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Background: The effects of vitamin and mineral supplementation on women with gestational diabetes mellitus
(GDM) have not been well established. We conduct a meta-analysis to evaluate the effects of vitamin and mineral
supplementation on glycemic control, inflammation and oxidative stress for women with GDM.

Methods: A systematic search of randomized controlled trials (RCTs) was conducted from PubMed, Embase, Web of
Science and Cochrane Library up to July, 2020. Various results were pooled by using Review manager 5.3 and Stata
12.0. Mean difference (MD) with 95% confidence interval (Cl) was estimated. Heterogeneity between studies was

Results: Six hundred ninety-eight patients from 12 trials were included in our meta-analysis. Magnesium, zinc,
selenium, calcium, vitamin D and E (alone or in combination) were found to significantly improve glycemic control
in women with GDM compared to those receiving placebos: fasting plasma glucose (FPG) (MD =- 9.02; 95% Cl:

- 12.09, - 5.96; P < 0.00001), serum insulin (MD =-4.33; 95% ClI: - 5.35, - 3.32; P < 0.00001), homeostasis model
assessment-insulin resistance (HOMA-IR) (MD =-1.34; 95% Cl: - 1.60, - 1.07; P < 0.00001), and homeostasis model of
assessment for B cell function (HOMA-B) (MD =-15.58; 95% Cl: - 23.70, - 7.46; P=0.0002). Vitamin and mineral
supplementation was found to attenuated inflammation and oxidative stress through decreasing high-sensitivity
C-reactive protein (hs-CRP) (MD =-1.29; 95% Cl: - 1.82, - 0.76; P < 0.00001), malondialdehyde (MDA) (MD =-0.71;
95% Cl: - 0.97, - 045; P < 0.00001), and increasing total antioxidant capacity (TAC) (MD =45.55; 95% Cl: 22.02, 69.08;

Conclusions: This meta-analysis shows that vitamin and mineral supplementation significantly improved glycemic
control, attenuated inflammation and oxidative stress in women with GDM.
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Background

Gestational diabetes mellitus (GDM) is defined as im-
paired glucose tolerance with onset or first recognition
during pregnancy [1]. Many risk factors, including
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obesity, gestational age and genetic background, contrib-
ute to the development of GDM [2]. The prevalence of
GDM was reported approximately 15 to 20% worldwide
[3]. Hyperglycemia during pregnancy is associated with
adverse outcomes of both mother and offspring [4].
Women with a history of GDM are at increased risk of
developing insulin resistance syndrome (IRS) and cardio-
vascular disease (CVD) later in life [4, 5].
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Chronic low-grade inflammation is related to many
known risk factors of GDM [6]. Increased degrees of
inflammation during early pregnancy are associated
with increased risk of GDM and the development of
hyperglycemia [7]. In addition, the presence of oxi-
dative stress has been reported in GDM [8-10], and
the antioxidant status in women with GDM was
down-regulated [11]. Oxidative stress plays important
roles both in the pathogenesis and complications of
GDM, supplementary therapy with antioxidants
might help to reverse the oxidative status and im-
prove the neonatal outcome [12, 13]. Zinc deficiency
[14], hypomagnesemia [15] are common features in
diabetes, and low circulating levels of vitamin D
[16], vitamin E [11], and magnesium [17] have been
found in women with GDM. Many reports showed
that vitamin and mineral supplementation, such as
vitamin D [18], vitmin E [13], magnesium [15, 19],
and selenium [20] may regulate glucose metabolism
and have beneficial roles in anti-inflammatory and
anti-oxidative stress.

Nowadays, there is a growing interest to use vita-
min and mineral supplementation during pregnancy,
especially for women with GDM. Vitamin D is the
most commonly used nutrient in the treatment of
GDM, but the effect of vitamin D supplementation
on glycemic control in GDM remains controversial.
Some studies showed that vitamin D supplementation
had beneficial effects on glycemia in women with
GDM [18]. However, other studies showed that vita-
min D supplementation had no significant effect on
fasting plasma glucose (FPG) or fasting blood glucose
(FBG) level in patients with GDM [21]. The role of
selenium in glucose control in GDM was also incon-
sistent. A clinical trial showed that 200 pg selenium
supplements for 6 weeks significantly reduced FPG
and serum insulin levels in GDM patients [20]. How-
ever, another clinical trial showed that 100 pug selen-
ium supplements for 12weeks has no significant
effect in regulating glucose homeostasis in women
with GDM [22]. Studies on the effects of vitamin D
and other nutritional supplementation on biomarkers
of inflammation and oxidative stress in patients with
GDM also have inconsistent results [18, 23, 24]. It
was reported that vitamin D supplementation had no
significant effect on hs-CRP, plasma TAC, and total
GSH [18]. However, other studies showed that vita-
min D or vitamin D-calcium co-supplementation had
beneficial effects on biomarkers of inflammation and
oxidative stress [23, 24]. Thus, this meta-analysis was
conducted to evaluate the effects of vitamin and min-
eral supplementation, especially vitamin and mineral
co-supplementation, on glycemic control, inflamma-
tion and oxidative stress in GDM patients.

Page 2 of 15

Methods

Search strategy and study selection

This systematic literature search was done according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [25]. PubMed,
Embase, Web of Science and Cochrane Library of RCTs
were searched up to July, 2020. Search terms include
Medical Subject Headings (MeSH) and keywords related
to GDM, vitamins, minerals, micronutrients, glycemic
control, inflammation and oxidative stress. The details of
the search strategy are reported in the supplementary in-
formation. The search was limited to publications in
English. DL and ZP did the literature searches, and dis-
crepancies were resolved by discussion with a third au-
thor (ZC).

Eligibility criteria

Eligible articles were considered if they met the follow-
ing criteria: (1) Participants: women with GDM; (2) In-
terventions: vitamin supplementation, or mineral
supplementation, or vitamin and mineral co-
supplementation; (3) Controls: placebo treatment; (4)
Outcomes: at least one of the following outcomes was
reported, FPG, serum insulin, homeostasis model
assessment-insulin resistance (HOMA-IR), homeostasis
model of assessment for [ cell function (HOMA-B),
high-sensitivity C-reactive protein (hs-CRP), total anti-
oxidant capacity (TAC), glutathione (GSH), and malon-
dialdehyde (MDA); (5) Studies: randomized controlled
trials (RCTs). Trials were excluded if patients require
substitute treatments (such as insulin and metformin
et al.), or treatment was medications other than vita-
mins, minerals or placebo. We also excluded trials with-
out accessible data or full text, or carried out after
delivery.

