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Ascorbic acid intake during pregnancy

Kristina Podolska', Dana Mazankova', Maria Goboova?, Ivan Vano?

The continuing global increase in allergic conditions and diseases in children is now a serious public health and scientific
issue. Amongst other concerns is the maternal antenatal diet as intake of essential nutrients. Even small deficits in es-
sential vitamin C can permanently impair the developing brain for example. In this article, we first review ascorbic acid
deficiency in different organs of both mother and foetus. However, major emphasis is on the importance of vitamin C
in foetal immunity with studies showing an inverse relationship between maternal intake of fresh fruit and vegetables
and allergic conditions in childhood, inter alia. Other review results are included.
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INTRODUCTION ficiency in pregnancy,” “ascorbic acid and pregnancy,”
“vitamin C and pregnancy,” “ascorbic acid deficiency,”

Ascorbic acid is a vitamin well-known as vitamin C.  “ascorbic acid and foetus,” “foetal deficiency of vitamin

Other chemical names such as ascorbate or antiscorbutic  C,” “foetus and ascorbic acid,” “foetus and vitamin C,”

vitamin are also used. Vitamin C is the generic name for  “foetal health and vitamin C,” “ascorbic acid and the im-

l-ascorbic acid, the chemical formula is C6OH80O6 and its  mune system in pregnancy,” “ascorbic acid and folic acid

structure is analogous to that of glucose!. It is a white or  in pregnancy” and other term-related versions with focus

very pale-yellow powder, almost odorless, highly soluble  on foetal health and ascorbic acid importance during foe-

in water, but insoluble in ether, chloroform, benzene, tal development.

petroleum ether, oils, fats and fat solvents?. Its derivates

include sodium l-ascorbate (sodium ascorbate), calcium I-

ascorbate (calcium ascorbate), zinc-ascorbate, 6-palmityl- RESULTS

l-ascorbic acid (ascorbyl palmitate) (ref.!). These provide

a broader and more useful spectrum of positive properties  Various consequences of ascorbic acid deficiency during

for the human body?. Vitamin C is absorbed predominant-  pregnancy on maternal and foetal health

ly in the small intestine*, as well as in the buccal mucosa There are various consequences of ascorbic acid defi-

and stomach!. Intestinal absorption is dose dependent®. ciency during pregnancy. In order to simplify the picture
Ascorbic acid is used to prevent scurvy, it is also used  of the severity of ascorbic acid deficiency, the following

as an antioxidant, to improve wound and bone healing Table 1 was created in three sections. Firstly, maternal

and, as an effective antiviral agent’. organ systems, secondly, the maternal-foetal unit, a struc-
According to some reports, around 5% to 10% (ref.®)  turally and functionally coherent metabolic unit shared

of adults in the west, have ascorbic acid deficiency. This by mother and foetus, and thirdly, foetal organ systems.

information can indicate that pregnant women will have To underlie the influence of ascorbic acid deficiency
a similar likelihood of ascorbic acid deficiency or even  and for better orientation in the table, the following ab-
higher due to altered nutritional requirements®. breviations were used:

IND stands for Indirect Association of Ascorbic

Acid Deficiency in maternal organ systems increasing

MATERIALS AND METHODS the risk for other diseases. This abbreviation is used,

when a lower maternal serum concentration of ascorbic

This review covers the published literature on ascorbic  acid is present, and although the deficiency doesn’t have

acid intake during pregnancy. Key articles were retrieved  severe direct impact on pregnancy, it may indirectly in-

mainly from PubMed database. Only articles written in  crease risk for diseases during pregnancy for the mother

English were included. There were no exclusion criteria.  and foetus and therefore subsequently affect pregnancy
Scientific publications covering the period from 1986 to  outcomes.

2023 were included. The search strategy used the terms: IND means that maternal ascorbic acid deficiency

“ascorbic acid deficiency in pregnancy,” “vitamin C de- should not directly lead to a harm in foetal and maternal
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health, due to presence of next barrier protective mecha-
nisms or other back-up mechanisms of mother or foetus.

