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Abstract
Vitamin D deficiency during pregnancy is associated with negative health consequences for mothers and their infants. Data on the vitamin D
status of pregnant women in Switzerland are scarce. A three-centre study was conducted in the obstetric departments of Zurich, Bellinzona
and Samedan (Switzerland) to investigate the prevalence and determinants of vitamin D deficiency (serum 25-hydroxyvitamin D (25(OH)D)
< 50 nmol/l) in 3rd-trimester pregnant women living in Switzerland (n 305), and the correlation between 25(OH)D in pregnant women and
their offspring at birth (n 278). Demographic and questionnaire data were used to explore the determinants of vitamin D deficiency. Median
concentration of serum 25(OH)D in the third trimester of pregnancy was 46·0 nmol/l (1st–3rd quartiles: 30·5–68·5), representing a 53·4%
prevalence of vitamin D deficiency. 25(OH)D levels in the umbilcal cord blood (median: 50·0 nmol/l; 1st–3rd quartiles: 31·0–76·6) strongly
correlated with mothers’ serum 25(OH)D (Spearman’s correlation ρ= 0·79, P< 0·001). Multivariable logistic regression analysis showed that
significant determinants of vitamin D deficiency in pregnant women were centre of study, country of origin, season of delivery and vitamin D
supplement intake. Near-term BMI, skin colour, use of sunscreen and mothers’ education, although each not individually significant,
collectively improved the ability of the model to explain vitamin D status. Low vitamin D levels were common in this sample of pregnant
women and their newborns’ cord blood. Vitamin D supplement intake was the most actionable determinant of vitamin D status, suggesting
that vitamin D supplementation during pregnancy should receive more attention in clinical practice.
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Vitamin D deficiency has been demonstrated in various
populations and is therefore considered a widespread health
issue(1,2). The discovery that vitamin D is required for normal
human growth and development has brought increasing
attention to the potential health consequences of vitamin D
deficiency during pregnancy(3).
Numerous studies have investigated the risks in mothers

associated with low vitamin D levels during pregnancy(4). In
summary, there is evidence to suggest a link between low vitamin
D status during pregnancy and preeclampsia, gestational diabetes
and preterm delivery(4–6). Moreover, 25-hydroxyvitamin D (25
(OH)D) concentrations in cord blood strongly correlate with
maternal concentrations(7–10): thus, vitamin D deficiency in
pregnant women may also negatively impact fetal development.
Some evidence indicates that babies’ body size, bone miner-
alisation or risk of acute lower respiratory infections may be
affected by low vitamin D status during pregnancy(3,4).

While these associations require further confirmation, they
raise the question of vitamin D sufficiency in pregnant women.
Studies reporting the prevalence of vitamin D deficiency in
pregnant women are not easily comparable because cut-off
values for vitamin D deficiency and insufficiency in pregnant
women were not uniformly defined(11–14). Nevertheless, in all
populations studied, the reported prevalence of vitamin D
deficiency was consistently high at or near term(15,16). These
data, however, are not available for women in late pregnancy
living in Switzerland. In addition, there are currently no data
assessing the vitamin D status of neonates in Switzerland, and
no 25(OH)D cut-off values are currently defined for newborns.

Reported determinants of vitamin D status in pregnant
women are partly identical to those of the general population,
including skin pigmentation, adiposity status, latitude of resi-
dence, dietary intake, use of vitamin supplements, wearing of
skin-covering clothes or sunscreen use(7,12,17–19). These
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determinants, however, appear to be country and culturally
specific(1,15). For example, classic determinants of vitamin D
status fail to fully explain the high prevalence of vitamin D
inadequacy in pregnant women of the Mediterranean region(20).
Interestingly, Switzerland is characterised by several factors that
are indirectly linked with known vitamin D determinants: a
unique blend of cultural influences, a large foreign population,
a high diversity of meteorological conditions (e.g. Alpine and
Mediterranean) and a large variability of altitude of residence.
Consequently, there are reasons to believe that the determi-
nants of vitamin D status in Swiss pregnant women may differ
from other populations.
Moreover, in studies looking at vitamin D deficiency, many

determinants are often reported, such as latitude of residence,
season or physical activity(21,22). This raises the question
whether they are all equally important and whether there may
be redundant factors. The comparative analysis of several
regression models could help strengthen the identification of
determinants(23) and potentially lead to simple prediction
models of great use in routine clinical practice(24).
In this study, we measured serum 25(OH)D levels in women

living in Switzerland during the third trimester of pregnancy and
in the cord blood of their offspring at birth. To better capture the
potential heterogeneity of the Swiss population, we conducted
the study in three centres representing regions of different
cultural and meteorological influences. These data, together
with demographic and questionnaire data, allowed us to:
(1) determine the prevalence of vitamin D deficiency in preg-
nant women and their neonates, (2) identify the significant
determinants of vitamin D deficiency in pregnant women and
(3) test the relative importance of the selected determinants of

vitamin D deficiency using a comparative analysis of several
logistic regression models. Altogether, our data contribute to
increased knowledge regarding maternal and neonatal vitamin
deficiency in the Swiss population.