Data extraction

Data extraction and analysis from included studies were
performed by two authors independently (DL and ZP),
and conflicts were resolved by a third author (YY). The
following information was extracted: first author, publi-
cation vyear, agent, number of participants, dosage,
follow-up duration, trial registration number, study loca-
tion, clinical phase, and outcomes of interest.

Study quality and risk of Bias assessment

The Cochrane Collaboration’s risk of bias tool was used
to assess the risk of bias, including the following items:
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective
reporting, and other sources of bias. The risk of bias was
judged as low, high, or unclear, according to the criteria
of Cochrane Handbook.



Li et al. BMC Endocrine Disorders (2021) 21:106

Publication Bias assessment

Funnel plot and Egger’s test were used to assess the pub-
lication bias and tested for statistical significance. P value
less than 0.1 was considered significant.

Statistical analyses

Results were presented as mean difference (MD) with
95% confidence interval (CI). Heterogeneity among stud-
ies was estimated by I-squared (I°) tests. P value <0.1
and I°>50% indicated statistical heterogeneity, and
random-effects models were used in meta-analysis;
otherwise, fixed-effects models were used. Sensitivity
analyses were also performed to examine the effect of
each trial on the overall analysis. All statistical analyses
were done with Review manager 5.3 and Stata 12.0.

Results

Included studies and baseline characteristics

Our initial search found 1195 potentially relevant arti-
cles. After screening, 12 studies were included for meta-
analysis [18, 20, 23, 24, 26-33]. The details of study
identification and selection were shown in Fig. 1. Table 1
lists key characteristics of the RCTs. Trials included
were published between 2013 and 2019. Those 12 se-
lected studies included 698 randomized participants, and
all of them were conducted in Iran. Patients included
were in the age range of 18-40, and all reported GDM
screening was conducted between 24 weeks and 28

Articles identified through search (n=1195)
PubMed (n=132)
Embase (n=228)
Cochrane (n=439)
Web of sciepce (n=396)

Duplicated articles (n=365)

Articles screened (title, abstract) (n=830)

Records excluded by screening
of title and abstract (n=790)

Articles assessed for eligibility in full text (n=40)

Excluded (n=28):

Data not reported (n=20)
Insulin therapy (n=2)
Intervention was medications other
than vitamins or minerals (n=2)
Ineligible follow-up time (n=4)

Articles included in the meta-analysis (n=12)

Fig. 1 PRISMA flow diagram of study selection process
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weeks gestation. All trials gave vitamin and mineral sup-
plementation orally. Types, doses, dose regimens, and
duration of vitamin and mineral supplementation were
as follows: magnesium (100-250 mg), zinc (4—233 mg),
selenium (200 pg), calcium (400-1000 mg), and vitamin
E (400 IU) every day for 6 weeks, vitamin D (200—50,000
IU) every day or every 2 or 3 weeks for 6 weeks. Magne-
sium, zinc, selenium, calcium, vitamin D or E was given
separately or in different combinations: magnesium and
vitamin E; zinc and vitamin E; calcium and vitamin D;
magnesium, zinc, calcium and vitamin D. All trials used
placebo as control intervention.

Risk of bias of individual studies

The quality of the included trails was assessed according
to the criteria of Cochrane Handbook, and the results of
risk of bias and risk of bias summary are summarized in
Fig. 2. Among the 12 trials, 8 were judged to be at low
risk of bias and 4 as being at unclear risk of bias. Unclear
risks were related to attrition bias and other bias.

Meta-analysis

The effects of vitamin and mineral supplementation on
glycemic control

Ten RCTs examined the effects of vitamin and mineral sup-
plementation on FPG level among patients with GDM. The
pooled results indicated that FPG level decreased signifi-
cantly following vitamin and mineral supplementation
(MD = -9.02; 95% CI: - 12.09, - 5.96; P <0.00001) (Fig. 3a).
There was significant heterogeneity among studies (I =
79%; P < 0.00001). Subgroup analysis was performed accord-
ing to the type of interventions, and there are four sub-
groups including vitamin D and minerals, vitamin E and
minerals, vitamin D, and minerals. Taking individual vitamin
and mineral supplementation (50,000 IU vitamin D every 3
weeks, 200 pg/d selenium, 250 mg /d magnesium or 233
mg/d zinc) could significantly decrease the FPG level in
GDM patients (Fig. 3b). Similar results were found in com-
bined vitamin and mineral supplementation: 400 IU/d vita-
min E plus either 250 mg/d magnesium or 233 mg/d zinc
(MD = - 4.46; 95% CIL: - 6.84, - 2.08; P= 0.0002) (Fig. 3b),
100 mg magnesium, 4 mg zinc, 400 mg calcium plus 200 IU
vitamin D supplementation twice a day, or 1000 mg
calcium/d plus 50,000 [U vitamin D3 every 3 weeks
(MD =-9.53; 95% CL: -17.63, -1.43; P= 0.02) (Fig. 3b).
Sensitivity analysis of FPG showed that the removal of any
given named study, the pooled results were largely un-
changed (Fig. 3c).

Vitamin and mineral supplementation was found
to significantly reduce serum insulin levels (n=38;
MD=-4.33; 95% CI: -5.35, -3.32; P<0.00001)
(Fig. 4a). Subgroup analysis according to type of
interventions removed the heterogeneity between studies
in serum insulin (Fig. 4b).
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Table 1 Characteristics of the RCTs (randomized controlled trials) included in the meta-analysis
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First author, year agent Sample Dose, frequency Time,  ClinicalTrials.gov Country Phase
size weeks

Jamilian 2019 [26]  Magnesium-zinc- 60 100 mg magnesium, 4 mg zinc, 400 mg calcium plus 200 6 IRCT201704225623N109  Iran 3
calcium-vitamin D IU vitamin D supplements twice a day

ostadmohammadi  zinc and vitamin E 60 233 mg/day zinc gluconate plus 400 IU/day vitamin E 6 IRCT20170513033941N26 Iran 3

