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Abstract

Background: Gestational diabetes mellitus (GDM) is a common pregnancy
disorder screened for between the 24" and 28" weeks of gestation using oral
glucose tolerance test. GDM has maternal and fetal health implications. Ob-
jective: To assess the relation between folic acid supplementation in pregnant
women and the risk of developing GDM. Search Strategy: The search em-
ployed topic-based strategies designed for each database in June 2020. Data-
bases searched were Pubmed, Cochrane Library, Embase and Lebanese
American University online database. Selection Criteria: Studies eligible
were those targeting the association of GDM development and folic acid sup-
plementation, including pregnant women who have developed GDM and
pregnant women who were on folic acid supplementation and developed
GDM. Both interventional and observational studies were included. Data
Collection and Analysis: Two reviewers extracted the data independently. A
third reviewer checked the data for consistency and clarity. Data extracted in-
cluded the sample characteristics, sample size and outcomes. Cohen’s k was
used to assess agreement between reviewers. All tools and processes were pi-
loted prior to use. Risk of bias was assessed using the Newcastle-Ottawa Scale.
Data was presented in a tabulated form. Main Results: Six studies showed a
proportional relation between folic acid intake and GDM, two reported a
protective effect, and one cohort found no association. Conclusion: The in-
consistent results made the formulation of a definitive conclusion difficult.
Hence, larger studies are needed.
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1. Introduction

Gestational diabetes mellitus (GDM) is a common pregnancy disorder that is
screened for between the 24" and 28™ weeks of gestation, using oral glucose to-
lerance test (OGTT) [1] (Table 1 and Table 2). It is estimated that 6% of preg-
nancies in the United States are complicated by GDM [2]. Data clearly reflect
that the rates of GDM in the US are lower in white women compared to other
races and ethnicities [3]. Unfortunately, over the past few decades, the preva-
lence of GDM worldwide has increased [4], most likely due to elevated maternal
age and body mass index (BMI) [5].

GDM increases the risk of preeclampsia, which was present in 9.8% of preg-
nant women with a fasting blood sugar (FBS) level less than 115 mg/dL, but in
18% of women with FBS above 115 mg/dL, as one study shows [6]. Similarly, in
another study, the need for cesarean delivery was just 9.5% in controls who were
not affected by GDM, but 17% in women with diet-controlled GDM, and 25% in
patients who required anti-diabetic medication [7].

GDM does not only affect the maternal health status. The fetus is at an accen-
tuated risk of neonatal hypoglycemia, hyperbilirubinemia, shoulder dystocia,
traumatic delivery and stillbirth [8]. Alarming is the increased risk of developing
maternal diabetes mellitus postpartum, with all its consequences on the overall
mortality. This risk was described to be seven-times higher the general popula-

tion in one study [9].

Table 1. Diagnostic values for gestational diabetes mellitus [1].

Plasma or serum glucose level; carpenter PLASMA level; national diabetes
System . .
and coustan conversion (mg/dl) data group conversion (mg/dl)
Unit mg/dL mmol/L mg/dL mmol/L
Fasting 95 53 105 5.8
1 Hour 180 10.0 190 10.6
2 Hours 155 8.6 165 9.2
3 Hours 120 7.8 145 8.0

Table 2. International Association of Diabetes and Pregnancy Study Groups Recom-
mendation the Diagnosis and Classification of Hyperglycemia in Pregnancy: one value
equal or above to any of these values from the 75-g OGTT is enough for the diagnosis of
GDM [26].

Glucose concentration threshold
Glucose measure

Mmol/L Mg/dL
Fasting 5.1 92
1 Hour 10.0 180
2 Hours 8.5 153
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Folic acid or vitamin B, is used as a supplement during the prenatal care,
starting prior to conception, and to be continued throughout the first trimester,
given that it decreases the risk of neural tube defects [10]. As recommendations
clearly state the need for use of folic acid by pregnant women, the doses of this
vitamin can reach 400 to 600 mcg per day [11].

