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Background: Neural tube defects (NTDs) are prevalent congenital defects associated
with pre-pregnancy diet with low levels of maternal folate. They are linked to severe
morbidity, disability, and mortality, as well as psychological and economic burdens.

Objective: The goal of this study was to determine the levels of folate, vitamin B12, and
homocysteine in the blood of women who had a pregnancy impacted by NTDs.

Subjects and Methods: A hospital-based case—control study was undertaken between
September 2019 and August 2020. The study comprised a total of 100 cases and 167
controls. Enzyme-linked immunosorbent assay (ELISA) was used to determine the levels
of folate, vitamin B12, and homocysteine in the serum.

Results: Only 39% of the cases and 54.5% of control mothers reported
periconceptional use of folic acid/multivitamin, which indicated a statistically significant
difference (p = 0.014). Logistic regression indicated that periconceptional use of
folic acid/multivitamin was associated with NTDs (p = 0.015, OR = 1.873, 95%
Cl: 1.131-3.101). We found that 57% of the cases and 33.5% of controls, as well as
43% of cases and 20.4% of controls had serum folate and vitamin B12 levels below
the cut-off value, respectively. Twenty-seven percent of the cases and 6.6% of controls
had hyperhomocysteinemia (HHcy). The median concentrations of folate, vitamin B12,
and homocysteine in cases and controls were 4.78 and 8.86 ng/ml; 266.23 and 455
pg/ml; 13.43 and 9.7 wmol/l, respectively. The median concentration of folate (p < 0.001)
and vitamin B12 (p < 0.001) were significantly lower in the cases than controls, while
the homocysteine concentration (o < 0.001) was significantly lower in the controls
than cases. Folate [OR (95% CI) = 1.652 (1.226-2.225; p = 0.001)], vitamin B12 [OR
(95% CI) = 1.890 (1.393-2.565; p < 0.001], and homocysteine [OR (95% CI) = 0.191
(0.09-0.405; p < 0.001)] levels were associated with NTDs.

Conclusion: Folate and vitamin B12 are deficient in both cases and control mothers.
The lower levels of folate and vitamin B12 with an elevated homocysteine level in

Frontiers in Nutrition | www.frontiersin.org

1 April 2022 | Volume 9 | Article 873900


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2022.873900
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2022.873900&domain=pdf&date_stamp=2022-04-08
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles
https://creativecommons.org/licenses/by/4.0/
mailto:winner.kucha@aau.edu.et
https://doi.org/10.3389/fnut.2022.873900
https://www.frontiersin.org/articles/10.3389/fnut.2022.873900/full

Kucha et al.

Folate, Vitamin B12, and Homocysteine

NTD-affected pregnancy may be an indication that these biochemical variables were risk
factors for NTDs. Folate/multivitamin supplementation and/or food fortification should

be promoted.

Keywords: NTDs, folate, vitamin B12, homocysteine, ELISA

INTRODUCTION

Vitamins and minerals are crucial components of a diet
that are needed in modest amounts to sustain nearly all
metabolic activities, such as cell signaling, motility, proliferation,
differentiation, and cell death, which govern tissue development,
function, and homeostasis. Early in life, these key biological
functions allow the fetus to grow and evolve into a healthy
offspring. Vitamins and minerals assist a healthy pregnancy at
every stage of maternal, placental, and fetal contact (1).

Neural tube defects (NTDs) are congenital abnormalities of
the brain and spinal cord caused by a defect in the neural tube
closure during embryonic development (2). They are the most
common known defects associated with pre-pregnancy nutrition
with low levels of maternal folate (3); resulting in significant
mortality, morbidity, and disability along with psychological and
economic burdens (4).

The etiologies of NTDs are intricate and multifactorial where
genetic, life style, and environmental factors seem to take
part. Despite their public health impact, knowledge about the
etiology of NTDs in humans is insufficient (5). Mothers who
are deficient in folate are more likely to produce infants who
develop NTDs (6, 7). However, the precise mechanisms involved
in the development of NTDs are unclear, although previous
studies show a reduced risk of these disorders following folate
supplementation (8).

Although vital throughout a lifetime, folate is especially
important during embryogenesis. Gestation has been
documented as a period when the needs for folate are increased
to maintain the requirement for prompt cellular duplication and
development of tissues of the mother, the fetus, and placenta,
relating to the crucial role it has in the synthesis of protein,
DNA, and RNA. Sustaining a sufficient folate level throughout
gestational period is essential for the mother’s wellbeing as
well as for the developing embryo because folate deficiency in
pregnancy has been linked with adverse outcomes, including
folate-responsive NTDs, disorders of the neural crest, fetal
developmental delay, premature birth, low birth weight, and
folate deficiency in the newborn (9).

It has been estimated that 50-60% of the NTDs can be
avoided by attaining and keeping sufficient folate status pre-
conceptionally and within the first few weeks of pregnancy
(10). Prevalence estimates of NTDs are high all over the world,
with roughly 80% of reported prevalence estimates exceeding
6.0 per 10,000 births (that is the estimated amount that should

Abbreviations: BMI, body mass index; ELISA, enzyme-linked immunosorbent
assay; HHcy, hyperhomocysteinemia; IRB, Institutional Review Board; NTD,
neural tube defect.

be achieved through sufficient folic acid consumption peri-
conceptionally) (11).

