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Abstract
Purpose We aimed to review existing evidence on nutrition associations with gestational diabetes mellitus (GDM) develop-
ment and management among Iranian women.
Methods Web of Science, PubMed, Scopus, SID, and Magiran were searched up to August 2020. Observational studies 
on associations between circulatory markers of vitamins and minerals, dietary intakes, and GDM and clinical trials of the 
effects of nutritional supplementations or dietary modifications on management or prevention of GDM among Iranian women 
were selected.
Results We reviewed 49 publications. Pooled analyses revealed that GDM women had lower serum vitamin D (-8.31 nmol/l 
(95% CIs= -14.4, -2.19), higher serum iron (26.2 μg/dl (95% CIs= 2.52, 49.8), ferritin (24.1 ng/ml (95% CIs= 15.0, 33.4), 
and haemoglobin (1.14 g/dl (95% CIs: 0.32, 1.96) levels than non-GDM women. Single studies found the inverse asso-
ciations of the Mediterranean diet, dietary approaches to stop hypertension diet, plant-based dietary index, and the direct 
associations of dietary acid load and dietary inflammatory index with the odds of GDM. Vitamin D supplementation early 
in pregnancy prevented GDM in two clinical trials. In two studies, iron supplementation’s effect on GDM in non-anemic 
women was inconsistent. Pooled analyses of probiotic supplementation in women with GDM showed no significant impact 
on maternal glycemia.
Conclusions Vitamin D supplementation early in pregnancy may reduce the incidence of GDM. There is no compelling 
evidence that vitamin D or probiotics can help with GDM management. There is currently inadequate data to recommend a 
specific dietary pattern to prevent GDM in Iranian women.

Keywords Gestational diabetes mellitus · Nutrition · Dietary modifications · Nutritional supplementation · Pregnancy · 
Birth weight

Introduction

  The prevalence of gestational diabetes mellitus (GDM) 
varied by country, with the Middle East and North 
Africa (MENA) region having the highest rate (median 

(interquartile range): 12.9% (8.4-24.5%)) and Europe hav-
ing the lowest rate (5.8% (1.8-22.3% )). [1, 2]. Regardless 
of the disparities in frequency, the number of GDM-affected 
pregnancies is increasing internationally [3]. Since GDM 
endangers maternal and neonatal health [4], its prevention 
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is the first step toward lowering the burden of this obstet-
ric problem. A systematic review of observational studies 
published in English, suggested a higher risk of GDM with 
substituting carbohydrates with fat, high cholesterol intake, 
heme iron, red and processed meat, and eggs. However, the 
current evidence is dominated by findings of studies con-
ducted among western countries [5]. Given that nutrition 
challenges and dietary behaviors differ by culture, identify-
ing nutritional determinants of GDM in a particular popula-
tion is critical to successful GDM prevention in that society.

Maternal glycemic control is crucial to reducing the 
adverse effects of GDM on pregnancy outcomes and the risk 
of developing chronic diseases [6, 7]. The first approach to 
GDM is nutrition therapy and physical exercise, and medi-
cations are administered when this lifestyle modification 
fails to control glycemia adequately. Different nutritional 
interventions, either in the form of dietary or supplemen-
tal interventions, are recommended to increase the success 
of nutritional management of GDM and reduce the need 
for drug medication [8, 9]. However, there is no worldwide 
consensus on a standard recommendation for the nutritional 
management of GDM as different countries and organiza-
tions have different evidence-based dietary recommenda-
tions [10].

There has been no prior systematic review that sum-
marized the relationship of nutrition with the development 
and management of GDM in Iranian women, a community 
with a high incidence of GDM and particular dietary hab-
its. This review identifies which dietary interventions are 
beneficial in the management of GDM in Iranian women, 
which may aid in the development of guidelines for this 
nation. Therefore, in this study, we attempted to summarize 
all available findings from observational or interventional 
studies examining nutrition associations with the develop-
ment and management of GDM among Iranian women. We 
aimed to review the differences in blood circulatory vitamin 
and mineral markers in women with and without GDM, the 
association of nutrients, foods, and dietary patterns with the 
development of GDM, and the effects of nutritional interven-
tions on the development and management of GDM.

Materials and methods

This systematic review and meta-analysis study was con-
ducted by the following methods recommended in the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [11].

Information sources and search strategy

A comprehensive literature search was carried out on the 
English-electronic databases of Web of Science, PubMed, 

Scopus, and Persian-electronic databases of SID, and Magi-
ran from the inception of each database up to 23 August 
2020. Three search domains using the appropriate keywords 
for GDM and nutrition and considering Iran as affiliation 
were combined with the Boolean operator of “AND” and 
modified in every database based on their system differ-
ences. There were no language restrictions. Full electronic 
search strategy for PubMed was provided in Supplementary 
file 1. Relevant reviews were also manually checked to find 
further eligible studies.

