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1  |  INTRODUC TION

Vitamin D, a group of fat- soluble secosteroids, is considered a vital 
prohormone in the body. In addition to regulating the homeostasis 
of calcium, magnesium, and phosphorus for bone formation, it plays 
a significant role in different developmental progressions, especially 
in neurological and cardiovascular processes, regulation of innate 

and acquired immunity, and reproductive health (Arshad et al., 2021; 
Manzoor et al., 2021; Yan et al., 2016). Maternal vitamin D status 
during conception, gestational period, and perinatal stages aids in 
regulating embryogenesis, skeletal development, and calcium level 
of the growing fetus (Wagner et al., 2017).

In the past few years, vitamin D malnutrition has become prev-
alent among populations of different countries, races, and age 
groups, especially among women of reproductive age (WRA) (Shah 
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Abstract
The role of vitamin D in improving maternal health and reducing the risk of develop-
mental disorders in fetus has been an important domain of research since the past 
few years. Vitamin D, owing to its immunomodulatory, anti- inflammatory, develop-
mental roles, and regulating calcium homeostasis, is predicted to have a significant 
influence on maternal and fetal health status. Several observational studies and clin-
ical trials, determining the impact of vitamin D on gestational diabetes, C- section, 
postpartum depression, pre- eclampsia, miscarriages, and preterm delivery, have been 
elaborated in this review. In addition, fetal birth defects including neurological devel-
opment, reduced birth weight, respiratory infections, bone development, and altered 
anthropometrics have also been summarized with available evidences. Other impor-
tant mechanisms related to the roles of vitamin D in the body are also explained. 
Furthermore, recent studies determining the effect of vitamin D at genetic level will 
also help in understanding and future design of research in the area of maternal and 
fetal health.
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et al., 2021; Traglia et al., 2020). Factors associated with vitamin D 
insufficiency are substantial use of sun protection beauty products, 
insufficient exposure to sunlight, use of tobacco, obesity, insuffi-
cient vitamin D intake or intestinal malabsorption, seasonal variation 
that is observed at temperate latitudes, and some pathological con-
ditions like kidney or liver failure, chronic inflammation, and use of 
contemporary medications (Anwar et al., 2021; Palacios et al., 2016; 
Weishaar et al., 2016). It has been recently observed that hypovita-
minosis D during pregnancy is emerging as an important global issue 
and it can affect the programming of the next generation which sug-
gests that the negative effects of deficiency of this vitamin may con-
siderably affect the progenies (Larqué et al., 2018), which suggests 
that the negative effects of deficiency of this vitamin may consider-
ably affect the progenies. The objective of this review is to highlight 
the role of vitamin D as immunomodulatory, anti- inflammatory, and 
in improving maternal health and reducing the risk of developmental 
disorders in fetus.

2  |  PHYSIOLOGY AND 
RECOMMENDATIONS OF VITAMIN D

In the human body, vitamin D exists in two forms: vitamin D2 
(Ergocalciferol) and vitamin D3 (Cholecalciferol). Major sources of 
vitamin D2 are plants and vegetables along with fatty fish, eggs, and 
mushrooms, whereas most of vitamin D3 is synthesized within the 
body. Dietary supplements of these both are available, where cal-
citriol (supplemental form of vitamin D3) is more common (Larqué 
et al., 2018).

Vitamin D2 is converted to inactive metabolite 25- hydroxyvitamin 
D (25 [OH]D) by cytochrome P450 enzyme 25- hydroxylase 
(CYP27A1) in the liver. It is then activated in kidneys by the enzyme 
25(OH)D- 1α- hydroxylase (CYP27B1) into 1,25(OH)2D (Palacios 
et al., 2016). Endogenous production of vitamin D3(25(OH)D3) 

occurs via isomerization of 7- dehydrocholesterol (DHCR7) in skin 
cells, during sun exposure, by ultraviolet B rays (UVB) having a spec-
tral wavelength from 29 to 315 nm. Studies indicated extrarenal 
activity of 1α- hydroxylase enzyme in placental, skin, and skeletal tis-
sues, which elucidate an enhanced production of vitamin D3 which 
then diffuses in the blood where it binds to vitamin D binding pro-
tein (VDBP) and lipoproteins. The most abundant form of vitamin D, 
found circulating in the blood, is 25(OH)D. The synthesis of vitamin 
D and its availability in the body are controlled by parathyroid hor-
mone (PTH) and concentration of calcium and phosphorus in blood 
(Ramasamy, 2020) (Figure 1).