Neural tube defects are widespread among children in
Ethiopia with an estimated pooled prevalence of 63.3 cases
per 10,000 children. The pooled prevalence of spinal bifida,
anencephaly, and encephalocele was 41.09, 18.90, and 1.07 per
10,000 children, respectively (12). Spina bifida and anencephaly
are responsible for a large number of stillbirths and infant deaths
(13). Despite overwhelming evidence that folic acid lowers the
incidence of NTDs, Ethiopia does not currently have a required
food fortification program (14).

Folic acid is not the only nutrient that, when deficient,
has been linked with an elevated risk of NTDs. Vitamin B-12
insufficiency has been associated with adverse consequences in
both mothers and babies including growth defects, spontaneous
abortions, preeclampsia, and low birth weight. Given its critical
function in neural myelination, brain development, and growth,
appropriate vitamin B-12 level peri-conceptionally as well as
during gestational period cannot be overstated. Neural tube
closure abnormalities may be more common in babies delivered
to vitamin B-12 deficient mothers (15).

Homocysteine is an amino acid produced from methionine.
Abnormalities in  homocysteine metabolism lead to
hyperhomocysteinemia (HHcy). HHcy is linked to an increased
risk of a variety of diseases, including birth abnormalities. Several
studies have found that elevated maternal homocysteine levels
are linked to an elevated risk of NTD in the fetus in various
populations (16).

MATERIALS AND METHODS

Ethics Approval Statement

The study was approved by Departmental Research Ethics
Review Committee of the Department of Biochemistry (Ref.
No. SOM/BCHM/098/2010) and Institutional Review Board
(IRB) of the College of Health Sciences (CHS), Addis
Ababa University (AAU) (Protocol number: 049/18/Biochem).
Approval was also obtained from the National Research
Ethics Review Committee in the Ministry of Science and
Higher Education, Ethiopia (Ref. No. MoSHE/RD/14.1/465/19)
and IRB of the Health Bureau of the City Government of
Addis Ababa (Ref. No. AAHB/223/227). Permission was also
obtained from Tikur Anbessa Specialized Hospital, Zewditu
Memorial Hospital, and Gandhi Memorial Hospital. The
study’s goal was briefly described to the participants who
were also told that their responses would be kept strictly
confidential. Following the study participants’ consent, samples
and data were gathered.
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Subjects

The cases were pregnant women >18 years old, with a prenatal
diagnosis of fetal NTD on prenatal ultrasound. The control
groups were gestational age-matched pregnant women, with
current pregnancy unaffected by NTD. Both cases and controls
were selected from three hospitals (Tikur Anbessa Specialized
Hospital, Zewditu Memorial Hospital, and Gandhi Memorial
Hospital in Addis Ababa), Ethiopia between September 2019
and August 2020. These hospitals were selected because they are
the major teaching hospitals for Addis Ababa University and
they provide 24-h obstetrics and gynecology services for the city
and surrounding areas. One hundred cases and 167 controls
were included in the study. Pregnant mothers with stillbirths or
elective termination before the blood draw were not included in
the study.

Data Collection

The study participants were interviewed face to face by trained
nurses with a questionnaire, and medical records were reviewed
to collect socio-demographic, pregnancy, and disease conditions
of the study participants. The questionnaire was pretested on
30 pregnant women in Tekle Haimanot Health Center in Addis
Ababa. Body mass index (BMI) was computed by dividing body
weight (in kg) in light clothing and without shoes by height (in
meter) squared.

Biochemical Analysis

Four milliliters of venous blood was collected by venipuncture
after an overnight fast of at least 8h from the arm using a
syringe and transferred into serum separator tubes, allowed to
form a clot by letting it stand in an upright position for at
least 30 min, subjected to centrifugation (15min, 4,000 rpm) at
room temperature, divided into aliquots in labeled cryotubes, and
transported from the site of collection on an ice box containing
frozen ice packs to the core laboratory of the CHS, AAU and
stored at —80°C until biochemical analyses. Each serum sample
was stored for a maximum of 2 months before analyses.

A competitive enzyme-linked immunosorbent assay (ELISA)
(Cloud-Clone Corp. Katy, TX, USA) was used to determine
the serum levels of folate, vitamin B12, and homocysteine.
The analyses were performed according to the manufacturer’s
instructions. Each analysis was performed in duplicates and the
average of the duplicate measurements were taken. The analyses
were done at the immunology laboratory in Armauer Hansen
Research Institute, Addis Ababa, Ethiopia.

Statistical Analysis

Statistical analyses were performed using SPSS for windows
program version 25.0 (SPSS Inc., Chicago, IL, USA). Differences
in categorical variables between cases and controls were analyzed
by the x? or the Fisher’s exact test where appropriate. Shapiro-
Wilk test was used to check for the normality of distribution
of folate, vitamin B12, and homocysteine in both cases and
controls. Folate, vitamin B12, and homocysteine were not
normally distributed and remained non-normal even after log
transformation, and hence that non-parametric analysis was
performed. Differences between medians were analyzed by

Mann-Whitney U test. Logistic regression was used to determine
the association of folate, vitamin B12, and homocysteine
with NTD-affected pregnancy. Statistical significance was set
at p < 0.05.

RESULTS

Among the total of 100 NTDs affected pregnancies, there
were 79 spina bifida cases, 17 anencephaly cases, and 4
encephalocele cases.