DIR stands for Direct Association of Ascorbic Acid
Deficiency in maternal and foetal body systems increasing
the risk or posing a risk for adverse foetal outcomes and
also there is present foetal ascorbic acid deficiency for
foetal normative requirements. DIR means that maternal
ascorbic acid deficiency may directly with higher degrees
of severity jeopardize foetal health mainly by direct but
also by possible consecutive manner, but it may also af-
fect maternal health with higher degrees of severity, if the
condition is untreated.

In general, there is a lack of information specifically
related to vitamins deficiencies, including ascorbic acid,
during pregnancy, and its impact on maternal and foe-
tal health. For this reason, sometimes data derived from
ascorbic acid deficiency in adults including men and non-
pregnant patients are applied to pregnant women.

The following diseases presented in the table do not
represent all possible clinical cases resulting from ascor-
bic acid deficiency. The table was compiled to provide
an overview resulting from maternal ascorbic acid defi-
ciency and its impact on maternal and foetal health, and
to emphasize the biological and functional importance of
ascorbic acid in the human body. In brackets are shown
studies from which the given information originated.

Table 1. Potential risk or adverse effects of ascorbic acid deficiency for maternal and foetal health during the pregnancy.

Maternal body systems  Effect of ascorbic Increased risk for given disease for mother and foetus Ref.
acid deficiency on
maternal systems
Circulatory and cardio- DIR Gestational hypertension (human studies - prospective study) 7
vascular system DIR Decrease in capillary strength (theoretical source - review) 8
Gastrointestinal and IND Affect composition in gut microbes (human studies - pilot study) 9
excretory system DIR Worsen absorption of iron (theoretical source - review) 10
Endocrine system DIR Gestational diabetes (human studies - prospective study) 7
Exocrine or integumen- IND Impaired barrier integrity and wound healing (theoretical source - review) 11
tary system B
Immune and lymphatic DIR Impaired modulation of immune defense (theoretical source - review) 11
system B
Muscular system DIR Worsen skeletal muscle functions due to long-term deficiency (animal 12
B studies)
Nervous system DIR Altered neuronal maturation with impact on neurotransmitters activity 13
B (theoretical source - review)
Renal and urinary Insufficient data
system B
Reproductive system DIR Premature rupture of placental membranes (controversial) (human studies 7,14
- prospective study) and (in vivo and in vitro studies)
DIR Premature birth (controversial) (human studies - prospective study) and 7,15
(theoretical source-review)
DIR Infertility (controversial) (human studies - a cross-sectional study) and 16,17
(human studies - prospective randomized double-blind study)
DIR Stillbirths (controversial) (human studies - a cross-sectional study) and 16,18
(human studies - randomized placebo controlled clinical trial)
DIR Increased probability of abortion (controversial) (human studies - a cross- 16,19
sectional study) and (human studies - randomised or quasi randomised
B controlled trials)
Respiratory system IND Can be increased incidence of pneumonia and worsen respiratory symp- 20
toms (theoretical source - academic dissertation) (concretely specifi-
B cized)
Skeletal system IND Impaired bone health (theoretical source - review) 21
Uncategorized DIR Scurvy (theoretical source - book) 22
Maternal-foetal unit DIR Foetal, uterine, and placental hemorrhages (human studies - a cross- 16
sectional study)
DIR Insufficient attachment of the placenta to the uterus (human studies - a 16

cross-sectional study)

214



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2023 Sep; 167(3):213-218.

