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Demographic and clinical predictors of vitamin D
status in pregnant women tested for deficiency in

Western Australia

Kate M. Miller,"? Nick H. de Klerk,"? Elizabeth A. Davis,?* Robyn M. Lucas,* Prue H. Hart,? Aveni Haynes?

itamin D deficiency during

pregnancy has been associated with

increased risks of pre-eclampsia,
gestational diabetes, caesarean section, low
birthweight and preterm birth (for review").
Supplementation trials have shown some
promising results;> however, the evidence
does not yet support the inclusion of vitamin
D supplementation as a component of
routine care for all pregnant women to
minimise adverse maternal and perinatal
health outcomes. Furthermore, there is no
agreement in the literature regarding what
supplemental doses should be recommended
during pregnancy or what levels of
25-hydroxyvitamin D (25[OH]D) during
pregnancy should be considered sufficient or
indeed optimal.*

In Australia, the Australian Health Survey
2011-2012° provided population-based
data on vitamin D status for women of
childbearing age (16-44 years) across
Australia, indicating that 24.9% are vitamin
D deficient (25[0H]D<50 nmol L™").6 Similar
representative data for pregnant women

in Australia do not exist, although primary
care-based studies*”'° have described rates
of vitamin D deficiency of pregnant women
in various subpopulations as defined by
ethnicity, location and gestational age, with
rates ranging from 13.9%? in Perth, Western
Australia (WA), to 97% among veiled women
within a population-based study in south-
eastern Sydney, New South Wales.°

The current Australian and New Zealand
(ANZ) position statement related to vitamin D
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Abstract

Objective: This study aimed to describe the vitamin D status of pregnant women in Western
Australia and identify predictors of deficiency in pregnancy.

Methods: A cross-sectional study was conducted using linked data from statewide
administrative data collections. Participants included pregnant women aged 18-44 years who

gave birth between 2012 and 2014.

Results: The mean 25-hydroxyvitamin D (25[OH]D) concentration was 70.7 nmol L=" (SD
25.7; range 5-255 nmol L"). Approximately one-fifth of the pregnant women were vitamin
D deficient (<50 nmol L~"). Maternal age (under 25 years) was identified as an independent
risk factor of vitamin D deficiency in addition to known predictors. Only 20% of women were
screened within the first 10 weeks of their pregnancy.

Conclusions: In addition to the existing risk factors for deficiency, maternal age was an
independent predictor of vitamin D deficiency. There was a large discrepancy between the
time of first antenatal visit and screening for vitamin D deficiency.

Implications for public health: Our findings support the addition of maternal age (under 25
years) to the current clinical guidelines for targeted screening of 25(0OH)D levels in pregnancy
and the practical application of screening for vitamin D deficiency at the first antenatal visit.
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and health in pregnancy recommends
measurement of 25(0OH)D levels at the first
antenatal visit only of pregnant women
with at least one risk factor for vitamin D
deficiency.! These risk factors include lack
of skin exposure to sunlight, more southerly
latitude, darker skin phototype (Fitzpatrick
types V and VI) and medical conditions that
affect vitamin D metabolism and storage."’
Routine testing in the absence of a specific
indication is not supported.

The aims of the present study were to
describe the vitamin D status of all pregnant
women in Western Australia who had their
25(0OH)D concentration measured by the state

public pathology service and to examine
whether there were additional indications
to those currently recommended that were
important predictors of vitamin D deficiency
among those women.

Methods

Study setting, design and population

Western Australia covers approximately 2.5
million km? spanning a latitude range of
10.5-35.5° South latitude. The distribution

of the population is highly centralised, with
the majority (79%) residing in the capital city,
Perth, in the state’s south-west. The remaining
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population is sparsely distributed throughout
the rural and remote areas of the state
(average 0.2 people per km?)."? The Western
Australian population is predominately
Caucasian, and almost two-thirds are
Australian-born.'® This was a retrospective
cross-sectional study of women who had their
25(0OH)D levels tested by PathWest Laboratory
Medicine WA (PathWest) between 2012-2014
during pregnancy and whose pregnancy
resulted in a birth (delivery after 20 weeks

or later or when the gestation was unknown
and the birthweight was at least 400 grams,
including all live births and stillbirths) in
Western Australia. We used individually linked
data from the Midwives' Notification System
(MNS) and PathWest to identify the study
cohort.