Study selection

The search results were saved and managed in the EndNote. 
After excluding the duplicated articles, two investigators 
(NM and FRS) independently screened all records based 
on their titles and abstracts, and full texts of studies that 
met the inclusion criteria were retrieved. All original stud-
ies with either observational or interventional designs on 
nutritional factors and GDM development and manage-
ment among Iranian women were considered potentially 
eligible. Studies with an observational design if provided 
information on comparisons of dietary intakes or circu-
latory markers for vitamins and minerals among women 
with/without GDM or their associations with risk of GDM 
development were included. Studies with an interventional 
design if examined the effects of nutrition modifications 
or supplementation on the development or management 
of GDM were also included. The population, interven-
tion/exposure, comparison, outcomes, and study design 
(PICOS) of this study are shown in Table 1. Letters, case-
reports, brief-communications, meeting abstracts, reviews, 
animal studies, diagnostic accuracy studies, clinical trials 
with less than four weeks, drug/educational interventions, 
and studies that did not report the related information were 
excluded.

Data extraction

Two independent investigators reviewed all included arti-
cles and extracted data into pre-designed forms of vari-
ables in excel sheets (FRS and FT). The third investigator 
also checked the extracted data (NM). Data items for the 
first author name, publication year, number of partici-
pants, the mean and standard deviation of maternal age, 
description of the exposure/ intervention, time of expo-
sure/intervention, duration of the intervention (interven-
tional studies), and data about outcomes were extracted. 
For clinical trials on the management of GDM, the out-
comes of interest were categorized as maternal outcomes 
for glycemic, lipid profiles, inflammatory/anti-oxidant 
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variables and neonatal outcomes of birth weight, and 
macrosomia risk.

Quality assessment

The quality of observational studies was assessed using 
the Newcastle–Ottawa quality assessment scale (NOS) 
[12]. The NOS score ranges between 0 (highest risk of 
bias, lowest quality) and 9 (lowest risk of bias, highest 
quality), and a score of ≥7 was defined as being of high 
quality. The methodological quality of clinical trials was 
also assessed using the original Cochrane RoB tool, con-
sidering selection (random sequence generation and allo-
cation concealment), performance, detection, attrition, 
and reporting bias [13]. The total score of the RoB tool 
ranges from 0 (highest risk of bias, lowest quality) to 6 
(lowest risk of bias, best quality) by counting the number 
of items with low risk of bias. Two researchers (FRS and 
FT) independently evaluated the quality of the studies, 
and a third researcher confirmed the assessments (NM).

Synthesis of results

The weighted mean difference (WMD) and 95% confi-
dence intervals (CIs) between the two groups of women 
with GDM and non-GDM were estimated using a ran-
dom-effects model. We summarized mean differences in 
final (post-intervention) values in interventional studies. 
The odds ratio (OR) and 95%CIs were determined for 
binary outcomes. The  I2 measure and Cochran’s Q test 
were used to analyze study heterogeneity; significant het-
erogeneity was defined as I2 ≥ 50%. To assess publication 
bias, Egger’s regression test was used. The significance 
criterion for heterogeneity and publication bias was set 
at P <0.10. If heterogeneity was high and at least four 
studies were available, an influence analysis was done to 

determine which study (s) had a substantial impact on the 
pooled effect size. Statistical analyses were done using 
Stata, version 12.0 (Stata Corp, College Station, TX).

Results

Study characteristics

Forty-five out of 358 articles retrieved through searching 
the databases were found to be eligible. Adding four items 
found through manual searching [14–17], 49 articles were 
included in this systematic review (Fig. 1). Four studies were 
published in Persian [18–21], and the others were published 
in English. The designs of the studies were mainly case-con-
trol [14, 16, 18–36], seven were prospective [37–43], three 
were cross-sectional [44–46], and seventeen were clinical 
trials [15, 17, 47–61]. One study consisted of two phases: 
a case-control study followed by an open trial [62]. Seven 
trials investigated the effects of a specific intervention on the 
development of GDM in healthy pregnant women [17, 47, 
52, 54, 56, 57, 60], while eleven trials examined the impact 
of a particular intervention on the management of GDM [15, 
48–51, 53, 55, 58, 59, 61, 62]. Characteristics of the studies 
are summarized in Tables 2 and 3.