Keeping the fetal needs in consideration, the Institute of 
Medicine (IOM) and the European Calcified Curtis et al. (2018) rec-
ommended a daily intake of 600 IU of vitamin D during gestational 
and lactation period. 25(OH)D is considered the biomarker for the 
status of vitamin D in the body (Cashman et al., 2017). According 
to Flood- Nichols et al. (2015), vitamin D status can be categorized 
in the following ranges: optimal [≥30 ng/ml (75 nmol/L)], insufficient 
[21– 29 ng/ml (51– 74 nmol/L)], deficient [<20 ng/ml (50 nmol/L)], and 
severely deficient [<10 ng/ml (25 nmol/L)].

3  |  METABOLISM OF VITAMIN D IN 
PL ACENTA

Gestational period includes a number of physiological changes in 
mother's body to achieve a healthy, uncomplicated delivery, and 
provide an optimum intrauterine environment for the growing fetus 
(Simner et al., 2020). During pregnancy, vitamin D homeostasis is 
regularized by three adaptations including increase in maternal cal-
citriol, VDBP concentrations, and adequate availability of maternal 
25(OH)D. These variations are evident at systemic and placental cir-
culation levels, suggesting that the placenta is a main site for vitamin 
D metabolism (Wagner et al., 2017) (Figure 2).

F I G U R E  1  Mechanism for the 
activation of vitamin D
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Along with the transmission of oxygen and nutrients, the pla-
centa also mediates the immune- - tolerance adaptation during 
pregnancy. Fetus cannot synthesize its own vitamin D (calciferol), 
therefore maternal vitamin D or its other biological metabolites must 
be transferred to the fetus through placenta. It is not transferred in 
its activated form, i.e., 1,25(OH)2D, through placental tissue, rather 
as the inactivated precursor form, 25(OH)D, which crosses the pla-
cental barrier to the fetal compartment (Liu & Hewison, 2012). The 
placenta contains the enzyme 1- α- hydroxylase that can possibly ac-
tivate 25(OH)D- producing 1,25(OH)2D (Workalemahu et al., 2017). 
Moreover, placenta can also convert 25(OH)D by 24- hydroxylation 
to inactivated 24,25(OH)2D, which has paracrine control for me-
tabolism and modulation of vitamin D status, thus moderating its 
anti- inflammatory effects and maternal– perinatal developmental 
outcomes (Larqué et al., 2018). By the second trimester, serum con-
centration of 1,25(OH)2D increases to double as compared to non-
gravid stage, and the concentration further increases continuously 
reaching up to two to three times as that of nonpregnant women. It 
has been noticed that the concentration of 1,25(OH)2D in cord blood 
is closely related to fetal concentration of 25(OH)D and this concen-
tration is independent of the general calcium- regulated mechanism 

(Wagner et al., 2017). However, the mechanism of metabolism and 
transmission of vitamin D through the placenta and the influence of 
vitamin D on placental tissues are still not fully understood (Simner 
et al., 2020) (Figure 3).

4  |  MATERNAL VITAMIN D DEFICIENCY 
AND ITS EFFEC TS ON HER HE ALTH

4.1  |  Gestational diabetes

Gestational diabetes mellitus (GDM) is a condition identified as hy-
perglycemia during the second or third trimester of pregnancy. If a 
woman appears positive for diabetes mellitus in the first trimester, 
then she must have pre- existing diabetes, either type 1 or type 2 
(Haq et al., 2021; Lacroix et al., 2014).

Several studies provide sufficient rationale for the functions of 
vitamin D in glucose homeostasis. Possible mechanisms that show 
the interrelation between the alteration in glucose metabolism and 
vitamin D status is (1) activated vitamin D attaches to vitamin D 
receptors (VDR) on pancreatic β- cells; (2) 1- α- hydroxylase enzyme 

F I G U R E  2  Effects of vitamin D during 
pregnancy

F I G U R E  3  Role of vitamin D on maternal and fetal health



    |  3233ARSHAD et Al.

expresses in pancreatic β- cells; (3) extracellular calcium is regu-
lated through the pancreatic β- cell which in return controls insulin 
sensitivity and secretion; and (4) vitamin response elements are 
present in insulin gene promoter. As insulin sensitivity improves 
in adipose, skeletal, and liver muscle cells, it initiates the activ-
ity of insulin receptor and affects systemic inflammation, which 
is carried out by cytokines affecting the function of β- cells (Ateş 
et al., 2017). Thus, any alteration of vitamin D receptors or vitamin 
D insufficiency may lead to diabetes, but its effect in GDM still 
remains questionable.

