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Objective
The objective of this study was to assess the effect of folic acid and multivitamin use during pregnancy on the risk of
developing of hypertensive disorder of pregnancy.

Methods

Two reviewers independently determined all prospective cohort study, retrospective cohort study, large population based
cohort study, retrospective secondary analysis, and double blinded, placebo-controlled, randomized clinical trial published
using PubMed Medline database, KERIS (Korea Education and Research Information Service), Scopus, and the Cochrane
Central Register of controlled trials comparing before conception throughout pregnancy intake oral multivitamin containing
folic acid or folic acid alone. Meta-analyses were estimated with odds ratios and 95% confidence intervals (Cls) using random
effect analysis according to heterogeneity of studies.

Results

Data from six effect sizes from six studies involving 201,661 patients were enrolled. These meta-analyses showed
multivitamin containing folic acid or folic acid alone was not significantly effective in reducing gestational
hypertension or preeclampsia incidence (odds ratio, 0.91; 95% Cl, 0.81 to 1.03) than the placebo. And the difference
of effective sizes of preeclampsia and gestational hypertension according to two dependent variables, multivitamin
and folic acid were not significant, respectively (point estimate, 0.66; 95% Cl, 0.46 to 0.96).

Conclusion
These meta-analyses demonstrate multivitamin containing folic acid or folic acid alone was not significantly effective
in reducing gestational hypertension or preeclampsia incidence.
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Introduction

Hypertensive disorder of pregnancy is one of the most im-
portant cause of maternal and neonatal morbidity and mor-
tality, accounting for about 5% to 10% of pregnancies [1,2].
But, the pathogenesis of preeclampsia and gestational hyper-
tension remain uncertain. And its prevention is very important,
but really difficult [3,4]. The role of maternal intake of some
nutrition before conception or early pregnancy to throughout
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pregnancy in influencing the risk of developing hypertensive
disorder of pregnancy is unclear. Some studies have observed
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a significant elevation of serum homocysteine among women
with gestational hypertension or preeclampsia. Hyperhomo-
cysteinemia can be corrected by folic acid intake [5-7]. Were
folic acid intake to decrease the incidence of gestational hy-
pertension or preeclampsia, it would have very important clini-
cal significance in prevention of hypertensive disorder of preg-
nancy. Folic acid use studies are disagree with some indicating
good effects [8-10] and others indicating no benefits [11-13].

The objective of our study was to examine whether antena-
tal multivitamin containing folic acid or folic acid alone use is
associated with favorable effects on hypertensive disorder of
pregnancy.

Materials and methods

We developed a search strategy to use MeSH (Medical Subject
Heading) terms and free key words and text words related
to "hypertensive disorder of pregnancy,” “preeclampsia,”
"gestational hypertension,” “pregnancy-induced hyperten-
sion,” “folic acid,” and “multivitamin containing folic acid.”
We searched these terms from PubMed Medline, KERIS (Korea
Education and Research Information Service), Scopus, and
the Cochrane Central Register of controlled trials from 1980
through February 2015 database without language restric-
tions. The inclusion criteria were all published prospective,
retrospective, and large population based cohort study, ret-
rospective secondary analysis, and double blinded, placebo-
controlled, randomized clinical trial comparing multivitamin
containing folic acid or folic acid alone intake with placebo,
while publications in abstract form alone were excluded. Data
abstraction was completed by two independent investigators.
Each independently abstracted data from each study and ana-
lyzed data separately.

Pregnant women with hypertensive disorder of pregnancy
consisting of gestational hypertension and preeclampsia were
included. The diagnosis of gestational hypertension is made
in women whose blood pressures reach 140/90 mmHg or
greater for the first time after pregnancy. Preeclampsia was
defined as having a blood pressure of 140/90 or 30/15 mmHg
above baseline with proteinuria of +1 or +2 on dipstick test or
300 mg in 24-hour urine collection in women greater than 20
week of gestation.

Differences were reviewed, and further resolved by common
review of the entire data set. Data abstracted included number
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of study patients, number of patients in intervention and con-
trol groups, dosage and gestational weeks of administration
of folic acid, the incidence of preeclampsia and gestational
hypertension. For studies that did not stratify data, composite
data were extracted. When possible, authors of included trials
were contacted for missing data. The risk of bias in each in-
cluded study was assessed by using the criteria outlined in the
Cochrane Handbook for systematic reviews of interventions.
Seven domains related to risk of bias were assessed in each
included trial since there is evidence that these issues are as-
sociated with biased estimates of treatment effect: 1) random
sequence generation, 2) allocation concealment, 3) blinding
of participants and personnel, 4) blinding of outcome assess-
ment, 5) incomplete outcome date, 6) selective reporting, and
7) other bias. Review authors’ judgments were categorized as
low, high, or unclear risk of bias.

Meta-analyses were performed with random effects mod-
els according to the heterogeneity of studies. The completed
analyses were then compared, and any difference was re-
solved with review of entire data set and independent analy-
sis. Statistical heterogeneity (P-value of the Cochrane Q statis-
tic and Higgins I” statistic <0.1) (Q [6]=23.271, P<0.01).

