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ABSTRACT

Objectives: Local and international organizations recommend folic acid (FA) supplementation in the periconceptional
period. This study aimed to analyse the prevalence of periconceptional supplementation with FA in women at high risk of
fetal anomalies refferred for first trimester screening.

Material and methods: Our analysis involved 1,455 women at high risk of fetal anomalies refferred for first trimester
screening. FA supplementation was assessed by face-to-face interviews conducted by doctors performing first trimester
screening for aneuploidy.

Results: FA supplementation before pregnancy was reported by 46.8% of the women and during the first trimester by
57.2% of those studied. Women used FA supplementation more frequently if they had a history of at least one miscarriage
(OR 2.2,95% Cl 1.70-2.83; p < 0.001), a history of assissted reproductive techniques (OR 2.25,95% Cl 1.18-4.31; p = 0.014),
or were aged between 30 and 34 (OR 2.87, 95% Cl 1.47-5.58; p = 0.002). Among 122 women with a history of fetal defects
only 50% confirmed FA supplementation before pregnancy and 62.2% during pregnancy (p = 0.488). A similar frequency
of FA supplementation was noted among women with epilepsy, diabetes, and hypertension. Less frequent taking of FA was
noted among women at least third and subsequent pregnancies (p < 0.001). In the current pregnancy, neural tube defects
(NTDs) were less frequent by 86% in the group of women with FA supplementation than in the non-supplementation group
(1 case vs 6 cases, respectively) and for other fetal defects by 62.5% (24 vs 40 cases, respectively).

Conclusions: We found an unsatisfactory compliance with recommendations for the use of folic acid supplementation

during periconceptional period among women at high risk of fetal defects and folate deficiency, that could have negative
effects on the health of child and mother. The study results show the need to increase the awareness of FA supplementa-

tion during periconceptional period especially in women with high risk of fetal anomalies.
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INTRODUCTION
During pregnancy, the need for basic nutrients, vita-
mins and minerals increases due to the development of
the fetus, placenta and maternal tissues [1, 2]. One of the
most important elements necessary for the synthesis of
nucleic acids in rapidly dividing cells is folate. Folate is also
essential in protein synthesis processes, reducing reactive
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oxygen species, epigenetic regulation, enzymatic processes,
transcription pathways, and signal transduction [2-4]. It has
been shown that folic acid (FA) alone, or in combination
with other minerals and vitamins taken during pericon-
ception (the time preceding the woman'’s conception until
the 12th week of gestation) prevents neural tube defects
(NTDs) such as anencephaly, spina bifida or encephalocele
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in fetus [5-9]. Studies also indicate that folate deficiency
may be associated with a higher risk of defects of the heart,
urinary tract, limbs, cleft palate as well as being associated
with a higher risk of preeclampsia [8-11]. The World Health
Organization (WHO) [3, 4, 12] and most European coun-
tries [13] recommend that all women, during periconcep-
tion, should take 400 pg of folic acid daily as a supplement.
In Poland, in accordance with the 2017 [14] and 2020 [15]
recommendations of the Polish Society of Gynecologists
and Obstetricians, all women of reproductive age should
take FA as a supplement to a natural, folate-rich diet and
such supplementation should be continued through preg-
nancy and lactation. Moreover, the Polish reccomendations
state that doses should depend on the woman’s history of
NTDs or other fetal defects in prior pregnancies and/or their
risk of folate deficiency [14, 15]. Therefore, for those women
with a low-risk of fetal defects and pregnancy complications,
a dose of 400 ug/day is sufficient; compared with those
inanincreased-risk or high-risk group. In the increased-risk
group, which includes women with fetal defects in their
own or close family history, a history of IUGR/preeclampsia,
pregestational diabetes, digestive diseases, hepatic fail-
ure, renal failure, bariatic surgery, obesity, smoking, using
anti-epileptic drugs, metformin, methotrexate, cholestyr-
amine, sulfasalazine or with reduced MTHFR activity, folate
at a dose of 0.8 mg/day including active folate and vitamin
B12 within 12 weeks before planned pregnancy, during
pregnancy and lactation is advised.

In turn, in the high-risk group with a history of NTDs
in the mother, father or their offspring, 5 mg/day includ-
ing active folate and vitamin B12 within 12 weeks before
planned pregnancy and in the first trimester of pregnancy,
and subsequently, 0.8 mg/day during the second and third
trimesters and the period of lactation are recommended
[14,15].