Keeping in view the changing maternal concentration of vitamin 
D during different trimesters, some of the following studies explain 
the association. According to Lacroix et al. (2014), maternal vitamin 
D deficiency during first trimester surges the chances for GDM de-
velopment. Later, another study comparing maternal vitamin D sta-
tus during first trimester of women with GDM and non- GDM found 
no significant association. In this study, women who developed the 
symptoms of GDM and healthy group of controls, both were found 
as severe vitamin D deficient (<10 ng/ml) during their first trimester 
of pregnancy (Ateş et al., 2017). For second and third trimester of 
pregnancy, maternal vitamin D deficiency is evident to elevate the 
chances for GDM. Results of a recent research showed that majority 
of GDM women were mildly to moderately deficient of vitamin D 
(>25 but <75 nmol/L)(Rajput et al., 2019). Thus, it is essential to nor-
malize vitamin D intake in last two trimesters to avoid such morbid-
ities. Aiding these results, a meta- analysis consolidates that vitamin 
D- deficient mothers are prone to developing gestational diabetes 
(Hu et al., 2018).

The literature published in the past two decades explaining the 
impact of maternal vitamin D level on mother and fetal health is 
reviewed. The most recent meta- analysis has compiled almost 20 
random clinical trials (RCTs) in which majority of evidences explicate 
that low vitamin D levels increase maternal insulin resistance and 
decrease infant birth weight. These variations in results are due to 
many confounding factors like ethnicity, study types, and criteria de-
scribing vitamin D threshold (Gallo et al., 2020). To further specify 
recommendations of vitamin D for healthy pregnancy and to verify 
the association, large- scale, high- quality, well- designed, and ran-
domized clinical trials are required.

4.2  |  Cesarean section

Vitamin D regulates body calcium level; thus, it also affects muscle 
contractions. Vitamin D receptors are situated in smooth muscles 
of uterine and skeletal muscles. Insufficient vitamin D can impair 
physical activity and muscle contractions, decreasing the strength of 
contractions and triggering obstructed or prolonged labor, which in-
dicates the chances of C- section (Hubeish et al., 2018). Additionally, 
it has also been manifested that vitamin D deficiency can cause pel-
vis malformation, leading toward C- section (Gernand et al., 2015).

Few researches have been conducted to assess the correlation 
of vitamin D inadequacy with the risk of C- section. A cohort study, 

including participants from different ethnic groups was directed by 
Loy et al. (2015), concluded that hypovitaminosis D affected the 
prevalence of C- section in Indian and Chinese women but did not in-
crease its chances in Malay women, thus overall indicating an incon-
siderable interrelation. A. Gernand et al. (2017) also testified a null 
relation between suboptimal vitamin D levels and risk of C- section. 
The survey of Gallo et al. (2020) further indicated that maternal vi-
tamin D supplementation also does not interfere with the risk of 
C- section.

According to recent research conducted by Hubeish et al. (2018), 
the ratio of C- section by failure to descend, progress, and induction 
was threefolds more in vitamin D- deficient (≤30 ng/ml) group as 
compared to control group. The study also postulated a substantial 
effect of vitamin D deficiency in postpartum hemorrhage and risk of 
uterine atony. This incongruity in findings can be attributed in terms 
of divergence in C- section definition, either primary/secondary or 
elective/emergency indication (A. D. Gernand et al., 2015). It de-
mands further RCTs to investigate the influence of vitamin D level 
on the rate of C- section.

4.3  |  Pre- eclampsia

Pre- eclampsia (PE) is explained as hypertension 
(>140 mmHg/>90 mmHg) diagnosed between 20 and 34 weeks of 
gestation, along with proteinuria (urine protein ≥0.3 g/24 h twice 
measured ≥6 h apart) together with other complications like liver 
dysfunction, hematological disturbance, and renal and neurologi-
cal problems (Mol et al., 2016). Pre- eclampsia is explained patho-
genically as a two- stage disorder, the first being the production 
of angiogenic factors in maternal blood circulation, which leads to 
defective remodeling and trophoblastic invasion in spiral arteries, 
and subsequently to the abnormal implantation of the placenta. In 
the second stage, an abnormal balance between proangiogenic and 
antiangiogenic factors activates maternal inflammatory response, 
reducing vascularization and causing general endothelial dysfunc-
tion, affecting the functioning of all maternal organs (Gathiram 
& Moodley, 2016). Pre- eclampsia thus increases the risk of fetal 
growth restriction and ultimately fetal death (Purswani et al., 2017).