2019 [27] supplements

maktabi 2018 [28]  magnesium and 60 250 mg/day magnesium oxide plus 400 IU/day vitamin E 6 IRCT20170513033941N24  Iran 3
vitamin E supplements

karamali 2018 [29]  Magnesium-zinc- 60 100 mg magnesium, 4 mg zinc, 400 mg calcium plus 200 6 - Iran -
calcium-vitamin D IU vitamin D supplements twice a day

jamilian 2017 [30]  Magnesium 40 250 mg/day of magnesium supplements 6 IRCT201704235623N111  Iran 3

razavi 2017 [23] vitamin D 60 50,000 IU vitamin D every 2 weeks 6 IRCT201701305623N106  Iran 3

karamali 2016 [31]  zinc 50 233 mg zinc gluconate (containing 30 mg zinc) 6 IRCT201503055623N42 Iran -

karamali 2015 [32]  zinc 58 233 mg zinc gluconate (containing 30 mg zinc) per day 6 IRCT201408295623N26 Iran 3

asemi 2015-1 [20]  selenium 70 200 pg selenium supplements/day 6 IRCT201403175623N18 Iran 2

asemi 2015-2 [33]  magnesium 70 250 mg magnesium supplements/day 6 IRCT201503055623N39 Iran 2

asemi 2014 [24] Calcium plus vitamin 56 1000 mg calcium carbonate per day plus 50,000 [U vitamin 6 IRCT201311205623N11 Iran 2
D D3 every 3 weeks

asemi 2013 [18] Vitamin D 54 50,000 IU vitamin D3 every 3 weeks 6 IRCT201305115623N7 Iran 2

HOMA-IR level decreased significantly following vita-
min and mineral supplementation (n=8; MD =-1.34;
95% CI: - 1.60, - 1.07; P<0.00001) (Fig. 5a), with low
heterogeneity among studies. Subgroup analysis accord-
ing to type of interventions removed the heterogeneity
between studies in HOMA-IR (Fig. 5b), and the pooled
results were largely unchanged.

Vitamin and mineral supplementation significantly
reduced the HOMA-B levels (n = 5; MD = - 15.58; 95% CI:
- 23.70, -7.46; P=0.0002) (Fig. 6a). Subgroup analysis
showed that mineral supplementation, such as 200 ug
selenium/d, 250 mg magnesium/d, or 233 mg zinc
gluconate/d, could significantly reduce the HOMA-B levels
(MD = -23.73; 95% CI: - 34.53, - 12.94; P< 0.0001), while
vitamin D, vitamin D and calcium co-supplementation
have no significant effect on HOMA-B levels (Fig. 6b).

The effects of vitamin and mineral supplementation on
inflammatory markers

Figure 7a shows the forest plots for inflammatory
markers hs-CRP. The results showed that vitamin and
mineral supplementation significantly reduced the hs-
CRP level (n=7; MD =-1.29; 95% CI: - 1.82, -0.76; P <
0.00001), with no heterogeneity among the studies
(I =0%, heterogeneity P =0.80). However, subgroup
analysis according to the type of interventions showed
that vitamin D and minerals co-supplementation has
no significant effect on hs-CRP levels with moderate
heterogeneity between studies (Fig. 7b).

The effects of vitamin and mineral supplementation on
biomarkers of oxidative stress

TAC is considered to be an indicator of the oxygen rad-
ical absorbance capacity. Vitamin D, minerals and

vitamin D plus mineral co-supplementation significantly in-
creased TAC level compared with placebo (MD =45.55;
95% CI: 22.02, 69.08; P =0.0001) (Fig. 8a), with low hetero-
geneity among studies (I =25%, heterogeneity P =0.24).
Subgroup analysis of TAC according to the type of inter-
ventions showed that mineral subgroup, such as selenium,
magnesium, or zinc, could significantly increase TAC level,
while vitamin D alone or vitamin D and mineral co-
supplementation has no significant effect on TAC levels,
with moderate heterogeneity among studies (Fig. 8b).

GSH is an endogenous antioxidant, but vitamin and
mineral supplementation did not significantly affect
GSH level (MD =30.66; 95% CI: - 8.31, 69.64; P=0.12)
(Fig. 9a), and there was moderate heterogeneity among
studies (P =62%; P=0.02). Subgroup analysis (Fig. 9b)
and sensitivity analysis (Fig. 9c) of GSH according to the
type of interventions didn’t change the results.

Vitamin and mineral supplementation significantly
reduced MDA (MD =-0.71; 95% CI: - 0.97, - 0.45; P<
0.00001) (Fig. 10a), an indicator of lipid peroxide forma-
tion, and no heterogeneity was found among the studies
(P =0%, heterogeneity P=0.95). In subgroup analysis
according to the type of interventions, the effects of
vitamin and mineral supplementation on MDA levels
stay the same (Fig. 10b).

Publication bias

No significant publication bias was found for the effect
of vitamin and mineral supplementation on all eight
outcomes (Fig. S1).

Discussion
In this meta-analysis, we pooled the results of high-
quality RCTs in women with GDM to assess the effects
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Random sequence generation (selection hias)

Allocation concealment (selection bias)

Elinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (attrition bias)
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Fig. 2 Risk of bias a and risk of bias summary b. In Fig. 2a, green represents a low risk of bias, while yellow represents unclear risk of bias. In Fig.
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A

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random. 95% CI IV, Random. 95% C1
asemi 2013 -17.12 14.84 27 -0.96 16.64 27 6.8% -16.16[24.57,-7.79] I
asemi 2014 -16.02 1242 28 468 16.56 28 7.4% -20.70[-28.37,-13.03]
asemi 2015-1 -10.55 11.94 35 451 1289 35 9.2% -15.06[-20.88,-9.24] —
asemi 2015-2 -9.7 101 35 1.8 81 35 10.8% -11.50}15.79,-7.21] I
jamilian 2017 -9.7 56 20 -041 85 20 10.6%  -9.60[-14.06,-5.14] -
Jamilian 2019 -4.3 49 30 -08 45 30 12.7% -3.40[5.78,-1.02] ==
karamali 2015 -6.6 maz 29 0.6 6.7 29 103%  -7.20[11.95,-2.45] -
karamali 2018 -6.3 11.34 30 054 72 30 10.3%  -6.84 [11.65,-2.03] -
maktahi 2018 -4.9 5185345 30 -01 5185345 30 12.5% -4.80[7.42,-218] -
ostadmohammadi 2019 -1 1057421 27 1.9 1057421 27 9.4% -290[8.54,2.74] T
Total (95% Cl) 291 291 100.0%  -9.02[-12.09, -5.96] <&
Heterogeneity: Tau®=17.77; Chi*= 43.17, df= 9 (P < 0.00001); = 79% L e = .
Test for overall effect Z=5.77 (P =< 0.00001) Favours [experimental] Favours [control]

