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ABSTRACT
Objectives  A third of pregnant women in the UK are 
vitamin D deficient, which may confer deleterious 
consequences, including an increased risk of pre-
eclampsia, gestational diabetes mellitus and intrauterine 
growth restriction. This study aims to determine the 
proportion of women that met National Institute for Health 
and Care Excellence (NICE) standards for vitamin D 
supplementation in pregnancy and compare biochemical 
and obstetrical outcomes according to supplementation 
status.
Design and setting  This is a single-centre cross-
sectional study in an antenatal centre in Birmingham, 
UK. Participants received a questionnaire regarding their 
experiences with vitamin D supplementation during 
their pregnancy with their general practitioner. Serum 
25-hydroxyvitamin D and bone profile results were 
obtained during the same appointment and obstetrical 
outcomes were collected retrospectively once participants 
had delivered.
Results  41.8% of participants (n=61) received written 
and/or verbal advice about supplementation, (NICE 
standards=100%). 72.6% (n=106) had one or more 
risk factors for vitamin D deficiency, of which 38.7% 
(n=41, NICE standards=100%) were asked about 
supplementation. Among those asked, 85.4% (n=41, NICE 
standards=100%) received the correct dosage. Compared 
with the supplementation group, the non-supplementation 
group had offspring that were 1.40 cm (95% CI 0.01 
to 2.80, p=0.04) longer at birth; which was significant 
after adjusting for confounding factors. No significant 
differences in any biochemical parameters were observed 
between supplementation categories (p>0.05).
Conclusions  Adherence to NICE standards was 
suboptimal. This may be attributed to insufficient 
training for general practitioners on the importance 
of supplementation, causing them to underestimate 
the consequences of gestational vitamin D deficiency. 
Recommendations include implementing a mandatory 
screening tool to identify ‘at-risk’ women and providing 
more clinician training to ensure that supplementation 
during pregnancy is standard of care.

INTRODUCTION
In epidemiological studies, vitamin D defi-
ciency and insufficiency has been consistently 
observed in pregnant and breastfeeding 
women globally.1 According to the WHO, 
vitamin D deficiency and insufficiency is 
defined as serum 25-hydroxyvitamin D 
(25(OH)D) levels below 10 and 20 ng/mL 
(or 25 and 50 nmol/L), respectively.2 In the 
UK, 31% of pregnant women were found to 
have vitamin D insufficiency, posing consider-
able public health concerns.3

Vitamin D deficiency during pregnancy has 
shown to have deleterious consequences for 
both the mother and fetus. One meta-analysis 
demonstrated a negative correlation between 
serum 25(OH)D levels in the mother and the 
risk of pre-eclampsia, often associated with 
maternal and fetal morbidity and mortality.4 
Obstetrical and maternal complications asso-
ciated with vitamin D deficiency include an 
increased risk of gestational diabetes mellitus, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study used a sample from a diverse ethnic 
population, allowing robust analysis of the effect 
of vitamin D supplementation on biochemical and 
obstetrical outcomes with a sample that was rep-
resentative of the ethnically diverse UK population.

	⇒ This study also has some important limitations, in-
cluding the small sample size compared with other 
studies that have investigated the effect of vitamin 
D supplementation on biochemical and obstetrical 
outcomes, potentially causing our data to be unrep-
resentative of the general population.

	⇒ The sample was also obtained from one geograph-
ical location in the UK, causing further issues relat-
ing to the relevance of our data to the rest of the 
population.
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which mediates an increased risk of macrosomia and the 
need for a caesarean section, as well as maternal osteo-
malacia, myopathy and neonatal vitamin D deficiency.5–7 
In terms of the effects of maternal vitamin D deficiency 
on the fetus and neonate, several studies and a meta-
analysis have observed an increased risk of preterm birth 
when maternal serum 25(OH)D levels are lower than 
50 nmol/L.8–11 In addition, the risk of delivering small-
for-gestational age neonate was shown to be significantly 
increased in two meta-analyses if mothers were deficient 
in vitamin D during pregnancy.8 9

Due to the apparent harmful effects of maternal vitamin 
D deficiency in pregnancy, a Cochrane study investigated 
the potential benefits of vitamin D supplementation in 
pregnant women.12 In several trials, authors concluded 
that women who were administered vitamin D supple-
mentation had a significantly lower risk of developing pre-
eclampsia compared with pregnant women administered 
placebo.12 Another study, demonstrated that vitamin D 
supplementation (4000 IU for 6 months) in pregnancy 
led to a reduced risk of complications such as caesarean 
sections and hypertensive disorders.13

