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Abstract

Objective: To assess and correlate changes in vitamin D levels in three trimesters of pregnancy.

Material and methods: This longitudinal study was conducted in collaboration with the Gynecology & Obstetric and Pathology
department of Fauji foundation hospital, Rawalpindi. Eighty pregnant females were included in the study and tested for vitamin D at three
points of time i.e. first trimester gestational age: (7-13 weeks), second trimester (20-26weeks), and third trimester (33 weeks till term).
Pregnant females at their first visit and healthy nonpregnant females (controls) were analyzed for vitamin D, vitamin B12, folate, ferritin,
and Hemoglobin (Hb) levels and compared using the Mann- Whitney U test for vitamin D and independent sample t-test for other
parameters. Vitamin D and Hemoglobin (Hb) testing was done during the first, second, and third trimesters among pregnant females and
compared between three groups using the Kruskal Wallis test and paired t-test respectively.

Results: Mean age of the pregnant females was 35 years. Mean vitamin D levels showed a significant decline from 30.7 ng/ml vs 19.5
ng/ml vs 18.6 ng/ml for the first, second, and third trimesters respectively (p-value<0.05). The frequency of vitamin D deficiency was
15.1% for pregnant females at their first visit which progressed to 20% and 25% in the second and third trimesters respectively.
Conclusion: Increased vitamin D deficiency and insufficiency rates exist in pregnant females, which progresses to further decline in the
ensuing trimesters.
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) Optimal levels of vitamin D are still an ongoing
1. Introduction debate, according to endocrine society guidelines the

Maternal and child health care programs advocate ~ Cutoff <20 ng/ml (50 nmol/L) is used for labelling
that only healthy mothers produce healthy babies. The deficiency, for insufficiency levels are between 20-29
provision of a healthy in-utero environment cannotbe ~ Ng/ml. © Similarly unanimous consensus on optimal
fulfilled by nutritionally deficient mothers. Amongst ~ Serum level during pregnancy has not been developed.
the macro and micronutrients required in pregnancy: Vitamin D status of non-pregnant females has been
iron, vitamin D and By are of prime importance. © thoroughly investigated among different age groups
Vitamin D (cholecalciferol) is essentially a hormone. - However, Changes in vitamin D status in pregnant
Vitamin D facilitates intestinal calcium absorptionand ~ females are still under investigation ©.
thus maintenance of adequate calcium levels required ~ Studies on both Asian and Western pregnant women
for bone mineralization, skeletal development, and ~ have reported an increased frequency of vitamin D
growth_(z) It also p|ays a key role in other metabolic dEfiCiency and inSUfﬁCiency. ACCOI’ding to Bhowmik
processes including glucose metabolism, regulation of €t @l. Prevalence of hypovitaminosis D was 48.7% in
immune responses, and growth. Calcidiol form which first trimester females taking deficiency threshold as
is the major circulating form is measured because of ~ <50ng/ml. As per F Ahmad et al., the prevalence of
its longer half-life and ease of analysis. Vitamin D Vitamin D deficiency was 17.3% and insufficiency
levels are affected by myriad factors varying from  Was 47% when taking <30ng/ml as the threshold ©.
dietary intake, skin pigmentation, and the actice of Pakistan experiences sunshine all year round however
skin covering to acute infections and inflammation. ~ Pakistani women are particularly prone to develop
®® Vitamin D deficiency triggers the release of vitamin D deficiency because of dark skin and the
Parathyroid hormone (PTH). This causes the religious practice of covering the body when going out
mobilization of calcium from bones and in turn bone ~ Of the home ©9. Furthermore, the diet of young
mineral density  is  reduced. Long-term females is lacking in vitamin D-rich food due to non-
hypovitaminosis D causes osteomalacia, osteoporosis, ~ affordability in the lower class and junk food
and an increased tendency of fractures. preference in the higher class Y. One of the most