Datasets

The MNS contains perinatal data from

the Notification of Case Attended form as
regulated by the Health (Notification by
Midwives) Regulations 1994 on >99% of all
births in Western Australia. The PathWest
database is a statewide database containing
routinely collected laboratory data from
PathWest, the only public pathology service
in Western Australia. This represents 80% of
all pathology testing in Western Australia’
and does not include private laboratories.
The data linkage methodology has been
described previously.'®

25(0OH)D concentration assay

All 25(0OH)D samples were measured by
PathWest, a pathology laboratory accredited
by the National Association of Testing
Authorities, Australia. A minimum assay
volume of 250 mL was spun at 3,500 rpm

for 10 minutes at room temperature. All
serum samples during the study period were
measured for 25(0H)D with the ARCHITECT
i2000SR immunoassay analyser (Abbott
Diagnostics, Abbott Park, IL, USA). Only the
first sample recorded for each pregnancy was
included in this study.

Covariates

Demographic and obstetric information

on the mother was obtained from the

MNS, while the 25(0OH)D concentration,

date of sample collection, date of birth and
residential postcode at time of testing were
obtained from the PathWest database. The
mother’s gestation at the time of venesection
was deduced from the date of venesection
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and the baby’s birth date and gestational
age at birth. Trimesters were categorised as:
first trimester (0-90 days), second trimester
(91-181 days) and third trimester (=182
days). Mother’s age was calculated from the
date of venesection and mother’s date of
birth and categorised into seven age groups
(<20, 20-24, 25-29, 30-34, 35-39, 40-44 and
45+ years). Other categorisation of potential
predictors included: self-reported ethnic
origin (Caucasian/non-Caucasian), cigarette
smoking (yes/no), parity (0, 1, 2, 3 and 4+),
maternal pre-existing medical condition
(yes/no) and pregnancy complications
(yes/no). A list of medical conditions and
pregnancy complications has been provided
in Supplementary Table 1. The season

of blood draw was defined as: summer
(December—February), autumn (March-
May), winter (June—August) and spring
(September-November). Socioeconomic
status was described by the Socio-Economic
Indexes for Areas (SEIFA) 2011 Index of
Relative Socio-Economic Disadvantage (IRSD)
and the Index of Education and Occupation
(IEO)".IRSD and IEO scores were applied to
the postcode of residence recorded at the
time of venesection and categorised into five
quantiles (0-10%, 11-25%, 26-75%, 76-90%
and 91-100%), with higher scores indicating
greater advantage and higher education.®
The Remoteness Index of Australia was used
as a measure of access to services.'® This index
divides the population into five categories of
remoteness (major cities, inner regional, outer
regional, remote, very remote). The mother’s
pregravid body mass index (BMI) was
calculated from the weight (kg) and height
(m): (weight/height?). Vitamin D deficiency
was defined as serum 25(0OH)D concentration
<50 nmol L.

Statistical analysis

We described the participant characteristics
(including maternal age, ethnicity, parity,
smoking status, medical conditions,
pregnancy complications, SES and

location) of women who had their blood
25(0OH)D concentration measured during
pregnancy and women from the original
MNS cohort who did not have their 25(OH)D
concentration measured by PathWest during
pregnancy using numbers and percentages
(%). Demographic and clinical characteristics
of those screened (for vitamin D
concentration) and those not screened were
compared using generalised linear models
with the Stata command binreg to estimate

© 2021 The Authors

prevalence ratios (PR) and 95% confidence
intervals (adjusted where appropriate).

For women with a 25(0H)D measure available
during pregnancy, we reported the median
and interquartile range of 25(0OH)D levels

by maternal characteristics, gestational

age at the time of venesection (trimester)

and season of sample collection. We also
estimated the prevalence of vitamin D
deficiency in each of these categories.

Logistic regression analyses were used to: a)
determine the predictive ability of a model
limited to the existing risk factors for vitamin
D deficiency listed in the current ANZ position
statement (including latitude, month of
venesection, ethnicity, medical conditions
and BMI); and b) identify additional predictors
of vitamin D deficiency (testing also maternal
age, gestational age, parity, smoking status,
complications during pregnancy, IRSD, IEO
and Remoteness Index). Likelihood ratio

tests and the Akaike’s information criterion
and Bayesian information criterion were

used to assess model fit. Receiver operating
characteristic (ROC) curves and the area
under the curves (AUC) were estimated to
assess and compare diagnostic ability.