Heterogeneity between results, interpreted as the propor-
tion of the total variation in estimated risk ratios that is due to
between-study heterogeneity instead of chance, was assessed
with I, and I* values of 25%, 50%, and 75% corresponding to
low, moderate, and high levels of heterogeneity, respectively. In
subgroup analysis, the random effects model was chosen be-
cause we could not remove the heterogeneity of subgroups.

All effect sizes were calculated through Comprehensive
Meta-analysis (CMA) 2.0 software (Biostat, Englewood, NJ,
USA). Meta-analyses were estimated with odds ratios (ORs)
and 95% confidence intervals (Cls) using random effect analy-
sis according to heterogeneity of studies. P-value less than 0.05
was considered statistically significant. The meta-analysis was
performed following the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-analyses) statement. This
study had no funding source.

Results

Twenty-one trials on multivitamin containing folic acid or
folic acid alone intake during pregnancy and the risk of gesta-
tional hypertension and preeclampsia were identified. Seven
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6 Articles included in qualitative analysis and quantitative
synthesis (meta-analysis)

Fig. 1. Flow of information through different phases of review.

Table 1. Summary of characteristics of enrolled studies included meta-analyses

. Site, Sample S Disorder  Adjusted RR/OR
Study Study design year size Folic acid use studied (95% Cl)
Wen et al. [8] Prospective cohort study Canada, 2,951 Multivitamins containing 1.0 Preeclampsia 0.37 (0.18-0.75)
2002-2005 mg or higher folic acid during
12-20 weeks gestation
Bodnar et al. [9] Prospective cohort study — United States, 1,835 Multivitamins containing folic ~ Preeclampsia 0.55 (0.32-0.95)
1997-2001 acid (dose not shown) from
before conception to <16
weeks gestation
Hernandez-Diaz Retrospective cohort United States, 2,151 Multivitamins containing at Gestational 0.55(0.39-0.79)
etal. [10] study 1993-2000 least 0.4 mg of folic acid from  hypertension
2 months before conception
through the entire pregnancy
Lietal [11] Large population based China, 193,554 0.4 mg of folic acid before Gestational 1.08 (1.04-1.11)
cohort study 1993-1996 conception to 14 weeks hypertension 1.1 (1.04-1.18)
gestation Preeclampsia
Kimetal. [14]  Retrospective secondary Korea, 215 Multivitamin containing 0.4— Preeclampsia 0.27 (0.09-0.76)
analysis 2009-2010 1.0 mg of folic acid from 2-3
months before conception
throughout pregnancy
Merchant etal.  Double-blinded, placebo-  Tanzania, 955 Multivitamin containing 0.8 mg Gestational 0.62 (0.40-0.94)
[15] controlled, randomized,  1995-1997 of folic acid during pregnancy  hypertension

clinical trial

RR, relative ratio; OR, odds ratio; Cl, confidence interval.

studies evaluating the effect of multivitamin containing folic
acid or folic acid alone intake in the development of gesta-
tional hypertension and preeclampsia during pregnancy or
before conception throughout pregnancy were identified. Six
trials that met inclusion criteria for this meta-analysis were an-
alyzed. No similar systematic review was found. Fig. 1 shows
the flow diagram of information through the different phases
of the review. The quality of a randomized controlled trial
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included in our meta-analysis was assessed by the Cochrane
Collaboration’s tool. All studies had low risk of bias in incom-
plete outcome data and selective reporting. Table 1 shows the
summary of characteristics of enrolled studies included meta-
analyses [8-11,14,15].

Fig. 2 shows funnel plot for assessing publication bias for
the risk of gestational hypertension and preeclampsia; it
looked apparent that the funnel plot in Fig. 2 was biased.
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We performed additional tests to check whether this bias is
potential threat to distort the overall result. With Begg and
Mazumdar's rank correlation approach, Kendall’s tau is -0.571
which was not statistically significant (P>0.05). These results
indicated that the bias was unlikely in this data. Furthermore,
we scrutinized what it would be like if the data was perfectly
symmetric with Duval and Tweedie’s trim and fill approach.
Four virtual studies were added to make the data symmetric.
The adjusted estimates was 1.026 which was not that statisti-
cally deviant from the observed value 1.021, which suggested

Funnel plot of standard error by log odds ratio
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Fig. 2. Funnel plot for assessing publication bias.

that the given estimates were reliable and constant regardless
of the adjustment (Fig. 2).

Data from seven effect sizes from six studies involving
201,661 patients were enrolled. These meta-analyses showed
multivitamin containing folic acid or folic acid alone was not
significantly effective in reducing gestational hypertension or
preeclampsia incidence (OR, 0.91; 95% Cl, 0.81 to 1.03) than
the placebo (Tables 2, 3) [8-11,14,15].

And the difference of effective sizes of preeclampsia and
gestational hypertension according to two dependent vari-
ables, multivitamin and folic acid was not significant, respec-
tively (point estimate, 0.72; 95% Cl, 0.52 to 0.99) (Table 4).