It is estimated that 70-98% of pregnant women
in countries in Europe and the USA use dietary supplements
[1, 2]. In Europe, where it is reported that as many as 45%
of pregnancies may be unintended [16], FA supplementa-
tion is significantly lower; for instance, a recently published
paper by Camier et al. [17] showed that only 26% of French
women received folic acid supplementation during their
periconceptional period. Hence, the aim of this study was to
analyze the prevalence of supplementation with FA during
the periconceptional period in women at high risk of fetal
anomalies refferred for first trimester screening.

MATERIAL AND METHODS
We carried out a retrospective cohort study at one ter-
tiary centre for the prenatal diagnosis and management of
fetal and neonatal pathology (the Department of Obstetrics
and Perinatology in Cracow, Poland). The study is a ret-

B Maternal age = 35

[ Chromosomal abnormalities of the fetus or a child in a previous
pregnancy

I structural chromosomal abberations in the pregnant woman or
in the father of the child

Significantly increased risk of having a child with a monogenetic
or multifactorial disease

Il Abnormal ultrasound or biochemical tests during pregnancy
indicating an increased risk of chromosomal aberration
or fetal abnormality

Figure 1. Distribution of indications expressed in percentages for pre-
gnant women referred for first trimester screening for aneuploidy [18]

rospective analysis of the medical records of 1,455 preg-
nant women referred for first trimester screening for fetal
aneuploidy, who met criteria esthablished by the Polish
National Health Fund (Fig. 1) [18]. Multiple pregnancies
were excluded from the analysis. We also excluded patients
whose records were incomplete and did not contain data
on supplementation and the use of other drugs as well as
patients under 18 years of age, with cancer, organ trans-
plant or intellectual disabilities. Women were interviewed
between January 2017 and December 2019 regarding their
indications for the examination, accompanying diseases,
use of supplements with FA before pregnancy and during
the first 12 weeks of pregnancy. The interviews also collect-
ed information about the women’s previous pregnancies,
and family history of NTDs or any other structural or genetic
anomalies.

Data were collected through standardized face-to-face
interviews conducted by trained physiscians and prior
to the woman’s ultrasound scan. Each woman was asked
the following questions: 1. Have you taken FA before preg-
nancy? 2. Have you taken FA during pregnancy? 3. Have you
taken multivitamin supplements during pregnancy? Have
you taken any medications and if so, which ones?

In addition, we analysed the results of first trimester
screening for aneuploidy. First trimester screening was
performed following Fetal Medicine Foundation, UK,
and Polish national guidelines [19, 20]. Nuchal translucency
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(NT) above the 95t percentile was considered abnormal.
Ultrasound examinations were carried out using a Voluson
E6 (GE Healthcare Medical Systems, Milwaukee, WI, USA).

The institutional review board waived the requirement
for a separate ethical approval for this analysis, since the in-
terview and sonographic evaluations were both performed
as integral parts of routine clinical care, for which informed
consent had been previously given by the women. Data
were anonymized.

Statistical analysis

Patient characteristics are described as means with
standard deviation for normally distributed numerical data
and as percentages for categorical variables. Differences
were analyzed by the Student’s t-test for normally distrib-
uted data and the Mann-Whitney U-test for non-normally
distributed data. Chi-square and Fisher’s exact tests were
used for comparisons of categorical variables determined
by whether the assumption of the expected values more
than five was fullfilled or not. As a first step of analysis
a comparison of selected maternal risk factors in groups of
declared folic acid supplementation before pregnancy has
been done. Next only those variables, which were identified
as significant were put into multivariable binomial logistic
regression. The model enabled to assess the association
between identified factors and the presence of folic acid
supplementation before pregnancy. The strength of the
association has been measured by the odds ratios (ORs), and
the multivariable logistic regression model provided infor-
mation after the adjustement for all the others coviariates
presented in the model. Additionally, to show the precision
level for OR estimates, 95% confidence intervalls (Cls) were
provided. In all analyses, p values < 0.05 were considered
statistically significant.