Analyses were performed using StataCorp
2017 Stata Statistical Software, Release 15
(Statacorp LLC)." Statistical significance was
defined as two-tailed p-values <0.05.

Results

In total, 14,404 25(OH)D measurements

were available from 11,515 participants. This
represented 14.9% of all live births in Western
Australia between 2012 and 2014. Compared
with all women who gave birth over the study
period, women who had their 25(0H)D levels
measured during pregnancy by PathWest,
the state public pathology service, were
significantly more likely to be non-Caucasian,
have at least one pre-existing medical
condition or pregnancy complication, live

in remote areas of Australia and at a more
northerly latitude, be of younger maternal
age (<30 years), a current smoker and in

their first pregnancy. There was a clear
gradient with the two socioeconomic status
variables (IRSD and IEO), with the likelihood of
screening using the public pathology service
decreasing with advantage and education
level (Table 1).

Of the 14,404 pregnancies for which a 25(0H)
D measurement was available, the mean
maternal age was 29 years (SD 5.1; range 18-
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42 years); 60% of women were Caucasian (the
common ancestries of non-Caucasian women

Article

Table 1: Participant characteristics of all women who gave birth in Western Australia between 2012-2014.

Participant Not screened Screened for Vitamin D PR, p [95%CI]°
were Asian, Indian or African American). The characteristics deficiency®
location of women at the time of venesection Total 82,449 (85.13%) 14,404 (14.87%)
ranged from 10.5 to 34.5° South latitude Age, n (%) <20 years 3,417 (4.14%) 657 (4.56%) 1.19, < 0.001[1.10, 1.28]
(median 31.5°S) and 96.5 to 128.5° East 20-24 years 8,880 (10.77%) 2,106 (14.62%) 1.41,<0.001[1.35, 1.48]
longitude (median 115.5°E). The majority of 25-29 years 23,009 (27.91%) 4,768 (33.10%) 1.27,<0.001[1.22,1.31]
women resided in metropolitan areas (78%) 3034 years 28,618 (34.71%) 4,487 (31.15%) Reference
compared with 12% and 10% in rural and 35-39 years 14,907 (18.08%) 2,005(1454%)  091,<0.001(0.87,0.95]
remote areas, respectively. Women were more 4044 years 3,425 (4.15%) 291(2.02%) 0.58, < 0.001[0.52, 0.65]
often sampled during their second (PR 1.08, - 5t ' 193 (023%) NiL :
95%C] [1.07, 1.10]: p<0.001) or third (PR 1.12, Ethnicity, n (%) Caucasian ' 63,849 (77.44%) 8,645 (60.02%) Reference
959%C1 [1.10, 1.13]; p<0.001) trimester than B ' Non-Caucasian 18,600 (22.56%) 5,759 (39.98%) 1.98, < 0.001[1.92,2.04]
Existing children 0 35,855 (43.49%) 6,949 (48.24%) Reference
their first trimester. The mean age of gestation 1 29,276 (35.51%) 4511 (31.32%) 0.82, < 0,001 [0.79, 0.85]
at the time of sample collection was 24 weeks 2 11,734 (14.23%) 1,904 (13.22%) 0.86, < 0.001[0.82, 0.90]
compared with the gestational age at the first 3 3,582 (4.34%) 662 (4.60%) 0.96,0.28 [0.89, 1.03]
antenatal clinic of 13.5 weeks. Approximately 4+ 2,002 (2.43%) 378 (2.62%) 0.98,0.65 [0.89, 1.08]
one-fifth of women were screened within Cigarette smoking Non-smoker 75,636 (91.74%) 12,872 (89.36%) Reference
the first 10 weeks of pregnancy. Women with Current smoker 6,813 (8.26%) 1,532 (10.64%) 1.26,<0.001(1.20,1.32]
pre-existing medical conditions (PR 0.95, BMI <185 1,241 (83.68%) 242(16.32%) Reference
95%C1[0.92, 0.98]; p=0.001), and pregnancy 18.5-24.9 38,075 (85.36%) 6,530 (14.64%) 0.90, 0.70 [0.80, 1.00]
