelines dur-
ing pregnancy [14-16] and overall diet quality is often
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sub-optimal throughout pregnancy [14]. Importantly,
there may be an opportunity for assisting nutrient intake
and glycaemic control in women diagnosed with GDM,
which would involve appropriate nutritional supplemen-
tation alongside current MNT and dietary management of
GDM. Moreover, there is an urgent need for management
approaches which can be easily and effectively delivered in
the clinical setting and might assist relieving increased pres-
sures placed on clinicians and healthcare systems [17], that
result from rapidly increasing rates of GDM.

It is well known that hyperglycaemia in diabetes increases
the production of reactive oxygen species [18]. This results
in increased oxidative stress and subsequent impairments in
insulin-stimulated glucose uptake by peripheral tissues and
insulin secretion by the pancreas [19-22] among multiple
physiological alterations to cellular, enzyme and insulin-
signalling pathways [19]. Previous research has found the
presence of blood biomarkers of oxidative stress in women
diagnosed with GDM [23] including markers of lipid per-
oxidation and DNA damage [23]. Antioxidant supplementa-
tion has been shown to reduce markers of oxidative stress
in diabetes and recent data has shown significant reductions
in fasting blood sugar and HbA1C% with antioxidant ther-
apy in patients with T2DM [19, 20]. As such, antioxidant
supplementation may be a promising therapeutic approach
in managing T2DM [19]. Yet, the potential effectiveness of
increased antioxidant intake in the management of GDM
has not been widely examined, and its usefulness alongside
MNT in clinical practice for assisting glycaemic control in
women with GDM is not well understood.

To our knowledge, no systematic review has been pre-
viously published which reports the effectiveness of anti-
oxidant supplementation on prevention and management of
GDM. To better understand the effect of antioxidant intake as
part of dietary management of GDM, the aim of this review
was to systematically summarise glycaemic outcomes from
intervention studies to date which have assessed the effect

of antioxidant supplementation on risk and management of
GDM.

Materials and Methods
Search Strategy and Selection Criteria

This systematic review was conducted based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) criteria. A protocol was registered
with PROSPERO, registration number CRD42022338311.
MEDLINE, CINAHL, Global Health, Scopus, EMBASE
and Cochrane databases were searched for the period up
to September 2024 with no language or time restriction.
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Human intervention studies published in peer reviewed
journals examining the effect of antioxidant supplemen-
tation on glycaemic outcomes relevant to GDM risk or
management as the primary or secondary outcome were
included as were studies which recruited women during
pregnancy. Studies were excluded if they were not interven-
tions, were animal studies or assessed the effect of dietary
supplements not classed as antioxidants. Reference lists of
all studies included in the review were screened to identify
further studies for possible inclusion.

Key search words were gestational diabetes OR GDM
OR Pregnancy-Induced Diabetes OR gestational diabetes
mellitus OR hyperglycaemia in pregnancy OR gestational
hyperglycaemia OR diabetes in pregnancy OR pregnancy
complication OR pregnancy HbAlc OR pregnancy glycated
haemoglobin OR pregnancy glycated haemoglobin OR
pregnancy glucose AND intervention OR pilot OR random-
ized clinical trials OR RCT AND therapy OR supplement
AND Antioxidant OR retinol OR vitamin a OR ascorbic
acid OR vitamin ¢ OR vitamin e OR alpha-tocopherol, OR
carotenoid OR beta carotene OR lycopene OR oxy-carot-
enoids OR lutein OR zeaxanthin OR cryptoxanthin OR
selenium OR glutathione peroxidase, superoxide dismutase
OR catalase OR flavonoid OR lipoic acid OR co enzyme
Q10 OR n-acetyl cysteine OR polyphenol OR zinc OR res-
veratrol OR green tea OR EGCG OR astaxanthin OR mela-
tonin OR anthocyanin OR quercetin. Titles and abstracts
were screened by two authors and duplicates were removed.
Full text articles were screened based on the inclusion and
exclusion criteria by four authors. Any conflict was resolved
by discussion and articles were included by consensus.

