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INTRODUCTION: Vitamin D is a lipid-soluble
vitamin that plays an important role in maintaining
calcium and phosphorus homeostasis and
promoting bone metabolism. In recent years, the
role of vitamin D in the maintenance of
extracellular health has drawn much attention. In
terms of metabolism, during pregnancy, there is a
good deal of research and controversy regarding
the effects of vitamin D levels during pregnancy on
foetal well-being and neonates * Recent
evidences indicate a role of maternal diet during
pregnancy on different birth outcomes such as
length of gestation and fetal growth. An adequate
intake of micronutrients in mothers, especially
during pregnancy and lactation, is very important °.
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Calcium and vitamin D is an essential nutrient and
improves metabolic function, bone health and
neuromuscular function “. It sustains normal values
of calcium and phosphorus in the systemic
circulation. If the exogenous calcium sources are
insufficient, vitamin D together with the
parathyroid hormone (PTH) will direct part of the
bone calcium towards the general circulation in
order to have balanced serum calcium values.

Serum 25(OH)D concentrations are often used as
an indicator of vitamin D status, although 25(OH)D
IS present in serum in nanogram amounts and
1,25(0H), D is present in pictogram amounts, long-
term Vitamin D deficiency can result in increased
PTH concentrations and decreased serum
1,25(0OH),D concentrations, leading to
osteomalacia ®. Few randomized nutritional vitamin
D interventions have been conducted during
pregnancy and the importance of maternal vitamin
D intake is best illustrated in observational studies
of women with poor vitamin D status.
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Although India is a tropical country with abundant
sunshine; still Vitamin D deficiency is very
common in India in all age groups and both sexes
across the country °. Our aim is to provide a
comprehensive picture of Vitamin D status among
pregnant women °.

Vitamin D Levels in Pregnancy: Mother is the
sole source of vitamin D for her developing fetus
during pregnancy than any time of the life cycle.
Intestinal calcium absorption is only increased
during the 3rd trimester ’. Fetal calcium levels are
higher than maternal throughout gestation. During
the active pregnancy, vitamin D intake values tend
to decrease from their optimal requirements for the
body for several reasons such as body fat stores
much of the vitamin D made in the skin it's less
available to the body. This phenomenon may result
in either vitamin D insufficiency or deficiency in
the body, which in turn may affect the mother
directly and later the offspring. There are specific
risk factors that have the main influence to
predispose vitamin D deficiency among pregnant
women. The fetal skeleton begins to calcify in the
last trimester, thereby increasing maternal demand
for calcium.

This demand is met by increased production of
1,25(OH)2 D by the mother’s kidneys and
increased circulation of vitamin D through placenta
to fetus. Circulating concentrations of 1, 25(0OH),
D gradually increase during the 1st and 2nd
trimesters, owing to an increase in Vitamin D-
binding protein concentrations in the maternal
circulation. However, it is the free levels of 1,
25(0OH) 2 D, which are responsible for enhancing
transport of calcium across the placenta 8. Fetal
Vitamin D concentrations are up to 20% lower than
maternal as measured in cord blood. In full-term
infants, impaired fetal bone ossification is
correlated with maternal Vitamin D deficiency
Maternal Vitamin D deficiency is associated with
subtle fetal bone abnormalities like shorter knee-
heel length, low birth weight and high risk of being
small for gestational age ®.