The defective role of hypovitaminosis D in pre- eclampsia can be 
explained through multiple biological processes including: Vitamin 
D acts as an immune modulator, moderating maternal immune 
response in the placenta and controlling the release of antiangio-
genic factors in blood circulation, consequently causing elevation in 
blood pressure (Thorne & Fawzi, 2012; Woo et al., 2019). Vitamin 
D concentration is positively associated with serum calcium level, 
therefore insufficient vitamin D leads to low calcium levels, which 
subsequently stimulates parathyroid hormone and renin secretion, 
leading to vasoconstriction in vascular smooth muscle cells and en-
dothelial cells, ultimately causing pre- eclampsia; vasoconstrictive 
factors in the placenta are also released as a result of malfunctioning 
of effector and regulatory T cells, consequently causing hyperten-
sion and proteinuria (Hofmeyr et al., 2018).



3234  |    ARSHAD et Al.

Vitamin D has anti- inflammatory characteristics which influ-
ence the inverse effect of calcium level on the occurrence of pre- 
eclampsia (Purswani et al., 2017). Vitamin D3 also helps to avert 
cholesterol uptake by arterial smooth muscles and macrophages in 
the placenta of patient having pre- eclampsia (Santorelli et al., 2019).

A case– cohort study was conducted to analyze the correlation 
of vitamin D concentration with pre- eclampsia that demonstrated a 
direct effect of low 25(OH)D level and elevated risk of preeclamp-
sia from mild to severe (Baca et al., 2016). A. Gernand et al. (2017), 
specifying the effects with respect to gestational weeks, deduced 
that women with low vitamin D levels had 2.4 times more chances 
of pre- eclampsia onset on <35 weeks of gestation and there was no 
considerable relation during <37 weeks. According to Serrano et al. 
(2018), Fogacci et al. (2019), and Yuan et al. (2021), there is an ev-
ident lowering effect of optimal vitamin D on pregnancy- induced 
hypertension.

On the contrary, several studies also claimed no significant re-
lation between increasing intake of vitamin D and reduced risk for 
pre- eclampsia. However, the evidence for helpful impact of vitamin 
D on pre- eclampsia outweighs the negative results, and claims a 
comparatively casual relation (Dalmar et al., 2015; Pérez et al., 2015; 
Purswani et al., 2017).

4.4  |  Preterm delivery

Preterm delivery (PD) is defined as the early birth of a neonate be-
fore 37 weeks of pregnancy. Several genetic and immunological fac-
tors are considered as a causative factor (Yu et al., 2019). A broadly 
anticipated hypothesis links PD with inflammation and infections, 
including intra- amniotic, maternal extrauterine, or intrauterine in-
fections. Vitamin D owing to its anti- inflammatory potential through 
nuclear factor kB inhibition, thereby decreases infections and PD 
risk (Monier et al., 2019).

A large number of studies attributed functions of VDR gene and 
associated placental signaling pathways with many maternal out-
comes like growth and functioning. Patel et al. (2017) determined 
single nucleotide polymorphism (SNP) in VDR gene, and found that 
maternal vitamin D deficiency can elevate the risk of preterm deliv-
ery. In addition to PD, such SNPs can also affect fetal birth weight. 
In another study, Rosenfeld et al. (2017) investigated both maternal 
and fetal VDR polymorphism and found direct association with PD. 
Similarly, Javorski et al. (2018) studied two more polymorphisms and 
highlighted their effect in triggering spontaneous preterm birth.

A recent report by Kalok et al. (2020) consolidated that hypovi-
taminosis D increases the chances of impulsive preterm labor; and 
also raises the chances of cesarean section and preterm delivery. 
Maternal serum concentration of vitamin D ≥ 40 ng/ml is claimed to 
be linked with considerable reduction in PD risk in a large population 
of women.

Contrary results were also found in a recent retrospective cohort 
study, indicating that only vitamin D insufficiency cannot contribute 
to preterm birth (Yu et al., 2019). PD risk was found to be insignificant 

considering the concentration of vitamin D during 15th gestational 
week or in the first trimester (Boyle et al., 2016). Considering the 
evidences, a moderate impact of vitamin D in preterm delivery risk 
is suggested where the involvement of multiple confounders may 
also be suspected for which future studies should be designed for 
in- depth analysis of the phenomenon.