B

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1Vitamin D
asemi 2013 -17.12 14.84 27 -0.96 16.64 27 B.8% -16.16[24.57,-7.79]
Subtotal (95% CI) 27 27  6.8% -16.16[-24.57,-7.75]
Heterogeneity: Not applicable
Test for overall effect: Z= 3.77 (P = 0.0002)
3.1.2 Minerals
asemi 2015-1 -10.55 11.94 35 45 128 35 9.2% -15.06[20.88,-9.24] —
asemi 2015-2 -a7 101 35 1.8 81 35 10.8% -
jamilian 2017 -8.7 56 20 -01 85 20 10.6%  -9.60[-14.06,-5.14] -
karamali 2015 -6.6 1.2 29 06 6.7 29 10.3% -7.20[-11.95,-2.45) i
Subtotal (95% CI) 119 119 41.0% -10.57 [-13.52, -7.63] <*
Heterogeneity: Tau?= 3.11; Chi*= 4.57, df= 3 (P = 0.21); F= 34%
Test for overall effect: Z= 7.03 (P < 0.00001)
3.1.3 Vitamin D and minerals
asemi 2014 -16.02 1242 28 468 16.56 28 7.4% -20.70[-28.37,-13.03] I
Jamilian 2019 -43 49 30 -08 45 30 12.7% -3.40[5.78,-1.02] =
karamali 2018 -6.3 11.34 30 054 72 30 10.3%  -6.84 [11.65,-2.03] =
Subtotal (95% CI) 88 88 304% -9.53[-17.63,-1.43] e
Heterogeneity: Tau®= 44.26; Chi*= 18.34, df= 2 (P = 0.0001); F= 89%
Test for overall effect: Z=2.31 (P =0.02)
3.1.4 Vitamin E and minerals
maktabi 2018 -49 5185345 30 -01 5185345 30 12.5% -4.80[-7.42,-218) -
ostadmohammadi 2019 -1 1057421 27 1.9 1057421 27 9.4% -290[-8.54,274] B
Subtotal (95% CI) 57 57 21.9% -4.46 [-6.84, -2.08] *
Heterogeneity: Tau®= 0.00; Chi*= 0.36, df=1 (P = 0.55); F= 0%
Test for overall effect: Z= 3.68 (P = 0.0002)
Total (95% Cl) 291 291 100.0%  -9.02[-12.09, -5.96] <>
Heterogeneity: Tau®= 17.77, Chi*= 4317, df= 8 (P < 0.00001); = 79% = e % %5

Test for overall effect: Z=5.77 (P < 0.00001)
Testfor subaroun differences: Chi*=14.75. df= 3 (P = 0.002). F=79.7%

C

Favours [experimental] Favours [control]

Meta-analysis estimates, given named study is omitted
O Estimate

| Lower CI Limit
Asemi 2013

Asemi 2014 |

Asemi 2015-1 |

Asemi 2015-2 I

Jamilian 2017 |

Jamilian 2019 |

Karamali 2015 |

Karamali 2018 |

Maktabi 2018 I

ostadmohammadi 2019

| Upper CI Limit

-1.21 -1.12

Fig. 3 (See legend on next page.)

-0.95

1
-0.77 -0.72
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(See figure on previous page.)

Fig. 3 Forest plot of pooled MD and sensitivity analysis in FPG of studies included. a Meta-analysis of the effects of vitamin and mineral
supplementation on FPG in women with GDM (random-effects model); b The forest plot of FPG in subgroup analysis defined by the type of
interventions (random-effects model); ¢ Sensitivity analysis in FPG of studies included. Mean difference, MD; Fasting plasma glucose, FPG;
gestational diabetes mellitus, GDM

A

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
asemi 2013 -3.08 6.62 27 1.34 6.51 27 B84% -442[7.92,-092
asemi 2014 -1.94544 5061019 28 1.316583 5527638 28 13.3% -3.26 [-6.04,-0.49] —
asemi 2015-1 -1.98 11.25 35 5.26 9.33 35 44% -7.24[12.08,-2.40]
asemi 2015-2 =21 6.5 35 57 10.7 35 6.0% -7.80[11.95-3.65]
karamali 2015 -1.3 6.6 29 6.6 12.2 29 4.0% -7.90[12.95 -2.85] —
karamali 2018 -3.10122 396267 30 1.119885 4.048816 30 250% -4.22[6.25-2.19) —
maktahi 2018 -1.7 5320783 30 1.5 5320783 30 14.2% -3.20[-5.89,-0.51] -
ostadmohammadi 2019 -2.9 3.826857 27 0.8 3.826857 27 247% -3.70[5.74,-1.66] -
Total (95% CI) 241 241 100.0% -4.33[-5.35,-3.32] *
Heterogeneity: Chi*=7.62, df=7 (P=0.37);, F=8% t

-20 10 0 10 20

Testfor overall effect. 2= 8.37 (P < 0.00001) Favours [experimental] Favours [control]

B
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight [V, Random, 95% CI IV, Random, 95% Cl
3.2.1 Vitamin D
asemi 2013 -3.08 6.62 27 1.34 6.51 27 89% -4.42[7.92,-0837
Subtotal (95% CI) 27 27 8.9% -4.42[-7.92,-0.92] e

Heterogeneity: Not applicable
Testfor averall effect 2= 2.47 (P =0.01)

3.2.2 Minerals

asemi 2015-1 -1.898  11.25 35 5.26 9.33 35 48% -7.24[-12.08,-2.40] I
asemi 2015-2 =21 B.5 35 57 107 35 B.5% -7.80[11.95 -3.65] -
karamali 2015 -1.3 B.6 29 6.6 12.2 29 44% -7.90[12.95-2.85] -
Subtotal (95% CI) 99 99 15.7% -7.66[-10.33,-4.99] -

Heterogeneity: Tau®= 0.00; Chi*=0.04, df= 2 (P=0.98);, F= 0%
Testfor averall effect: Z=5.62 (P =< 0.00001)

3.2.3 Vitamin D and minerals

asemi 2014 -1.945  5.061 28 1.3166 55276 28 137% -3.26[-6.04,-0.49] -
karamali 2018 -3.101 3.9627 30 1.1199 4.0438 30 238% -422[6.25-2.19] -
Subtotal (95% CI) 58 58 37.5% -3.89[-5.52,-2.25] L 4