Table 1. Potential risk or adverse effects of ascorbic acid deficiency for maternal and foetal health during the pregnancy.
(Continued)

Foetal body systems
acid deficiency on
foetal systems

Effect of ascorbic Consequences on foetal side

Circulatory and cardio- DIR Chronic prenatal hypoxia can be worsened 23
vascular system (animal studies - longitudinal study) concretely specified)
Gastrointestinal and Insufficient data
excretory system B
Endocrine system DIR Intrauterine growth retardation (controversial) (human studies - pro- 7,19
spective study) and (human studies - randomised or quasi randomised
B controlled trials)
Exocrine or integumen- Insufficient data
tary system
Immune and lymphatic Insufficient data
system B
Muscular system B Insufficient data
Nervous system DIR Complications of CNS development 16
B (human studies - a cross-sectional study)
Renal and urinary Insufficient data
system B
Reproductive system B Insufficient data
Respiratory system DIR May adversely affect lung maturation (animal studies) 24
Skeletal system DIR Worsen foetal bone development (human studies - a cross-sectional study) 16
DIR Impaired collagen synthesis (theoretical source - book) 22

Human studies - the information is based on the study, which used human data in their methodology; animal studies - the information is based
on the study, which used animal data in their methodology; theoretical source - the information is based on theoretical description, review, book
or research; concretely specificized - the information applies to a specific case and disease; in vivo and in vitro studies - the information is based
on combination of in vivo and vitro studies; controversial - there are studies which confirm the beneficial role of ascorbic acid and at the same
time there are studies which disprove beneficial role of ascorbic acid on given disease, circumstance or condition, insufficient data - there are no

detailed data, which could provide sufficient information.

DIR, Direct Association of Ascorbic Acid Deficiency - deficiency can represent direct harm, maternal and foetal health can be jeopardized with
higher degree of severity if the appropriate treatment is not initiated on time; IND, Indirect Association of Ascorbic Acid Deficiency - deficiency
does not represent direct harm, but can indirectly increase risk for negative maternal and foetal outcomes.

Characteristics of ascorbic acid intake during pregnancy
Vitamin C (ascorbic acid) is a water-soluble vitamin
and the daily recommended allowed intake in pregnant
women is 85 mg/day (ref.?%). Absorption and elimination
are dose-dependent?®. A related issue is whether there is a
difference in the bioavailability of ascorbic acid when the
mother consumes it as fruit and vegetables or as synthetic
ascorbic acid. Carr et al. (2013) carried out a study in men
who consumed kiwi-fruit and they found no difference
in the bioavailability of kiwi-fruit-derived vitamin C in
comparison to chewable vitamin C of equivalent dosage,
however, the micronutrients and phytochemicals in kiwi-
fruit could have added health benefits?’. We assume that
a similar situation applies to pregnant women although
during pregnancy other factors are present which influ-
ence drug absorption and bioavailability.
Contraindication to the use of ascorbic acid in preg-
nant women is similar to adults with thalassemia, G6PD
deficiency (Glucose-6-phosphate dehydrogenase defi-
ciency) (ref.*), sickle cell anaemia, and hemochromato-
sis, before and during angioplasty. Patients with diabetes
mellitus and renal impairment should be cautious®.
There is less data about ascorbic acid overdose in preg-
nant women. The available information is based on ani-
mal data, some clinical studies and observations in adult
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patients. For example, maternal ascorbic acid overdosage
can increase the risk of hyperoxaluria?. High dosing can
also lead to nausea, abdominal pain and other gastroin-
testinal problems. High doses can increase alanine ami-
notransferase (ALT) (ref.?) with short-term toxic effects
on the liver”. As regards the foetus, long-term antenatal
overdosing can cause scurvy later in the infant’s life®.

Ascorbic acid importance for mother and foetal outcomes

Ascorbic acid can reduce the risk of maternal anae-
mia'. However, ascorbic acid intake had no impact on
preventing preterm birth'>. There is also no convincing evi-
dence that ascorbic acid has a predominantly beneficial
role in lowering the risk for pre-eclampsia and poor foetal
growth'®!”. A maternal diet which includes consumption
of fruits and vegetable with sufficient amount of ascor-
bic acid is related to increased foetal growth in mid-pre-
gancy’'. However, Rumbold et al. (2015), concluded that
the data do not support the theory that routine vitamin
C supplementation alone or in combination with other
supplements can prevent poor foetal growth'. Richter
et al. (2012), observed a relationship between ascorbic
acid supplementation in pregnant rats with and without
induced maternal hypoxia. Ascorbic acid was put into
drinking water, and cases with and without added ascor-
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bic acid were observed. Pregnant rats were subjected to
normoxic pregnancy or 13% (ref.*?) oxygen chronic hy-
poxia. Maternal hypoxia increased oxidative stress which
could be prevented by administration of ascorbic acid
which also improved placental function and protected
foetal growth in pregnancy complicated by foetal hypoxia.
There are, however, differences between ascorbic acid me-
tabolism in rats and humans. Rats synthetize their own
ascorbic acid*.