Socio-Demographic Characteristics of the
Study Participants

The mean age of the cases was 26.8 &= 5.25 while the controls were
27.2 & 4 years. Most of the cases (46%) were in the age group of
20-24 years, whereas the majority of the controls (38.92%) belong
to the age group 25-29 years.

There was no difference in BMI of cases and controls. Ninety-
eight percent of the cases and 97% of the controls have a normal
BMI (18.5-24.9 kg/m?). Eighty-seven percent of cases and 100%
of controls were urban dwellers.

In terms of education, 81% of cases and ~96% of controls
have primary and above primary-level of education. Almost
all of the cases (99%) and more than 96% of the controls
were married. Sixty-four percent of the cases and 58.7% of
controls have a family size of 3 or less. With respect to religion,
Orthodox Christians constitute 62% of the cases and 64% of the
controls. The majority of the cases (72%) and controls (55%) were
unemployed/housewives. All of cases and 99.4% controls had no
history of periconceptional tobacco and alcohol use (Table 1).

Pregnancy and Disease Conditions

Most of the cases (99%) and the controls (98.8%) are in their
second and third trimester of the index pregnancy. Majority
of the cases (91%) and the controls (87%) had pregnancies
<3. Periconceptional folic acid/multivitamin supplementation
was taken by only 39% of the cases and 54.5% of the
controls. A statistically significant difference (x> = 6.008,
p = 0.014) was observed on the periconceptional use folic
acid/multivitamin supplementation between cases and controls.
Logistic regression analysis indicated the periconceptional use of
folic acid/multivitamin to be associated with NTDs (p = 0.015,
OR =1.873,95% CI: 1.131-3.101).

Diabetes was reported in 4% of the cases and 2% of the
controls. None of the cases as well as the controls reported
a history of use of anticonvulsant medications and treatment
with drugs such as isotretinoin/methotrexate periconceptionally
(Table 2).

Serum Folic Acid, Vitamin B12, and

Homocysteine Levels

Folate level is classified as <3 ng/ml deficiency, 3-5.99 ng/ml
possible deficiency, 6-20 ng/ml normal range (17). Vitamin B12
level is classified as <150 pg/ml severe deficiency, 150-200 pg/ml
moderate deficiency, and >201 pg/ml normal (18). Levels of
homocysteine <12 pmol/l are considered as optimal, 12-15
pmol/l as borderline, and levels >15-30 pwmol/l are defined as
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TABLE 1 | Socio-demographic characteristic of the study participants in three selected hospitals in Addis Ababa, Ethiopia, between September 2019 and August 2020.

Variables Cases (%) Controls (%) X2 P
Age (years) <20 0 1(0.6) 11.94 0.021
20-24 46 (46) 51 (30.54)
25-29 39 (39) 65 (38.92)
30-34 11 (11) 38 (22.75)
35-39 22 10 (5.99)
>40 2(2) 2(1.2)
BMI (kg/m?) <18.5 1(1) 0 2.62 0.501
18.5-24.9 98 (98) 162 (97)
25-29.9 1(1) 3(1.8)
>30 2(1.2)
Education No formal education 19 (19) 21 (12.57) 2.208 0.531
Primary (1-8) 35 (35) 59 (35.33)
Secondary (9-10/12) 26 (26) 50 (29.94)
Above Secondary 20 (20) 37 (22.16)
Marital status Married/living together 99 (99) 161 (96.4) 1.614 0.593
Never- married/never lived together 1(1) 3(1.8)
Widowed/Divorced/separated 3(1.8)
Family size <3 64 (64) 98 (58.68) 3.452 0.178
4-6 28 (28) 62 (37.13)
>6 8 7 (4.19)
Religion Orthodox 62 (62) 107 (64.07)
Islam 22 (22) 36 (21.56)
Protestant 16 (16) 22 (13.17)
Other 2(1.2)
Occupation Employed 21 (21) 63 (37.72) 11.844 0.005
Private work 5 12 (7.19)
Daily Laborer 2 0
Unemployed/House wife 72 (72) 92 (55.09)
Tobacco use Yes 1(0.6)
No 100 (100) 166 (99.4)
Alcohol consumption Yes 1(0.6)
No 100 (100) 166 (99.4)

moderate HHcy (19). For this study, we used homocysteine <15
pmol/l as normal and >15 pmol/l as HHcy.

Folate, vitamin B12, and homocysteine are not normally
distributed even after log transformation in both cases and
controls (p < 0.001 in all analyses).

The mean = SD folate level in cases (n = 100) was 4.4 £+ 1.75
ng/ml, ranging from 1.91 to 6.47 ng/ml, with a median of 4.78
ng/ml (IQR, 2.47-6.14 ng/ml). The mean & SD folate level in
controls (n = 167) was 8.01 £ 3.1 ng/ml, ranging from 2.8 to
10.81 ng/ml, with a median of 8.86 ng/ml (IQR, 5.4-10.74 ng/ml).
The median folate level was statistically different between cases
and controls (p < 0.001). Folate level is associated with NTDs
(p=10.001), OR (95% CI) = 1.652 (1.226-2.225; Table 3).