4.5  |  Frequent miscarriages

Repeated pregnancy loss, a reproductive disorder, is defined as 
the demise of two or more pregnancies before 24 weeks of ges-
tation, when the fetus has not yet reached a viable stage. It has 
been reported that the causes of 50% of the cases are unknown. 
Vitamin D concentration is regarded to have effects on the risk 
of miscarriages, in view of its immunomodulatory role (Gonçalves 
et al., 2018). Women with recurrent loss of pregnancy (RLP) were 
found to have low- level VDR mRNA expression in serum, chorionic 
villi, and decidua during first trimester, endorsing the hypothesis 
(Yan et al., 2016). Genetic variation in maternal VDR FokI gene also 
consequently increases the risk of miscarriage (Hou et al., 2016).

Considering the part of vitamin D in regulating auto-  and cellular 
immunity abnormalities, it is assumed that it may lower the chances 
of frequent pregnancy loss. Lower concentration of serum vitamin 
D in initial pregnancy signifies the risk of abortion (Jani et al., 2020). 
A cohort study, performed on women with spontaneous abortion 
rates, specified that low vitamin D has a potent effect in recurrent 
pregnancy loss. Results of pregnancy retention in more than half 
of the participating women indicated that vitamin D alone acted as 
an independent factor (Ji et al., 2019). A cross- sectional study con-
cluded that severe deficiency of vitamin D has damaging effects 
during early embryonic stages and can lead to loss of pregnancy 
(Wang et al., 2018). Thus, it is recommended to modulate vitamin D 
intake to avoid spontaneous pregnancy loss.

4.6  |  Postpartum depression

Postpartum depression (PPD), an acute mental condition, occurs 
after child delivery characterized by behavioral and emotional dis-
turbance. There are several pathways that contribute to functions 
of vitamin D in depression pathogenesis. First, vitamin D plays a 
key role as a neurosteroid hormone regulating healthy nervous 
homeostasis and growth, providing protection and neuroplasticity 
(Berridge, 2017). Moreover, vitamin D also serves as an antioxidant 
by maintaining glutathione level in the brain. It influences the produc-
tion of mood- directing hormones, dopamine and norepinephrine, in 
the brain (Ali et al., 2018). In addition, it was also found that vitamin 
D regulates calcium ions in nerve cells that control the development 
of depressive symptoms. Thus, decreased vitamin D concentration 
increases neural calcium, leading to depression (Abedi et al., 2018). 
Furthermore, vitamin D receptors are located in the hippocampus 
and cingulate cortex of brain, which are involved in processing, 
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memory storage, and planning (Wang et al., 2018). Endocrine Society 
recommends supplementation of vitamin D (2000 IU) during gesta-
tional and lactation period to meet elevated demands that may avoid 
the symptoms of PPD. Hence, vitamin D may play an important role 
in maintaining overall cognitive functions.

5  |  MATERNAL VITAMIN D DEFICIENCY 
AND ITS EFFEC TS ON FETAL HE ALTH

5.1  |  Reduced weight at birth

Underweight neonates (newborn child) are infants short for ges-
tational age when they are small in size as compared to normal in-
fants of the same age, specified by weight < 10th percentile for the 
equivalent gestational age. Low birth weight can subsequently lead 
to other comorbidities and disease outcomes in infancy and adult 
life including short stature, impaired neurocognitive development, 
poor academic performance, likelihood of cardiovascular disease 
(CVD), renal diseases, and diabetes (Chen et al., 2017). Vitamin D 
as a regulator of calcium balance and parathyroid hormone in the 
body can significantly impact fetal growth. Vitamin D can improve 
fetal outcomes in terms of birth weight, which is proved by some 
studies; meanwhile, some studies also gave opposite results (Ibrahim 
et al., 2019).

Scientific reports have found that increased concentration 
of vitamin D in maternal blood serum decreases the risk of short 
gestational age babies (SGA) and increases the normal birth weight 
bearing (Roth et al., 2017). According to Kalok et al. (2020), 25(OH)
D concentration is directly correlated with baby weight at birth and 
gestational age. The risk of SGA is not influenced by the concen-
tration of vitamin D at 15th week of gestation (Boyle et al., 2016). 
Moreover, any polymorphism in VDR gene produces outcomes 
related to birth weight and gestational age (Pereira et al., 2019). 
According to Kim et al. (2019), 78.6% of the preterm babies included 
in their study were vitamin D deficient.

Most of the evidences suggest a direct relation of insufficient 
vitamin D on prevailing risk of low birth weight and SGA babies. 
However, there is still need for adequate randomized clinical trials 
to determine the underlying pathogenesis and the effect of calcitriol 
supplementation on fetal outcomes.