Preterm and premature rupture of the membranes is
a pregnancy complication when the membrane rupture
happens before 37 weeks of gestation, hence it is called
preterm. The abbreviation PROM (premature rupture
of membranes) (ref. ) or PPROM (preterm rupture of
membranes) (ref.*) is used for preterm rupture of mem-
branes?’. Mercer et al. (2010) observed that low ascorbic
acid intake before or during pregnancy also leads to in-
creased risk of preterm PROM and that supplementation
with anti-oxidant vitamins may be effective in preventing
it. One study reported that daily supplementation with
ascorbic acid after the 20™ week of gestation reduced the
incidence of PROM (ref."*). However, another study found
that ascorbic acid was ineffective in the management or
prevention of PPROM (ref.’).

Coker et al. (2022), discussed nutriepigenomics and
neurodevelopment, providing new information on the
importance of ascorbic acid in neurodevelopmental epi-
genetics. Ascorbic acid appears to have a role in neurode-
velopment and has neurogenic-positive effects through
epigenetic interactions with deoxyribonucleic acid (DNA)
(ref.3*) at the intracellular level. The authors write that,
in recent years, a number of epigenetic enzymes that are
active during embryonic development have been found to
require vitamin C as a cofactor®.

The relation between ascorbic acid and fertility is that
ascorbic acid as antioxidant can improve the female men-
strual cycle and ovulation®. Antioxidant supplementa-
tion can reduce female infertility associated with oxidative
stress™.

Ascorbic acid may affect fertility, because vitamin
C positively influences ovarian function. Based on the
authors' research, ascorbic acid excretion is increased
and declines right before ovulation, and then excretion
promptly increase again in post-ovulation. It is possible
that ascorbic acid levels may affect the process of ovula-
tion. Ascorbic acid levels have been also found in high
concentrations in the corpus luteum?’.

IVF (ref.*®) is a form of assisted reproductive technolo-
gy*8. According to one study ascorbic acid administration
during hormonal stimulation had statistically insignifi-
cant impact in terms of a higher number of pregnancies.
But it has been observed that ascorbic acid is able to in-
crease the number of pregnancies in a non-smoker group
of women¥. The influence of ascorbic acid in the luteal
phase during infertility treatment, showed no beneficial
impact of ascorbic acid on IVF-ET (in vitro fertilization
and embryo transfer) (ref."”).

Another study showed that the maternal diet is asso-
ciated with diseases that can develop later in life. There
was an observed connection- if the foetus has insufficient

access to ascorbic acid from the mother s diet during
its development, it can lower the infant’s fertility in the
future.

As in the majority of adults, side effects may occur
in pregnant women. The side effects of ascorbic acid
are caused in most cases by a large single dose or large
single doses administered repeatedly, while another fac-
tor, which can exacerbate the side effects, is renal insuf-
ficiency, and large doses of ascorbic acid may increase the
absorption of heavy metals. Repeated large single doses
may lead to gastrointestinal complications such as - diar-
rhoea, abdominal pain. In the oral cavity, it can cause
enamel erosion. As regards the renal system, renal stones
or oxalate salts' may occur.