Quality assessment

All six prospective studies were scored as a high quality 
(Supplementary Table 1). The quality score for case-control 
studies was ranged from 5 to 8; 54.5% of the studies had a 
high score ≥ of 7 [14, 16, 18, 20–22, 24, 26, 27, 33, 34, 62]. 
None of the studies provide a statement on the non-response 
rate. Apart from non-respondents, case representative was 
also the main concern for the case-control studies. Stud-
ies assessing dietary intakes did not explain the blindness 
to case/control status [25, 27–30, 32–36] and therefore lost 

Table 1  Population, 
intervention/exposure, 
comparison, outcomes and 
study design (PICOS) criteria 
for inclusion of the studies 
in this systematic review and 
meta-analysis

Parameter Definition

Population Iranian women with gestational diabetes mellitus (GDM)
Intervention/exposure • Any nutritional factors (including dietary intakes or 

their biomarkers) as exposure
• Nutrition modifications or supplementations

Comparison • Non-GDM women
• GDM women on placebo or control diet

Outcomes • Development of GDM
• Management of GDM considering any maternal and 

neonatal outcomes related to GDM
Study design • Observational studies

• Interventional studies

953Journal of Diabetes & Metabolic Disorders (2022) 21:951–970
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one score for the item (Supplementary Table 2). Cross-sec-
tional studies were scored between 3 and 4 (Supplementary 
Table 3).

Five clinical trials scored as a low risk of bias for all six 
items of the Cochrane tool [49, 53, 59–61]. In most studies, 
random sequence generation was either at low risk [15, 17, 
48–56, 59–62] or unclear [47, 58]; nine studies described the 
concealment method adequately[47–50, 53, 55, 59, 61]. In 
four studies, participants and personnel were not blinded to 
the assigned groups [15, 52, 54, 62], and four studies did not 
clarify this point [47, 51, 56, 57]. One studies were at high 
risk of bias [62], and six were unclear regarding the blinding 
of outcomes [47, 51, 52, 56–58]. Except for one study that did 
not address adequately [51], the other study has a low risk of 
bias for incomplete outcome data. Compared to the registered 
protocol, two studies were at high risk of bias [48, 55], and 
three were unclear for selective reporting [17, 50, 62] (Sup-
plementary Table 4).

Comparative analysis of circulatory vitamins 
and minerals in women with and without GDM

Serum vitamin D

Seven observational studies compared serum vitamin D in 
women with and without GDM [18–22, 26, 44]. Except for 
a case-control study that reported no significant difference in 
serum vitamin D [20], in the other six studies, serum vitamin 
D was significantly lower in women with GDM compared 
to non-GDM [18, 19, 21, 22, 26, 44]. Meta-analysis of the 
7 studies, including 419 GDM-women and 959 non-GDM 
(Table 4), suggested a lower serum vitamin D in GDM 
women than in non-GDM women (WMD=-8.31 nmol/l 
(95% CIs= -14.4, -2.19);  I2: 91.9%,  Pheterogeneity<0.001). 
There was no publication bias by Egger’s test (P=0.954). 
Influence analysis showed a reduction in the estimated MD 
(WMD =-5.70 nmol/l (95%CIs =-7.47, -3.92)) after the 

Fig. 1  Flowchart diagram for 
studies selection
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exclusion of a study [18] (supplementary Table 5). In two 
studies [22, 44], vitamin D deficiency was higher in GDM-
women than in non-GDM (22, 44), while one study suggests 
no significant difference in vitamin D status between the two 
groups [26].

Iron status markers

Six observational studies were conducted to assess the iron 
status of women with and without GDM [14, 16, 23, 31, 
37, 39]. Two investigations found that serum iron levels 
were significantly higher in women with GDM at gesta-
tional ages of 14-20 [37] or 24-28 [14], but the other two 
studies did not identify a significant difference [16, 31]. A 
meta-analysis of the four studies showed no significant dif-
ferences in serum iron between women with and without 
GDM (Table 4). However, influence analysis indicated a sig-
nificant difference in serum iron after the exclusion of the 
Didedar et al. study [31] (WMD=26.2 µg/dl (95%CIs=2.52, 
49.8); supplementary Table 6). Serum ferritin [14, 16, 23] 
and hemoglobin [14, 23, 39] levels in women with GDM 
were consistently greater than in non-GDM women, accord-
ing to the findings of the research. Pooling the data from 
the studies, serum ferritin was estimated to be 24.2 ng/ml 
higher (95%CIs= 15, 33.4;  I2= 12.9%,  Pheterogeneity=0.317), 
and hemoglobin was 1.14 g/dl higher (95%CI= 0.32, 1.96; 
 I2= 72.9%,  Pheterogeneity=0.545) in GDM women compared 
to non-GDM women. In a case-control study, TIBC was 
significantly lower in women with GDM [14]. The other 
case-control study showed no significant difference in TIBC 
between the two groups of women [16]. A meta-analysis of 
the two studies found no statistically significant variations 
in TIBC between them (Table 4).