complications (PR 0.88, 95%Cl [0.85, 0.97]; 25-29.9 22,084 (84.66%) 4,001 (15.34%) 0.94,0.31[0.83,1.05]
p=0.001) were more likely to be screened >30 21,049 (85.29%) 3,631(14.71%) 0.90, 0.090.80, 1.01]
in their first trimester. Women who were Medical conditions No 50,386 (61.11%) 6,432 (44.65%) Reference
screened after their first trimester were - Yes 32,063 (38.89%) 7,972 (55.35%) 1.76,<0.001[1.71,1.81]
signiﬁcantly more likely to be vitamin D Pregnancy complications ~ No 56,476 (68.50%) 10,046 (69.74%) Reference
K Yes 25,973 (31.50%) 4,358 (30.26%) 0.95,0.003 [0.92, 0.98]
deficient (PR 1.06, 95%CI [1.02, 1.10]; p=0.004), —
acurrent smoker (PR 117, 95%Cl [1.11. 1.22; Social disadvantage 0-10% 7,337 (8.90%) 2,088 (14.50%) Reference
(IRSD) 11-25% 11,447 (13.88%) 2,714 (18.84%) 0.86, < 0.01[0.82,0.91]
p<0.001), of younger maternal age (< 30 26-75% 40,300 (48.88%) 6,845 (47.52%) 0.66, < 0.01 [0.63, 0.68]
years), of lower socioeconomic status as 76-90% 12,735 (15.45%) 1,425 (9.89%) 0.45, < 0.01[0.43, 0.48]
measured by SEIFAIRSD (g5 vs.q1,PR1.11; 91-100% 8,592 (10.42%) 840 (5.83%) 0.40, < 0.01[0.37,0.43]
95%Cl [1.03, 1.20]; p<0.01), have one or more Missing 2,038 (2.47%) 492 (3.42%)
children and reside in metropolitan Perth. Education and occupation  0-10% 7,701(9.34%) 1,714 (11.90%) Reference
The mean 25(0H)D concentration was (IE0) 11-25% 11,653 (14.13%) 2,513 (17.45%) 0.97,0.36[0.92, 1.03]
70.7 nmol L' (SD 25.7; range 5-255 nmol L), 26-75% 40,332 (48.92%) 6,837 (47.47%) 0.80, < 0.001[0.76, 0.84]
. 76-90% 12,212 (14.81%) 1,923 (13.35%) 0.75,<0.001[0.70, 0.79]
Approximately one-fifth of the women
(19.39%, n=2,786) had 25(OH)D levels 91‘—1'00% 8,515(10.33%) 928 (6.44%) 0.54, < 0.001[0.50, 0.58]
Missing 2,036 (2.47%) 489 (3.39%)
consistent with deficiency (<50 nmol L") Remoteness, n (%) Metropolitan 66,733 (80.94%) 11,261 (78.18%) Reference
at the time of sampling (Table 2), of which Rural 12,330 (14.95%) 1,690 (11.73%) 0.83, < 0.01 [0.80, 0.88]
14% (n=379) had levels below 25 nmol L". In Remote 3,304 (4.01%) 1,443 (10.02%) 2.10,<0.01[2.01,2.20]
bivariate analysis, vitamin D deficiency was Missing 82 (0.10%) 10 (0.07%)
most common among women sampled in Latitude 10.5-14.5°S 38 (0.05%) 26 (0.18%) 0.95,0.90[0.43, 2.09]
their third trimester (vs. tri1, PR 1.56, 95%Cl 15.5-19.5°S 414(0.50%) 387 (2.69%) 0.46, < 0.001[0.34, 0.63]
[1.40, 1.73]; p<0.001) and during August 20.5-245°S 1,741 (2.11%) 618 (4.29 %) 0.44, < 0.001 [0.34,0.57]
(vs. January, PR 2.24, 95%Cl [1.91, 2.62]; 25.5-29.5°S 1,882 (2.28%) 189(1.31%) 0.58,0.01[0.39,0.85]
p<0'00-|) and September (vs. January, PR 2.00, 30.5-34.5°S 78,374 (94.96%) 13,184 (91.46%) Reference
95%Cl [1.70, 2.35]; p<0.001) (Figure 1). Non- _ Missing 82(0.01%) 10{0.07%)
ote:

Caucasian women were more than twice as
likely to be deficient as Caucasian women
(PR 2.25,95%Cl [2.10, 2.41]; p<0.001). The
proportion of women who were deficient was
highest among those aged <20 years (24%)
and lowest among those aged 40-44 years
(16%; PR 1.50, 95%Cl [1.12, 2.01]; p=0.01)
(Figure 2). Women with four or more existing
children were more likely to be vitamin D
deficient compared with those with 0, 1, 2 or
3 children (p < 0.01), see Table 3.

a: Vitamin D deficiency < 50 nmol L—1;

b: p-values from binreg comparing women screened and women not screened for vitamin D deficiency during pregnancy.