Calcium Levels in Pregnancy: Calcium levels in
blood affect many extracellular and intracellular
processes. These include neural transmission,
membrane  stability, bone structure, blood
coagulation, muscle movement and intracellular
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signalling. It is also an important cofactor for
hormonal secretion in endocrine organs. There is an
increasing evidence of lower than the
recommended dietary allowance (RDA) of calcium
intake in Indian population °. Inadequate dietary
intake of calcium may lead to decrease in serum
calcium level. Serum calcium level in human body
is not only regulated by dietary calcium intake, but
it is also influenced by many other factors like level
of parathyroid hormones, vitamin D and exposure
to sunlight *°. During pregnancy, the absorption of
calcium from the intestine is increased, correlating
directly with maternal calcium intake. Calcium is
actively transported to the fetus by the placenta. If
calcium intake during pregnancy is low, calcium
release from the maternal bones becomes prevalent
towards the end of the pregnancy this may lead to
low maternal bone mineral density (BMD), risk of
delayed bone maturation of the new born and
decreased BMD or teeth firmness of the off spring
in later life . Serum calcium level decreases
during second and third trimester of pregnancy,
primarily due to hemodilution 2. Calcium
requirement in non-pregnant state is 600 mg/day
\ghich increases to 1,200 mg/day during pregnancy

This increased amount of calcium is required for
the growth and development of bones and teeth of
fetus. This demand can be met by the increased
intake of calcium during pregnancy. Some
complications of pregnancy may be associated with
lower serum calcium level e.g. pre-eclampsia
during pregnancy, low birth weight, preterm
delivery and neonatal death **. Total serum calcium
decreases gradually throughout pregnancy. This is
associated with and parallels the drop in serum
albumin (to which 60% of the serum calcium is
attached) that results from expansion of the
extracellular fluid volume. When adjustments are
made for changes in serum albumin or protein
concentration, little or no change in the total serum
calcium level is apparent during pregnancy and
serum ionic calcium changes are minimal *°.

First Trimester (Week 1 to 12): during the first
trimester, the baby in utero develops from being a
fertilised ovum to a fetus of about 6cm in length at
12 weeks. By the end of the first trimester, the
developing fetus heart starts to beat. At the same
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time the brain, stomach and the intestine also
begins to develop at the end of first trimester *°.

Second Trimester (12 to 28 Weeks): Duringthe
second trimester, pregnancy grows more and
pregnant Women starts gaining weight gradually.
For many people, this is the best part of pregnancy
because the morning sickness and fatigue of their
first trimester fades away slowly. Often, any sort of
anxiety that was felt with the first trimester also
starts to diminish at this point. Pregnant women
start to feel fetus movements by the end of this
trimester and you might begin to settle into your
pregnancy and enjoy it more. Of course, it’s
important to remember that pregnancy is different
for everyone. Some people never experience
negative symptoms like morning sickness in their
first trimester. Others might continue to feel sick
well into their second trimester of pregnancy.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Women might also feel or develop a few new
symptoms of pregnancy during your second
trimester,

Including:

1. Anincreased inappetite.

2. An achy body.

3. Some swelling in your hands, feet and ankles.
4. Some stretch marks X7,

Third Trimester (29 to 40™ Week): At 32 weeks,
the bones become soft and almost fully formed, late
preterm births occur between 34 and 36 weeks 2.
Infants born at 39 or 40 weeks of pregnancy are
considered full term. These infants have better

health and outcomes than do infants born earlier or
later than this period.

m Media

FIRST TRIMESTERT

i Minimum

SECOND TRIMESTER

Maximum

THIRD TRIMESTER

FIG. 1: AVERAGE LEVEL OF SERUM VITAMIN D INDIFFERENT TRIMESTERS OF PREGNANCY [ng/mL]

Biochemical Changes During Pregnancy: Major
adaptations in maternal physiology and metabolism
are required for successful pregnancy outcome.
Hormonal changes initiated even before conception
significantly alter maternal biochemistry early in
pregnancy. Steroid hormones, peptide hormones,
and prostaglandins interact to expand blood and
plasma volume and modulate the maternal capacity
to sulgply energy and nutrients to the fetoplacental
unit =,

Renal Function: Early in first trimester renal
plasma flow and glomerular filtration rate each rise
by approximately 60% above preconception values,
resulting in a fall in serum creatinine, urea and
urate by 25%. Measures of renal function then
remain steady throughout pregnancy.
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In the third trimester renal plasma flow declines to
preconception values and serum creatinine trends
upwards towards pre-pregnancy levels . During
pregnancy the serum sodium is about 3-5 mmol/L
lower than normal because of an increase in
intravascular volume and the resetting of the
osmotic. Cardiac output and renal blood flow are
also increased.