Pregnant women who are at a greater risk of vitamin D 
deficiency (ie, those of South Asian, African, Caribbean 
or Middle Eastern origin, those with limited sunlight 
exposure, those with a diet low in vitamin D and those 
with a pre-pregnancy body mass index above 30 kg/
m2) should also be offered supplementation.14 ‘Healthy 
Start’ is a national statutory programme that facilitates 
nutritional safety for low-income pregnant women. The 
‘Healthy Start’ vitamin contains 700 IU of vitamin A, 20 
mg of vitamin C and 300 IU of vitamin D per daily dose. 
It is available to pregnant women on the National Health 
Service (NHS) if they receive either child tax credit, 
employment and support allowance, income support, 
jobseeker’s allowance and pension or universal credit. 
Due to the apparent benefits of vitamin D supplemen-
tation, the National Institute for Health and Care Excel-
lence (NICE), the public body in the UK that provides 
evidence-based national guidance or health and care in 
England, have published guidelines regarding vitamin D 
supplementation during pregnancy.14 These guidelines 
state that all pregnant mothers should be given informa-
tion and advice on the importance of taking vitamin D 
supplementation, and the ‘Healthy Start’ vitamin supple-
mentation should be offered to all eligible women by 
their primary care physician or in the antenatal booking 
appointment.14

Given the importance of an adequate vitamin D status 
in pregnancy, we undertook a study to evaluate the supple-
mentation status of women attending an antenatal unit of 
an inner-city hospital in UK hospital, against adherence 
to NICE clinical standards by primary care physicians.

MATERIAL AND METHODS
Study design
This was a single-centre cross-sectional study investigating 
vitamin D supplementation status of women attending 
antenatal clinics at City Hospital, Birmingham, UK. 
Birmingham is a major urban city in the West Midlands 
region of the UK (latitude 52.4862° N) with an ethnic 
distribution of 50% British white, 20% Asian and 6% 
black British/Caribbean.15

Study protocol
The inclusion criteria included women who attended 
antenatal clinics irrespective of gestational age, ethnicity, 
gravidity, parity and body mass index (BMI); who planned 
to receive ongoing antenatal care and agreed to provide 
written consent to participate in the study. Women were 
consented at their antenatal clinical appointments, at 
the same time as they completed the study questionnaire 
regarding their experience of vitamin D supplementation 
during their current pregnancy (online supplemental 
data 1). Blood samples were taken for serum urea and 
creatinine, electrolytes and bone profile (25(OH)D, 
parathyroid hormone (PTH), adjusted calcium and phos-
phate levels). These biochemical indices were measured 
as vitamin D supplementation in pregnancy has been 
consistently shown to have direct effects on the bone 
profile in pregnant women, which in turn has known 
influences on the serum electrolyte homoeostasis.16 17 
Obstetrical outcomes were collected retrospectively after 
delivery. BMI was calculated at the women’s’ ‘booking’ 
appointment (ie, the first antenatal appointment that 
occurs at 8–12 weeks’ gestation). Vitamin D intake was 
only assessed through the mothers’ supplementation 
status and did not include assessment of the mothers’ 
diets.

The primary objective was to evaluate the adherence 
to the NICE standards for supplementation of vitamin 
D in pregnancy. Secondary objectives were to identify 
any relationship between maternal vitamin D status and 
feto-maternal outcomes—neonatal anthropometric data 
(fetal birth weight, length and head circumference) after 
adjusting for confounders. Exploratory analyses were 
undertaken on the biochemical measurements during 
pregnancy in relation to vitamin D status of the mother.

Completion of questionnaires
Data were collected between 01 September 2017 and 31 
December 2017. Following verbal and written consent, a 
questionnaire regarding their age, gravidity and parity, 
gestational age, BMI, ethnicity, sunlight exposure levels 
and amount of vitamin D in their diet was completed 
(online supplemental data 1). Participants were asked 
whether they were given verbal or written advice about 
vitamin D supplementation and the dosage prescribed 
by their general practitioners, their eligibility for the 
‘Healthy Start’ vitamin and the dosage that they were 
taking, if any, at the time of questionnaire completion.
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Blood sampling and analytical methods
Non-fasting peripheral venous maternal blood samples 
were taken for analysis of serum total 25(OH)D, 25(OH)
D2, 25(OH)D3, phosphate, albumin, adjusted calcium, 
alkaline phosphatase, potassium, sodium, urea, creatinine 
and PTH. All biochemical analyses, with the exception 
of PTH and 25(OH)D, were performed on the Abbott 
Architect. Adjusted calcium (Ca) was calculated using 
an equation derived from local population data for the 
Abbott Architect method (adjusted Ca (mmol/L)=mea-
sured Ca (mmol/L)+(0.0134×(41–albumin (g/L)))). 
Concentrations of serum intact PTH were determined 
using the Roche Cobas sandwich immunoassay kit with 
electrochemiluminescent detection on the Roche Cobas 
E411 platform. Total 25(OH)D was the sum of 25(OH)
D2 and 25(OH)D3 concentrations, measured by liquid 
chromatography tandem mass spectrometry on a Waters 
Acquity UPLC—TQD Mass Spectrometer, following 
liquid–liquid extraction of the serum. Intermediate preci-
sion for this assay is: 25(OH)D3, 6.6% at 18.9 nmol/L, 
7.5% at 38.6 nmol/L and 5.5% at 107.2 nmol/L; 25(OH)
D2, 10.8% at 3.6 nmol/L, 6.5% at 37.5 nmol/L and 6.3% 
at 108.4 nmol/L. The results were used to identify differ-
ences in biochemical parameters between those who were 
taking the correct dosage of vitamin D supplementation 
(as outlined by NICE), and those who were not.