Data Extraction and Analysis

A data extraction template was developed to facilitate
extraction of relevant information across study method-
ology and outcomes. Two authors (SE and SS) indepen-
dently extracted the data addressing criteria consisting of
study design and methodologies, intervention components
and outcomes reporting the effect of antioxidant supple-
mentation on glycaemic outcomes including haemoglobin
Alc (HbAlc), fasting plasma glucose (FPG), fasting insu-
lin, homeostatic model assessment for insulin resistance
(HOMA-IR), homeostatic model assessment for beta cell
function (HOMA-B) and quantitative insulin sensitivity
check index (QUICKI). Any differences in the interpreta-
tion and extraction of data were resolved by discussion to
minimise error.

Risk of Bias Assessment

The Cochrane Risk of Bias tool was used to assess bias in the
included studies [24]. The tool includes assessment of risk
of bias across domains including the randomization process,
assignment to the intervention, adherence to the interven-
tion, missing outcome data, measurement of the outcome
and selection of the reported result. Within each of the
domains, assessment is made based on one or multiple items
and a grading of ‘low risk’, ‘medium risk’ or ‘some concern’
is allocated for each domain. The final risk of bias rating is
then given for each study based on the domain rating. The
tool has been used previously for quality assessment report-
ing in similar studies and by members of the research team
[20]. Two authors independently assessed risk of bias and
any discrepancies were resolved by consensus.

Reporting Bias Assessment

Small study effects were to be evaluated using funnel plots
and Egger regression if at least 10 studies were included
for an outcome [25]. However, all outcome comparisons
consisted of less than 10 studies, and thus these evaluations
were not conducted.

Statistical Analysis

We conducted a meta-analysis for pre-post difference data
when at least 2 study comparisons were available for a spe-
cific outcome. Where available, adjusted model data was
preferentially used over raw data was used in the analysis.
Mean changes were calculated from pre-treatment and post-
treatment data if not directly provided. Standard deviations
of pre-post changes were calculated assuming a correlation
coefficient value of 0.7 if not directly provided. The value is
based on imputations made using data from studies included
the review [26-28] for which estimated coefficients ranged
between 0.62 and 0.85 across different glucose outcomes
[29]. We applied random effect models in analyses. The ran-
dom effect model assumes that the effects being estimated
across multiple studies are not identical but follow a distri-
bution [30] and were therefore used due to evident heteroge-
neity in antioxidants investigated and study methodologies
used, across included studies. Effect measures used were
the standardized mean difference (SMD) and 95% CI. A p
value of <0.05 was considered statistically significant for all
statistical tests. Heterogeneity between the included studies
was evaluated using /# and Cochran’s Q test, whereby I
describes the percentage of variability that is due to over-
all heterogeneity [30, 31]. We used values of greater than
50% to define substantial heterogeneity alongside p<0.05
[30, 31]. All statistical tests were conducted using Cochrane
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Review Manager (RevMan) software version 5.4 and data
was used to generate forest plots with RevMan for each
outcome.

Results
Search Results

Literature searching identified 1550 studies and after
removal of 464 duplicates this left 1086 studies for title
and abstract review. A total of 1061 studies did not meet
the inclusion criteria, leaving 25 studies for full text review.
Of these, 12 articles were excluded, and the remaining 13
studies were included in the review (Fig. 1). A summary
of the included studies is presented in Table 1. Reasons for
study exclusion were a lack of GDM glycaemic outcomes
reported (n=5), use of non-antioxidant supplements (n=3),
and concomitant intake of non-antioxidant supplements
along with antioxidant supplements (n=4).

Summary of Included Studies

Out of the thirteen studies, eleven were conducted in Iran,
one in China [32] and one in Turkey [33]. All studies were
clinical, randomised controlled trials and 12 were double
blinded. All studies assessed the effect of antioxidant sup-
plementation on management of GDM rather than risk of
GDM and all used the American Diabetes Association diag-
nostic criteria for GDM [34] derived from a 75 g oral glu-
cose tolerance test at 24—28 weeks gestation [34].

Mean age of women ranged from 28.5 [35] to 31.4 [33]
years and mean BMI at recruitment was classified as over-
weight across all studies (mean 27.2 kg/m?). Recruitment
ranged from 50 women [36] to 472 women [32] and the
study which recruited 472 women had the lowest retention
rate at 48% [32]. A 100% retention rate was observed for
three out of the 13 studies [33, 35, 37]. Four out of the 13
studies reported recruiting women with singleton pregnan-
cies only, as part of eligibility criteria [26, 28, 32, 35]. There
was wide variation in the specific exclusion criteria which
could impact on glucose parameter outcomes across studies.