Serum Zinc

In a case-control study, the serum zinc of pregnant women at 
gestational age between 24 and 28 was significantly lower in 
GDM than in non-GDM women [62]. However, a prospec-
tive study of 1033 women, at the gestational age of 14-20 
weeks, showed no significant difference in serum zinc in 
women with GDM and non-GDM [37]. When the two obser-
vational studies were combined, there was no significant 
difference in serum zinc levels between women with and 
without GDM (Table 4).

Serum/plasma magnesium

A research recruited two groups of pregnant women with 
and without abdominal obesity to assess plasma magnesium 
concentrations dependent on the presence of GDM. In the 
research, plasma magnesium was slightly lower in women 
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1 3

with GDM than in women without GDM (0.75 ± 0.04 vs. 
0.79 ± 0.08 mmol/l; P-value =0.05), and women with low 
plasma magnesium were more likely to develop GDM (rela-
tive risk=4.2; p=0.009) [45]. A case-control study found no 
significant difference in serum magnesium levels between 
GDM and non-GDM women, but the mean magnesium con-
centration in red blood cells was significantly lower in GDM 
women (1.93 ± 0.1 vs. 2.10 ± 0.07 mmol/l; p = 0.001) [46]. 
When the data from the two investigations were combined, 
there was no significant difference in serum magnesium levels 
between the two groups of women with and without GDM 
(Table 4).

Antioxidant markers

A case-control study of pregnant women at gestational age 
> 32 weeks found that women with GDM had significantly 
lower retinol concentrations than non-GDM women (0.46 ± 
0.19 vs. 0.59 ± 0.25 µg/dl; p<0.01), but serum tocopherol 
levels were not different (6.21 ± 2.69 vs. 6.92 ± 2.43 mg/dl; 
P = 0.45) [24]. Serum total antioxidant capacity (TAC) was 
also lower in GDM than in non-GDM (2.3 ± 0.7 vs. 3.7 ± 
0.1 µmol/l; P<0.001) in another case-control study consist-
ing of 40 GDM women at gestational ages between 24 and 
28 weeks [27].

Nutrition and development of GDM

Dietary intake of protein, cholesterol, and antioxidants

A case-control study consisting of 152 women with GDM 
did not find any significant associations between total pro-
tein, vegetable protein, or animal protein intakes and the 
odds of GDM [34]. According to the findings of a case-
control study, cholesterol intake was also not related to the 
odds of GDM [32]. A case-control study aiming to com-
pare dietary intake of antioxidants including vitamin E, 

vitamin C, beta-carotene, selenium, and zinc reported lower 
dietary intake of vitamin E (11.8±3.1 vs. 16.2±3.1 mg/d; 
p<0.001), selenium (81±26 vs. 95±36 µg/d; p=0.037), and 
zinc (7.4±1.9 vs. 9.1±1.7 mg/d; p<0.001) in women with 
GDM than in healthy pregnant women. However, dietary 
intake of vitamin C and beta-carotene did not significantly 
differ between the two groups [27].

Dietary intake of iron and iron supplementation

Three prospective studies reported the association between 
dietary intake of iron and GDM occurrence [37, 39, 43]. In 
one study [37], the dietary intake of iron, in 72 women with 
GDM was similar to that of 961 individuals without GDM, 
while the other studies showed that dietary intake of iron 
at the gestational age of 6-10 weeks and 16-20 weeks was 
significantly higher in women with GDM than non-GDM 
[39]. In a study, dietary intake of heme iron in the first 
trimester was associated with higher odds of high fasting 
blood sugar after adjusting for body mass index, physical 
activity, age, economic status, and energy intake (ORtertile 
2 = 0.52 (95%CIs= 0.32, 0.86), ORtertile 3 = 0.72 (0.42, 
1.2); P-trend=0.04)  [43].

Two clinical studies investigated whether iron supplemen-
tation reduces the incidence of GDM in pregnant women 
who are not anemic [47, 57]. One study found that the inci-
dence of GDM was not substantially greater in non-anemic 
women who received 30 mg elemental iron starting at ges-
tational age 13 compared to those who received a placebo 
[47]. The other study found that the frequency of GDM was 
significantly higher in non-anemic women supplemented 
with prophylactic iron from the first trimester compared to 
both non-anemic women who did not receive the supplemen-
tation and anaemic women who received standard iron sup-
plementation (16.7% vs. 0% in the two other groups) [57].