Folic acid interferes with metabolism, as some studies found that alterations
in the ratio between folate and vitamin B, can lead to fetal insulin resistance and
increased risk of obesity [12]. Interestingly, several studies suggested that in-
creased supplementation of folic acid imposed a higher risk of developing GDM
[13]-[20]. However, no systematic review was ever published regarding folate
use during pregnancy. Hence, the aim of this article is to assess the relation be-

tween the use of folic acid in pregnant women and the risk of developing GDM.

2. Methods

Design and methods used for this systematic review complied with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guide-
lines. No review protocol was published. Eligibility criteria were based on the
SPIDER guidelines. It is important to note that this is a systematic review that
imposes no extra risk on patients as it just collected what was already published
in the literature without further patient recruitment.

Studies eligible for this review were those targeting the association of GDM
development and folic acid supplementation, including pregnant women who
developed GDM and pregnant women who were on folic acid supplementation
and developed GDM. Both interventional (randomized controlled trials) and
observational studies (cohort, cross sectional, case control) were included. Qua-
litative, quantitative and mixed-methods research were searched for. The search
employed topic-based strategies designed for each database in June 2020. There
was no language or geographical restrictions.

Databases searched were Pubmed, the Cochrane Library, Medline and the
Lebanese American University (LAU) online database. The search strategy
included the study population and the phenomenon of interest using terms
and keywords derived from scoping search and expertise in the subject field:
pregnant, women, pregnancy, association, folic acid, folate, tetrahydrofolate,
methenyltetrahydrofolate, folinic acid, folacine, pteroyglutamic acid, vitamin B9,
complications, gestational diabetes mellitus.

Records were managed through a specific software while two reviewers (OA
and SF) searched information sources independently and assessed identified
studies for inclusion by grading each eligibility criterion as eligible, not eligible
or might be eligible. The full text of a study was reviewed and the study consi-
dered potentially relevant, following discussion between the two reviewers, when
it could not be clearly excluded on the basis of its title or abstract. Full text was
obtained for abstracts with insufficient information or in a situation of disa-

greement. A study was included when both reviewers assessed it as satisfying the
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inclusion criteria. A third reviewer (KJ) mediated in the event of disagreement
following discussion.

Using a standardized form, two reviewers (SF and OA) extracted the data in-
dependently. A third reviewer (KJ) checked the data for consistency and clarity.
Data extracted included the following: sample characteristics, sample size and
outcomes. Risk of bias for each included trial was independently assessed by the
same initial reviewers. The third reviewer mediated in situations of disagree-
ment. Cohen’s k was used to assess agreement between reviewers. All tools and
processes were piloted prior to use. Risk of bias was assessed using the Newcas-
tle-Ottawa Scale (NOS).

Data was presented in a tabulated form to allow for semi qualitative compari-
son of study samples, associations and outcomes. All results were reported in the
context of overall study quality.

It is unlikely that a meta-analysis could have been possible based on the find-
ings that most of the retrieved studies are observational. The strength of the
overall body of evidence was assessed using Grading of Recommendations, As-
sessment, Development and Evaluation (GRADE) (Appendix S1).

3. Results
3.1. Search Results

The search yielded 101 record hits. After removing duplicates, we ended up with
88 studies. We excluded 73 records during screening, with a remainder of 15 ar-
ticles. After full article review, a total of 6 studies were excluded for various rea-
sons (Table S2).

Finally, 9 articles were found to be relevant and met the inclusion criteria
(Table S1). Most of them were observational. 7 were cohort [13] [14] [17] [19]
[21] [22] [23], one had a case-control design [24] and only one was an interven-
tional randomized controlled trial (RCT) [23]. 8 studies were conducted in Chi-
na [13] [17] [19]-[24], and only one in USA [25]. All studies were published and
written in English.

The eligible studies included a minimum of 326 pregnant women [14] and a
maximum of 20,199 [25] with a mean of 5626 participants. Participants were di-
agnosed to have GDM based on different validated criteria: National diabetes
data group and 3™ International workshop conference [25], Carpenter Coustan
[19] [24], International association of diabetes and pregnancy study groups [13]
[14] [17] [21] [23].

3.2. Individual Study Outcomes

This review included one main primary outcome, which is the effect of folic acid

(FA) supplementation on GDM risk.