Fig. 1 PRISMA flow diagram of
included studies
g
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Exclusion criteria included previous GDM plus women on
insulin therapy or oral hypoglycaemic agents (OHA) for
four studies [33, 38—40], only women on insulin therapy or
OHAs with no reference to previous GDM for two studies
[26, 28], previous GDM and women on insulin therapy for
one study [35], only women with previous GDM for one
study [37], only women on insulin therapy for one study
[41], TIDM or T2DM and insulin therapy for three stud-
ies [27, 32, 36] and only T1DM or T2DM for one study
[42]. Intervention duration varied across studies from four
weeks in one study [33], six weeks in four studies [26, 27,
36, 41] eight weeks in five studies [37-40, 42] and 12 weeks
in one study [28], with two studies describing the interven-
tion length as “until term’ [32, 35].

Antioxidants and Effect on Glucose Parameters

Data summarising the within and between group interven-
tion effects on glucose parameter outcomes are presented
in Table 1. Three studies provided intervention group par-
ticipants with selenium supplementation [26, 28, 33]. At a
dosage of 200 pg/day for six weeks [26], significant and
beneficial intervention effects on fasting glucose, serum
insulin, HOMA-IR and QUICKI were shown for the inter-
vention group compared to the control group. At the same
dosage for 30 days (four weeks), significant and beneficial
effects were shown for fasting glucose [33].

There was no significant intervention effect of selenium
supplementation on glucose parameters, at a dosage of
100 pg/day for 12 weeks [28]. Three studies provided inter-
vention group participants with alpha-lipoic acid (ALA) at
a dosage of 100 mg/ day for eight weeks [38—40]. All three
studies showed significant and beneficial effects of the inter-
vention on fasting glucose with one study showing addi-
tional significant and beneficial effects on HOMA-IR and
QUICKI [39]. One additional study provided women with
ALA at a dosage of 300 mg/day for eight weeks [37] and
showed significant and beneficial effects on fasting blood
glucose.

A total of five studies provided the intervention group
with zinc in the form of zinc sulphate (25 mg/day from 24 to
28 weeks gestation until term) [35], zinc gluconate (233 mg/
day for six weeks) [27, 36], zinc gluconate at a lower dosage
(30 mg/day for 8 weeks) [42] and a combined antioxidant
supplement consisting of zinc gluconate (233 mg/day) plus
vitamin E (400-IU) for six weeks [28]. There was a signifi-
cant and beneficial effect of zinc supplementation on insu-
lin dosage within and between groups [35] and on fasting
blood glucose, insulin, HOMA-IR, HOMA-B and QUICKI
[27]. A significant and beneficial intervention effect on
insulin, HOMAR-IR and QUICKI was also observed when
zinc was combined with vitamin E [41]. In the study which

administered zinc gluconate at 30 mg/day for eight weeks,
no significant effect was observed on fasting blood glucose
or insulin [42] nor was there a significant effect on the pro-
portion of participants requiring insulin in one of the studies
which provided 233 mg/day for six weeks [36].

The one study conducted in China provided intervention
group participants with 500 mg/day epigallocatechin 3-gal-
late from the beginning of the third trimester until term [32].
The intervention showed significant and beneficial within
and between group effects on fasting plasma glucose, insu-
lin, HOMA-IR, HOMA-B and QUICKI.

Pre-Post Intervention Effect

Meta-analysis data for six glucose parameter outcomes are
presented in Fig. 2. Antioxidant supplementation had a sig-
nificant effect on fasting insulin (SMD —0.97 [-1.69 -0.24];
p=0.009) (Fig. 2C), HOMA-IR (SMD —-0.90 [-1.25, -0.54];
»<0.00001), (Fig. 2D) HOMA-B (SMD -0.86 [-1.05,
-0.67]; p<0.00001) (Fig. 2E) and QUICKI (SMD 1.09
[0.32, 1.87]; p=0.006) (Fig. 2F) when compared to control.
There was no significant effect of antioxidant supplementa-
tion and HbA1C% (SMD —0.21 [-0.58, 0.16]; p=0.27) or
fasting glucose (SMD —0.91 [-2.13, 0.30], p=0.14) from
baseline to intervention completion for the intervention
groups compared to the control groups. The meta-analyses
showed substantial heterogeneity among the included stud-
ies which assessed fasting insulin (I>=93%, p<0.00001),
fasting glucose (I>=97%, p<0.0001), HOMA-1R (1>=72%,
p=0.003) and QUICKI (I>=93%, p<0.00001) but not for
HOMA-B (I?=0%, p=0.48) or HbA1C% (I>=0%, p=0.96).