The mean =+ SD vitamin B12 level in cases (n = 100) was
292.34 £ 162.5 pg/ml ranging from 91 to 571.75 pg/ml, with a
median of 266.23 pg/ml (IQR, 139.17-447.37 pg/ml). The mean
+ SD vitamin B12 level in controls (n = 167) was 408.26 +
178.91 pg/ml, ranging from 92.5 to 634 pg/ml, with a median of
455 pg/ml (IQR, 254-585 pg/ml). The median vitamin B12 level
was statistically different between cases and controls (p < 0.001).
Vitamin B12 level is associated with NTDs [p < 0.001, OR (95%
CI) = 1.890 (1.393-2.565)] (Table 3).

The mean + SD homocysteine level in cases (n = 100) was
13.63 &+ 4.2 pmol/l, ranging from 6.4 to 23.25 pmol/l, with a
median of 13.43 pmol/l (IQR, 10.55-15.56 pwmol/l). The mean
=+ SD homocysteine level in controls (n = 167) was 10.88 & 3.45
pmol/l, ranging from 6.8 to 23.5 wmol/l, with a median of 9.7
pmol/l (IQR, 8.3-13.2 pmol/l). The median homocysteine level
was statistically different between the cases and controls (p <
0.001). Homocysteine level is associated with NTDs [p < 0.001,
OR (95% CI) = 0.191 (0.09-0.405)] (Table 3).

DISCUSSION

We measured levels of folate, vitamin B12, and homocysteine in
the serum to determine the level and examine the association
of these biochemical variables with the risk of NTD-affected
pregnancy in pregnant women in Addis Ababa, Ethiopia.
Despite the recommendation and advice on supplementing
folic acid for all women trying for pregnancy, 61% of the
cases and 45.5% of the controls reported no usage of folic
acid/multivitamin supplementation peri-conceptionally. This
result is statistically significant (p = 0.01), which might be one
factor for the occurrence of NTDs in the case groups. Previous
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TABLE 2 | Pregnancy and disease conditions of the study participants in three
selected hospitals in Addis Ababa, Ethiopia, between September 2019 and
August 2020.

Variables Cases (%) Controls (%) X2 p

Gravidity <3 91 (91) 145 (86.83) 1.062 0.303
>3 9(9 22 (13.17)

Parity <3 92 (92) 145(86.83) 1.679 0.195
>3 8(8) 22 (13.17)

Trimester of pregnancy First 1(1) 2(1.2) 0.186 0.954

during diagnosis Second 61 (61) 108 (61.67)
Third 38 (38) 62 (37.13)

Periconceptional Folic Yes 39 (39) 91 (54.49) 6.008 0.014

acid/multivitamin use No 61 (61) 76 (45.51)

History of diabetes mellitus  Yes 4 (4) 3(1.8) 1.190 0.430
No 96 (96) 164 (98.2)

Use of any anticonvulsant ~ Yes 0 0

medications No 100 (100) 167 (100)

periconceptionally

Treatment with Yes 0 0

isotretinoin/methotrexate No 100 (100) 167 (100)

periconceptionally

TABLE 3 | Serum folate, vitamin B12, and homocysteine levels of the study
participants in three selected hospitals in Addis Ababa, Ethiopia between
September 2019 and August 2020.

Biochemical Median OR (95% CI) P
parameters Cases Controls

Folate (ng/mL) 4.78 8.86 1.652 (1.226-2.225)  <0.001
Vitamin B12 (pg/mL) 266.23 455 1.890 (1.393-2.565)  <0.001
Homocysteine (Lmol/L) 13.43 9.7 0.191 (0.09-0.405) <0.001

studies indicated the evidence of reduced NTD occurrence
ranging between 35 and 75%, related with the consumption of
multivitamins containing folic acid and food with high folate
content (20-23).

We found that 57% of the cases and 33.5% of the controls
had serum folate levels below 6 ng/ml, which is a folate deficiency
state. Furthermore, the median concentration of serum folate was
significantly lower in cases than controls (p = 0.001). Folate level
is associated with NTD-affected pregnancy [OR (95% CI) = 1.652
(1.226-2.225; p = 0.001)]. Our result is similar with previous
reports (24, 25), which found significantly lower folate levels in
cases than controls and a significant link between maternal folate
status and the risk of NTDs in the newborn.

Folate status may become a concern under the circumstances
of therapeutic drug use such as anticonvulsants (phenytoin,
primidone), sulfasalazine, triamterene, and metformin. However,
none of our study participants reported the usage of any type of
drugs during the periconceptional period.

Folate is essential for proper growth of the fetal brain, skull,
and spine, particularly during the first months of pregnancy.
Women who do not take the appropriate amount of folic acid
supplement, are on restricted diets, have a lower socioeconomic

status, or have limited access to nutritionally adequate and safe
food are at risk of low folate status (26).

Despite the substantial epidemiological and experimental
evidence that links folate level to the risk, occurrence, and
recurrence of NTDs (27), the means by which folate helps
closure of the neural tube and decreases NTD risk are not fully
understood. Since folate serves as an important cofactor for
the de novo synthesis of purine and thymidine nucleotides and
homocysteine remethylation to methionine, it has been proposed
that folate may impact NTD risk by affecting the synthesis
of nucleotide and cell replication, increasing homocysteine, or
impairing cellular methylation potential and gene expression
(28). However, it is improbable that one mechanism will serve to
explain the association between folate level and risk of NTDs. It
is more probable to be a result of the intricate interplay between
folate, environmental factors, and genetics (29, 30).