Table 4  Weighted mean differences in serum micronutrients and iron status markers in women with and without gestational diabetes according 
to observational studies

†  No. of women with gestational diabetes/ No. of women without gestational diabetes. § A study with extremely lower serum iron was excluded

Variables No. of 
studies

No. of  participants† Weighted mean differ-
ence (95%CIs)

I2 (%) Pheterogeneity Egger’s test

Serum vitamin D (nmol/l) 7 419/959 -8.31 (-14.4, -2.19) 91.9 <0.001 0.954
Serum iron (µg/dl) 4 266/1155 19.3(-1.90, 40.4) 96.6 <0.001 0.154
Ferritin (ng/ml) 3 186/184 24.2 (15.0, 33.4) 12.9 0.317 0.742
Hemoglobin (g/dl) 3 86/84 1.14 (0.32, 1.96) 72.9 0.025 0.545
Total iron binding capacity (µg/dl) 2 134/134 -36.0 (-111, 38.7) 97.1 <0.001 -
Serum zinc (µg/dl) 2 107/996 -4.60 (-13.6, 4.44) 60 0.114 -
Serum magnesium (mmol/l) 2 113/185 -0.02 (-0.06, 0.02) 85.3 0.009 -
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Food and food groups

A higher egg intake was related with a decreased risk of 
GDM in a case-control study [32]. The associations of 
several food groups, such as fast foods, fruits, vegetables, 
legumes, and dairy, with the risk of developing GDM were 
explored prospectively in three papers, utilizing the same 
dietary data of 1026 pregnant women at gestational age 
six weeks obtained using the 168-item FFQ [38, 40, 42]. 
After controlling for possible confounders, higher intakes 
of total fast foods and French fries were related with 
increased chances of GDM [38], whereas inverse asso-
ciations were identified for intakes of potatoes, legumes, 
fruit, and vegetables and risks of GDM [40, 42].

A priori dietary pattern

Four case-control studies examined the association between 
a priori dietary patterns and the odds of GDM [25, 29, 35, 
36]. Findings from these studies suggested inverse associa-
tions for the Mediterranean diet and Dietary Approaches to 
Stop Hypertension diet (DASH; n=1), and total plant-based 
dietary pattern (PDI; n=1), and direct associations for adher-
ence to the dietary acid load (DAL; n=1), and dietary inflam-
matory index after adjusting for potential covariates [25, 29, 
35, 36]. The two indices of healthy PDI and unhealthy PDI 
were not individually associated with the odds of GDM [35].

A posteriori dietary pattern

Four studies used principal component analysis (PCA) 
to investigate the relationship between main food pat-
terns and the risk of GDM [28, 30, 33, 41]. Except for 
one study reporting three major dietary patterns [41], 
the other studies derived two patterns [28, 30, 33]. All 
of the studies discovered a dietary pattern with essen-
tially identical features (e.g., a high intake of fast foods, 
processed meats, mayonnaise, salty snacks, and sugar-
sweetened drinks) that was labeled as either unhealthy or 
a Western eating pattern. Based on fully-adjusted model 
of these studies, we could not find any significant associa-
tion between the unhealthy/western dietary pattern and 
odds of GDM (pooled OR highest versus lowest category 
of the pattern = 1.39 (95%CI= 0.78, 2.48) but there was 
substantial heterogeneity between the studies  (I2=59.7%, 
 Pheterogeneity =0.059). After omitting Hajianfar et al. study, 
influence analysis demonstrated a significant higher OR 
of GDM in highest vs. lowest adherence of the pattern 
(pooled OR=1.75 (95%CIs=1.21-2.53); Supplementary 
Table 7). Two studies identified a healthy pattern with 
high intakes of vegetables, fruits, nuts, fish, poultry, and 

olive oil. A more adherence to the healthy dietary pattern 
was not related to the odds of GDM (pooled OR highest 
vs. lowest group= 0.57(95%CIs= 0.16, 2.05);  I2= 72.4%, 
 Pheterogeneity =0.057).

Dietary interventions

Two studies examined diet interventions on the development 
of GDM, one aimed at reducing trans-fatty acid consump-
tion and the other at increasing probiotic intake [56, 60]. In 
a randomized clinical trial, daily intakes of trans-fatty acids 
designed to be less than 1% from gestational age of 7 weeks 
in a group of pregnant women (as an intervention group; 
n=393), while no adjustments in dietary intakes were made 
in another group (as a control group; n=407). The study’s 
findings revealed that lowering trans-fatty acid consumption 
in the diet had no effect on the risk of GDM. [56].

The impact of probiotic yoghurt vs. ordinary yoghurt on 
plasma glucose of overweight and obese pregnant women 
with no diabetes at 24 weeks gestation was studied in a ran-
domized controlled clinical study. In the study, pregnant 
women who consumed 100 g probiotic yoghurt daily for 
four weeks (until the gestational age of 28 weeks) had lower 
fasting plasma glucose (FPG) and 2-hour oral glucose toler-
ance test (2-hOGTT) results as compared to pregnant women 
who consumed conventional yoghurt. However, probiotic 
yoghurt intake had no influence on the likelihood of devel-
oping GDM [60].