Risk of Bias

A summary of the risk of bias assessment is presented in
Fig. 3 with ratings for each domain and overall bias pre-
sented for all studies. We found an overall low risk of bias
whereby nine studies were assessed as low risk [26, 27,
35-40]. The remaining four studies presented with ‘some
concerns’ of bias [28, 33, 41, 42].

Discussion

This systematic review was the first to summarise the avail-
able evidence assessing the use of antioxidant supplementa-
tion for management of GDM. The review has shown that
antioxidant supplementation may be a potentially effective
approach to assisting current MNT practice. This is best
represented by findings of our review showing beneficial
effects of antioxidant supplementation on fasting insulin,
HOMA-IR, HOMA-B and QUICKI. Recognising the need
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Fig. 2 Forest plots summarising
pre-post intervention effects
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for further clinical trials this review has contributed novel
data regarding adjunct nutrition therapies which may benefit
women with GDM and who cannot meet required antioxi-
dant levels through dietary intake alone.

Increasing antioxidant intakes may be a useful approach
in clinical practice for women diagnosed with GDM. GDM
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is associated with a heightened level of oxidative stress [43]
due to the overproduction of reactive oxygen species and
/ or a defect in the antioxidant defence system [43]. Pan-
creatic B cells are vulnerable to effects of oxidative stress
which damages mitochondria, reduces insulin secretion
and increases blood glucose [44, 45]. Adequate antioxidant
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Fig. 3 Risk of bias of included studies

intake might therefore be critical for blood glucose homeo-
stasis [44]. With excessive oxidative stress leading to sig-
nificant cellular damage through altering proteins, lipids
and DNA [43], the body’s oxidative defence system during
pregnancy is critical in protecting maternal health as well as
promoting optimal fetal growth and development.

Our review included assessment of pregnant women and
as such the included studies did not include studies assess-
ing prevention of GDM in the preconception period. As the
aetiology of GDM is complex and multifactorial [46], with
genetic and environmental factors contributing to its devel-
opment [46], is difficult to provide specific recommenda-
tions in current clinical practice for the prevention of GDM
[47]. Despite the recent emergence of evidence to support
pre and early pregnancy diet and physical activity modifi-
cation as key lifestyle factors playing a beneficial role in
reducing risk for GDM [48], some clarity is lacking regard-
ing optimum intervention strategies required to achieve best
health outcomes. However, as the review has shown favour-
able effects of antioxidant intake on glycaemic outcomes,
there is a need to focus future work on the potential and
crucial role of nutrition in GDM prevention in the precon-
ception period and in early pregnancy.

Importantly, the role of diet in GDM management is piv-
otal and encouraging adequate intake of food groups in line
with evidenced based MNT should not be displaced by reli-
ance on nutrition supplementation alone. Whilst this review
has shown that antioxidant supplementation may be a use-
ful adjunct form of management alongside MNT, it could
be possible that adequate levels of some of the antioxi-
dants included in this review be reached by optimal dietary
intake of key nutrients and food groups across pregnancy

Some concerns

40 50 60 70 80 90 100

m High risk

(e.g. fruits and vegetables, nuts, red meat, dairy, grains and
seeds). However, studies in this review did not analyse anti-
oxidant intake consumed by participants through the diet,
and therefore it was not clear on the additional beneficial
effect of supplementation in addition to dietary intake levels
achieved on glycaemic outcomes. A threshold for beneficial
effects on glycaemic outcomes is unknown until adequate
evidence from robust clinical trials inform the most effec-
tive level of antioxidants required for intake to impact GDM
outcomes.