The reduced levels of folate found in our study may be an
indication that the majority of the mothers are on deficiency
of folate containing foods. Various studies have proposed
that inadequate folate consumption was associated to NTDs.
Although failed to reach significance, several studies have
reported reduced amounts of folates in plasma, red blood cells,
or amniotic fluid in women with NTD-affected fetuses or giving
birth to NTD-affected offsprings, compared to control pregnant
women (31).

Low levels of vitamin B12 in mothers’ amniotic fluid and
serum have been connected to the risk of NTDs in the fetus.
The vitamin B12 levels observed in our study showed that there
is a significantly lower level of vitamin B12 in case mothers
as compared to the controls (p = 0.001). Moreover, 43% of
case mothers have vitamin B12 levels below the cut-off value of
200 pg/ml. Vitamin B12 level is associated with NTD-affected
pregnancy [OR (95% CI) = 1.890 (1.393-2.565); p < 0.001]. Our
finding agrees with previous reports of a significantly lower level
of vitamin B12 in cases than in control mothers (25, 32). Low
vitamin B12 has been shown to be an independent risk factor for
NTDs (33). It has been noted that the reports of 24 studies on the
association of decreased maternal vitamin B12 status and risk for
NTDs make it obvious that decreased maternal vitamin B12 level
elevates the risk of NTD to the developing embryo. Additionally,
the risk seems to be regardless of maternal folate level (34).

A functional deficiency in folate and vitamin BI2 can
cause problems with homocysteine metabolism, which can
disrupt the synthesis of DNA and transcription, particularly in
cellular differentiation during embryogenesis (35). Our result
indicated that a significant percentage of case mothers have
HHcy as compared to control mothers (27 vs. 6.6%, p =
0.001), and the median concentration of homocysteine in case
mothers is significantly higher than the control mothers (p <
0.001), and homocysteine level is associated with NTD-affected
pregnancy [OR (95% CI) = 0.191 (0.09-0.405; p < 0.001)]. The
hyperhomocysteinemia observed in case mothers may be a result
of folate or vitamin B12 metabolic disturbance (36).

Previous studies indicated a significant relationship of
elevated maternal plasma homocysteine level with NTDs in the
offspring (37, 38). In both animal models and human clinical
populations, a link between elevated homocysteine, independent
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of blood folate levels, and poor pregnancy outcomes has been
demonstrated (39-45).

Homocysteine levels were found to be significantly reduced
following the combined use of folic acid and vitamin B12. In
some regions, the consumption of vitamin B12 and vitamin B6
together with folic acid for the prevention of NTDs and vascular
disease has been adopted. The usage of these vitamins augments
homocysteine reduction and prevention of NTDs (46).

According to the 2016 Ethiopian national micronutrient
survey report, the prevalence of vitamin B12, serum folate,
and RBC folate deficiency among non-pregnant women aged
15-49 was 15.1, 17.3, and 32%, respectively (47). This report,
together with our finding, may be of value for initiating folic acid
interventions in Ethiopia for urgent reductions in NTD cases.

CONCLUSION

The significantly reduced level of folate and vitamin B12 status
found in cases than control mothers and a tendency for a
higher homocysteine concentration in NTD-affected pregnancy
supports the view that folate and vitamin B12 deficiency increases
the risk of NTD-affected pregnancy. We suggest that sufficient
consumption of folate and vitamin B12 containing foods or
supplements regularly may help in maintaining adequate folate
and vitamin B12 levels periconceptionally and throughout
pregnancy to prevent NTDs or for the health benefits of the
mother and the fetus. In Ethiopia, until fortification of food
with folic acid and vitamin B12 or multivitamin supplementation
is incorporated into preconception care, the measurement of
serum folate, vitamin B12, or homocysteine may help identify
those women at high risk of developing pregnancies affected by
NTDs. Folate and vitamin B12 levels were measured after the
critical time for neural tube closure and may not be indicative
of the levels at that time. Maternal serum alpha-fetoprotein
levels were not measured, only ultrasound was used for diagnosis
of NTDs. This is the first study in Ethiopia to determine the
levels of folate, vitamin B12, and homocysteine in women with
NTD-affected pregnancy.

REFERENCES

1. Gernand AD, Schulze K], Stewart CP, West KP Jr, Christian P. Micronutrient
deficiencies in pregnancy worldwide: health effects and prevention. Nat Rev
Endocrinol. (2016) 12:274-89. doi: 10.1038/nrendo.2016.37

2. Au KS, Ashley-Koch A, Northrup H. Epidemiologic and genetic aspects
of spina bifida and other neural tube defects. Dev Disabil Res Rev. (2010)
16:6-15. doi: 10.1002/ddrr.93

3. De Wals P, Tairou E, Van Allen MI, Uh SH, Lowry RB, Sibbald B, et al.
Reduction in neural-tube defects after folic acid fortification in Canada. N Engl
J Med. (2007) 357:135-42. doi: 10.1056/NEJMo0a067103

4. Blencowe H, Kancherla V, Moorthie S, Darlison MW, Modell B. Estimates
of global and regional prevalence of neural tube defects for 2015: a
systematic analysis. Ann N'Y Acad Sci. (2018) 1414:31-46. doi: 10.1111/nyas.
13548

5. Avagliano L, Massa V, George TM, Qureshy S, Bulfamante GP, Finnell
RH. Overview on neural tube defects: From development to physical
characteristics. Birth Defects Res. (2019) 111:1455-67. doi: 10.1002/bdr2.1380

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by National Research Ethics Review Committee at
the Ministry of Science and Higher Education—Ethiopia (Ref.
No. MoSHE/RD/14.1/465/19). The patients/participants
provided their written informed consent to participate
in this study.