3.2.1. Studies Showing an Increased Risk of GDM with FA
Supplementation

The majority of the included studies showed a proportional relation between
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folic acid intake and GDM. Zhu et al reported a proportional correlation be-
tween the risk of GDM and daily folic acid (FA) consumption during the first
trimester (adjusted odds ratio (aOR) 2.25 [95% CI 1.35 - 3.76]); in addition,
pre-pregnancy body mass index (BMI) with folic acid play a role in increasing
GDM risk (a pre-pregnancy BMI > 25 kg/m?* with daily FA supplementation in
the first trimester had a much higher risk of GDM (odds ratio OR = 5.63 [95%
CI 2.77 - 11.46]) compared to a pre-pregnancy BMI < 25 kg/m? and no FA sup-
plements [19]. One study found that larger folate and potassium levels in the vi-
tamin supplements used by pregnant ladies increased the risk of GDM [24]. It
explained this finding by the hypothesis that higher FA level worsened the ef-
fects of vitamin B12 deficiency as well as insulin resistance. Innovatively, Zhang
et al. demonstrated a synergistic effect of folic acid and pollution-induced GDM

during the first trimester [22].

3.2.2. Studies Targeting the Dosages and the Duration of
Supplementation

Some studies targeted the duration and the doses of FA supplementation. Cheng
et al. proved that pre-pregnancy FA supplementation for a duration of 3 months
or longer was associated with an increased risk of GDM (adjusted relative risk
(aRR): 1.72; 95% CI: 1.17 - 2.53) [13]. Another study showed an increase risk of
GDM with both higher doses and longer duration. Short duration was defined as
taking FA in the pre pregnancy period for less than 4 weeks and/or less than 16
weeks during pregnancy but before OGTT, and long duration defined as starting
supplements for at least 4 weeks and continued for at least 16 weeks during
pregnancy before OGTT [17]. The following 4 groups were studied: FA400-S
(400 - 800 mcg/day short duration), FA400-L (400 - 800 mcg/day long duration),
FA800-S (>800 mcg/day short duration), and FA800-L (>800 mcg/day for long
duration). Results showed an odds ratio OR with 95% CIs of GDM of 1.23 (0.84
- 1.80), 1.23 (0.78 - 1.94), 1.37 (0.93 - 2.01), and 2.36 (1.51 - 3.69) for FA400-S,
FA400-L, FA800-S and FA800-L, respectively, compared with non-users. After
adjusting for confounders, those with FA800-L still had significant higher risk of
GDM (adjusted OR [95% CI] 2.09 [1.30 - 3.36]). Similarly, Huang et a/ showed
that a longer duration of FA (>90 days) increases GDM risk (adjusted OR 3.45
(95% CI: 1.01, 11.8) compared to a shorter duration [14].

3.2.3. Studies Showing a Decreased Risk of GDM with FA
Supplementation

On the other hand, 2 studies reported a protective effect of folic acid on GDM
risk. One showed that women with adequate total folate intake (>400 mg/day)
had a RR of GDM of 0.83 (95% CI 0.72, 0.95, P = 0.007) compared with women
with a lesser intake (<400 mg/day). The RRs of GDM for 1 - 399, 400 - 599,
and >600 mg/day of supplemental folate intake were 0.83, 0.77, and 0.70, re-
spectively, compared with no supplemental folate intake (P = 0.002). The asso-
ciation between supplemental folate intake and GDM risk largely persisted af-

ter additional adjustment for intake of multivitamins and other micronu-
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trients, as well as among women who likely planned for the pregnancy [17].
Interestingly, another study demonstrated that an individualized supplementa-
tion of folic acid according to the polymorphisms of methylene terahydrofolate
reductase (MTHFR) and methionine synthase reductase (MTTR) can reduce the
GDM risk [23].

3.2.4. Studies Showing no Relation between the Risk of GDM and FA
Supplementation

Finally, one cohort study found no statistical significance between GDM and
folic acid supplementation after adjustment for rs1801133 polymorphisms [21].
Higher RBC folate, partly caused by MTHEFR 677C — T, may be associated with
increased GDM risk, even in early pregnancy; participants with the TT genotype
had the highest RBC folate concentrations. Those with heterozygous or homo-
zygous variants did not have a significantly higher risk of GDM than did women
with C alleles.