Pregnancy is a period of vast lifestyle adaptation and a
healthy dietary intake which adheres to guidelines can be
challenging for many women [49]. For example, many
women do not meet recommendations for fruit and vegeta-
ble intake during pregnancy [50-52]. For women diagnosed
with GDM, early and pre pregnancy increased fruit and
vegetable intake has been shown to be inversely associated
with risk of developing GDM [53] and is associated with
improved birth outcomes [54] compared to low intake of
fruit and vegetables. Nutrition education and interventions
which include evidenced based guidance on the importance
of dietary antioxidant intake may be advantageous and strat-
egies which focus on increased fruit and vegetable intake
and other key food groups in pregnancy, for overall health
benefits should continue to be prioritised. Education strat-
egies in practice might include information related to the
importance of antioxidant intake and potential benefits to
glycaemic control, once further evidence is established.
Notwithstanding, the results from this review reiterate the
importance of dietary management for women diagnosed
with GDM and the positive impact of dietary strategies in
promoting beneficial glycaemic outcomes as well as the
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potential for future, further work which involves nutrition
intervention and strategies.

In practice, financial costs associated with antioxidant
supplementation use in pregnancy may be a barrier to
intake, across different sociodemographic groups. Previous
research has shown cost to be a barrier for compliance of
nutritional supplements during pregnancy [55] and as such
this needs to be a consideration in practice implementation.
In terms of a healthcare systems approach, implementing
antioxidant supplementation as part of routine clinical prac-
tice would require an economic analysis and consider the
financial burden and resources required in GDM manage-
ment including provision of insulin therapy, practitioner
time and healthcare workforce support. Nevertheless, due
to rapidly increasing rates of GDM globally and subse-
quent pressures placed on healthcare systems in managing
women with GDM, it behoves us to consider opportunities
that may present to enhance the care of women with GDM,
achieve best patient outcomes whilst being practical and
cost effective.

Despite the majority of included studies reporting
favourable effects there was no statistical significance in the
meta-analysis for fasting glucose with antioxidant supple-
mentation. However, given the relatively small number of
studies that were included, this warrants further research
in the context of pharmacotherapy use during pregnancy
based on fasting blood glucose levels. Assessment of phar-
macotherapy use as an outcome in future research would be
a useful addition to understanding impact of antioxidants
on GDM management. Further, assessment of postprandial
glucose levels as an outcome was not prioritised in studies
in this review. Notwithstanding, in clinical practice, there is
a need to utilise more technological advancements in glu-
cose monitoring such as continuous glucose monitoring for
outcome measures that would provide information regard-
ing postprandial glucose and hyperglycaemia [56]. Utilising
continuous glucose monitoring has the additional benefit
of proving insight into the relationship between early preg-
nancy glycaemic patterns and GDM diagnosis [56] and
could be highly beneficial in understanding the relationship
between antioxidant intake and GDM management.

Strengths and Limitations

There are both strengths and limitations to this review.
Firstly, this review included RCTs with predominately a low
risk of bias. Despite a small number of studies overall, we
did not place time or language restrictions on searches and
as such retrieved all available evidence to date. However,
almost all studies included in this review were conducted
in Iran. This reduces the ability to extrapolate findings to
diverse, global populations. Further, we limited our search
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to recruitment of women during pregnancy which may have
impacted the ability to retrieve studies that have targeted
prevention of GDM by recruiting women in the preconcep-
tion period.

Whilst we were not able to include all studies in the meta-
analyses, those for which there were outcomes for at least
two studies were included. We reported significant hetero-
geneity across studies on a number of outcome measures,
yet we performed pre-post intervention effects and random
effects models to account for heterogeneity which was a
strength of this review. We were unable to conduct sensitiv-
ity analyses and subgroup analyses due to the small number
of studies included, and therefore, important aspects such as
dose-related effects were unable to be evaluated.

Conclusion

This review has offered novel and important insight into the
potential role of antioxidant supplementation as an adjunct
therapy to dietary management of GDM in the clinical set-
ting. It has further reiterated the importance of nutrition
management in promoting beneficial glycaemic outcomes
for women with GDM. Further RCTs will be useful to
address current knowledge gaps in considering potential
future use of antioxidant supplementation alongside MNT
for women diagnosed with GDM.
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