Heterogeneity: Tau®= 0.00; Chi*=0.30, df=1 (P = 0.58), F= 0%
Testfor averall effect: Z= 4.65 (P < 0.00001)

3.2.4 Vitamin E and minerals

maktabi 2018 -1.7 53208 a0 1.4 53208 30 14.5% -3.20[-5.89,-0.51] -
ostadmohammadi 2019 -2.9 3.8269 27 0.8 3.8269 27 235%  -3.70[-5.74,-1.66] -
Subtotal (95% CI) 57 57 38.0% -3.52[-5.14,-1.89] <

Heterogeneity: Tau®= 0.00; Chi*=0.08, df=1 (P=0.77); F=0%
Test for overall effect: £=4.24 (P = 0.0001)

Total (95% CI) 241 241 100.0% -4.38[-5.45, -3.30] L 2

Heterogeneity: Tau®= 0.20; Chi*= 7.62, df=7 (P =0.37), F= 8%

Test for overall effect: 2= 7.96 (P = 0.00001)

Test for subaroun differences: Chi®=7.20. df= 3 (P =0.07). F=58.3%
Fig. 4 Forest plot of pooled MD in serum insulin of studies included. a Meta-analysis of the effects of vitamin and mineral supplementation on
serum insulin in women with GDM (fixed-effects model); b The forest plot of serum insulin in subgroup analysis defined by the type of
interventions (random-effects model). Mean difference, MD; gestational diabetes mellitus, GDM
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Test for overall effect: Z=8.18 (P = 0.00001)
Testfor subaroun differences: Chi*= 9.62. df=3{(P=0.02). F=68.8%

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
asemi 2013 -1.28 1.41 27 034 1.79 27 98% -1.62[2.48 -0.76] -
asemi 2014 -0.91 1.18 28 063 20m 28 9.7% -1.54 [-2.40,-0.68] —_
asemi 2015-1 -0.84 2.76 35 147 2.46 35 4.8% -2.31[3.53,-1.09] -
asemi 2015-2 -0.5 1.3 35 1.4 23 35 95% -1.90[2.78,-1.02] -
karamali 2015 -0.5 1.6 29 15 27 29 56% -2.00[3.14,-0.86] -
karamali 2018 -1 1.1 30 0.3 1.3 30 19.5% -1.30[1.91,-0.69] -
maktahi 2018 -0.6 1.238291 30 0.3 1.238291 30 18.45% -0.90[-1.53,-0.27] -
ostadmohammadi 2019 -0.7 1.061989 27 0.2 1.061989 27 226% -0.90[1.47,-0.33] -
Total (95% CI) 241 241 100.0% -1.34[-1.60, -1.07] *
Heterageneity: Chi*= 10.10, df= 7 (P = 0.18); *= 31% P + : p o
Test for averall effect: £=9.72 (P < 0.00001) Favours [experimental] Favours [control]
B
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD _Total Weight [V, Random, 95% CI IV, Random, 95% CI
3.3.1 Vitamin D
asemi 2013 -1.28 1.41 27 0.34 1.79 27 1M11%  -1.62[2.48 -0.76] -
Subtotal (95% CI) 27 27 1.1%  -1.62[-2.48,-0.76] <>
Heterogeneity: Not applicable
Test for overall effect: Z= 3.69 (P = 0.0002)
3.3.2 Minerals
asemi 2015-1 -0.84 2.76 35 147 2.46 35 B.3% -2.31[3.53,-1.09] I
asemi 2015-2 -0.5 1.3 35 1.4 23 35 108% -1.90[2.78,-1.02] -
karamali 2015 -0.5 1.6 29 1.5 27 29 71% -2.00[-3.14,-0.86] -
Subtotal (95% CI) 99 99 24.3% -2.03[-2.63,-1.42] <&
Heterogeneity: Tau®=0.00; Chi*=0.29, df =2 {P=0.87); F=0%
Test for averall effect: Z=6.58 (P = 0.00001)
3.3.3 Vitamin D and minerals
asemi 2014 -0.91 118 28 063 2.0 28 11.1% -1.54[-2.40,-0.68] —_
karamali 2018 -1 11 30 0.3 1.3 30 17.8%  -1.30[1.91,-0.69] -
Subtotal (95% CI) 58 58 28.6% -1.38[-1.88,-0.88] L 4
Heterogeneity: Tau®= 0.00; Chi®=0.20, df=1 {P = 0.66);, F= 0%
Test for overall effect: Z= 543 (P < 0.00001)
3.3.4 Vitamin E and minerals
maktahi 2018 -0.6 1.2383 30 0.3 1.2383 30 17.0% -0.90[1.53,-0.27] -
ostadmohammadi 2019 -0.7  1.062 27 0.2  1.062 27 19.0% -0.90[1.47,-0.33] -
Subtotal (95% CI) 57 57 36.0% -0.90[-1.32,-0.48] L 2
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 {P=1.00); F= 0%
Test for averall effect: Z=4.20 (P =< 0.0001)
Total (95% CI) 241 241 100.0% -1.40[-1.73,-1.06] L4
Heterogeneity: Tau®= 0.07; Chi*= 1010, df= 7 (P= 0.18); F=31% o + 7 t o

Fig. 5 Forest plot of pooled MD in HOMA-IR of studies included. a Meta-analysis of the effects of vitamin and mineral supplementation on
HOMA-IR in women with GDM (fixed-effects model); b The forest plot of HOMA-IR in subgroup analysis defined by the type of interventions
(random-effects model). Mean difference, MD; Homeostasis model assessment-insulin resistance, HOMA-IR; gestational diabetes mellitus, GDM