vulnerable groups is pregnant women. The deficiency
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begins slowly in the early reproductive years it is
aggravated in pregnancy which is a period of
enhanced vitamin D requirement and then the climax
is unveiled in the menopausal years with accelerated
osteoporosis and increased tendency of fractures®?,
Vitamin D deficiency is associated with reduced bone
mineral  density post-delivery  which  further
progresses to bone complications later in life @, Thus,
hypovitaminosis D can be regarded as a slow ticking
time bomb working silently to a devastating end.
According to Raia et al vitamin D deficiency was
associated with intrauterine growth retardation and
increased risk of stillbirth Similarly significant
neonatal adverse outcomes include rickets, increased
incidence of respiratory infections and even
behavioural issues. - @ Considering the huge
implications of vitamin D deficiency in pregnant
females, this dynamic process can be stopped with
early intervention in the form of vitamin D
supplements in pregnancy. A safe dose of 1200-1500
IU supplementation can be done during pregnancy
according to endocrine society guidelines @9,

Fauji foundation hospital caters to low-middle-class
families of ex-soldiers as its entitled patients. The
average daily intake of vitamin D in these women is
suboptimal. They do not have access to vitamin D-
fortified foods and most of them are fully clad
according to the Islamic cultural norms with minimal
sun exposure. Moreover, to cover the increased
nutritional requirements of pregnancy, only ferritin,
folate and calcium-based supplements not containing
vitamin D were prescribed. Keeping this background
in mind we undertook this study to evaluate if these
supplements are meeting the nutritional requirements
of pregnant females and how are they affecting
vitamin D levels.

We sought to correlate changes in vitamin D levels
with pregnancy trimesters and determine the
frequency of vitamin D deficiency and insufficiency
in pregnant females at different stages of pregnancy.

2. Materials & Methods

This was a longitudinal study between May 2022 till
August 2022, carried out after approval from the
institutional review board at Fauji Foundation Hospital
Rawalpindi. Pregnant females visiting the Gynaecology
and obstetric OPD were included after written informed
consent. A sample size of eighty was calculated using
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Rao soft calculator keeping the confidence interval at 95.
Both primi and multigravida were included. These
females were tested at three points based on their
gestational age. Pregnant females had their first blood
sample taken between 7-13 weeks on their booking visit.
The second sample was taken at 20-26 weeks when they
reported for the oral glucose tolerance test or anomaly
scan. The third sample was taken at 33-39 weeks of
gestational age. Exclusion criteria included non-
pregnant females and pregnant females with systemic or
autoimmune ailments. Baselines demographic data
including age, parity, educational status, dietary intake,
and use of multivitamins was recorded on a structured
proforma. A 7 ml venous blood sample was drawn from
the antecubital vein for pathology lab tests. From the
syringe 2 ml was transferred to the EDTA tube for Blood
complete picture analysis while the rest 5ml was taken
in the clot activator tube. After centrifugation at 1500
rom for 10 min, serum was separated for special
chemistry immunoassay tests: serum vitamin D, By,
folate, and ferritin. The serum was stored in aliquots and
kept at -80 C till batch analysis. Blood CP sample was
taken in an EDTA tube and run on a fully-automated
haematology analyzer Sysmex XN-1000. Vitamin D,
B1,, folate and ferritin were assayed on a special
chemistry  chemiluminescence-based immunoassay
analyser Advia Centaur after ensuring quality control. A
cutoff of less than <20ngml was chosen for vitamin D
deficiency and insufficiency was considered as levels
between 20-29 ng/ml. Adequate or optimal levels were
greater than or equal to 30ng/ml ©,

All the demographic data and lab test results were
entered into SPSS and analyzed using SPSS version 25.
Mean SD were determined for quantitative variables
whereas frequencies and percentages were calculated for
qualitative variables. Since vitamin D was found to have
a non-normal distribution as determined by the
Kolmogrov-Smirnov test, non-parametric statistics were
applied to it. Means of test results were compared using
the Mann-Whitney U test for vitamin D and an
independent t-test for other parameters between first-
trimester pregnant females and controls. Kruskal Wallis
test was used for the comparison of means of vitamin D
results between the three trimesters of pregnant females.

3. Results

A total of 102 pregnant females were included in the
study however 22 were lost to follow-up and did not
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report for the second or third-trimester vitamin D
sample. Eighty pregnant females participated in the
study. The age range was between 22 and 41 years.