RESULTS

Selected maternal risk factors for adverse pregnancy
outcomes in the study cohort are listed in Table 1 and 2.
Most of women (66%) had a normal body mass index (BMI).
A quarter of women had a history of at least one miscarriage.
For 73.7% of the women, it was their first or second preg-
nancy.The most common comorbidity was hypothyroidism
which affected 18% of cases. FA supplementation before
pregnancy was declared by 46.8% of the women, and that
during first trimester by 57.2%. 88.2% of patients declared FA
dose of 400 ug before pregnancy and 11.8% declared dose
was 800 ug of activate folate or more. During first trimester
226 women (33.2%) have taken FA in multivitamin kits con-
taining 800 ug of activate folate. In turn, in group of women
who did not supplement FA before pregnancy, 157 (20.2%)
started using multivitamin supplements during pregnancy.
The main (64.7%) reason for screening was maternal age

of 35 years or more, and of these women, 42.5% reported
using FA supplementation before pregnancy. However,
the highest incidence (59.4%) of supplementation was ob-
served among women with a history of fetal chromosomal
abnormalities or having a child by a previous pregnancy
(Tab. 2). Considering the risk of fetal defects and pregnancy
complications, 60% of the women were in the intermedi-
ate-risk group, and only 2% in the high-risk group; and it was
in that latter group that FA supplementation was the most
frequent (62%) (Tab. 2). Women reporting FA supplementa-
tion were more likely to have had a history of at least one
miscarriage (OR 2.2, 95% ClI 1.70-2.83; p < 0.001), a history
of assissted reproductive techniques (ART) (OR 2.25, 95%
Cl 1.18-4.31; p = 0.014), or were aged between 30 and 34
(OR2.87,95C1 1.47-5.58; p=0.002) (Tab. 3). Fewer instances of
FA supplementation were noted among women in their > 31
pregnancy (p < 0.001) (Tab. 3). Among the 122 women with
a history of fetal defects, only 50% confirmed their use of
FA supplementation before pregnancy, and 62.2% during
pregnancy (OR 1.16, 95% Cl 0.76-1.76; p = 0.488). A similar
frequency of FA supplementation before pregnancy was
noted among women with epilepsy (50%), diabetes (56.5%),
or hypertension (53.2%); and, similarly, for those during their
first trimester (54.5%; 65.7%; or 59.6%, respectively) (Tab. 1).

Ofthe group of women with FA supplementation, 24 (3.5%)
cases of fetal defects were detected during the first trimes-
ter screening; and in the group without FA supplementation
40 (5.1%) cases were found (Tab. 4), thus fetal defects were
found 62.5% less frequent in those with FA supplementation.
Among women who declared FA supplementation before
pregnancy, a history of NTDs in previuos pregnancies was ob-
servedin 1.2% instances and in 1.1% of those women who did
not supplement FA. In the current pregnancy, neural tube de-
fects (NTDs) were less frequent by 86% in the group of women
with FA supplementation than in the non-supplementation
group (1 case vs. 6 cases, respectively) (Tab. 4).

DISCUSSION

To our knowledge this is the first study concerning FA
supplementation before pregnancy and during the first
trimester in a large cohort of Polish pregnant women with
high risk of fetal anomalies reffered for first trimester screen-
ing. Our study showed a generally unsatisfactory frequency
of FA supplementation during the periconceptional period,
indicating the need for education in this field.

Studies carried out in recent years indicate that a 12-
-week precontraceptive period of supplementation is nec-
essary to obtain the appropriate concentration of folate in
blood cells [1, 17]. Bitzer et al. [22] showed that less than 40%
of European women of child-bearing age had ever taken
FA. In that study only 28% of women trying to conceive
had taken FA compared with 55% of women during their
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Table 1. The distribution of selected maternal risk factors for adverse pregnancy outcomes in 1,455 women with singleton pregnancy during

first trimester screening for aneuploidy

Total Folic acid supplementation declared before pregnancy  p-value
[n=1455] Yes [n = 681] No [n = 774]

Maternal age < 35, n (%) 514 (35.3) 281 (54.7) 233 (45.3) phi2 < 0.001

Maternal age = 35, n (%) 941 (64.7) 400 (42.5) 541 (57.5)

BMI < 18.5, n (%) 44 (3.0) 18 (40.9) 26 (59.1) phi2=0.267

BMI 18.5-24.99, n (%) 960 (66.0) 458 (47.7) 502 (52.3)

BMI 25-29.9, n (%) 321(22.0) 150 (46.7) 171 (53.3)

BMI 30-34.9, n (%) 95 (6.5) 45 (47.4) 50 (52.6)

BMI 35-39.9, n (%) 22(1.5) 5(22.7) 17 (77.3)

BMI > 40, n (%) 13(1.0) 5(38.5) 8(61.5)