AUTHOR CONTRIBUTIONS

WK, SG, DS, AT, MY, and MA conceived the idea of the
presented work and gave final approval of the version to be
published. WK, SG, DS, and MA planned the experiments. WK
collected samples. WK, DH, and DT carried out laboratory
analysis and were involved in the interpretation of data.
WK wrote the manuscript with input from all authors.
All authors contributed to the article and approved the
submitted version.

FUNDING

Addis Ababa University supported expenses associated with data
and sample collection. Armauer Hansen Research Institute,
Addis Ababa, Ethiopia support all expenses related to
laboratory analysis.

ACKNOWLEDGMENTS

We would like to acknowledge Mahlet Osman from Armauer
Hansen Research Institute, Addis Ababa, Ethiopia for facilitating
the laboratory work.

6. Blom HJ, Shaw GM, den Heijer M, Finnell RH. Neural tube defects and folate:
case far from closed. Nat Rev Neurosci. (2006) 7:724-31. doi: 10.1038/nrn1986

7. Wallingford JB, Niswander LA, Shaw GM, Finnell RH. The continuing
challenge of understanding, preventing, and treating neural tube defects.
Science. (2013) 339:1222002. doi: 10.1126/science.1222002

8. Wald N, Sneddon J, Densem J, Frost C, Stone R. MRC Vitamin
Study Res Group. Prevention of neural tube defects: results
of the medical research council vitamin study. Lancet. (1991)
338:131-7. doi: 10.1016/0140-6736(91)90133-A

9. Tamura T, Picciano ME, McGuire MK. “Folate in pregnancy and
lactation,” In: Bailey LB, editor. Folate in health and disease, 2" ed.
Boca Raton, FL: CRC Press, Taylor and Francis Group (2010). p. 111-
31. doi: 10.1201/9781420071252-c5

10. Nelson A. Folates for reduction of risk of neural tube defects: using oral
contraceptives as a source of folate. Open Access | Contracept. (2011) 2:137-
50. doi: 10.2147/0OAJC.S17425

11. Zaganjor I, Sekkarie A, Tsang BL, Williams J, Razzaghi H,
Mulinare J, et al. Describing the prevalence of neural tube defects

Frontiers in Nutrition | www.frontiersin.org

April 2022 | Volume 9 | Article 873900


https://doi.org/10.1038/nrendo.2016.37
https://doi.org/10.1002/ddrr.93
https://doi.org/10.1056/NEJMoa067103
https://doi.org/10.1111/nyas.13548
https://doi.org/10.1002/bdr2.1380
https://doi.org/10.1038/nrn1986
https://doi.org/10.1126/science.1222002
https://doi.org/10.1016/0140-6736(91)90133-A
https://doi.org/10.1201/9781420071252-c5
https://doi.org/10.2147/OAJC.S17425
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Kucha et al.

Folate, Vitamin B12, and Homocysteine

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

worldwide: a  systematic literature review. PLoS ONE. (2016)
11:¢0151586. doi: 10.1371/journal.pone.0151586

Bitew ZW, Worku T, Alebel A, Alemu A. Magnitude and associated factors
of neural tube defects in Ethiopia: a systematic review and meta-analysis.
Glob Pediatr Health. (2020) 7:2333794X20939423. doi: 10.1177/2333794X209
39423

Dixon M, Kancherla V, Magana T, Mulugeta A, Oakley GP Jr. High potential
for reducing folic acid-preventable spina bifida and anencephaly, and related
stillbirth and child mortality, in Ethiopia. Birth Defects Res. (2019) 111:1513-
9. doi: 10.1002/bdr2.1584

Kancherla V, Koning J, Biluts H, Woldemariam M, Kibruyisfaw Z, Belete
A, et al. Projected impact of mandatory food fortification with folic acid
on neurosurgical capacity needed for treating spina bifida in Ethiopia. Birth
Defects Res. (2021) 113:393-8. doi: 10.1002/bdr2.1857

Finkelstein JL, Layden AJ, Stover PJ. Vitamin B-12 and perinatal health. Adv
Nutr. (2015) 6:552-63. doi: 10.3945/an.115.008201

Brustolin S, Giugliani R, Félix TM. Genetics of homocysteine
metabolism and associated disorders. Braz ] Med Biol Res. (2010)
43:1-7. doi: 10.1590/S0100-879X2009007500021

World Health Organization. Serum and red blood cell folate concentrations
for assessing folate status in populations. World Health Organization (2015).
Available online at: https://apps.who.int/iris/handle/10665/162114 (accessed:
Junel?7, 2018).