A similar proportion of women in the 30.5 to
35.5° South latitude category were vitamin

D deficient (20%) compared with women
residing in the 10.5 to 15.5° S category (19%).
This was likely due to the higher proportion
of non-Caucasian women tested in the 10.5
to 15.5° S category than the 30.5 to 35.5° S
category (61.54% vs. 41.70%, respectively).

The risk of deficiency decreased with both
the SEIFA IRSD (g5 vs. g1, PR 0.56; 95%Cl [0.47,
0.68]; p 0.001) and IEO (g5 vs.q1, PR 0.63;
95%Cl [0.53, 0.76]; p<0.001).

We ran logistic regression using a baseline
model (n=13,394) limited to the risk factors
for vitamin D deficiency listed in the ANZ
position statement (latitude, month of
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Table 2: Characteristics of pregnant women in relation to serum 25(0H)D levels and vitamin D status.

Al
Age, n (%)

Ethnicity, n (%)

Trimester

Existing children

BMI

Cigarette smoking

Medical conditions

Pregnancy complications

Season of blood sampling

Social disadvantage (IRSD)

Education and occupation (IEO)

Remoteness, n (%)

Latitude

Note:
Data presented for 2012-2014;

Vitamin D sufficient = (25(0H)D = 50 nmol L—1); vitamin D deficient = (25(0H)D < 50 nmol L—1);

<20 years
20-24 years
25-29 years
30-34 years
35-39 years
40-44 years
Caucasian
Non-Caucasian
First trimester
Second trimester
Third trimester
0

1

2

3

4+

<185
18.5-24.9
25-29.9

>30
Non-smoker
Current smoker
No

Yes

No

Yes

Summer
Autumn
Winter

Spring
0-10%
11-25%
26-75%
76-90%
91-100%
0-10%
11-25%
26-75%
76-90%
91-100%
Metropolitan
Rural

Remote
10.5-14.5°S
15.5-19.5°S
20.5-24.5°S
25.5-29.5°S
30.5-34.5°S

BMI: body mass index; IEO: Index for Education and Occupation; IRSD: Index for Relative Socio-Economic Disadvantage
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venesection, ethnicity, medical conditions
and BMI) and found that each of the risk