5.2  |  Asthma, COVID, and other 
respiratory infections

Asthma is an inflammatory disease associated with airway hyperre-
sponsiveness followed by symptoms like dyspnea, cough, wheezing, 
and chest congestion (Jensen et al., 2019). Obesity, environmental 
pollutants, allergens, tobacco use, infections, and many other fac-
tors like elevated IgE antibodies, mast cell deregulation, hypereosin-
ophilia, imbalance of immunological factors, and growth factors may 
contribute to pathogenesis of asthma (Jartti et al., 2020).

A study revealed a remarkable change in proinflammatory cy-
tokines (IL- 6 & 8, IFN- γ, and IL- 1β) in response to stimuli, and an 
increased protein expression of genes TLR2, TLR9, and IL- 17 after 
acquired immunity stimulation, when mothers were supplemented 
with 4400 IU calcitriol, thus giving aid in dealing with asthma and 
related infections (Hornsby et al., 2018). A possible explanation for 
this effect is that vitamin D has a potential effect on fetal pulmode-
velopment by regulating mesenchymal and epithelial cells of alveoli. 
Secondly, VDR are also expressed in the type 2 alveolar cells, which 
are responsible for surfactant mucus secretion responding to vita-
min D stimuli (Kim et al., 2019).

Most of the respiratory tract infections are viral, e.g., influenza, 
coronavirus, and respiratory syncytial virus (RSV), where infections 
in lower tract are usually preceded by upper tract infections (Jartti 
et al., 2020). Vitamin D, owing to its immunological response as an 
antiviral candidate, helps in reducing morbidity rate of respiratory in-
fections among the population (Morris et al., 2016). It is predicted to 
be beneficial for mothers and newborns during COVID- 19 pandemic 
to boost the body immunity against infectious diseases (Mirzadeh & 
Khedmat, 2020).

In an animal trial, it was suggested that maternal vitamin D defi-
ciency can lead to malformation of lungs, hyperreactivity of airways, 
and impaired lung mechanics in infancy, inferring that disrupted 
prenatal vitamin D signaling elevates respiratory dysfunction in late 
childhood (Mandell et al., 2020). Kim et al. (2019) also indicated the 
association of vitamin D deficiency at birth with respiratory infec-
tions, but could not explain the mechanism. A meta- analysis compil-
ing 10 observational studies, including 23,030 mother– child pairs, 
suggested that an increase in vitamin D intake during gestational pe-
riod can have a defensive role for asthma and wheezing in children 
(Shi et al., 2021).

However, a follow- up comparative study of 6 years' trial deter-
mined asthma risk in children born to vitamin D sufficient and in-
sufficient mothers, and found that vitamin D solely cannot control 
these respiratory complications (Yadama et al., 2020). Taking into 
account all these evidences, it can be suggested that optimal vitamin 
D requirements should be fulfilled to potentially prevent respiratory 
tract infections.

5.3  |  Physical measurements and bone growth

An optimal supply of energy and essential nutrients is necessary for 
appropriate intrauterine fetal growth and development. The role of 
vitamin D in maintaining calcium concentration in the body is consid-
ered essential for regularized musculoskeletal growth; it is hypoth-
esized that concentration of maternal vitamin D level can control 
neonates' bone development, length, and density. A prospective co-
hort study conducted by Sarma et al. (2018) concluded that healthy 
skeletal development of fetus is significantly altered by vitamin D 
insufficiency. An RCT with a double- blinding technique proved a 
positive impact of high- dose maternal vitamin D supplementation 
on ameliorated mineralization of bones as compared to standardized 
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dosage (Brustad et al., 2020). Brustad et al. (2020) also reported 
an improved head bone mineral content and density, tracked up to 
6 years, but vitamin D supplementation did not affect the head cir-
cumference in his study. Length of femur bone and infant length at 
birth are also affected and these lengths might be shorter in neo-
nates born to vitamin D- deficient mothers, thus depicting a signifi-
cant relation (Sarma et al., 2018).

Laird et al. (2017) investigated maternal vitamin D concentration 
and its effect on neonate anthropometrics (head circumference and 
birth weight) and neurocognitive developmental consequences in 
children of about 5 years of age. For the purpose, serum 25(OH)D 
concentration was determined from blood samples at the time of 
delivery. Average gestational period was 39 weeks and none of the 
mother was vitamin D deficient. Various linear regression models 
weighed the association between maternal vitamin D concentration, 
neonate anthropometrics and neurocognitive development. The re-
sults showed insignificant effect of maternal vitamin D on children’s 
neurological and anthropometric development i.e., higher concen-
tration of vitamin D do not have a preventive role.