4. Discussion
Main Findings

Out of the 9 studies included in this review, 6 supported the association between
increased folic acid intake and the development of GDM during pregnancy, 2
showed an inverse relation between folate supplementation and GDM risk, while
just one found no association at all when several factors were adjusted for, in-
cluding genetics [21]. However, in the last study, the sample size was small
compared to others (n = 336), and it focused on one ethnicity in China. Hence,
further studies on different ethnicities and higher sample sizes are needed to
prove the lack of relation between the risk of GDM during pregnancy and FA
supplementation when C677T polymorphism in the MTHER gene is considered.
This requires wide genetic studies to link the different alleles of the MTHFR
gene with the risk of developing GDM and use of FA supplements, as another
study that investigated the A1298C allele of MTHEFR gene found an inverse rela-
tion between FA supplementation and GDM risk [23]. However, applying ge-
netic studies necessitates the assessment for cost-effectiveness and the identifica-
tion of the high-risk population which could benefit from genetic detection of
the different MTHER alleles.

One very large study with 20,199 pregnancies supported the inverse correla-
tion between FA supplementation and GDM development [25]. It included the
highest number of participants (35.5% of patients in this review). The enormous
sample size gives more credibility to the results, given that this study accounted
for the different confounding factors (physical activity and different dietary life-
styles). Nonetheless, the fact that some participants were self-reporting their FA
intake definitely increased the risk of bias. In addition, the group we would be
interested in was small, as 4.1% of the patients developed GDM. Hence, we need
a similar huge study but with a case-control design where more GDM cases can
be recruited.
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Chen Q. et al focused on multivitamin supplementation [25], yet there is a
need to identify the overall intake of FA including diet. Zhang et al studied air
pollution and GDM [22]. Their results raised concerns for pregnant women liv-
ing in big cities, and thus, further studies are warranted to link the level of con-
tamination in the air to the accepted doses of FA during pregnancy.

The novel cohort study suggesting that a daily FA dose of 800 mg increased
the risk of GDM can push towards a revision of the recommendations of daily
doses higher than 400 mg [17]. Two studies discussing the duration of use of
FA [13] [14] also proved the need for folic acid supplementation as it not only
can decrease the risk of neural tube defects, but also can decrease the risk of
GDM compared to no use; however, this vitamin should not be taken for more
than 3 months prior to conception [13] and for a duration less than 90 days
post-conception [14]. It is important to note that diet alone was not sufficient in
providing the needed levels of micronutrients for pregnant women, including
folate which was scarcely taken from food, as shown by Kozlowska A. [26] and
Looman M. [27].

Zhu et al. suggested that increased FA intake among pregnant ladies can lead
to GDM directly by explaining that more folate can augment the effects of vita-
min B12 deficiency, most likely focusing on insulin resistance, or indirectly via
the harmful effects of non-metabolized folate [19]. Understanding the mechan-
ism behind this process can be reached through other studies targeting the me-

tabolism of folate.

5. Interpretation

The analysis of the data in these studies combined cannot reach a conclusion on
whether or not FA supplementation pre-pregnancy and during gestation in-
crease the risk of developing GDM, as the results are inconsistent.

Aside from the articles discussed in this review, one study showed that babies
born to women with GDM had higher cord plasma concentration of folic acid,
which it attributed to an altered feto-placental metabolism of the vitamin or to a
change in the transport mechanism [28]. Another study found that pregnant
women with GDM had higher folate levels in the plasma [29].

In one article, it was shown that higher red blood cell (RBC) folate concentra-
tions were associated with higher GDM risk, with a relative risk RR per 1 standard
deviation (1-SD) increase in RBC folate level equal to 1.16 (1.03 - 1.30) [20].

Folate and vitamin B, are essential factors in the metabolism of homocysteine.
Interestingly, Guvenet al. in 2006 found no statistical difference between women
with GDM and normal controls concerning blood folate level, but blood homo-
cysteine levels were significantly higher among GDM women (9.0 £ 3.1 umol/l)

compared to normal pregnant ladies (7.4 + 1.6 umol/1) [30].