Median (IQR) Vit D deficient 25(0H)D
nmol L—1 <50 nmol L—1 factors was an independent predictor of
n (%) vitamin D deficiency.
n 68(52,84) 2,786 (19.34%) A second logistic regression model (n=13,394)
657 66(51,81) 19 (24.20%) using all available covariates showed that
2,106 67(51,83) 483 (22.93%) the additional independent contributions of
4768 69(:4,85) 91 (19.74%) maternal age, parity, Remoteness Index and
4,487 71(56, 87) 795 (17.72%)
2,05 71156, 86) 361(17.23%) IEO to the baseline model were statistically
201 73.(56,88) 47(16.15%) significant (Table 3). We found no association
8,645 73 (59, 89) 1,115 (12.90%) between smoking, IRSD and pregnancy
5759 63 (46, 80) 1,671(29.02%) complications and vitamin D status. Of the
2,380 70(57, 85) 363 (15.25%) independent predictors, only maternal age,
7,636 70(55, 85) 1,382 (18.10%) added to the baseline model, significantly
4,388 68 (50, 85) 1,041 (23.72%) improved the model fit in the likelihood ratio
6,949 69 (54, 84) 1,342 (19.31%) test (p<0.001). Following ROC curve analysis,
451 71(55,87) 843 (18.69%) adding maternal age to the model increased
1,904 70(54,86) 367 (19.28%) the AUC significantly (p=0.002), although the
662 71(54,87) 131(19.79%) two AUCs were not greatly different (AUC
378 64(48,83) 103(27.25%) 0.71;95%C1 [0.70, 0.72] vs. 0.72; 95%C [0.71,
242 70(52, 89) 51(21.07%) 0.73)).
6,530 72(56,88) 1,103 (16.89%)
4,001 69 (54, 84) 804 (20.09%)
3,631 65 (51,81) 828 (22.80%) Discussion
12,872 68 (52, 84) 2,510(19.50%)
1,532 68 (53, 85) 276 (18.02%) In Western Australia, 19% of women who had
6,432 69 (55, 85) 1,049 (16.31%) their 25(0OH)D levels tested during pregnancy
7972 67 (50, 84) 1,737 (21.79%) between 2012 and 2014 were vitamin D
10,046 69 (53, 85) 1,908 (18.99%) deficient (<50 nmol L™"). Of those, 14% had
4,358 67(51,83) 878 (20.15%) levels below 25 nmol L= (severe deficiency).
3491 73(58,89) 461(13.20%) The rate of deficiency in Western Australia
3779 73(57,89) 559 (14.79%) is comparable to that reported in Canada
;i;: :E 22(7) Z; 122; E;Z?giﬁ; (24%)% and Slovenia (14%)*' and lower
' ' ’ than that for New Zealand (42-55%),2>%*
2088 65169,82 492(23.56%) Sweden (33-65%),2>2° Germany (78%),%’ the
2,714 67(51,82) 623 (22.96%)
6,845 69(53,85) 1257 (18.36%) United States (48%),?® Asia (77-95%)?*3* and
1425 69 (54, 86) 214(15.02%) Africa (97%).3" Surveys from other regions in
840 73(57,87) 112 (13.33%) Australia have reported rates of deficiency
1,714 65 (49, 83) 391(22.81%) (25[0H]ID<50 nmol L™") of 48% among a
2,513 65(49,82) 518(20.61%) population-based study of pregnant women
6,837 69 (53, 85) 1,307 (19.12%) in New South Wales (n=971),"° and from
1,923 71(57,86) 348 (18.10%) specific subgroups: 56% in South Australia
928 73(59,88) 134(14.44%) (n=68),3235% in Canberra (n=100),° 26% in
11,261 67(51,83) 2,387 (21.20%) rural Victoria (n=330)3 and 9% in Queensland
1,630 69 (55, 85) 243 (14.38%) (n=75).3* A Western Australian study of 209
1443 75(61,%0) 151(1046%) pregnant women at 36-40 weeks gestation
2 56(45,79) 5(19.23%) found that 14% were vitamin D deficient.2 The
387 80 (65,97) 36(9.30%)
618 75.(63,90) 55 (890%) percentage of pregnant women who were
189 72 (56,84) 2 (11.64%) vitamin D deficient was more than twofold
13,184 67(52, 84) 2,663 (20.20%) higher in an earlier study (1989-1991) of a
Western Australian community-based cohort
(n=901). The study sampled women at
18 weeks' gestation and found that 36% were
vitamin D deficient.* Assays and seasonal
distribution of sampling varied between the
two studies, making it difficult to make useful
comparisons.
Antenatal care is a usual part of pregnancy
for most women who give birth in Australia.
Australian and New Zealand Journal of Public Health 477
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The Pregnancy Care Guidelines recommend
that the first antenatal visit should occur
within the first 10 weeks of pregnancy and
that there is a total of 7-10 visits over the
course of the pregnancy. Women can opt

to attend public or private services. It is
recommended that screening for vitamin

D deficiency should occur at the time of

the first antenatal clinic3> However, we
observed a large discrepancy between the
median gestation at the first antenatal visit
(13.5 weeks) and the median gestation at the
time of venesection (24 weeks). Investigations
into the discrepancy are required, including
confirmation that testing is recommended
at the first antenatal visit. It is likely that the
delay is due, in part, to the sample not being
taken during the antenatal visit itself, and
women are required to attend a pathology
collection centre at a time that is convenient
to them.

There is some evidence to suggest that
childhood outcomes may be differential

by the timing of exposure to low vitamin

D levels.353 Failure to detect and treat
deficiency until 24 weeks will likely have
implications for those pregnancy and foetal
health outcomes that have been found to be
improved by higher 25(0H)D levels in early
pregnancy. In addition, there will be a lag in
improving levels from the time of intervention
(i.e. supplementation), the delay being
dependent on the source of the vitamin D
(UVR vs. dietary intake vs. supplementation),
dosage, baseline 25(0OH)D levels,*42
genetics***3 and weight status.*’ Vitamin D
sufficiency, therefore, needs to be identified
earlier than is currently occurring to reduce,
through intervention, the amount of time that
women are deficient during pregnancy.