This leads to an increased glomerular filtration rate
(GFR) with resultant decrease in concentrations of
serum urea, creatinine and uric acid *. The renal
tubular threshold is also lowered in pregnancy. This
results in an increased excretion of uric acid, amino
acids and glucose. Urinary testing for glycosuria
can therefore be misleading. Similarly, urinary
testing to assess metabolic changes should not be
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used during pregnancy and is best delayed well into
the post-partum period. The best practical uses of
urine testing during pregnancy are to diagnose
pregnancy itself, to detect asymptomatic bacteria
and to warn for imminent pre-eclampsia when
protein excretion rises % Despite activation of the
rennin-angiotensin-aldosterone system (RAAS) in
early pregnancy, a simultaneous relative resistance
to angiotensin Il develops, counter balancing the
vasoconstrictive effect and allowing profound
vasodilatation %.

This insensitivity to angiotensin 1l may be
explained by the effects of progesterone and
vascular endothelial growth factor mediated
prostacyclin production, as well as modifications in
the angiotensin | receptors during pregnancy 2.
The vascular refractoriness to angiotensin Il may
also be shared by other vasoconstrictors such as
adrenergic agonists and arginine vasopressin
(AVP) *. It is possible that in the second half of
pregnancy, the placental vasodilators are more
important in the maintenance of the vasodilator
state 2°,

Reduced Serum Osmolality: Another important
change to salt and water handling in pregnancy is
the re-setting of the osmotic balance. Osmolality
can decrease early in pregnancy, usually as early as
6 weeks and can reach its lowest point at 10 weeks
gestation %. The decrease in osmolality can be up
tol0mmol/kg and is because vasopressin is secreted
at lower osmolality than in non-pregnant women .

Liver Enzymes: All markers of liver functions are
generally reduced or are low during pregnancy due
to the expansion of extracellular fluid. Hence
pregnancy is associated with mild falls in serum
albumin, alanine aminotransferase, aspartate
aminotransferase ~ (AST), gamma-glut amyl
transferase (GGT) and total bilirubin are low
compared with the non-pregnant state .The only
exception is serum alkaline phosphatase (ALP)
which is elevated due to ALP of placental origin.
This may be related to lower intake of hepatotoxic
drugs and alcohol in pregnancy ?%. Pregnancy is
also associated with a fall in serum albumin beyond
what would be expected from the increase in
circulating volume, and despite a 50% increase in
albumin synthesis in the liver, it has been
hypothesized that there might be albumin
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catabolism to improve delivery of amino acids to
the fetus %°. Some authors have reported that lactate
dehydrogenase (LDH) may rise from in first
trimester, normal values in third trimester being up
to double values pre-pregnancy. Other authors
report no change in LDH. Levels of cholic acid and
deoxycholic acid are unchanged during
pregnancythough levels of chenodeoxycholic acid
increase significantly postpartum .

Levels of alkaline phosphatase (ALP) rise due to
production of the placental iso-enzyme, as well as a
significant increase in bone iso-enzyme in third
trimester. Prothrombin time falls progressively
from the second trimester such that values are
approximately 10-20% lower than preconception
values in the third trimester 3. This may be
important when considering abnormal hepatic
synthetic function with disorders such as amplified
fragment length polymorphism. Serum amylase
activity is similar in non-pregnant women and
pregnant women in all trimesters of pregnancy.
Serum lipase activity is significantly low in the first
trimester but not in the later trimesters compared
with non-pregnant women *,

Cardiac Changes during Pregnancy: The cardiac
output first increases by 20% till 8" week of
gestation, that further rises up to 40% and
maximum increase is observed at 20-28"™ week of
gestation. There is further increase in cardiac
output, stroke volume and heart rate. In the first
two trimesters, blood pressure is lower than normal
but it returns to normal in the third trimester. There
is an increased risk of pulmonary oedema, if there
is increased pulmonary capillary permeability
secondary to pre-eclampsia. The cardiovascular
changes are mediated by nitric oxide, estradiol and
prosta-glandins **.