Parity: phi2< 0001

First child, n (%) 491 (33.7) 273 (55.6) 218 (44.4)

Second child, n (%) 582 (40.0) 307 (52.7) 275 (47.3)

Third child, n (%) 280(19.3) 88(31.4) 192 (68.6)

Fourth child and more, n (%) 101 (7.0) 13(12.7) 89 (87.3)

History of miscarriage phi2 < 0,001

Yes, n (%) 371(25.5) 230(62.0) 141 (38.1)

No, n (%) 1084 (74.5) 451 (41.6) 633 (58.4)

Known fetal defects in previous pregnancies n (%) [n=2896] [n=384] [n=512] phi2= 0,104

Yes, n (%) 123(13.7) 61 (49.6) 62 (50.4)

No, n (%) 773 (86.3) 323 (41.8) 450 (58.2)

Smoking status ph2 < 0.001

— Never smoked, n (%) 1101 (75.7) 556 (50.5) 545 (49.5)

— Smoked only before pregnancy, n (%) 309(21.2) 118 (38.3) 190 (61.7)

— Smoked before pregnancy and during first 45(3.1) 7(15.2) 39(84.8)

trimester, n (%)

Diabetes Mellitus pchi2= 0,078

Yes, n (%) 76 (5.2) 43 (56.6) 33(434)

No, n (%) 1378 (94.8) 637 (46.2) 741 (53.8)

Hypertension phi2= 0,300

Yes, n (%) 62 (4.2) 33(53.2) 29 (46.8)

No, n (%) 1393 (95.7) 648 (46.5) 745 (53.5)

Hypothyroidism phi2< 0,001

Yes, n (%) 263 (18.1) 164 (62.4) 99 (37.6)

No, n (%) 1192 (81.9) 517 (43.4) 675 (56.6)

Epilepsy phi2=0.762

Yes, n (%) 22(1.5) 11 (50.0) 11 (50.0)

No, n (%) 1433 (98.5) 670 (46.8) 763 (53.2)

Assisted reproductive technology phi2<0.001

Yes, n (%) 54 (3.7) 40 (74.1) 14(25.9)

No, n (%) 1401 (96.3) 641 (45.8) 760 (54.2)
BMI — body mass index; p"'2 — the p-value from the chi-square test
pregnancy [22]. In the Bitzer study, which used a structured of women reported using FA supplementation before their
on-line questionnaire, the highest rates of awareness and pregnancy compared with 57% during their first trimester.
knowledge of FA and its benefits were among women in Thus, during the most important period of organogenesis,
Poland and the UK. However, in our Polish study only 46% only about half of the women used FA supplementation.
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Table 2. Folic acid supplementation by the main indication for first trimester screening [18] a

complications [21]

by the risk score of fetal defects and preg

The main indication for first trimester screening

Maternal age > 35, n (%) 940 (64.6)
Chromosomal abnormalities of the fetus or a child in 69 (4.7)
a previous pregnancy, n (%)

Structural chromosomal aberrations in the pregnant 6 (0.4)
woman or in the father of the child, n (%)

Significantly increased risk of having a child with 373 (25.6)
a monogenetic or multifactorial disease, n (%)

Abnormal ultrasound or biochemical tests during 67 (4.6)

pregnancy indicating an increased risk of chromosomal
aberration or fetal abnormality, n (%)

The risk score of fetal defects and pregnancy complications

Low-risk group, n (%) 552 (37.9)
Intermediate-risk group, n (%) 873 (60.0)
High-risk group, n (%) 30(2.1)

p<h2 — the p-value from the chi-square test

400 (58.7) 540 (69.8) ph2 < 0.001
41 (6.0) 28 (3.6) phi2< 0,05
3(04) 3(0.3) phi2= 0,760
207 (39.6) 166 (21.4) ph2 < 0.001
30 (4.4) 37 (4.8) phi2=0.768
245 (44.4) 307 (55.6) phi2=0.149
418 (47.9) 455 (52.1) phi2=0.762
18 (60.0) 12 (40.0) phi2= 0,267

Table 3. Odds ratios for folic acid supplementation during periconceptional period associated with selected characteristics in 1,455 pregnant

women at a high risk of fetal anomalies

Maternal age, years
17-24

25-29

30-34

35-39

=40

Parity

First

Second

Third

> Fourth

History of miscarriage (at least one)
Smoking status

Never smoked

Smoked only before pregnancy
Smoked before pregnancy and during first trimester
Hypothyroidism