For most people in Australia, the majority
of vitamin D is gained through endogenous
generation following sun exposure.*
Anything that interferes with the production
of vitamin D3 in the skin (either the amount
of UVB radiation reaching the epidermis or
the availability of the vitamin D precursor,
7-DHQ), the intake of dietary vitamin D or
the metabolism and/or storage of vitamin
D are determinants of 25(OH)D levels.

Our findings support the risk factors for
vitamin D deficiency listed in the ANZ
position statement (Figure 3), namely

lack of skin exposure to sunlight (more

Article

Figure 1: Proportion of pregnant women aged 18—44 years, tested for vitamin D status in pregnancy with

vitamin D deficiency by month of venesection, Western Australia, 2012-2014.
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Figure 2: Proportion of pregnant women aged 18—44 years, tested for vitamin D status in pregnancy with vitamin

D deficiency by maternal age at time of venesection, Western Australia, 2012-2014.
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Figure 3: Risk factors for low vitamin D."

e Lack of skin exposure to ultraviolet B radiation from sunlight (due to lifestyle factors, chronic illness or

hospitalisation, complex disability, covering clothing for religious or cultural reasons or southerly latitude)
e Dark skin (Fitzpatrick types V and VI)
e Medical conditions or medications affecting vitamin D metabolism and storage (obesity, end-stage liver
disease, renal disease, drugs that increase vitamin D degradation such as rifampicin and anticonvulsants or

fat malabsorption (e.g. in cystic fibrosis, coeliac disease and inflammatory bowel disease))

“Dark skin is less likely to be a significant risk factor in people with regular sun exposure in climates with high

incident ultraviolet radiation (e.g. northern parts of Australia), but there is a lack of prevalence data for these

populations
southerly latitude), dark skin and obesity,"
as independent predictors of vitamin D
deficiency for pregnant women in Western
Australia.
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Table 3: Predictors of vitamin D deficiency in pregnant women aged 18-44 years, Western Australia.

. Multivariate analysis
Variable
PR? [95%(l] p-value
Ethnicity Caucasian Reference
Non-Caucasian 284 [2.57,3.13] <0.001
Trimester First trimester Reference
Second trimester 0.67 [0.57,0.78] <0.001
Third trimester 0.82 [0.69, 0.96] 0.02
Age group <20 years 1.96 [1.30, 2.94] 0.001
20-24 1.59 [1.09,2.28] 0.02
25-29 1.26 [0.88,1.82] 0.20
30-34 1.07 [0.74,1.54] 0.72
35-39 1.05 [0.72,1.52] 0.81
40-44 Reference
Body mass index 1.04 [1.03,1.04] <0.001
Year 0.76 [0.72,0.80] <0.001
Collection month Jan Reference
Feb 0.92 [0.72,1.18] 0.52
Mar 0.73 [0.57,0.95] 0.02
Apr 1.08 [0.86, 1.38] 0.50
May 1.42 [1.13,1.78] 0.002
Jun 2.07 [1.65,2.58] <0.001
July 257 [2.08,3.19] <0.001
Aug 2.98 [2.40,3.64] <0.001
Sep 2.56 [2.06,3.18] <0.001
Oct 1.63 [1.30, 2.05] <0.001
Nov 1.01 [0.78,1.31] 0.94
Dec 1.02 [0.78,1.32] 0.90
Existing children 0 0.66 [0.50, 0.86] 0.002
1 0.66 [0.51,0.87] 0.004
2 0.73 [0.54,0.96] 0.03
0.70 [0.50,0.98] 0.04
4+ Reference
Cigarette smoking Non-smoker Reference
Current smoker 0.94 [0.80, 1.10] 0.42
Latitude 1.04 (1.02,1.07) 0.002
Social disadvantage 0-10% Reference
(IRSD) 11-25% 1.08 [0.92,1.26] 0.36
26-75% 0.92 [0.78,1.08] 0.31
76-90% 0.88 [0.70,1.10] 0.26
91-100% 0.81 [0.61,1.06] 0.13
Education and 0-10% Reference
occupation (IEC) 11-25% 0.88 [0.75,1.05] 0.16
26-75% 091 [0.778,1.09] 0.31
76-90% 0.93 [0.75,1.16] 0.55
91-100% 0.73 [0.55,0.97] 0.03
Remoteness Metropolitan Reference
Rural 0.70 [0.59,0.84] <0.001
Remote 0.68 [0.51,0.93] 0.02
Medical conditions No Reference
Yes 1.29 [1.17,1.41] <0.001
Pregnancy No Reference
complications Yes 1.00 [0.90,1.10] 0.96
Notes:

a: PR Prevalence Ratio

Data presented for 2012-2014; Prevalence ratios obtained from generalised linear models (binreg)