Calcium Level during Pregnancy: Calcium
metabolism in pregnancy is a complex process
involving calcium, phosphorus, vitamin D,
parathyroid hormone (PTH) and calcitonin (CT).
Calcium absorption is enhanced in pregnancy and
increased storage in the maternal skeleton probably
occurs as well*.During pregnancy, serum total
calcium, phosphate and magnesium tend to be low
due to the expanded intravascular space.
Concentrations of calcium are also affected by the
reduced albumin concentration.
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However, results all remain within the reference
range. If there is any doubt regarding the calcium
result, measure the ionized calcium concentration
as it remains unchanged during normal pregnancy
despite changes in vascular volume and binding
proteins. The concentration of serum parathyroid
hormones tends to be 50% lower in pregnancy,
despite the increased urinary excretion of calcium
as a result of the increased GFR *. Although
primary hyperparathyroidism is rare, it remains the
commonest cause of hypercalcaemia during
pregnancy. However, differentiating it
biochemically  from  familial  hypocalciuria,
hypercalcaemia  (which has non-surgical
management) is difficult and evaluation at a
specialist endocrinology clinic is recommended.

In contrast, the serum total and ionized calcium
have been reported to fall during the last several
days of pregnancy in the rate. Maternal losses of
calcium to a litter of rapidly growing foetuses may
exceed the maternal capacity to maintain a normal
serum calcium level. Indeed, litter sizes correlated
with lower serum calcium in pregnant state. In the
pregnant women serum calcium falls in the last 1 to
2 weeks of gestation. Pregnant women have a mild
decrease in total serum calcium over the last 6
weeks of pregnancy, likely due to the fall in serum
albumin moreover, in one study, about 13% of
pregnant women were found to develop signs and
biochemical evidence of hypocalcaemia in the last
month of pregnancy. Therefore, data from various
study suggested that maternal blood calcium
regulation may be disrupted by fetal demands in
late pregnancy >°.

Correlation of Vitamin D3 with Pregnancy:
variation and significance of Vitamin D
metabolism  during  pregnancy and fetal
development as compared to non-pregnant and no
fetal development states, is a point that has been
known for at least the past three decades but which
has received little attention until recently . The
conversion of vitamin D to 25(OH)D appears
unchanged during pregnancy, following first- and
zero-order enzyme Kkinetics by contrast, the
conversion of 25(OH)D to 1,25(OH),D during
pregnancy is unique and unparalleled during life.
At no other time during life is 25(OH)D so closely
linked with 1,25(0OH),D. By 12 weeks of gestation,
1,25(0OH),D levels are more than twice that of a
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non-pregnant adult and continue to rise two- to
three fold from the non-pregnant baseline rising to
over 700 pmol/l, attaining levels that would be
toxic due to hypercalcaemia to the non-pregnant
individual, but which are essential during
pregnancy . Recent evidences suggest that
vitamin D deficiency is common during pregnancy
especially among high-risk groups, including
vegetarians, women with limited sun exposure
(e.g., those who live in cold climates, reside in
northern latitudes, or wear sun and winter
protective clothing) and ethnic minorities,
especially those with darker skin ** “°. New-born
vitamin D levels are largely dependent on maternal
vitamin D status.