Vitamin D supplementation

Two interventional trials looked at the impact of vitamin 
D supplementation on the development of GDM in healthy 
pregnant women [17, 54]. In a randomised placebo-con-
trolled trial, the development of GDM was considerably 
lower in pregnant women given 5000 unit/week of vitamin 
D from the first trimester to the 26th week of gestation com-
pared to those given a placebo (11.4% vs. 34.8%; p=0.009) 
[17]. A field trial also examined the effect of different doses 
of vitamin D supplementation on the development of GDM 
in 1800 healthy pregnant women. Supplementation was ini-
tiated 4-8 days after the first prenatal visit in 900 pregnant 
women aged 18-40 years; the dosages and durations of sup-
plementation were varied based on the maternal vitamin D 
status. The study’s finding showed that vitamin D supple-
mentation could reduce the odds of GDM by 50% (95%CI: 
0.34-0.88). The study underlines the need of screening for 
vitamin D deficiency and correcting it early in pregnancy to 
avoid obstetric complications [54].
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Magnesium supplementation

A randomized controlled trial examined the effect of mag-
nesium supplementation on the development of GDM in 
pregnant women at the gestational age of 12-14 weeks. The 
study groups were as follows: (A) women with serum mag-
nesium >1.9 mg/d who received one multimineral tablet 
per day until the end of pregnancy; (B) women with serum 
magnesium <1.9 mg/d who received one multimineral tablet 
per day until the end of pregnancy; (C) women with serum 
magnesium <1.9 mg/d who received one multimineral tablet 
per day until the end of pregnancy plus 200 mg effervescent 
magnesium for one month. The multimineral supplement 
contained 100 mg magnesium. The number of women with 
GDM was significantly lower in group C than group B (8.3 
vs. 21.7%) [52].

Nutritional interventions and management of GDM

Vitamin D supplementation

Three studies examined the impact of vitamin D supple-
mentation on GDM management [15, 49, 51]. A high dose 
of vitamin D (300,000 IU) administered intramuscularly 
for 12 weeks enhanced serum vitamin D but had no effect 
on glycated haemoglobin (HbA1C) compared to the con-
trol group (5.58±12 in the intervention vs. 5.21±0.52% 
in control; P=0.2) [15]. Vitamin D capsules at a dose of 
50,000 IU every two weeks for eight weeks could increase 
the serum vitamin D concentrations and improved its sta-
tus and reduced FPG and HbA1C in 33 women with GDM 
compared to those receiving the placebo. The supplementa-
tion had no significant effects on insulin, homeostatic model 
assessment of insulin resistance (HOMA-IR), lipid profiles, 
and inflammatory markers of high-sensitivity C-reactive 
protein (hs-CRP) [49]. According to one research, the birth 
weight and incidence of macrosomia in neonates of moth-
ers with low serum vitamin D supplemented with vitamin 
D were not statistically different from women with normal 
serum vitamin D receiving the placebo [51].

Probiotic supplementation

The efficacy of probiotic supplementation on GDM control 
has been studied using probiotic capsules (n=3) [48, 50, 
55], synbiotic capsules (n=1) [53] and yoghurt probiotics 
(n=1) [59].

Pooling the data from the trials revealed that at the end 
of the trial, none of the glycemic indicators of FPG, fasting 
insulin, HOMA-IR, and TAC were substantially different 
in women taking probiotics compared to the control group 
(Table 5). Based on influence analysis, one research was 
determined to have a significant influence on the pooled 

effect size for FPG (supplementary Table 8). Inflammatory 
markers of women receiving probiotic was 1.33 mg/l lower 
(95% -2.31, -0.35);  I2= 34%) for hs-CRP and 0.89 pg/ml 
lower (95%CIs= -1.17, -0.61;  I2=0) for IL-6 compared to 
women in the placebo group (Table 5). A trial looked at 
the neonatal effects of probiotic supplementation in mothers 
with GDM [59].The study’s findings imply that neonates of 
GDM mothers who consume 300 mg/d yoghurt probiotic 
have a lower birth weight and a reduced risk of macrosomia 
than women who get ordinary yoghurt [59].

Other supplementation

In a non-blind randomized clinical study, daily supplemen-
tation with 15 mg zinc sulphate in 30 women with GDM 
reduced neonatal birth weight and macrosomia rate when 
compared to control women (63).

A research revealed the benefits of alpha-lipoic acid 
(ALA), an anti-oxidant short-chain fatty acid, at a dosage 
of 100 mg/d for eight weeks on glycemic indices in women 
with GDM. At the end of 8-week, FPG, HOMA-IR, and 
MDA/TAC reduced, and quantitative insulin sensitivity 
check index (QUICKI) increased in the ALA group com-
pared to the placebo [58].