Neonates vitamin D status at birth can actuate anthropomet-
ric indices and can also result in diabetes type 2 and obesity (Keller 
et al., 2018). Contrasting results were also found as shown in a co-
hort study of gravid women from diverse ethnic groups with hy-
povitaminosis D. It presented an insignificant influence on infant's 
physical measurements (Eggemoen et al., 2017). A study conducted 
at the genetic level by using SNPs claimed no significant interrelation 
between vitamin D- associated genes polymorphism and neonates 
anthropometric indices, except for head circumference (HC), where 
vitamin D- deficient mothers (carrying more altered genes) gave birth 
to babies with HC < 35 cm (Aji et al., 2020). Contrary to these find-
ings, Casey et al. (2018) deduced that high maternal and neonatal 
vitamin D can cause detrimental outcomes in growth. Infants’ moth-
ers with vitamin D > 125 nmol/L were thin, shorter, light in weight, 
and had smaller head circumference as compared to normal, at 6 and 
at 12 months of age. Overall, it may be said that there are inconsis-
tent rulings for maternal vitamin D status that may affect neonatal 
anthropometrics, hence further verification through stringent trials 
is required.

5.4  |  Autism and neurodevelopment

Autism spectrum disorder is a heterogeneous disease, with an en-
larged brain due to abnormal growth and differentiation of nerve 
cells, causing symptoms of impaired communication, hyperactivity 
in response to sensory stimuli, and repeated movements (Principi 
& Esposito, 2020). It also involves altered cytokine concentra-
tion in serum, elevated by oxidative stress of disease. Vitamin D, 
an immunomodulator, augments dendritic lymphocytes and anti- 
inflammatory cytokine proteins (IL- 10); its neurodefensive activity 
is provided by increasing the release of neurotropins (Cannell, 2017; 
Lisi et al., 2020). In addition, vitamin D can modulate cell mitosis via 
cyclin- dependent kinase inhibitors and cyclin D1 (Ali et al., 2018). 

Calcitriol (supplemental vitamin D3) exacerbates genetic repair 
process, increases glutathione (a chief antioxidant), shields mito-
chondria of neurons, and upregulates T- regulatory cells. Autism 
symptoms are also modulated by vitamin D through genetic media-
tion of enzymes by limiting the rate of serotonin release, increasing 
central tryptophan hydroxylase TPH2, and decreasing peripheral 
TPH1 (Cannell, 2017).

Vitamin D association with brain development can be predicted 
by the findings that enzymes metabolizing vitamin D, CYP27B1 
and CYP24A1, are localized in brain cells like the cortex region 
and Purkinje cells, indicating the independent role of vitamin D in 
brain. Moreover, VDR and an important binding receptor protein, 
i.e., 1,25D3- MARRS, are detected in fetal and adult brain (Ali & 
Nanji, 2017). Further studies have highlighted an eminent role of 
vitamin D in nerve cell differentiation and apoptosis, dopamine pro-
duction, axonal integration, immunological regulation, and genetic 
transcription (Lisi et al., 2020).

Recently, extensive scientific literature has been published de-
termining the role of vitamin D in brain development. According to 
Vinkhuyzen et al. (2018) and Lee et al. (2021), maternal serum con-
centration of vitamin D has effects on neurological development, 
and its deficiency can increase the risk of neurological disorders.

A meta- analysis including 25 studies indicated the influence of 
maternal and fetal vitamin D on neurodevelopment supporting sig-
nificant evidence in favor of vitamin D's role in autism- associated 
symptoms and attention deficit and hyperactivity disorder (ADHD). 
Sucksdorff et al. (2021) also demonstrated an increased risk of at-
tention deficit and hyperactivity disorder (ADHD) in infants born 
to vitamin D- deficient mothers. Ability to perceive movements 
and responsiveness was not significantly affected by mother's cir-
culating 25(OH)D, but the study showed noteworthy outcomes on 
infants' attentiveness and executive operation (Brouwer- Brolsma 
et al., 2018). There are also a few researches supporting its defen-
sive role in language and behavior developing skills (Lisi et al., 2020). 
According to López- Vicente et al. (2019), an insignificant association 
was found among children of 5– 18 age group, when maternal serum 
concentration of calcitriol was measured and its effects on autism 
symptoms, behavioral responses, and ADHD were determined. In 
a most recent systematic review including 32 studies, 12 mother– 
infant observational studies showed positive association while 15 
showed no correlation of maternal vitamin D on neonates' neuro-
logical development and behavioral responses (Mutua et al., 2020).