Consequently, infants of mothers with or at high
risk of vitamin D deficiency are also at risk of
vitamin D deficiency. In 2010, the Food and
Nutrition Board at the Institute of Medicine of the
National Academies established that an adequate
intake of vitamin D during pregnancy and lactation

was 600 international units per day*. Most
prenatal  vitamins  typically  contain 400
international units of vitamin D per tablet.
Summarizing recent observational and

interventional studies, the authors of a recent
clinical report from the Committee on Nutrition of
the American Academy of Paediatrics suggested
that a daily intake higher than that recommended
by the Food and Nutrition Board may be needed to
maintain maternal Vitamin D sufficiency 2.

Although data on the safety of higher doses are
lacking, most experts agree that supplemental
vitamin D is safe in dosages up to 4,000
international units per day during pregnancy or
lactation **. They recommends an intake of 600 UL
of vitamin D to pregnant women with the goal to
achieve in serum more than 50 nmol/L (20 ng/mL)
25(OH)D considered by them as a sufficient level
*3. However, the US Endocrine Society suggests
that at least 1,500-2,000 IU/of vitamin D may be
needed to maintain blood levels of 25(OH)D above
75 nmol/L (30 mg/dL) and that should be
considered the sufficient level for pregnant women
. Nevertheless, both societies agree to consider the
upper limit of intake as 4,000 1U/day **. Since
evidence is lacking regarding appropriate cut-off
points to define vitamin D status during pregnancy,
levels used to establish intake recommendations
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and vitamin D content of prenatal vitamin
supplements are quite conservative. For pregnant
women thought to be at increased risk of vitamin D
deficiency, maternal serum 25-OH-D levels can be
considered and should be interpreted in the context
of the individual clinical circumstance. When
vitamin D deficiency is identified during
pregnancy, most experts agree that 1,000-2,000
international units per day of vitamin D is safe.
Higher dose regimens used for the treatment of
vitamin D deficiency have not been studied during
pregnancy. Recommendations concerning routine
vitamin D supplementation during pregnancy
beyond that contained in a prenatal vitamin should
await the completion of on-going randomized
clinical trials. At this time, there is insufficient
evidence to recommend vitamin D supplementation
Ig)r the prevention of preterm birth or preeclampsia

The circulating level of 25(OH)D during pregnancy
is adequate to improve foetal development and
prevent maternal complications. In fact, maternal
and foetal health endpoint might even differ in the
appropriate time for supplementation during
pregnancy and required dose. Future studies should
establish the exact 25(OH)D level that can be
deemed sufficient for improved maternal and
perinatal health owing to the lack of consensus in
the literature. Adequate nutritional vitamin D status
during pregnancy is important for fetal skeletal
development, to the enamel formation, and perhaps
general fetal growth and development. There also is
mounting evidence to suggest that vitamin D
deficiency impacts on the immune function, not
only of the mother .

Future Perspective: We envision that over the
next decade, the concept that vitamin D is actually
a pre-prohormone and a potent mediator of the
immune system will move from the perspective of
heresy to one that is well-established. Such a
paradigm shift will occur because of the mounting
evidence that is being amassed to prove this point.
What we know now is but a fraction of what we
will learn in the decades to come. With improved
understanding of vitamin D mechanisms of action
come effective interventions. When any precursor
to a hormone is restored and health characteristics
improve, the overall disease burden diminishes. As
such, there are several groups who will directly
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benefit from this paradigm shift women, most
notable Asian, African-American and Hispanic
women and their developing fetuses and lactating
women and their recipient infants. This is what we
expect will happen. Only the test of time may prove
our hypothesis correct ¥,

CONCLUSION: The results of this study showed
that the mean vitamin D concentration in pregnant
women and their neonates is low and there is a
direct relationship between the levels of maternal
vitamin D at delivery and neonatal cord blood
vitamin D.

The present study highlights the need for a national
guideline on vitamin D supplementation and
treatment in pregnancy to reduce the risk of health
problems in infancy. Maternal vitamin D reserves
are dependent and vitamin D supplementation
during pregnancy, that are likely to provide
beneficial outcomes. However, recommendations
regarding the intake of vitamin D supplementations
need to be drawn.
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