After six weeks of supplementation, FPG, insulin, and 
HOMA-IR were considerably lower in the ginger group than 
in the placebo group, according to a research assessing the 
effects of daily intakes of 1500 mg ginger in the form of a 
tablet in women with GDM.Furthermore, postprandial blood 
glucose was lowered within the intervention group, although 
there were no significant differences between the two groups 
in terms of postprandial glucose [61].

Discussion

In this study, the findings of 49 publications from differ-
ent types of researches on nutritional factors and GDM 
prevention/management among Iranian women were 
reviewed. Regarding markers for vitamins and minerals, 
associations between serum vitamin D and body iron sta-
tus with GDM were mostly examined. Limited studies also 
reported associations between serum zinc, magnesium, 
retinol and α-tocopherol, and serum TAC. Nutritional 
interventions for the prevention/management of GDM 
were mostly based on nutritional supplementations, and 
in this regard, probiotic supplementation was predominant.

Based on the data of 7 observational studies (6 case-
control and one cross-sectional) [18–22, 26, 44], includ-
ing 419 women with GDM and 959 non-GDM women, a 
mean difference of -8.31 nmol/l (95%CIs; -14.4, -2.12) 
was estimated in serum vitamin D in women with GDM 
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versus non-GDM women. The findings showed that serum 
vitamin D at the time of GDM diagnosis was lower in 
GDM women than non-GDM. Two trials consistently sug-
gested the reduced risk of GDM development in women 
receiving vitamin D supplementation in the first trimester 
compared to non-supplemented women [17, 54]. World 
health organization (WHO) provided low-certainty evi-
dence based on the findings of five trials, including 1744 
pregnant women suggesting that vitamin D supplemen-
tation may reduce the risk of developing GDM by 50% 
(95%CIs= 12-72%). Currently, WHO has no general rec-
ommendation for vitamin D supplementation in all preg-
nant women, but in women with low serum vitamin D, a 
daily intake of 200 IU (5 µg) has been suggested [63]. A 
dose-response meta-analysis of 9 observational studies 
recently suggests a reduction of 2% in the risk of GDM 
per 10 nmol/l increments in circulatory vitamin D [64]. 
Since the prevalence of vitamin D insufficiency is high in 
pregnant women in Iran [65], assessing the vitamin D sta-
tus in early prenatal visits and supplementation with vita-
min D should be considered a cost-effective strategy that 
may prevent GDM. Whether vitamin D supplementation 
has beneficial effects on maternal and neonatal outcomes 
in Iranian women with GDM cannot be demonstrated due 
to the scarcity of studies. In 2019, a meta-analysis of 5 
randomized clinical trials (RCTs) including 173 vitamin 
D-supplemented women suggested a significant mean 
reduction of 0.46 mmol/l (95%CIs= -0.68, -0.25) for FPG, 
0.37% (95%CIs= -0.65, -0.08) for HbA1C, and 4.10 µIU/
ml (95%CIs= -5.50, -2.71) for serum insulin [66]. There-
fore, based on available studies either in Iran or world-
wide, there is no strong evidence supporting the efficacy 
of vitamin D in the management of GDM.

We estimated a mean difference of 19.3 µg/dl (95%CIs= 
-1.90, 40.4) for serum iron, 24.2 ng/ml (95%CIs=15.0, 
33.4) for ferritin, and 1.14 g/dl (95%CIs=0.32, 1.96) for 
hemoglobin in women with GDM compared to non-GDM 
women. A study reported a higher iron status in women 
with GDM than non-GDM from the first trimester [39]. 

To prevent maternal anemia and supply iron demand of 
fetus, WHO is recommended daily oral iron supplementa-
tion with 30-60 mg elemental iron for all pregnant women 
[67]. However, a concern is currently rising about the 
possible harm of iron supplementation in iron-sufficient 
pregnant women [68]. Hemoglobin and ferritin measure-
ments early in pregnancy before iron supplementation may 
reduce the unfavorable effects of iron supplementation in 
those who may not benefit from the supplementation. In 
2017, a meta-analysis based on the data of two prospective 
studies conducted in the USA suggested a higher risk of 
GDM in women with higher intakes of heme-iron (Rela-
tive risk=1.65; 95CIs= 1.28, 2.12) [69]. There is insuf-
ficient data to conclude the association between dietary 
iron intake and GDM in Iranian pregnant women. Further 
prospective studies are warranted to determine whether 
higher intakes of heme-iron pre-pregnancy or during preg-
nancy increase the risk of GDM in Iranian women.