Favours [experimental] Favours [control]

of vitamin and mineral supplementation vs placebo on
glycemic control, biomarkers of inflammation and oxida-
tive stress. Due to the close metabolism regulation be-
tween vitamins and minerals and data on the effects of
vitamin and mineral co-administration on glucose regu-
lation, inflammation and oxidative stress markers in
women with GDM are scarce, we specifically included

vitamin and mineral co-administration trails in this
meta-analysis. And in order to have more reliable results
and decrease the heterogeneity between different studies,
we didn’t include trials if patients require substitute
treatments (such as insulin and metformin et al.) or car-
ried out after delivery, since both substitute treatments
and delivery can affect glycemic status. Our findings
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A
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
asemi 2013 024 329 27 8935 4495 27 14.8%  -911[-3012,11.90]
asemi 2014 -0.77 2966 28 1497 28451 28 284% -274[17.98 12.50]
asemi 2015-1 -1.71 4362 35 163 36.69 35 1845% -18.01 [-136.89, 0.87] -
asemi 2015-2 -4 287 358 22 438 35 21.9% -26.00[43.35,-8.69] —
karamali 2015 -0.7 248 29 265 495 28 16.2% -27.20[47.38,-7.02] e
Total (95% CI) 154 154 100.0% -15.58 [-23.70, -7.46] <
Heterogeneity, Chi*= 5.81, df= 4 (P= 0213 F=31% =_1 Py 50 ] 5=U mu:
Testfor overall effect: 2= 3.76 (P = 0.0002) Favours [experimental] Favours [control]
B
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.4.1Vitamin D
asemi 2013 0.24 3291 27 935 44495 27 16.4% -9.11 [-30.12,11.90] - 1
Subtotal (95% CI) 27 27 16.4%  -9.11[-30.12, 11.90] il
Heterogeneity: Mot applicable
Test for averall effect: Z=0.85 {F = 0.40)
3.4.2 Minerals
asemi 2015-1 -1.71 4362 35 163 36.649 35 19.2% -18.01 [-136.89, 0.87] |
asemi 2015-2 -4 287 34 22 438 35 21.5%  -26.00[43.35, -8.65] I
karamali 2015 -0.7 25 29 2645 485 29 17.4% -27.20[-47.38,-7.02] -
Subtotal (95% CI) 99 99 58.2% -23.73[-34.53,-12.94] o
Heterogeneity: Tau®= 0.00; Chi*= 053, df=2 (P=0.77), F= 0%
Test for overall effect: Z=4.31 (P <= 0.0001)
3.4.3 Vitamin D and minerals
asemi 2014 -0.77 2966 28 1487 28451 28 254% -2 74 [17.98,12.50] —
Subtotal (95% CI) 28 28 254% -2.74[-17.98, 12.50] ‘
Heterogeneity: Mot applicable
Test for averall effect Z=035 (P =0.72)
Total (95% Cl) 154 154 100.0% -15.99 [-25.87, -6.12] <
Heterogeneity: Tau®= 39.54; Chi*= 581, df= 4 (P= 0.21), F=31% oo e 5 s 100

Test for averall effect Z=317 (P =0.002)
Testfor subaroun differences: Chi*=5.28.df=2 (P=0071. F=621%

Fig. 6 Forest plot of pooled MD in HOMA-B of studies included. a Meta-analysis of the effects of vitamin and mineral supplementation on
HOMA-B in women with GDM (fixed-effects model); b The forest plot of HOMA-B in subgroup analysis defined by the type of interventions
(random-effects model). Mean difference, MD; Homeostasis model of assessment for 3 cell function, HOMA-B; gestational diabetes mellitus, GDM

Favours [experimental] Favours [control]

J

demonstrated that vitamin and mineral supplementa-
tion, magnesium, zinc, selenium, calcium, vitamin D and
E (alone or in combination), significantly improved gly-
cemic control, attenuated inflammation and oxidative
stress in women with GDM through decreasing serum
FPG, insulin, HOMA-IR, HOMA-B, hs-CRP and MDA
levels, and increasing TAC levels.

Vitamin and mineral supplementation improved glycemic
control in GDM and related mechanism

Findings from this meta-analysis demonstrated that
vitamin and mineral supplementation had a signifi-
cant effect on serum insulin and blood glucose pa-
rameters. Subgroup analysis of the interventions
showed that single mineral or vitamin D, or

combined vitamin D/E and mineral supplementation
all worked well on glycemic control. We found that
vitamin D, magnesium and zinc has the potential
role to promote glycemic control in diabetes pa-
tients. The dosages of vitamin D might be a reason
of high heterogeneity of FPG in vitamin D and min-
erals group, 50,000 IU vitamin D every 3 weeks plus
1000 mg calcium per day worked better than 200 IU
vitamin D supplementation plus minerals (100 mg
magnesium, 4 mg zinc and 400 mg calcium) twice a
day. Although different doses of vitamin D supple-
mentation, ranging from 200 to 4000IU daily for
12.5 days, had no effect on FPG level in women with
GDM, higher doses of vitamin D significantly im-
proved insulin resistance [5]. Vitamin D can activate
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A
Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

asemi 2013 -1.27482 3145662 27 -0.1189 408872 27 TA4% -116[3.10,0.78] —

asemi 2014 -0.0069 4.00665 28 -0.2062 4.00665 28 6.3%  0.20[1.90, 2.30] [ —

asemi 2015-1 -0.79188 2.27184 35 0500585 256334 35 21.7% -1.29[-2.43 -0.16] —

asemi 2015-2 -0.4328 251 35 0.7832 2470 35 204% -1.22[-2.39,-0.05] -

Jamilian 2019 -1.2 348 30 0.8 2 30 13.4% -2.00[-3.44, -0.56] -

karamali 2016 -01101  1.4755 25 11378 24292 25 225% -1.25[2.36,-0.13] —

razavi 2017 -0.8 44 30 04 27 30 8.2% -1.70[3.55 015 r

Total (95% CI) 210 210 100.0% -1.29[-1.82,-0.76] ‘

Heterogeneity, Chi®= 3.09, df= 6 (P = 0.80); F= 0% 5_1 2 5 ; 5 10’

Testfor overall effect: Z= 4.79 (P < 0.00001) Favours [experimental] Favours [control]
B

Experimental Control Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

3.5.1 Vitamin D

asemi 2013 -1.275 31566 27 -0.116 4.0687 27 TA4%  -1.16[3.10,078] —

razavi 2017 -0.8 4.4 30 0.9 27 30 8.2% -1.70[-3.55,0.15] E—

Subtotal (95% CI) 57 57 15.6% -1.44[-2.78,-0.10] -

Heterogeneity: Tau®=0.00; Chi*=0.16, df=1 (P = 0.69), F= 0%

Test for overall effect 2= 211 (P =0.03)

3.5.2 Minerals

asemi 2015-1 -0.792 22718 35 05006 25633 3/ M1T% -1.29[-243,-016] —

asemi 2015-2 -0.433 2521 35 0.7832 2470 35 204% -1.22[-2.38,-0.09] — ]

karamali 2016 -0.11 1.4755 25 11378 24292 25 225% -1.25[2.36,-013] —

Subtotal (95% CI) 95 95 64.6% -1.25[-1.91,-0.60] L 2

Heterogeneity: Tau®=0.00; Chi*=0.01, df=2 (P =1.00); F= 0%

Testfor overall effect: Z=3.74 (P =0.0002)