Statistical analysis
Data were recorded in a database (MS Access version 2019) 
and statistical analyses were undertaken using Stata/MP 
V.15 (StataCorp). Categorical data are presented as count 
(%). Continuous variables are presented as mean (±SD) 
or median with IQR. Student’s t-test was used to compare 
mean values between groups and Pearson’s χ2 test for cate-
gorical variables. All p values are two-sided and a value below 
0.05 indicated statistical significance. A multiple regression 
model was used to determine relationship between fetal birth 
weight and maternal serum 25(OH)D levels. Serum 25(OH)
D concentrations were used both as continuous and categor-
ical variables. In the latter situation, serum 25(OH)D levels 
were categorised as per NICE guidance, into normal (>50 
nmol/L), insufficient (25–50 nmol/L) and deficient (<25 
nmol/L).18

Patient and public involvement
The research question was first devised and designed 
following the repeated frustrations expressed in multiple 
antenatal clinics by mothers who were unable to obtain the 
‘Healthy Start’ supplementation, despite many being eligible. 
The results of this study will be disseminated to the public 
in the form of information leaflets and education sessions 
for laypersons on the importance of enquiring about their 
supplementation during antenatal care.

RESULTS
Data were collected from 162 women, of which 146 were 
able to fully complete the questionnaire. Participants 

ethnicity comprised of 37.9% Asians, 25.5% Afro-
Caribbeans, 28.6% Caucasians and 8.1% mixed or other 
ethnicity which was representative of the demographics 
of the local population. Maternal BMI, age and propor-
tion of mothers with diabetes (gestational, type 1 and 
type 2) was higher in the supplemented group, but these 
differences were non-significant. Maternal baseline char-
acteristics are shown in table 1.

Guideline compliance
Receiving written or verbal advice regarding vitamin D 
supplementation at their booking appointment (NICE 
standard=100%) was declared by 41.8% participants. Out 
of the 70 women that were eligible for ‘Healthy Start’ 
supplementation, 75.7% were offered supplementation 
(NICE standard=100%). Out of the 106 women identi-
fied as having one or more risk factors for vitamin D defi-
ciency, 38.7% were asked about supplementation, and 
of the 48 women taking supplementation, 85.4% were 
taking the correct 10 μg dosage (NICE standards=100%). 
Table  2 demonstrates compliance levels observed for 
each standard.

25-hydroxyvitamin D and biochemical parameters
Compared with non-supplemented women, the mean 
total 25(OH)D and 25(OH)D3 concentrations were 8.0 
nmol/L (95% CI 1.72 to 17.7, p=0.11) and 8.2 nmol/L 
(95% CI 1.41 to 17.9, p=0.09) greater in supplemented 
women, respectively, but this was non-significant. 25(OH)
D2 and adjusted calcium levels were 0.25 nmol/L (95% CI 
–0.30 to 0.81, p=0.37) and 0.01 mmol/L (95% CI –0.04 
to 0.02, p=0.51) greater in supplemented compared with 
non-supplemented women; however, these differences 
were non-significant. There were no differences between 
supplementation groups for other biochemical indices. 
The proportions of women with vitamin D deficiency 
or insufficiency did not differ between groups. Table  3 
demonstrates differences in biochemical parameters 
between maternal categories.

Obstetrical outcomes
Compared with supplemented women, the non-
supplemented group had offspring that were 1.40 cm 
(95% CI 0.01 to 2.80, p=0.04) longer at birth, which was 
significant after adjusting for gestational week at birth 
and presence of gestational diabetes. There were no 
significant differences in offspring head circumferences 
and weights between supplementation groups (p=0.87 
and p=0.61, respectively). Supplemented women had 
gestational periods that were on average 0.34 weeks 
shorter (95% CI –0.46 to 1.14, p=0.40), but this was non-
significant. Apgar scores in the supplemented group were 
on average 0.15 units (95% CI –0.47 to 0.77, p=0.64) and 
0.15 units (95% CI –0.21 to 0.50, p=0.42) lower at 1 and 5 
min, respectively, compared with the non-supplemented 
group, but this was non-significant. There were no signif-
icant differences in the rate of neonatal unit admis-
sion between maternal categories (p=0.19 and p=0.24, 
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respectively). Table 4 demonstrates differences in obstet-
rical outcomes between maternal categories.

A regression model incorporating the three catego-
ries of 25(OH)D status (normal, insufficiency and defi-
ciency), maternal age and BMI, duration of gestation 
and ethnicity, we found that duration of gestation was the 
only significant variable (p<0.0001) in accounting for low 
birth weight in neonates (n=26); this model accounted 

for 85.8% of variance in low birth weight (F(9,16)=17.74, 
p<0.0001).