Habte K, Adish A, Zerfu D, Kebede A, Moges T, Tesfaye, et al. Iron, folate
and vitamin B12 status of Ethiopian professional runners. NutrMetab. (2015)
12:62. doi: 10.1186/512986-015-0056-8

Herrmann W. The importance of hyperhomocysteinemia as a risk
factor for diseases: an overview. Clin Chem Lab Med. (2001) 39:666—
74. doi: 10.1515/CCLM.2001.110

Werler MM, Shapiro S, Mitchell AA. Periconceptional folic acid exposure
and risk of occurrent neural tube defects. JAMA. (1993) 269:1257-
61. doi: 10.1001/jama.1993.03500100055027

Shaw GM, O’Malley CD, Wasserman CR, Tolarova MM, Lammer EJ.
Maternal periconceptional use of multivitamins and reduced risk for
conotruncal heart defects and limb deficiencies among offspring. Am J Med
Genet. (1995) 59:536-45. doi: 10.1002/ajmg.1320590428

Shaw GM, Schaffer D, Velie EM, Morland K, Harris JA. Periconceptional
vitamin use, dietary folate, and the occurrence of neural tube defects.
Epidemiology. (1995) 6:219-26. doi:  10.1097/00001648-199505000-0
0005

McMahon DM, Liu ], Zhang H, Torres ME, Best RG. Maternal obesity, folate
intake, and neural tube defects in offspring. Birth Defects Res A Clin Mol
Teratol. (2013) 97:115-22. doi: 10.1002/bdra.23113

Cai CQ, Fang YL, Shu JB, Zhao LS, Zhang RP, Cao LR, et al
Association of neural tube defects with maternal alterations and genetic
polymorphisms in one-carbon metabolic pathway. Ital ] Pediatr. (2019)
45:37. doi: 10.1186/513052-019-0630-1

Nasri K, Ben Fradj MK, Touati A, Aloui M, Ben Jemaa N, Masmoudi
A, et al. Association of maternal homocysteine and vitamins status with
the risk of neural tube defects in Tunisia: a case-control study. Birth
Defects Res A Clin Mol Teratol. (2015) 103:1011-20. doi: 10.1002/bdra.
23418

Morse NL. Benefits of docosahexaenoic acid, folic acid, vitamin D and iodine
on foetal and infant brain development and function following maternal
supplementation during pregnancy and lactation. Nutrients. (2012) 4:799-
840. doi: 10.3390/nu4070799

Beaudin AE, Stover PJ. Insights into metabolic mechanisms underlying folate-
responsive neural tube defects: a minireview. Birth Defects Res A Clin Mol
Teratol. (2009) 85:274-84. doi: 10.1002/bdra.20553

Beaudin AE, Abarinov EV, Malysheva O, Perry CA, Caudill M,
Stover PJ. Dietary folate, but not choline, modifies neural tube
defect risk in Shmtl knockout mice. Am ] Clin Nutr. (2012)
95:109-14. doi: 10.3945/ajcn.111.020305

Beaudin AE, Stover PJ. Folate-mediated one-carbon metabolism and
neural tube defects: balancing genome synthesis and gene expression.
Birth Defects Res C Embryo Today. (2007) 81:183-203. doi: 10.1002/bdrc.
20100

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Copp AJ, Stanier P, Greene ND. Neural tube defects: recent advances,
unsolved questions, and controversies. Lancet Neurol. (2013) 12:799-
810. doi: 10.1016/S1474-4422(13)70110-8

Imbard A, Benoist JE Blom HJ. Neural
acid and methylation. Int ] Environ Res
10:4352-89. doi: 10.3390/ijerph10094352

Zhang T, Xin R, Gu X, Wang E Pei L, Lin, et al. Maternal

folic
(2013)

tube
Public

defects,
Health.

serum vitamin B2, folate and homocysteine and the risk of
neural tube defects in the offspring in a high-risk area of China.
Public Health Nutr. (2009) 12:680-6. doi: 10.1017/S13689800080
02735

Molloy AM, Kirke PN, Troendle JE, Burke H, Sutton M, Brody LC, et al.
Maternal vitamin B12 status and risk of neural tube defects in a population
with high neural tube defect prevalence and no folic acid fortification.
Pediatrics. (2009) 123:917-23. doi: 10.1542/peds.2008-1173

Molloy AM. Should vitamin BI12 status be considered in assessing
risk of neural tube defects? Ann N Y Acad Sci. (2018) 1414:109-
25. doi: 10.1111/nyas.13574

Afman LA, Van Der Put NM, Thomas CM, Trijbels JM, Blom HJ.
Reduced vitamin B12 binding by transcobalamin II increases the risk
of neural tube defects. QJM. (2001) 94:159-66. doi: 10.1093/qjmed/94.
3.159

Afman LA, Lievers KJ, van der Put NM, Trijbels FJ, Blom HJ. Single nucleotide
polymorphisms in the transcobalamin gene: relationship with transcobalamin
concentrations and risk for neural tube defects. Eur ] Hum Genet. (2002)
10:433-8. doi: 10.1038/sj.ejhg.5200830

Yang M, Li W, Wan Z, Du Y. Elevated homocysteine levels in mothers
with neural tube defects: a systematic review and meta-analysis. | Matern
Fetal Neonatal Med. (2017) 30:2051-7. doi: 10.1080/14767058.2016.12
36248

Godbole K, Gayathri P, Ghule S, Sasirekha BV, Kanitkar-Damle A, Memane
N, et al. Maternal one-carbon metabolism, MTHFR and TCN2 genotypes
and neural tube defects in India. Birth Defects Res A Clin Mol Teratol. (2011)
91:848-56. doi: 10.1002/bdra.20841