3.5.3 Vitamin D and minerals

asemi 2014 -0.007 4.0067 28 -0.206 4.0067 28 B.3% 0.20 [-1.90, 2.30] I

Jamilian 2019 -1.2 38 30 0.8 2 30 134% -2.00[-3.44,-0.56] -

Subtotal (95% CI) 58 58 19.8%  -1.04[-3.18, 1.10] R il

Heterogeneity: Tau®=1.57, Chi*= 2.86, df=1 (P =0.09);, F= 65%

Testfor overall effect: 2= 0.95 (P = 0.34)

Total (95% CI) 210 210 100.0% -1.29[-1.82,-0.76] L 2

?etﬂogenemfl:leaTuz:Zu.ui;?’Cghz;z 3600960015)6 (P =0.80); F= 0% o + 7 t 0

est for overall effect: Z= 4. =0 I, — -

Testfor subaroun differences: ChiF=011.df= 2 (P=0951. F=0% Favours [experimental] Favours [control]
Fig. 7 Forest plot of pooled MD in hs-CRP of studies included. a Meta-analysis of the effects of vitamin and mineral supplementation on hs-CRP
in women with GDM (fixed-effects model); b The forest plot of hs-CRP in subgroup analysis defined by the type of interventions (random-effects
model). Mean difference, MD; High-sensitivity C-reactive protein, hs-CRP; gestational diabetes mellitus, GDM

the transcription of insulin receptor gene to promote
glucose oxidation through the phosphoinositide 3-
kinase (PI3-K) pathway [34]. Vitamin E plays an im-
portant role in regulating glucose metabolism
through improve insulin action by upregulation
GSH/GSSG ratio and magnesium concentration [13].
Magnesium can regulate glucose and insulin metab-
olism by affecting the tyrosine kinase activity of in-
sulin receptor, and help transport glucose into the
cells via glucose transporter protein activity 4
(GLUT4) [35]. Zinc can regulate insulin signaling
through PI3-K/Akt pathway and help transport
GLUT4 to the cell membrane [14].

Vitamin and mineral supplementation relieves
inflammation and possible mechanisms in GDM

Pregnant women with obesity or GDM have increased
maternal inflammation and elevated hs-CRP compared
to normal pregnant women, and suppression the inflam-
mation helps improving pregnancy outcomes and mater-
nal complications. Our meta-analysis showed that the
supplementation of vitamin and mineral could signifi-
cantly reduce the serum hs-CRP level in GDM patients.
Subgroup analysis of treatments demonstrated that min-
eral supplementation, including zinc, magnesium, and
selenium, was more significant than vitamin D and min-
eral supplementation in reducing hs-CRP level. Vitamin
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Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

-46.19 [153.00, 60.62]

R E—

-15.42 [-85.95, 55.11]
45,53 [9.70, 100.76] T
§1.90 [91.80, 215.70]

54.50 [11.27, 97.73] —a
88.40 [28.61,148.19] —_—
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200 -100 0 100 200

Favours [experimental] Favours [control]

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

A

Experimental Control
Study or Subgroup  Mean SD_Total Mean SD Total Weight
asemi 2013 16.58 253.44 27 B277 126.33 27 489%
asemi 2014 4926 1408 28 GB4.68 12819 28 1M1%
asemi 2015-1 62.98 118.44 35 17.45 117.33 35 18.2%
asemi 2015-2 67.3 4568 35 5.4 828 3\ 23%
Jamilian 2019 38.2 76.5 30 -16.3 935 30 296%
karamali 2016 60 129 25 -28.4 81.4 25 15.5%
razavi 2017 551 1238 30 1 90.8 30 18.4%
Total (95% CI) 210 210 100.0%
Heterogeneity: Chi®=7.98, df=6 (P =0.24), F= 25%
Testfor overall effect Z=3.79 (P = 0.0001)
B

Experimental Control
Study or Subgroup  Mean SD Total Mean SD Total Weight
3.6.1 Vitamin D
asemi 2013 16.58 253.44 27 B277 126.33 27 B.3%
razavi 2017 551 1238 30 1 90.8 30 18.4%
Subtotal (95% CI) 57 57 24.7%

Heterogeneity: Tau®= 3151.99; Chi*= 2.68, df=1 {P=010); F=63%
Testfor overall effect: Z=0.30 (F = 0.76)

3.6.2 Minerals

asemi 2015-1 62.98 118.44 35 17.45 117.33 35 18.2%
asemi 2015-2 67.3 4568 35 5.4 828 33 3%
karamali 2016 60 129 25 -284 81.4 25 16.3%
Subtotal (95% CI) 95 95 37.7%
Heterogeneity: Tau®= 0.00; Chi®=1.07, df= 2 (P = 0.59), F= 0%

Test for overall effect: Z= 3.25 (P = 0.001)

3.6.3 Vitamin D and minerals

asemi 2014 4926 1408 28 6468 128189 28 127%
Jamilian 2019 382 76.5 30 -16.3 935 30 249%
Subtotal (95% CI) 58 58 37.6%

Heterogeneity, Tau®=1553.71; Chi*= 2.74, df=1 (F=0.10); F= 64%
Testfor overall effect Z=0.73 (P = 0.46)

Total (95% CI) 210 210 100.0%
Heterogeneity: Tau®= 353.89; Chi*=7.98, df=6 (P =0.24), F= 25%

Test for overall effect: Z= 3.00 (P = 0.003)

Test for subaroun differences: Chi*=1.59. df=2 (P=045). F=0%

-46.19 [-153.00, 60.62] —
54.10[-0.78, 108.9] —
14.85 [-81.08, 110.79] e REe—
45.53[-9.70,100.76] T
£1.90 [-91.90, 215.70]
88.40 [28.51, 148.19] —_—
65.05 [25.82, 104.28] -
-15.42 [-85.95, 55.11] —_—
54.50[11.27, 97.73] ——
25.32 [-42.26, 92.90] et
43.34[14.99, 71.69] S 4
200 100 O 100 200

Fig. 8 Forest plot of pooled MD in TAC of studies included. a Meta-analysis of the effects of vitamin and mineral supplementation on TAC in
women with GDM (fixed-effects model); b The forest plot of TAC in subgroup analysis defined by the type of interventions (random-effects
model). Mean difference, MD; Total antioxidant capacity, TAC; gestational diabetes mellitus, GDM

Favours [experimental] Favours [control]

D, zinc and selenium can decrease the concentration of
inflammatory cytokines through down-regulation of nu-
clear transcription factor kB (NF-kB), a key regulator of
genes involved in inflammation [14, 36]. Magnesium
may decrease inflammatory response via regulation the
intracellular calcium concentration and inhibition the
NE-«B signaling pathway [37, 38].