DISCUSSION
There is currently a plethora of literature regarding 
patient-driven difficulties with guideline compliance 
for antenatal supplementation.19 This includes simply 

Table 1  Baseline demographics and clinical variables

Demographic characteristic, 
mean (SD) or n (%)

Taking vitamin D 
supplementation* (n=41)

Not taking vitamin D 
supplementation (n=105) P value

Age (years) 33.2 (5) 32.1 (4.78) 0.19

Ethnicity, n (%) 0.49

 � Asian 15 (36.6) 43 (42)

 � Afro-Caribbean 11 (26.8) 25 (23.8)

 � Caucasian 11 (26.8) 29 (27.6)

 � Mixed 1 (2.44) 6 (5.71)

 � Others 3 (7.32) 2 (1.90)

Gravidity 2.85 (1.57) 2.97 (1.59) 0.69

Parity 1.56 (1.43) 1.63 (1.26) 0.79

Body mass index (kg/m2) 32 (8.95) 29.6 (7.11) 0.09

Smoking status at maternity 
booking, n (%)

0.50

 � Current smoker 5 (12.2) 10 (9.52)

 � Ex-smoker 1 (2.44) 4 (3.81)

 � Never smoked 30 (73.2) 78 (74.3)

 � Not specified 8 (9.76) 10 (9.52)

Diabetes status, n (%) 0.59

 � Gestational diabetes mellitus 5 (12.2) 7 (6.67)

 � Type 1 or 2 diabetes mellitus 3 (7.32) 6 (5.71)

Results are expressed as mean (SD) or n (%) as appropriate. P values were calculated using the Pearson’s χ2 or Student’s t-test.
*Participants were considered if they were taking the correct dosage of vitamin D (10 μg).

Table 2  A table demonstrating the compliance levels for each standard set out by the National Institute for Health and Care 
Excellence

Clinical standard Sample size (n) Compliance n (%)

100% of women should be given written and/or verbal advice about vitamin D 
supplementation.

146 61 (41.8)

100% of women eligible for the Healthy Start supplementation should be 
offered vitamin D supplementation.*

70 53 (75.7)

100% of the women with one or more risk factors for vitamin D deficiency 
should be asked about vitamin D supplementation.†

106 41 (38.7)

If women are taking vitamin D supplementation, 100% should be taking the 
correct dosage (10 μg).

48 41 (85.4)

*Women are considered eligible if they are at least 10 weeks pregnant or have a child under 4 years old, and their family get income support, 
and/or income-based jobseeker’s allowance, and/or income-related employment and support allowance, and/or child tax credit, and/or 
universal credit, and/or if the woman in under 18 and pregnant.
†Women are considered to be at risk if they are of South Asia, African, Caribbean or Middle Eastern family origin, and/or have limited 
exposure to sunlight, and/or eat a diet particularly low in vitamin D, and/or have a pre-pregnancy body mass index or above 30 kg/m2.
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forgetting to take supplementation, concerns regarding 
taking supplementation during pregnancy and potential 
side effects. Moreover, compliance is known to be influ-
enced by maternal age, level of education and socioeco-
nomic status.20 However, there is a dearth of research on 
physician-driven reasons for poor compliance to antenatal 
supplementation. From this study, it is evident that there 
was suboptimal adherence by primary care physicians to 
the guidelines set out by NICE in our cohort of women 
attending this particular antenatal clinic, which may be 
attributed to a number of factors. First, there is currently 
no formal training for primary care professionals on the 
importance of supplementation in pregnancy and the 
feto-maternal consequences of low 25(OH)D levels in 

mothers. Furthermore, when recording patient details 
into electronic healthcare records in primary care, there 
is no alerting system in place that could make health-
care professionals aware of women who are at-risk for 
(25(OH)D) deficiency. Additionally, the plethora of 
information available through NHS patient-information 
leaflets and websites could confuse clinicians as to their 
reliability, resulting in variable advice offered to mothers. 
Finally, there is a lack of clarity in the NICE guidelines 
regarding identification of at-risk women. The guidelines 
suggest that at-risk women include those that have ‘low 
sunlight exposure’ and a ‘diet low in Vitamin D’, without 
quantifying an adequate level of sunlight and listing types 
of diets (eg, vegetarian, vegan) that are low in vitamin 

Table 4  A table demonstrating the differences in obstetrical outcomes between women who received vitamin D 
supplementation during pregnancy and women who did not receive vitamin D supplementation during pregnancy

Obstetrical outcome, mean (SD) or n (%)
Taking vitamin D 
supplementation (n=41)

Not taking vitamin D 
supplementation (n=105) P value

Gestational week at birth 38 (2.77) 38.4 (1.93) 0.40

Late preterm (<37 weeks) 9 (22) 27 (25.7) 0.96

Moderate preterm (<32 weeks) 2 (4.88) 3 (2.86) 0.44

Baby head circumference (cm) 34.1 (2) 34.1 (1.41) 0.87

Baby length (cm) 50 (5.10) 51.4 (2.93) 0.04

Baby weight (g) 3066 (861) 3131 (617) 0.61

Neonatal unit admission 1 (1.89) 8 (7.62) 0.24

Results are expressed as mean (SD) or n (%) as appropriate. P values were calculated using the Pearson’s χ2 or Student’s t-test.