Bergen NE, Jaddoe VW, Timmermans S, Hofman A, Lindemans J,
Russcher H, et al. Homocysteine and folate concentrations in early
pregnancy and the risk of adverse pregnancy outcomes: the Generation
R Study. BJOG. (2012) 119:739-51. doi: 10.1111/j.1471-0528.2012.03
321.x

Demir B, Demir S, Pasa S, Guven S, Atamer
al.  The role of homocysteine, asymmetric
and nitric oxide in pre-eclampsia. ] Obstet
32:525-8. doi: 10.3109/01443615.2012.693985

Dhobale M, Chavan P, Kulkarni A, Mehendale S, Pisal H, Joshi S. Reduced
folate, increased vitamin B(12) and homocysteine concentrations in women
delivering preterm. Ann Nutr Metab. (2012) 61:7-14. doi: 10.1159/0003
38473

Y, Atamer, et
dimethylarginine
Gynaecol.  (2012)

Kim MW, Hong SC, Choi JS, Han JY, Oh M], Kim HJ, et
al.  Homocysteine, folate and pregnancy outcomes. ]  Obstet
Gynaecol. (2012) 32:520-4. doi: 10.3109/01443615.2012.6
93984

Gadhok AK, Sinha M, Khunteta R, Vardey SK, Upadhyaya C, Sharma TK, et al.
Serum homocysteine level and its association with folic acid and vitamin B12
in the third trimester of pregnancies complicated with intrauterine growth
restriction. Clin Lab. (2011) 57:933-8.

van Mil NH, Oosterbaan AM, Steegers-Theunissen RP. Teratogenicity
and underlying mechanisms of homocysteine in animal models: a
review. Reprod Toxicol. (2010) 30:520-31. doi: 10.1016/j.reprotox.2010.
07.002

Denny KJ, Kelly CF, Kumar V, Witham KL, Cabrera RM, Finnell RH, et al.
Autoantibodies against homocysteinylated protein in a mouse model of folate
deficiency-induced neural tube defects. Birth Defects Res A Clin Mol Teratol.
(2016) 106:201-7. doi: 10.1002/bdra.23483

Félix TM, Leistner S, Giugliani R. Metabolic the
methylenetetrahydrofolate reductase (MTHFR) polymorphism associated
with neural tube defects in southern Brazil. Birth Defects Res A Clin Mol
Teratol. (2004) 70:459-63. doi: 10.1002/bdra.20011

effects and

Frontiers in Nutrition | www.frontiersin.org

April 2022 | Volume 9 | Article 873900


https://doi.org/10.1371/journal.pone.0151586
https://doi.org/10.1177/2333794X20939423
https://doi.org/10.1002/bdr2.1584
https://doi.org/10.1002/bdr2.1857
https://doi.org/10.3945/an.115.008201
https://doi.org/10.1590/S0100-879X2009007500021
https://apps.who.int/iris/handle/10665/162114
https://doi.org/10.1186/s12986-015-0056-8
https://doi.org/10.1515/CCLM.2001.110
https://doi.org/10.1001/jama.1993.03500100055027
https://doi.org/10.1002/ajmg.1320590428
https://doi.org/10.1097/00001648-199505000-00005
https://doi.org/10.1002/bdra.23113
https://doi.org/10.1186/s13052-019-0630-1
https://doi.org/10.1002/bdra.23418
https://doi.org/10.3390/nu4070799
https://doi.org/10.1002/bdra.20553
https://doi.org/10.3945/ajcn.111.020305
https://doi.org/10.1002/bdrc.20100
https://doi.org/10.1016/S1474-4422(13)70110-8
https://doi.org/10.3390/ijerph10094352
https://doi.org/10.1017/S1368980008002735
https://doi.org/10.1542/peds.2008-1173
https://doi.org/10.1111/nyas.13574
https://doi.org/10.1093/qjmed/94.3.159
https://doi.org/10.1038/sj.ejhg.5200830
https://doi.org/10.1080/14767058.2016.1236248
https://doi.org/10.1002/bdra.20841
https://doi.org/10.1111/j.1471-0528.2012.03321.x
https://doi.org/10.3109/01443615.2012.693985
https://doi.org/10.1159/000338473
https://doi.org/10.3109/01443615.2012.693984
https://doi.org/10.1016/j.reprotox.2010.07.002
https://doi.org/10.1002/bdra.23483
https://doi.org/10.1002/bdra.20011
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Kucha et al.

Folate, Vitamin B12, and Homocysteine

47. Ministry of Health (MOH). Ethiopian Public Health Institute. Ethiopian
National Micronutrient Survey Report. 2016.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Kucha, Seifu, Tirsit, Yigeremu, Abebe, Hailu, Tsehay and Genet.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Nutrition | www.frontiersin.org

April 2022 | Volume 9 | Article 873900


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Folate, Vitamin B12, and Homocysteine Levels in Women With Neural Tube Defect-Affected Pregnancy in Addis Ababa, Ethiopia
	Introduction
	Materials and Methods
	Ethics Approval Statement
	Subjects
	Data Collection
	Biochemical Analysis
	Statistical Analysis

	Results
	Socio-Demographic Characteristics of the Study Participants
	Pregnancy and Disease Conditions
	Serum Folic Acid, Vitamin B12, and Homocysteine Levels

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