5.5  |  Adipogenesis

Poor maternal diet can lead to obesity and metabolic problems in 
neonates, triggered by hormonal imbalance during catch- up growth 
and long- term mild inflammation of white adipose tissues (WAT). 
Obesity, excessive adipogenesis, is a disorder that arises either by 
the development of new fat cells (adipocytes) or the increase in size/
accumulation of fat in already present adipocytes, accompanied by 
the release of signaling inflammatory proteins, cytokines (Mehmood 
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& Papandreou, 2016). The increase in the number of fat cells largely 
occurs during the fetal growth and early infancy period, leading 
to adverse health outcomes of obesity (Santamaria et al., 2018).
Vitamin D and its receptor (VDR) have been found to influence adi-
pocyte procreation, as VDR are present abundantly on adipocyte 
cells (Wen et al., 2018). Underlying pathways and potential role of 
vitamin D- mediated signaling are still uncertain, demanding animal 
and human trials to testify the interrelation. Various findings showed 
both positive and negative effects of vitamin D on adipogenesis 
(Vickers, 2014).

Neonatal vitamin D concentration also contributes toward the 
adipocyte cell development of infant body and has inverse rela-
tionship: greater the concentration, lower will be the adipogenesis 
(Horan et al., 2017). At genetic level, maternal vitamin D insuffi-
ciency is found to foster genetic mutation in nonobese neonates, 
and can alter the genes associated with adipose tissue develop-
ment (Belenchia et al., 2018). Moreover, the deficiency of this vi-
tamin may improve differential augmentation of preadipocytes, 
which can induce methylation in genes, causing obesity in offspring 
(Wen et al., 2018). According to an animal study by Schutkowski 
et al. (2018), vitamin D has not advocated a significant impact in 
fetal adipogenesis. A cohort study conducted by Larsen et al. (2020) 
found an opposing result tracked up to 3 years of child birth, but un-
convincing relation between maternal or cord blood vitamin D and 
obesity in children was found.

Wen et al. (2018) conducted an animal study that identified the 
elevated preadipocytes production and differentiation in vitamin D- 
deficient rats, which might be due to methylation of genes, and in 
the end leading toward obesity. Most recently, an animal study was 
conducted to determine the relation of maternal hypovitaminosis D 
with obesity and significant changes were observed in vitamin D- 
deficient mice. It led to an increase in adipocytes, altered fat and 
carbohydrate metabolism, elevated pro- inflammatory cytokines, 
and decreased anti- inflammatory cytokines along with decreased 
level of IL- 10, IL- 4, and raised INF- β/ TNF- α levels, hence, reveal-
ing the influence of vitamin D deficiency on obesity development 
(Li et al., 2021).

Further investigations and human clinical trials are still required 
to establish the firm grounds for understanding underlying mecha-
nisms that may assist in developing strategies to combat maternal 
and fetal health implications.

6  |  CONCLUSIONS

Hypovitaminosis D has become a general public health problem, es-
pecially for women of reproductive age, children, and older adults 
as they are more vulnerable. Vitamin D deficiency is also likely to 
be prevalent due to different sun exposure, altitude, and ethnicity, 
so greater attention should be given to meet the bodily require-
ment of vitamin D. It has a potential importance, evident from many 
researches, in maintaining mother– fetal health during antenatal 

and postnatal period, limiting detrimental outcomes. Vitamin D has 
foreground immunomodulatory, skeletal and calcium regulatory, 
and anti- inflammatory effect on the body due to which not only can 
it expedite the prognosis of gestational diabetes, pre- eclampsia, re-
current abortion rate, and postpartum depression in the mother but 
it can also clearly direct the respiratory tract infections, fetal weight 
at birth, adipogenesis, and neurological development in neonates. 
It can be postulated that vitamin D- rich foods and supplementa-
tion can control the symptoms of coronavirus infection in general 
population, including gravid mothers and infants. Further studies 
should be conducted in this facet. The underlying mechanisms 
are not well understood, and still more clear insights into vitamin 
D etiology are to be discovered. Scientific field should welcome 
further researches, clinical trials with placebo double- blinding, ge-
netic analysis, and more detailed investigations to scrutinize hidden 
mechanisms for devising strategies to overcome maternal and fetal 
health implications.
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