In addition to these risk factors, we found that
maternal age (under 25 years), being in the
lowest percentile for IEO and residing in the
Perth metropolitan area (compared with rural
and remote areas) were also independent
predictors of vitamin D deficiency. Of these,
only maternal age improved the predictive
performance and diagnostic efficacy of the
baseline model. Importantly, maternal age
was an independent predictor of vitamin D
deficiency after adjustment for all covariates
(including ethnicity and socioeconomic
status), with pregnant women aged <20 years
and 20-24 years at significantly increased

risk of deficiency compared with all other
age groups. This is consistent with data

from adults aged 18-75+ years from the
Australian Health Survey, which also showed
that deficiency was most common among
those aged 18-24 years.” In the same study,
among women of childbearing age, the
proportion of women vitamin D deficient
decreased linearly with increasing age, e.g.
from 31.1% among those aged 18-24 years
t0 22.9% among those aged 35-44 years.
Maternal age has been positively associated
with higher 25(0OH)D levels in some’: 104547
although not all studies.?’#8 While it has been
suggested by some that the association is
due to greater uptake of supplements among
older pregnant women,” one study found
that 25(OH)D levels of younger women were
lower, despite supplement use.*

Although supplement use in Australia is
generally low (19%),* uptake of supplements
is reportedly higher among pregnant
women (ranging from 41-84%).%4° Our
finding that younger maternal age and

lower educational and occupational status
were significant predictors of vitamin D
deficiency is consistent with previous reports
of lower supplement use in these groups.*
Our finding that those residing within the
Perth metropolitan area are at greater risk of
vitamin D deficiency may reflect reduced sun
exposure in those living in higher population
density and urban environments, where the
ratio of ambient erythemal UVR to personal
dose is lower than that observed in rural and
remote environments.>°

This is the largest study of vitamin D status
of pregnant women in Australia and, to
our knowledge, worldwide, comprising all
pregnant women screened for vitamin D
deficiency in Western Australia by the state
public pathology service. We used linked
data from the population-based MNS and
a statewide public pathology laboratory to
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assess the characteristics of pregnant women
who had their 25(0OH)D levels tested, as

well as characterising their vitamin D status
and the predictors of vitamin D deficiency.
Additional strengths of this study included
the large sample size, a single-site testing sera
for 25(OH)D using a consistent immunoassay
method with quality assurance through a
recognised provider, and the availability of
comprehensive sociodemographic and clinical
data from a statutory data collection for all
women who gave birth in Western Australia.

The main limitations of the study were the
lack of data on supplement use and personal
sun exposure. Another limitation was that
data were collected only from the state’s
public pathology service. The findings may
not be generalisable to women whose 25(0H)
D levels were not tested during pregnancy

or were tested by private pathology services.
With respect to the covariates used in the
models, ethnic origin was used to predict skin
colour, and we only had data on pregravid
BMI. BMI at the time of venesection would
have been preferred, although pregravid

BMI is commonly a predictor of vitamin D
deficiency during pregnancy.®’

Conclusion

Our data suggest that maternal age <24
years may be a worthwhile additional risk
factor for vitamin D deficiency in addition to
the existing risk factors outlined in the ANZ
position statement for vitamin D and health
in pregnancy. Although the Remoteness
Index did not improve the AUC, living in the
metropolitan area did significantly increase
the risk of being vitamin D deficient. We
recommend that practitioners encourage
women residing in metropolitan areas to
take regular vitamin D supplements or

seek regular safe sun exposure®? during
pregnancy when indicated. There is evidence
of widespread vitamin D deficiency in some
population groups (e.g. veiled women in
some locations in Australia; populations
living at high latitudes) and routine
supplementation may be a cost-effective way
to manage these specific situations.® Further,
we support the reinforcement of guidelines
for screening for vitamin D deficiency at the
first antenatal clinic to potentially at-risk
women to optimise the benefits of vitamin D
sufficiency throughout pregnancy on both
maternal and foetal health outcomes.
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