Underlying mechanisms of vitamin and mineral
supplementation on oxidative stress in GDM

Oxidative stress plays a key role in the development of dia-
betes mellitus [39]. Many kinds of vitamins and minerals

have antioxidant activity and may have beneficial role in
diabetes. Our meta-analysis showed a benefit effect of vita-
min and mineral supplementation, including vitamin D,
Calcium plus vitamin D, zinc and magnesium, on alleviat-
ing oxidative stress status in GDM patients through im-
proving TAC levels, and reducing MDA levels. Vitamin D
can increase GSH formation by upregulation of glutamate
cysteine ligase (GCLC) and glutathione reductase (GR),
which recycles oxidized GSSG to GSH to scavenge exces-
sive ROS [40]. Magnesium can influence the activities of
mitochondrial electron transport chain and ROS produc-
tion [41]. Zinc is essential for the activity of superoxide
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A

Experimental Control
Study or Subgrou Mean SD Total Mean SD_Total Weight

Mean Difference
IV. Random, 95% CI

Mean Difference
IV. Random, 95% CI

asemi 2013 3406 19811 27 -32.57 211257 27 B84%
asemi 2014 51.14 131.64 28 -47.27 20363 28 10.7%
asemi 2015-1 5214 5831 35 -39.93 15352 35 167%
asemi 2015-2 -80.2 2337 35 -21 118 35 111%
Jamilian 2019 1.9 637 30 -9 96.6 30 19.4%
karamali 2016 -18.7 765 25 -9.8 1243 25 16.2%
razavi 2017 23 623 30 -7.8 1264 30 17.5%
Total (95% CI) 210 210 100.0%

Heterogeneity: Tau®= 1593.65; Chi*= 15.68, df=6 (P = 0.02); F= 62%
Test for overall effect: Z=1.54 (P=012)

B

Experimental Control
Study or Subgrou Mean SD Total Mean SD_Total Weight

£6.63 [-42.97, 176.23] —]

98.41 (.60, 188.22]

92.07 [37.66, 146.48] —
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3.7.1 Vitamin D

asemi 2013 34.06 198.11 27 -3257 11257 27 84%
razavi 2017 23 62.3 30 -78 1265 30 17.5%
Subtotal (95% CI) 57 57 25.9%

Heterogeneity: Tau?= 0.00; Chi*= 0.34, df= 1 (P = 0.56), F= 0%
Testfor overall effect: Z=1.59 (P=0.11)

3.7.2 Minerals

asemi 2015-1 5214 5831 35 -39.93 153.52 3\ 167%
asemi 2015-2 -80.2 2337 35 -2.1 118 3/ 1MI1%
karamali 2016 -19.7 76.5 25 -8 1243 25 16.2%
Subtotal (95% CI) 95 95 44.0%

Heterogeneity: Tau®= 6718.20; Chi*= 1268, df= 2 (P=0.002), F=84%
Testfor overall effect: Z=0.12 (P = 0.90)

3.7.3 Vitamin D and minerals

asemi 2014 51.14 13164 28 -47.27 20363 28 10.7%
Jamilian 2019 1.9 637 30 -9 96.6 30 19.4%
Subtotal (95% CI) 58 58 30.1%

Heterogeneity: Tau®=1730.85; Chi*= 2.36, df=1 (P = 0.12); F= 58%
Testfor overall effect Z=1.31 (P=0.19)

Total (95% CI) 210 210 100.0%
Heterogeneity: Tau®= 1593.65; Chi*=15.68, df=6 (P =0.02), F=62%
Testfor overall effect Z=1.54 (P=0.12)

Testfor subaroun differences: Chi*=052. df=2(P=077.F=0%

Mean Difference Mean Difference
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Favours [experimental] Favours [control]

C
Meta-analysis estimates, given named study is omitted
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Fig. 9 (See legend on next page.)
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Fig. 9 Forest plot of pooled MD and sensitivity analysis in GSH of studies included. a Meta-analysis of the effects of vitamin and mineral
supplementation on GSH in women with GDM (random-effects model); b The forest plot of GSH in subgroup analysis defined by the type of
interventions (random-effects model); ¢ Sensitivity analysis in GSH of studies included. Mean difference, MD; Glutathione, GSH; gestational

diabetes mellitus, GDM

dismutase (SOD), which plays an important role in redox
balance, and may play antioxidant effect by decreasing ROS
production [14].

There are interactions between different vitamins and
minerals. Zinc can regulate the release of calcium by

acting on zinc-sensing receptor [42], vitamin D affects
insulin secretion by regulating plasma calcium [43], vita-
min E can improve glucose disposal through the upregu-
lation of magnesium concentration [13], magnesium is
involved in the synthesis, transport and activation of

Test for overall effect: £=5.32 (P = 0.00001)

A
Experimental Control Mean Difference Mean Difference
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vitamin D [44]. Because of the possible interactions be-
tween different vitamins and minerals, further studies
are necessary to assess whether the combination of vita-
mins and minerals is more effective than a single vitamin
or mineral on GDM.

Limitations of our study

There are several limitations in our meta-analysis. First,
the diversity of vitamin and mineral types and combina-
tions make it challenging to perform subgroup analysis for
all treatments. Second, all included trails were from Iran,
and there was a lack of data from other countries. Finally,
since GDM usually diagnosed between 24- and 28-week
gestation, we didn’t include studies last more than 3
months to see the effect on postpartum outcomes.

Conclusion

In conclusion, our meta-analysis suggests a beneficial
role of single or vitamin and mineral co-
supplementation on biomarkers of glycemic control, in-
flammation and oxidative stress in women with GDM.
In the future, more large-scale and longer duration stud-
ies of vitamin and mineral supplementation, especially
vitamin and mineral co-supplementation, are needed to
demonstrate their effect on glycemic control, anti-
inflammatory and antioxidant effects in women with
GDM.
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