Strengths and Limitations

This is the first systematic review to be conducted on such a topic. Several stu-

DOI: 10.4236/jdm.2021.111003

32 Journal of Diabetes Mellitus


https://doi.org/10.4236/jdm.2021.111003

S. Farah et al.

dies were contrived very recently to understand the correlation between FA
supplementation for pregnant women and GDM risk, making the whole idea a
hot topic in 2020, knowing that FA supplementation in specific doses is rec-
ommended starting preconception to decrease the risk of neural tube defects.
Hence, once more data are available and a clear conclusion can be drawn, FA
supplementation guidelines during pregnancy might be subject to change.
However, this systematic review has several limitations. First, just one rando-
mized controlled trial was included, while the rest of the studies were observa-
tional. Not all studies were able to specify dose and duration ranges. In addition,
FA supplementation from food could not be clearly assessed. Most of the obser-
vational studies were based on questionnaires or medical records, which impose
a high risk of bias. 8 out of 9 studies were conducted in China, making any
results driven from these studies only applicable on the Chinese population until
replicates are made on other populations. Finally, the diagnostic criteria for
GDM and the food frequency questionnaire used were different among the stu-
dies. This acted as a limitation for comparing the different results from similar

studies discussed in this review.

6. Conclusion

The inconsistent results from the different articles discussed in this review make
the formulation of a definitive conclusion on the relation between GDM and FA
supplementation in pregnancy difficult. Hence, larger studies, consisting of dif-
ferent ethnicities, and applying the same criteria for GDM diagnosis are needed
to be able to draw a conclusion. In addition, the dosage and duration of FA sup-
plementation should be assessed away from subjective questionnaires and re-
gardless of dietary FA intake, as studies have shown that FA intake from food
does not suffice the needs of pregnancy.
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Appendix S1: Study Design

Design and methods used for this systematic review complied with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.
Eligibility criteria were based on the SPIDER guidelines. It is important to note that
this is a systematic review that imposes no extra risk on patients as it just collected
what was already published in the literature without further patient recruitment.

Studies eligible for this review were those targeting the association of GDM
development and folic acid supplementation, including pregnant women who
developed GDM and pregnant women who were on folic acid supplementation
and developed GDM. Both interventional (randomized controlled trials) and
observational studies (cohort, cross sectional, case control) were included. Qua-
litative, quantitative and mixed-methods research were searched for. The search
employed topic-based strategies designed for each database in June 2020. There
was no language or geographical restrictions. Databases searched were Pubmed,
the Cochrane Library, Medline and the Lebanese American University (LAU)
online database. The search strategy included the study population and the phe-
nomenon of interest using terms and keywords derived from scoping search and
expertise in the subject field: pregnant, women, pregnancy, association, folic ac-
id, folate, tetrahydrofolate, methenyltetrahydrofolate, folinic acid, folacine, pte-
royglutamic acid, vitamin B9, complications, gestational diabetes mellitus.

Records were managed through a specific software while two reviewers (OA
and SF) searched information sources independently and assessed identified
studies for inclusion, facilitated by grading each eligibility criterion as eligible,
not eligible or might be eligible. The full text of a study was reviewed and the
study considered potentially relevant, following discussion between the two re-
viewers, when it could not be clearly excluded on the basis of its title or abstract.
Full text was obtained for abstracts with insufficient information or in a situa-
tion of disagreement. A study was included when both reviewers assessed it as
satisfying the inclusion criteria. A third reviewer (KJ) mediated in the event of
disagreement following discussion.

Using a standardized form, two reviewers (SF/OA) extracted the data inde-
pendently. A third reviewer (KJ) checked the data for consistency and clarity.
Data extracted included the following: sample characteristics, sample size and
outcomes. Risk of bias for each included trial was independently assessed by the
same initial reviewers. The third reviewer mediated in situations of disagree-
ment. Cohen’s k was used to assess agreement between reviewers. All tools and
processes were piloted prior to use. Risk of bias was assessed using the Newcas-
tle-Ottawa Scale (NOS).