Studies examining the effects of probiotics added to 
yogurt or capsule on glycemic parameters of women with 
GDM did not report consistent findings [48, 50, 53, 55, 59]. 
No significant impact on FPG, HbA1c, fasting insulin, and 
HOMA-IR were observed when we pooled their results; 
however, probiotics’ anti-inflammatory effects have been 
suggested. Findings of the current studies conducted in Iran 
could not support the beneficial effects of probiotics on the 
prevention of GDM or better management of glycemia in 
women with GDM. Two meta-analyses of RCTs showed 
that probiotic supplementation improved glycemic control in 
pregnant women, but the effects depend on GDM status [70, 
71]. The probiotic glucose-lowering effect was suggested for 
only non-GDM women in the earlier study [70] and only 
GDM women in the later study [71].

Studies evaluating associations between priori dietary 
patterns and odds of GDM reported inverse associations for 
adherence to the Mediterranean and DASH diets, and plant-
based dietary index, and positive associations for DAL and 
DII [25, 29, 35, 36]. Findings of the studies on associations 
between major dietary patterns derived by PCA and GDM 

Table 5  Weighted mean differences in final values of maternal outcomes after probiotic supplementation

†  No. of women with gestational diabetes/ No. of women without gestational diabetes

Maternal outcomes No. of 
studies †

No. of participants Duration
(weeks)

Weighted mean
difference (95%CIs)

I2

(%)
Pheterogeneity Egger’s test

Fasting plasma glucose (mg/dl) 4 153/149 6-8 -1.61 (-5.46, 2.25) 88.6 <0.001 0.641
HbA1C (%) 2 79/77 8 -0.09(-0.37, 0.19) 51.9 0.149 -
Insulin (µIU/mL) 3 111/107 6-8 -2.73(-5.79, 0.33) 85.6 0.001 0.412
HOMA-IR 3 111/107 6-8 -0.54(-1.10, 0.02) 75.3 0.017 0.542
Total antioxidant capacity (mmol/l) 2 74/72 6-8 0.03 (-0.06, 0.28) 21.6 0.259 -
hs-CRP (mg/l) 2 66/62 8 -1.33(-2.31, -0.35) 34.2 0.218 -
IL-6 (pg/ml) 2 66/62 8 -0.89(-1.17, -0.61) 0 0.601 -
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were inconsistent [28, 30, 33, 41]. The evidence is currently 
not sufficient to recommend a specific dietary pattern to pre-
vent GDM. However, adopting a healthy dietary pattern rich 
in fruits, vegetables, whole grains, legumes, low-fat dairy 
and reduce intakes of red and processed meats, fast-foods, 
sugar-sweetened beverage, and high-fat foods pre-pregnancy 
and during the period is encouraging to mitigate the risk of 
GDM.

This is a comprehensive review of the literature on 
nutrition and GDM targeting Iranian women. Searching 
Persian-databases and including studies published in Per-
sian, in addition to English-databases and studies pub-
lished in English, is a study strength that increases the 
number of eligible studies. This study has some limita-
tions. The majority of the observational studies reviewed 
were case-control, which means they could not demon-
strate a cause-and-effect relationship. The representative 
and non-response rate were the main concerns for the case-
control studies. Besides, studies assessing dietary intakes 
as exposures did not provide any information to show 
whether blindness to case/control status had been done. 
Allocation concealment and blinding of participants and 
personnel (either as a high risk of bias or unclear) were 
the main concerns for clinical trials. Data from clinical 
trials could not be used for meta-analysis due to variable 
interventions and a small number of trials in each inter-
vention. The interventions for the management of GDM 
were generally eight weeks long, which was rather short.

In conclusion, in Iranian women with GDM, serum vita-
min D was lower, and iron status markers, including serum 
iron, ferritin, and hemoglobin, were higher than those of 
non-GDM women. Vitamin D and iron status assessments 
in women early in pregnancy help decide whether vita-
min D or iron supplementation is necessary to minimize 
adverse outcomes. The effects of vitamin D supplementa-
tion on maternal and neonatal outcomes of women with 
GDM are now unclear. The beneficial effects of probiotic 
supplementation on the prevention and management of 
GDM are not convincing and deserve further investigation. 
Some individual clinical trials suggest favorable effects 
of zinc, ALA, and ginger supplementation on maternal or 
neonatal outcomes, which need to be confirmed in further 
studies. Findings from the limited studies demonstrated 
the inverse associations of the Mediterranean and DASH 
diets, plant-based dietary index, healthy dietary patterns, 
and the direct associations of DAL and DII with the odds 
of GDM. Further prospective investigations are required to 
determine the nutritional risk factors for the onset of GDM 
among Iranian women. The studies provide fundamental 
findings to help design more effective interventions for the 
prevention and management of GDM.
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