The mean age of pregnant females was 35 years. Mean
Hb, platelets, vitamin D, B12, folate, ferritin and
fasting glucose were 10.50 £1.29 g, 279 + 83.3mm?,
23.147.7 ng/ml, 225.01+98.8 ng/ml, 8.4+ 6.1 ng/ml,
20.2+£41.8 ng/ml and 4.4+0.5 mmol respectively (Table
1). In the non-pregnant control group, significantly,
higher levels were observed for values of Hb, vitamin
D and B12, ferritin and folate (p-value<0.05) (Table-1).

Table-1 Demographic and baseline laboratory
parameters of the study population.

Parameters Patients
n=80
Hbg 10.58+1.29
Platelets mm3 279.8+85.4
Vitamin D ng/ml 23.1+7.57
Vitamin B12 ng/ml 225.9+73.08
Folate ng/mi 8.0846.12
Ferritin ng/ml 20.2+£12.67
Fasting Glucose mmol 4.45+0.50

In the first-trimester vitamin D level observed at 7-13
weeks of gestation was 30.7 ng/ml. The levels ranged
between 15.9- 49.4 ng/ml respectively. The frequency
of vitamin D deficiency was 15.2 per cent;
insufficiency was 40.7 per cent and 44.1 per cent had
sufficient vitamin D levels. For the second trimester
(20-26 weeks of gestation) the vitamin D level was
20.2+ ng/ml. The levels ranged between 8-32 ng/ml
respectively. The frequency of vitamin D deficiency
was 20 per cent. In the last trimester, the minimum
value of 16 ng/ml whereas a maximum of 28 ng/ml was
observed. The Vitamin D level was 18.6+2.4 and the
frequency of vitamin D deficiency increased to 25 per
cent (Figurel).
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Figure-1 Distribution of vitamin D among three groups
of pregnant females

Vitamin D levels among the first vs. second trimesters
(30.745vs 19.7+5) and second vs. third trimesters
(30.745 vs 18.2+3) were compared with each other by
applying the Wilcoxon Signed-Rank test. Vitamin D
was found to be significantly lower in the second and
third trimesters compared to the first p-value
<0.001(Table 2). Haemoglobin and hematocrit were
compared in a similar fashion using paired t-tests and
showed a significant decline in second and third
trimesters p-value <0.001(Table 2). According to
Kruskal Walli’s test results, a significant difference was
observed between the means of vitamin D for first,
second and third-trimester pregnant females. 30.7
ng/ml vs 19.5 ng/ml vs 18.6 ng/ml p-value<0.05.
(Table 3). The Wilcoxon-Signed Rank test was used to
compare vitamin D levels between two trimesters.
Paired t-test was applied to compare haemoglobin
levels between two trimesters of pregnant females. The
Kruskal-Wallis test was used for the comparison of
vitamin D across three trimesters. One-way ANOVA
was applied to compare haemoglobin between three
trimesters of pregnant females.

5. Discussion

The present study shows more than half of the
subjects(pregnant females) in the first trimester were
either vitamin D deficient or insufficient and this
deficiency increased with the growing weeks of
pregnancy. These results are in line with the results from
previous studies on the Pakistani population which show
an even higher frequency of deficiency in first-trimester
females . Mustafa et al. found 44.8% of first-trimester
females deficient while taking 20ng/mL as the cutoff 8,
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Pakistan, India, and Bangladesh are regarded as hotspots
of vitamin D deficiency with >20 per cent deficiency
status among pregnant women. ¥ International Studies
in Asia and beyond have reported similar data regarding
vitamin D deficiency 9.

Table-2 Comparison of Vitamin D and Hemoglobin
among different groups of pregnant females.

Para | First Second | Secon | Thir | Third
mete | trimeste | trimester | d vs d VS
rs r levels first trim | first
levels ester
Levels
level
p- s Leve
value Is
p_
value
25(0 | 30.745. | 19.7+5.8 | <0.001 | 18.2 | <0.0
H)D |7 +3.1 [ 01
ng/m
|
Hae | 10.5+2. | 10.1+3.1 | <0.01 | 9.9+ | <0.0
mogl | 1 2.6 1
obin
g/dl