Discussion

This meta-analysis of pooled data of seven studies shows that
multivitamin containing folic acid or folic acid alone was not
significantly effective in reducing gestational hypertension or
preeclampsia incidence compared to controls. Various strate-
gies used to prevent occurrence of preeclampsia or modify
preeclampsia severity have been evaluated for many years.
But, none of these antioxidants, multivitamin, and exercise

Table 2. The overall result of meta-analyses using random effects model

Effect size and 95% interval

Test of null (2-tail)

Heterogeneity

Model sllll?c-ii?ei e s?riln;t e Llci)r\:]vi?(r L:i‘:r‘:ﬁr Z-value  P-value Q-value Df(Q)  P-value I-squared
Fixed 6 1.021 0.994 1.049 1.520 0.129 22.118 5 0.000 77.394
Random 6 0.664 0.461 0.957 -2.196 0.028
Table 3. Forest plot of seven studies
L Statistics for each study
Study SUbgr:t‘d%;V il Odds Lower Upper z- p- Odds ratio and 95% Cl
ratio limit limit value value
Wen et al. (2008) [8] Preeclampsia 0.370 0.181 0.755 -2.731 0.006 —
Hernandez-Diaz et al. (2002) [10] Gestational hypertension ~ 0.705 0.427 1.164 -1.367 0.172 —l
Lietal. (2013) [11] Gestational hypertension ~ 1.035 1.004 1.067 2.216 0.027
Li et al. 2013) [11] Preeclampsia 0.999 0944 1.058 -0.034 0.973 :
Kim et al. (2014) [14] Preeclampsia 0.270 0.093 0.785 -2.406 0.016 —
Merchant et al. (2005) [15] ~ Gestational Hypertension ~ 0.597 0.382 0.932 -2.270 0.023 —
Bodnar et al. (2006) [9] Preeclampsia 0.860 0.540 1370 -0.635 0.525
0917 0814 1.034 -1.417 0.157 T
0.01 0.1 1 10 100
Cl, confidence interval.
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Table 4. Effect sizes by subgroup

Effect size and 95% interval

Test of null (2-tail)

Group No. of studies Point estimate Lower limit Upper limit Z-value P-value
Fixed effect analysis
Hypertension 3 1.031 1.000 1.063 1.970 0.049
Preeclampsia 4 0.987 0.933 1.044 -0.453 0.650
Total within 1.021 0.994 1.049 1.520 0.129
Total between
Overall
Random effect analysis
Hypertension 3 0.787 0.497 1.248 -1.017 0.309
Preeclampsia 4 0.669 0.427 1.049 -1.752 0.080
Total between 0.724 0.525 0.999 -1.963 0.050

Overall

have been found to be convincingly and reproducibly effec-
tive. The benefits of folic acid intake have so far been focused
on the preventive effects on neural tube defects and mega-
loblastic anemia [16,17]. The other potential benefits of folic
acid on maternal and fetal health beyond its effect on neural
tube defects and megaloblastic anemia combined with the
lack of scientific evidence. So, these studies have created a
confusion in folic acid intake throughout pregnancy to many
clinicians. Folic acid use studies are inconsistent. Our results of
meta-analyses from six effect sizes from six studies involving
201,661 patients showed multivitamin containing folic acid
or folic acid alone was not significantly effective in reducing
gestational hypertension or preeclampsia incidence than the
placebo. These meta-analyses are the first study to examine
whether antenatal multivitamin containing folic acid or folic
acid alone use is associated with favorable effects on develop-
ing of the gestational hypertension or preeclampsia.
Concerning the study’s limitation, the periods of maternal
consumption of folic acid intake were different. In four stud-
ies, folic acid was supplemented before conception to 14-20
weeks. Other three studies, folic acid was used from 2 to 3
months before conception throughout pregnancy. Thus, these
findings may not be representative of the effects of folic acid
during both the preconception period and the all pregnancy
periods. The amount of folic acid supplemented to mother
was various from 0.4 to 1.0 mg. Also, these analyses did not
include the study of high dose folic acid more than 4 mg. The
women intake with multivitamin containing thiamine, ribo-
flavin, vitamin C, vitamin 6, vitamin 12, and vitamin E were
enrolled this study. Nonetheless, these results from reliable
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statistical analyses are clinically meaningful, and they can of-
fer useful information about the association between folic
acid intake and hypertensive disorder of pregnancy. These
analyses indicate folic acid use may not be helpful in reducing
the incidence of gestational hypertension and preeclampsia.
According to Gui et al. [18], L-arginine intake was superior to
placebo in lowering blood pressure and lengthen duration of
pregnancy period in patients with gestational hypertension
or preeclampsia. Whether arginine intake has a benefit in
women with hypertensive disorders needs further large scale,
multicenter studies.

Also, folic acid has many other useful effects on pregnancy.
Considering the additional protective effect of folic acid
against other adverse pregnancy outcomes, folic acid intake
should be recommended at least from 2 to 3 months before
conception and throughout pregnancy. To clarify the optimal
amount and duration of folic acid use for best improving ma-
ternal and neonatal outcomes, further more studies are war-
ranted in the future.
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