Data was presented in a tabulated form to allow for semi qualitative compari-
son of study sample, association and outcome. All results were reported in the
context of overall study quality. It is unlikely that a meta-analysis could have
been possible based on the findings that most of the retrieved studies are obser-
vational. The strength of the overall body of evidence was assessed using Grad-

ing of Recommendations, Assessment, Development and Evaluation (GRADE).
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Table S1. Included studies.

First Author’s Year/Country/

Name

Study design

Sample size

Inclusion/Exclusion Criteria

Results

Chen, Q.

2019/China/
Case-Control

9556: 1464 (15.3%)
GDM cases and 8092
(84.7%) non-GDM
controls

Inclusion criteria: women aged 18
years or older with gestational age of
20 weeks or more and without
mental illness

Exclusion criteria: previous DM,
Gestational age < 24

Higher folate and potassium level in
the vitamin supplements increased
the risk of GDM.
Increased FA level aggravates the
effects of vitamin Bi, deficiency and
exacerbates insulin resistance.

Cheng, G.

Huang, L.

2019/China/
Cohort

2019/China/
Cohort

950 (GDM cases
were 10.2%)

326: 33 (10.1%)
had GDM

Inclusion criteria: infants had health
care records in the CHMIS; mothers
and infants’ guardians agreed to
participate and signed the written

informed consents; and mothers took FA

supplements at a dose of 400 mcg/day
before, and during, pregnancy.
Exclusion criteria: mothers had a
history of mental illness or brain
disease, diabetes before pregnancy;
multiple pregnancy; congenital
abnormalities in the newborn

N/A

FA supplementation for 23 months
before pregnancy was associated
with an increased risk of GDM
(aRR: 1.72; 95% CI: 1.17 - 2.53)

After adjusting for confounding
factors, the aOR of GDM comparing
taking folic acid for >90 days with
taking folic acid for <60 days was
3.45 (95% CI: 1.01, 11.8)

Li, Q.

Zhang, H.

2019/China/
Cohort

2019/China/
Cohort

4,353: 8.6% had GDM

5165: 604 (11.7%)
had GDM

Exclusion criteria: those with diabetes,
multiple pregnancies, abortions,
without reliable OGTT or folic
acid supplementation values

Exclusion criteria: women with one
of the following

Conditions: pre-existing type 1 and
type 2 DM or GDM, thyroid disease,
hypertension, asthma and systemic
lupus erythematosus.

FA supplement use >800 mg/day
from pre-pregnancy through
mid-pregnancy was associated
with the development of GDM

First trimester exposure to ai polluted
with SO; increased the risk of GDM,
especially if between the 4" and 10

weeks of gestation, and if using
FA supplements.

Zhu, B.

2019/China/
Cohort

1938: 249 (12.8%)
had GDM

Inclusion criteria: Women who had
either used FA supplements or never
used any vitamin supplements

Higher risk of GDM was found
with daily FA supplementation
during the first trimester
(aOR =2.25 [95% CI 1.35 - 3.76])
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Table S2. Excluded studies.

Author’s name Study type/Country/Year Reason for exclusion

This study focused on multivitamins, including folate. It did not focus in any section

Kozlowska, A [26 P tive/Poland/2018
ozlows [26] rospetiveitolan on folate as an independent factor that can impact gestational diabetes risk
. X . This study did not measure folate intake. Instead, it used serum folate level
Li, S [18] Cross-sectional/China/2019 . K i X
to relate to the risk of developing gestational diabetes
. This study measured serum concentrations of one-carbon
Barzilay, E [28] Cohort/Canada/2018 ) .
nutrients, not folate intake
Lai, JS [16] Cohort/Singapore/2018 This study tried.to li.nk serum c.oncentratio.ns of fo.late along with other
vitamins to the risk of gestational diabetes
This study measured folate uptake by primary cultured cytotrophoblasts isolated
Araujo, JR Case-control/Portugal/2012 from human placentas of patients with gestational diabetes and compared

them to controls

This review did not relate folic acid supplementation to the development of
Reece, EA Review/USA/2012 gestational diabetes, but it discussed the protective impact of folate on the
risk of neural tube defects
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