Table 3  A table demonstrating the mean biochemical parameters between women taking vitamin D supplementation during 
pregnancy, and women who were not taking vitamin D supplementation during pregnancy

Biochemistry variable, mean (SD), 
or n (%)

Reference 
range

Taking vitamin D 
supplementation (n=41)

Not taking vitamin D 
supplementation (n=105) P value

Total 25(OH)D (nmol/L) >50 58.8 (26.1) 50.8 (25.3) 0.11

25(OH)D classification 0.45

Adequate (>50) 27 (65.9) 58 (55.2)

Deficiency (<30) 7 (17.1) 20 (19)

Insufficiency (30–50) 7 (17.1) 27 (25.7)

25(OH)D2 (nmol/L) 3.05 (0.73) 3.31 (1.66) 0.37

25(OH)D3 (nmol/L) 55.7 (26.1) 47.5 (25.1) 0.09

Adjusted calcium (mmol/L) 2.2–2.6 2.32 (0.08) 2.31 (0.07) 0.51

Phosphate (mmol/L) 0.8–1.5 1.18 (0.19) 1.12 (0.18) 0.10

Albumin (g/L) 35–50 34.7 (2.24) 34.5 (2.58) 0.66

Alkaline phosphatase (U/L) 30–130 105 (59.4) 114 (54.8) 0.39

Parathyroid hormone (pmol/L) 1–6.5 3.21 (1.73) 3.43 (1.51) 0.47

Urea (mmol/L) 2.5–7.8 2.60 (0.79) 2.66 (0.70) 0.68

Sodium (mmol/L) 133–146 136 (1.57) 137 (1.69) 0.08

Potassium (mmol/L) 3.5–5.3 4.16 (0.37) 4.17 (0.37) 0.84

Creatinine (μmol/L) 45–84 53.6 (6.53) 54.3 (6.59) 0.58

Results are expressed as mean (SD) or n (%) as appropriate. P values were calculated using the Pearson’s χ2 or Student’s t-test.
25(OH)D, 25-hydroxyvitamin D.
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D14; this lack of clarity may cause general practitioners to 
misidentify women who require supplementation, as the 
guidelines do not provide objective risk factors.

Despite low levels of compliance to NICE guidelines, 
this study demonstrated that supplementation had no 
significant effect on biochemical parameters between 
supplementation groups. In a related study, vitamin 
D supplementation led to a 55% increase in 25(OH)D 
levels and an 81% reduction in PTH levels at term which 
was statistically significant; such a difference was however 
not observed earlier at 27 weeks’ gestation.21 In our study, 
biochemical parameters were obtained at varying stages 
of gestation with a mean gestational age of 26.4 weeks. 
It is possible that if we had measured the biochemical 
parameters at term, we may have been able to demon-
strate a statistically significant difference between the two 
groups.

Comparison with existing literature
In the Maternal Vitamin D Osteoporosis Study 
(MAVIDOS), a significantly higher proportion of women 
randomised to receive cholecalciferol during pregnancy 
were found to be vitamin D replete (>50 nmol/L) at 34 
weeks’ gestation compared with the placebo group.22 This 
differs from our study, where no differences in vitamin 
D repletion status were seen between the women who 
were taking supplementation and those who did not. It is 
worth noting however, that the vitamin D dosage used in 
MAVIDOS was 1000 IU, contrasting to the 300 IU found 
in Healthy Start supplementation. In MAVIDOS, treat-
ment and placebo groups were assessed for compliance by 
asking participants to bring any remaining medication to 
each assessment. Participants with poor compliance were 
excluded from analysis. This study also demonstrated that 
compliance was a significant determinant of maternal 
25(OH)D response to supplementation. In our study, 
if participants stated that they were taking the correct 
dosage in the questionnaire, we assumed good compli-
ance on the basis of their self-certification. If pill counting 
was undertaken as is customary in randomised controlled 
trials, we may have noticed a different outcome; this was 
however not part of the study design which was intended 
to make an assessment of adherence to NICE guidance. 
We may expect that this outcome would have regional 
variation within the UK.

The Healthy Start supplementation contains 300 IU 
(7.5 mcg) of vitamin D, which is considered ‘low-dose’. 
It has been previously observed that while vitamin D 
status was higher in pregnant women who took multi-
vitamin supplements containing low-dose (<10 mcg) 
vitamin D, serum 25(OH)D insufficiency was still evident 
after low-dose supplementation use in those with levels 
below 50 nmol/L.23 Further studies are required to ascer-
tain whether the Healthy Start supplementations should 
have various dosage formulations with higher dosages 
of vitamin D offered to women with insufficiency or 
deficiency.