Description of the antioxidant activity of ascorbic acid
is comprehensive. To sum up, ascorbic acid protects the
cells from free radical damage*. Ascorbic acid, Vitamin
E and Coenzyme Q cooperate in a sequence of interac-
tion. Ascorbic acid scavenges free radicals in the aqueous
phase*42,

Ascorbic acid and stimulation of maternal and foetal
immune system
Ascorbic acid supports the immune activity of both
innate and adaptive immune systems. It has the ability
to sequester phagocytes, increase chemotaxis, and is in-
volved in the proliferation of B- and T-cells'’. West et al.
(2012) report that sufficient maternal ascorbic levels have
impact on foetal immunity and foetal programming®.
Apropos immunity, West et al tested whether anti-
oxidant intakes in pregnancy influence foetal immune
programming and the risk of allergic disease. They se-
lected the antioxidants p-carotene, vitamin C, vitamin
E, copper and zinc, and their relationship with infant
allergic outcomes. The main relationships with allergic
outcomes were found with dietary vitamin C and copper.
Specifically, higher maternal dietary vitamin C intake was
associated with a reduced risk of any diagnosed infant
allergic disease and wheeze. There was an inverse linear
relationship between vitamin C and food allergy*.
Ascorbic acid in the form of intracellular ascorbate is
present in the maternal lymphocytes, monocytes and neu-
trophils. There is scientific evidence that during inflam-
mation, plasma and cellular ascorbate levels are lowered.
The ability of ascorbate can be influenced by ascorbate-
dependent enzymes*. This may be applied to pregnant
women and may influence the maternal immune function.
During pregnancy, ascorbic acid levels can affect mi-
gration of neutrophils and, may affect phagocyte cells and
Natural killer (NK) cells®.

Possible effect of ascorbic acid on foetal lung maturation
McGillick et al. (2021) described the effect of ascor-
bic acid on foetal lung maturation in sheep. The sheep
had been administered ascorbic acid intravenously for
one month in late gestation. The study found that ascor-
bic acid administration had impact on the expression of
genes regulating antioxidant defence therefore influencing
lung development and, the foetal lung gene expression
was increased. Surfactant maturation was also increased.
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However, no effect on the expression of protein markers
on surfactant-protein producing cells was observed?*.

Folic acid and ascorbic acid influence foetal health
Habibzadeh et al. (1986), described severe conse-
quences of folic acid and ascorbic acid deficiency. Both
of these vitamins are indispensable in foetal physiological
development. Consequences resulting from changes of
folic acid and ascorbic acid dosage in female guinea-pigs
have been observed. To sum it up, reproductive changes
were observed in animal species during organogenesis
after folic acid and ascorbic acid content in the diet was
changed. Deficiency of these vitamins during dietary re-
striction led to malformations in animal foetuses*.

CONCLUSION

It can be concluded that ascorbic acid is linked to
the health of both mother and foetus, and it is involved
in most body processes and organ systems. During preg-
nancy, ascorbic acid has the ability to enhance the repara-
tion processes of damaged maternal epithelial tissue and,
it influences the maternal and foetal bone health. It has
been found to be a potent antiviral agent, it is known to
be an effective antioxidant, and it plays a significant role
in immunity. Ascorbic acid daily recommended allowed
intake in pregnant women is 85 mg/day. Appropriate and
optimized intake of ascorbic acid in pregnancy mainly
reduces the risk for maternal anaemia, but results on
the prevention of pre-eclampsia remain inconclusive.
Deficiency of ascorbic acid in pregnancy on the mater-
nal side can lead to a wide spectrum of abnormalities
and diseases. Ascorbic acid deficiency in the maternal-
foetal unit is shown, for example, by foetal, uterine, and
placental haemorrhages and insufficient attachment of
the placenta to the uterus.

Search strategy and selection criteria

Our research strategy was aimed for including stud-
ies, which explained importance of ascorbic acid in the
pregnancy with effect on maternal and foetal health.
We have tried to include as many human data as pos-
sible, but in certain cases there were present only data of
non-pregnant patients, general population, animal data,
in vitro and in vivo studies or solely theoretical sources.
Scientific publications covering the period from 1986 to
2023 were included. We have used different approaches
to be able to provide different views on maternal ascorbic
acid deficiencies and foetal ascorbic acid deficiencies.
The search strategy used primary terms as: “ascorbic acid
and pregnancy,” “ascorbic acid and foetus,” “ascorbic acid
deficiency in pregnancy” and other term-related versions.
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