P value <0.05 was considered significant

In this study we aimed to find changes in 25(OH)D
levels across the three Pregnancy trimesters. This study
is one of the first studies in Pakistan that evaluated
vitamin D at different gestational weeks in pregnant
women. Our results showed a progressive decrease in
levels across the three trimesters from 30.7 to 19.6 and
18.2 ng/ml was found comparable to a Japanese study by
Takaota et al that showed the decline in vitamin D levels
across three pregnancy trimesters @Y. The levels
decreased from 13.8 ng/mL to 11.4 ng/ml and 11.5
ng/ml. One of the possible mechanisms of this decline
could be the volume expansion occurring in pregnancy.
Plasma volume expands during pregnancy with the
maximum occurring in the second trimester. This is
responsible in part for anaemia and the recording of low
Hb in the second and last trimester The plasma volume
expands by 1.13 L till term. @2, In the study by Takaota
after the second trimester mean vitamin D improved
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from 11.4 to 11.5 ng/ml how ever in our study the levels
consistently declined from 19.6 to 18.2 ng/ml after the
effect of volume expansion decreased. Therefore these
results are attributed to low vitamin D reserves in our
pregnant females compounded by insufficient diet and
supplementation in this critical period.

Table-3 Vitamin D and Hemoglobin among different
trimesters of pregnant females

Parameters | First Second | Third P
trimeste | trimeste | trimester | valu
r r e
n=80
n=80 n=80
MeanxS | MeantS | MeanxS
D D D
Vitamin D | 30.7+15 | 19.545. | 18.24+3. | 0.01
.6 8 14 *
ngml
Haemoglo | 10.58+2 | 10.1+3. | 9.9+2.6 0.01
bin A 1 *
g

P value <0.05 was considered significant

Another mechanism is the enhanced requirement in
the latter phases of pregnancy for the growing foetus
which requires it for skeletal mineralisation. Pregnancy
causes physiological changes in calcium and vitamin D
metabolism. Only the calcidiol 25 OH-D crosses the
placenta whereas the other forms 1,25(OH)D do not.
Placenta has its key share in calcidiol metabolism and
thus may contribute to reduced 25 OH-D levels. ?®

As per Tsuprykov et.al, there s a reported opposite
correlation of 25(OH) D levels with 1,25(0H) D
concentration. Total 1,25(0OH) D levels rise to double at
12 weeks of pregnancy and then continue to increase due
to the increase in binding proteins however the free form
or physiologically active form stays relatively
unchanged on the contrary 25(OH) D levels are reduced
due to increased demand in pregnancy @4,

Our results are in contrast to a Swedish study which
shows an increase in vitamin D levels with the
progression of pregnancy from 55 nmol/L to 64 nmol/L
@9 In a study by Savrad et al, the levels of vitamin D
increased across the trimesters of pregnancy from 67.5
nmol/L to 84 nmol/L@®. These studies could not
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differentiate  whether the increase was from
supplementation or a normal physiological increase
since all these women were on vitamin D supplements.

One minor reason for hypovitaminosis D could be
related to Asian complexion. Dark-skinned Asian
populations are more prone to vitamin D deficiency as
compared to their fair-toned counterparts. The first
standardized set of vitamin D studies carried out in
Europe found deficiency to be greater in dark-skinned
minority groups than in the local population. ©

Vitamin D supplementation early on in pregnancy can
lead to healthy outcomes averting long-term morbidity
in the form of bone diseases. The current
recommendation for intake of vitamin D during
pregnancy is from (400-600) IU per day for the
attainment of levels at 25-50 nmol/L(10-20ng/ml). The
efficacy of this dosage needs to be validated in the
Pakistani population. Screening for vitamin D should be
mandatory. The screening of vitamin D should be added
to baseline tests conducted at the booking visit since
most of the pregnant females after bearing the burden of
multiple  pregnancies and belonging to low
socioeconomic status are either vitamin D deficient or
insufficient.

The strength of the study was its longitudinal design
with patient follow-up from the booking visit till the last
trimester. Further studies are needed to assess the effect
of hypovitaminosis D on a pregnant woman by
measuring PTH(parathyroid hormone) and bone profile
and also the inclusion of postpartum samples.

5. Conclusion

A high prevalence of vitamin D deficiency and
insufficiency is observed among pregnant females
visiting obstetric OPD at our tertiary care centre. The
frequency of Vitamin D deficiency increased in pregnant
females with ensuing pregnancy trimesters.
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