We observed that after adjustment, the offspring of 
supplemented mothers were shorter in length compared 
with non-supplemented mothers. Offspring length was 
the only neonatal outcome that demonstrated significant 
differences between supplementation groups. A literature 
review reveals that gestational vitamin D status produces 
varying results for neonatal length. A meta-analysis 
showed that, neonates of supplemented mothers were 
significantly longer, while other studies have not found 
differences in neonatal length between supplementa-
tion groups.24–26 It is worthwhile noting that differences 
in neonatal length in our study and the aforementioned 
meta-analysis26 is minimal (1.6 vs 0.3 cm, respectively), 
therefore these differences may have negligible long-
term consequences. However, since studies have shown 
that vitamin D supplementation indirectly contributes 
to skeletal mineralisation and fetal cell mass,27 this is a 
plausible explanation for the significant differences in 
neonatal length. Nevertheless, fetal growth is influenced 
by a multitude of factors, including placental develop-
ment, maternal nutrition, genetics and trophoblastic 
implantation.28–30 Therefore, vitamin D status is unlikely 
to play a significant role in fetal length after adjustment 
for other factors. A more effective method to assess fetal 
growth would be to use standardised growth assessment 
(ie, serial ultrasound measurements), such as those used 
in the INTERGROWTH-21st Project (The International 
Fetal and Newborn Growth Consortium for the 21st 
Century), which can adjust for factors affecting fetal 
growth.31 In this study, supplementation failed to demon-
strate an influence on other neonatal outcomes. In three 
randomised controlled trials, maternal supplementation 
did not influence birth weight, nor the risk of having a 
low birth weight (<2500 g).21 32 33

Strength and limitations
The main strength in this study lies in the fact that it used a 
sample from a diverse ethnic population, allowing robust 
analysis of the effect of supplementation on biochemical 
and obstetrical outcomes with a sample that was repre-
sentative of the diverse UK population. This study also 
has important limitations, including the small sample size 
compared with other studies that have investigated the 
effect of supplementation on biochemical and obstetrical 
outcomes, and in that respect was inadequately powered. 
The sample was also obtained from one geographical loca-
tion in the UK, and hence the results may be different if 
an ethnically different population was studied elsewhere 
in the UK. Blood sampling was also carried out in women 
across a range of gestations in our study. A recent study 
has demonstrated a significant increase in serum 25(OH)
D across trimesters, independent of vitamin D intake 
from supplements.34 Therefore, maternal gestational 
age may have been a confounding factor in biochemical 
outcomes. Finally, our outcomes were not adjusted for 
skin colour. This is significant as previous studies have 
shown pregnant women with darker skin colour on the 
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Fitzpatrick Scale were significantly more often vitamin D 
deficient compared with women with lighter skin colour.35

Implications for research and practice
Although adherence to NICE standards in this region 
regarding vitamin D supplementation is suboptimal, this 
may not have significant clinical consequences. Adequately 
powered randomised controlled trials are required to 
examine the clinical effectiveness of antenatal supple-
mentation on feto-maternal outcomes, including pre-
eclampsia and neonatal respiratory outcomes. If future 
trials are able to demonstrate the benefits of vitamin D 
supplementation, strategies should be implemented to 
ameliorate adherence to NICE guidelines, including 
improving the clarity of guidelines and formulating a 
single reliable source of information for physicians and 
pregnant women. The aforementioned limitations of this 
study could be resolved through a multicentre popula-
tion study of supplementation. In this respect our study 
and the inherent methodology could be conceived as a 
forerunner for future studies.

Author affiliations
1Department of Diabetes, Endocrinology and Lipid Metabolism, Birmingham City 
Hospital, Birmingham, UK
2East Kent Hospitals University NHS Foundation Trust, Canterbury, UK
3Department of Obstetrics and Gynaecology, Birmingham City Hospital, Birmingham, 
UK
4Deparment of Clinical Chemistry, Black Country Pathology Services, Sandwell 
General Hospital, West Bromwich, UK
5University of Birmingham College of Medical and Dental Sciences, Birmingham, UK

Contributors  LY and AB were responsible to conceiving and designing the analysis, 
collecting the data, performing the analysis and writing the paper for submission. 
MS was responsible to conceiving and designing the analysis. NB was responsible 
to contributing data and analysis tools and writing the paper for submission.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  This study was approved by the SWBH NHS Trust Clinical 
Effectiveness Department and was recorded on the Safeguard Audit System 
(Project Number: 329).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. Data will 
be available upon reasonable request in the form of deidentified participant data 
from Dr. Liana Yamanouchi (​lianayamanouchi@​gmail.​com).

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Liana Yamanouchi http://orcid.org/0000-0002-7793-0199
Ansu Basu http://orcid.org/0000-0001-9728-2486

REFERENCES
	 1	 Palacios C, Gonzalez L. Is vitamin D deficiency a major global public 

health problem? J Steroid Biochem Mol Biol 2014;144 Pt A:138–45.
	 2	 World Health Organisation. Prevention and management of 

osteoporosis, 2003.
	 3	 Sullivan S, Wills A, Lawlor D, et al. Prenatal vitamin D status and risk 

of psychotic experiences at age 18years-a longitudinal birth cohort. 
Schizophr Res 2013;148:87–92.

	 4	 Tabesh M, Salehi-Abargouei A, Tabesh M, et al. Maternal vitamin D 
status and risk of pre-eclampsia: a systematic review and meta-
analysis. J Clin Endocrinol Metab 2013;98:3165–73.