Assisted reproductive technology

1 (ref)
2.31
2.87
1.79
134

1 (ref)
0.83
0.37
0.23

22

1 (ref)
0.53
0.18
1.80
2.25

1.18-4.53 p=0014
147-558 p=0.002
095-337 p=0072
0.66-2.75 p=0411
0.62-1.11 p=0212
0.26-0.53 p <0001
0.15-037 p <0001
1.70-2.83 p <0001
041-071 p <0001
0.08-043 p <0001
134-2.42 p <0001
1.18-4.31 p=0014

Multivariable logistic regression. All variables presented in a table were put into one model. Cl — confidence interval; OR — odds ratio

Similar results were obtained in a study by Medawar et
al.[23],among Lebanese women where FA supplementation
was used by 48% of women before pregnancy. Other stud-
ies undertaken in developed countries where women seem
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to pay more attention to pregnancy planning, have shown
that less than half take FA supplements before pregnancy
[24-28]. What is concerning is that only one in every two
women with a history of any fetal defects, including NTDs,
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Table 4. Fetal anomalies detected during the first trimester in a cohort of 1,455 pregnant women according to folic acid supplementation declared

before pregnancy and without supplementation before pregnancy

Folic acid supplementation declared

before pregnancy

n=681
NTDs in a previuos pregnancy, n (%) 8(1.2)
NT > 95t centile, n (%) 46 (6.7)
Chromosomal anomaly, n (%) 10(1.4)
NTDs, n (%) 1(0.1)
Omphalocele, n (%) 2(0.2)
Heart defects, n (%) 8(1.2)
Other defects, n (%) 3(0.4)
Total, n (%) 24 (3.5)

Without folic acid supplementation p-value
declared before pregnancy
n=774
9(1.1) pchi2=0.950
52(6.7) phi2=0.891
20 (2.5) pchi2=0.135
6(0.7) phi2=0.417
3(03) phi2=0.760
6(0.7) phi2=0.436
5(0.6) phi2= 0,597
40 (5.1) phi2=0.759

NT — nuchal translucency; NTDs — neural tube defects; p"2 — the p-value from the chi-square test

used FA supplementation. Studies conducted over the past
fourty years found that supplementation with FA significant-
ly reduces the risk of neural tube defects by 32-72% [5-9,
21, 28, 29]. In our study the prevalence of NTDs was 86%
lower in the group of women who used FA supplementa-
tion compared with those who did not. Other recent studies
also indicate the effect of supplementation on reducing the
incidence of heart defects, urinary tract defects, limb defects,
cleft lip and palate, and preeclampsia [9-17]. In our cohort
we also noted a 62.5% lower prevalence of fetal defects
other than NTDs in women who used FA supplementation.

Food fortification with FA may be the solution to
the problem of inadequate FA supplementation. The United
States of America (USA) was the first country to implement
a national folic acid food fortification program in 1998 to
prevent NTDs, and nowadays over 80 countries, but not
Poland, fortify food with folic acid [21]. However, questions
remain about the impact of food fortification in reducing
the occurence of NTDs [21]. Some authors indicate that
there is a very weak correlation between the incidence of
NTDs and FA fortification levels, and that a woman'’s socio-
economic status may be more influential [21]. Our study did
not analyze socioeconomic factors as these were the subject
of previous studies [17, 30]. On the other hand, some fetal
defects may be related to chromosomal anomalies and other
factors not related to FA deficiency.

Our study has some limitations. First, it was a retrospec-
tive study conducted in a single national referral centre.
Theincidence and levels of folic acid supplementation were
declarative, and we did not measure actual FA intake against
declared intake. The best way to check folate status is by
measuring maternal red blood cell folate concentrations,
because as it was published = 906 nmol/L (400 ng/mL) is
associated with a significantly low risk of NTDs [31]. We be-
lieve that the obtained results indicate the need to organize

a prospective study in which the reliability and validity of
the applied survey will be determined.

CONCLUSIONS

Despite these limitations our study highlights the need
for better health education among women of child-bearing
age, during the periconceptional period, especially among
those women with risk factors of folate deficiency and/or
NTDs. As our research and data from the literature have
shown, FA supplementation levels are still insufficient, even
in developed countries. Our study provides solid basis for
well planned larger cohort study wich would enable inves-
tigation of dietary and supplementary sources of FA, with
folate blood concentration analyses giving the opportunity
to analyse associated fetal risks.
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