	 5	 Aghajafari F, Nagulesapillai T, Ronksley PE, et al. Association 
between maternal serum 25-hydroxyvitamin D level and pregnancy 
and neonatal outcomes: systematic review and meta-analysis of 
observational studies. BMJ 2013;346:f1169.

	 6	 Mithal A, Kalra S. Vitamin D supplementation in pregnancy. Indian J 
Endocrinol Metab 2014;18:593–6.

	 7	 Kısa B, Kansu-Celik H, Candar T, et al. Severe 25-OH vitamin D 
deficiency as a reason for adverse pregnancy outcomes. J Matern 
Fetal Neonatal Med 2020;33:2422–6.

	 8	 Wei S-Q, Qi H-P, Luo Z-C, et al. Maternal vitamin D status and 
adverse pregnancy outcomes: a systematic review and meta-
analysis. J Matern Fetal Neonatal Med 2013;26:889–99.

	 9	 Tous M, Villalobos M, Iglesias L, et al. Vitamin D status during 
pregnancy and offspring outcomes: a systematic review and meta-
analysis of observational studies. Eur J Clin Nutr 2020;74:36–53.

	10	 Woo J, Giurgescu C, Wagner CL. Evidence of an association 
between vitamin D deficiency and preterm birth and preeclampsia: a 
critical review. J Midwifery Womens Health 2019;64:613–29.

	11	 Amegah AK, Klevor MK, Wagner CL. Maternal vitamin D insufficiency 
and risk of adverse pregnancy and birth outcomes: a systematic 
review and meta-analysis of longitudinal studies. PLoS One 
2017;12:e0173605.

	12	 Palacios C, Kostiuk LK, Peña-Rosas JP, et al. Vitamin D 
supplementation for women during pregnancy. Cochrane Database 
Syst Rev 2019;15.

	13	 Hollis BW, Johnson D, Hulsey TC, et al. Vitamin D supplementation 
during pregnancy: double-blind, randomized clinical trial of safety 
and effectiveness. J Bone Miner Res 2011;26:2341–57.

	14	 National Institute for Health and Clinical Excellence. Antenatal care 
for uncomplicated pregnancies. Clinical Guildelines (CG62), 2008.

	15	 Sandwell and West Birmingham Clinical Commissioning Group. Our 
population, 2021. Available: https://sandwellandwestbhamccg.nhs.​
uk/

	16	 Rayner H, Thomas M, Milford D. Full blood count, urea and 
electrolytes, bicarbonate, bone profile. understanding kidney 
diseases. Cham: Springer International Publishing, 2016: 173–95.

	17	 Palacios C, De-Regil LM, Lombardo LK, et al. Vitamin D 
supplementation during pregnancy: updated meta-analysis on 
maternal outcomes. J Steroid Biochem Mol Biol 2016;164:148–55.

	18	 National Institute for Health and Clinical Excellence. Vitamin D 
deficiency in adults, 2020. Available: https://cks.nice.org.uk/topics/​
vitamin-d-deficiency-in-adults-treatment-prevention/

	19	 Branum AM, Bailey R, Singer BJ. Dietary supplement use and 
folate status during pregnancy in the United States. J Nutr 
2013;143:486–92.

	20	 McGuire M, Cleary B, Sahm L, et al. Prevalence and predictors of 
periconceptional folic acid uptake--prospective cohort study in an 
Irish urban obstetric population. Hum Reprod 2010;25:535–43.

	21	 Yu CKH, Sykes L, Sethi M, et al. Vitamin D deficiency and 
supplementation during pregnancy. Clin Endocrinol 2009;70:685–90.

	22	 Moon RJ, Harvey NC, Cooper C, et al. Determinants of the maternal 
25-hydroxyvitamin D response to vitamin D supplementation during 
pregnancy. J Clin Endocrinol Metab 2016;101:5012–20.

	23	 Holmes VA, Barnes MS, Alexander HD, et al. Vitamin D deficiency 
and insufficiency in pregnant women: a longitudinal study. Br J Nutr 
2009;102:876–81.

	24	 Kovacs CS. Vitamin D in pregnancy and lactation: maternal, fetal, 
and neonatal outcomes from human and animal studies. Am J Clin 
Nutr 2008;88:520S–8.

	25	 Javaid MK, Crozier SR, Harvey NC, et al. Maternal vitamin D status 
during pregnancy and childhood bone mass at age 9 years: a 
longitudinal study. Lancet 2006;367:36–43.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7793-0199
http://orcid.org/0000-0001-9728-2486
http://dx.doi.org/10.1016/j.jsbmb.2013.11.003
http://dx.doi.org/10.1016/j.schres.2013.05.015
http://dx.doi.org/10.1210/jc.2013-1257
http://dx.doi.org/10.1136/bmj.f1169
http://dx.doi.org/10.4103/2230-8210.139204
http://dx.doi.org/10.4103/2230-8210.139204
http://dx.doi.org/10.1080/14767058.2018.1554040
http://dx.doi.org/10.1080/14767058.2018.1554040
http://dx.doi.org/10.3109/14767058.2013.765849
http://dx.doi.org/10.1038/s41430-018-0373-x
http://dx.doi.org/10.1111/jmwh.13014
http://dx.doi.org/10.1371/journal.pone.0173605
http://dx.doi.org/10.1002/14651858.CD008873.pub4
http://dx.doi.org/10.1002/14651858.CD008873.pub4
http://dx.doi.org/10.1002/jbmr.463
https://sandwellandwestbhamccg.nhs.uk/
https://sandwellandwestbhamccg.nhs.uk/
http://dx.doi.org/10.1016/j.jsbmb.2016.02.008
https://cks.nice.org.uk/topics/vitamin-d-deficiency-in-adults-treatment-prevention/
https://cks.nice.org.uk/topics/vitamin-d-deficiency-in-adults-treatment-prevention/
http://dx.doi.org/10.3945/jn.112.169987
http://dx.doi.org/10.1093/humrep/dep398
http://dx.doi.org/10.1111/j.1365-2265.2008.03403.x
http://dx.doi.org/10.1210/jc.2016-2869
http://dx.doi.org/10.1017/S0007114509297236
http://dx.doi.org/10.1093/ajcn/88.2.520S
http://dx.doi.org/10.1093/ajcn/88.2.520S
http://dx.doi.org/10.1016/S0140-6736(06)67922-1


8 Yamanouchi L, et al. BMJ Open 2021;11:e048705. doi:10.1136/bmjopen-2021-048705

Open access�

	26	 Pérez-López FR, Pasupuleti V, Mezones-Holguin E, et al. Effect 
of vitamin D supplementation during pregnancy on maternal and 
neonatal outcomes: a systematic review and meta-analysis of 
randomized controlled trials. Fertil Steril 2015;103:1278–88.

	27	 Kovacs CS. Bone metabolism in the fetus and neonate. Pediatr 
Nephrol 2014;29:793–803.

	28	 Freemark M. Placental hormones and the control of fetal growth. J 
Clin Endocrinol Metab 2010;95:2054–7.

	29	 Shin JS, Choi MY, Longtine MS, et al. Vitamin D effects on pregnancy 
and the placenta. Placenta 2010;31:1027–34.

	30	 Figueras F, Gratacós E. Update on the diagnosis and classification of 
fetal growth restriction and proposal of a stage-based management 
protocol. Fetal Diagn Ther 2014;36:86–98.

	31	 Papageorghiou AT, Ohuma EO, Altman DG, et al. International 
standards for fetal growth based on serial ultrasound measurements: 

the fetal growth longitudinal study of the INTERGROWTH-21st 
project. Lancet 2014;384:869–79.

	32	 Hashemipour S, Ziaee A, Javadi A, et al. Effect of treatment of 
vitamin D deficiency and insufficiency during pregnancy on fetal 
growth indices and maternal weight gain: a randomized clinical trial. 
Eur J Obstet Gynecol Reprod Biol 2014;172:15–19.

	33	 Brooke OG, Brown IR, Bone CD, et al. Vitamin D supplements in 
pregnant Asian women: effects on calcium status and fetal growth. 
Br Med J 1980;280:751–4.

	34	 Savard C, Bielecki A, Plante A-S, et al. Longitudinal assessment 
of vitamin D status across trimesters of pregnancy. J Nutr 
2021;151:1937–46.

	35	 Richard A, Rohrmann S, Quack Lötscher K. Prevalence of vitamin D 
deficiency and its associations with skin color in pregnant women in 
the first trimester in a sample from Switzerland. Nutrients 2017;9:260.

http://dx.doi.org/10.1016/j.fertnstert.2015.02.019
http://dx.doi.org/10.1007/s00467-013-2461-4
http://dx.doi.org/10.1007/s00467-013-2461-4
http://dx.doi.org/10.1210/jc.2010-0517
http://dx.doi.org/10.1210/jc.2010-0517
http://dx.doi.org/10.1016/j.placenta.2010.08.015
http://dx.doi.org/10.1159/000357592
http://dx.doi.org/10.1016/S0140-6736(14)61490-2
http://dx.doi.org/10.1016/j.ejogrb.2013.10.010
http://dx.doi.org/10.1136/bmj.280.6216.751
http://dx.doi.org/10.1093/jn/nxab060
http://dx.doi.org/10.3390/nu9030260

	Level of adherence to vitamin D supplementation guidelines in an antenatal centre in Birmingham, UK, and its effect on biochemical and obstetrical outcomes: a single-­centre cross-­sectional study
	Abstract
	Introduction﻿﻿
	Material and methods
	Study design
	Study protocol
	Completion of questionnaires
	Blood sampling and analytical methods
	Statistical analysis
	Patient and public involvement

	Results
	Guideline compliance
	25-hydroxyvitamin D and biochemical parameters
	Obstetrical outcomes

	Discussion
	Comparison with existing literature
	Strength and limitations
	Implications for research and practice

	References