Methods

Study population

The multicentre study was conducted between August 2014 and
June 2016 at the obstetrics departments of the Zurich University
Hospital, the Regional Hospital of Bellinzona and the Hospital
of Oberengadin in Samedan. Women were conveniently
recruited in the three centres during their last routine exam-
ination – that is within days before delivery (pregnancy weeks
36–42). Twin pregnancy, HIV, history of parathyroid, renal or
liver disease, chronic malabsorption syndromes or granuloma-
forming disorders, age below 18 years and known or suspected
drug or alcohol abuse were used as exclusion criteria.

The study was not designed to be representative of the whole
Swiss population, but the choice of the three centres takes into
account the cultural, socio-demographic and meteorological
heterogeneity of Switzerland. Centre regional characteristics are
recapitulated in Fig. 1. In brief, Zurich is a densely populated
urban area with mild climate. The Bellinzona region is a less
densely populated area, with high temperatures and sunshine
time, and belongs to the Italian-speaking region of Switzerland.
The Samedan centre is located in a rural region characterised by
high altitude and low annual average temperatures. Meteor-
ological data were supplied by IDAWEB (Swiss Federal Office
of Meteorology and Climatology MeteoSwiss): monthly total

Zurich Bellinzona Samedan

Latitude 47°4′N 46°2′N 46°5′N

Altitude (m) 408 238 1721

Total sunshine duration
(h during study period) 3090 4080(1) 3293

Mean air temperature
(°C during study period)

10.1 13.1 2.9

Population density in the canton
(inhabitants/km2 in 2016)

895.9 129.3 27.8

(a)

(b)

Fig. 1. (a) Geographical distribution, (b) meteorological characteristics of the three study centres (source MeteoSwiss(1), indicates that data were not available for
Bellinzona and replaced by the neighbouring weather station of Locarno-Monti) and population density of the respective cantons (source Federal Statistical Office,
Statistical Atlas of Switzerland(25)).
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sunshine duration in hours and monthly mean of air tempera-
ture 2m above the ground were, respectively, summed and
averaged over the study period (August 2014 to June 2016).
Meteorological data were not available for Bellinzona and
replaced by the neighbouring weather station of Locarno-Monti
(20 km away). Demographic data are based on the Federal
Statistical Office Swiss Atlas Data(25) and reflect the cantonal
mean.

Justification of sample size

A true sample size calculation for our main analyses, the mul-
tivariable logistic regressions, required information that was
unavailable in practice, such as the coefficients of determination
between covariates. We therefore followed the indication of
Agresti(26) to include a minimum of ten participants per cov-
ariate (305 participants for a maximum of fifteen covariates in
model 1).

Ethical approval

This study was conducted according to the guidelines set forth
in the Declaration of Helsinki, and all procedures involving
human subjects were approved by the Zurich cantonal ethics
committee (KEK-ZH-0213). Written informed consent was
obtained from all subjects.

Blood collection

A 10-ml blood sample was taken from pregnant women during
the last routine examination before delivery. Umbilical cord blood
was taken postpartum from the umbilical vein after clamping.

Measurements of serum 25-hydroxyvitamin D

Vitamin D status was evaluated by measuring the concentration
of serum 25(OH)D, the main circulating metabolite of vitamin
D, thus reflecting both dietary intake and endogenous pro-
duction. Blood samples from mothers and umbilical cord were
analysed locally: the Institute of Clinical Chemistry of the Zurich
University Hospital and Viollier AG for the Samedan Hospital
used a vitamin D total-analysis Roche Cobas electro-
chemiluminescence immunoassay (Roche Diagnostics). The
method has a detection range of 7·5–175nmol/l for 25(OH)D and
a variation coefficient of 2·2–6·8%. The Department of Laboratory
Medicine of Bellinzona Cantonal Hospital used an Agilent LC-MS/
MS 6490 equipped with an 1290 LC series with the Chromsystems
IVD kits and an automatic sample preparation (MassStar). The
interassay variation coefficient was 6·5–9·3%.

Definition of vitamin D deficiency

We chose a cut-off value of 50 nmol/l, as proposed by several
authorities, including the Endocrine Society(27), the Interna-
tional Osteoporosis Foundation(28) or the Canadian Osteo-
porosis Society(29). Therefore, vitamin D deficiency was defined
as serum level <50 nmol/l and sufficiency as ≥50 nmol/l.
Because no 25(OH)D cut-off values are currently defined for
neonates (or cord blood), neonates were not referred to as
sufficient or deficient.

Potential determinants of vitamin D status in pregnant women

On the basis of a questionnaire and data collected by physi-
cians, the following variables were used as potential determi-
nants: study centre (Zurich v. Bellinzona v. Samedan), age,
week of pregnancy, nulliparity (yes v. no), first pregnancy (yes
v. no), self-reported BMI before pregnancy, measured BMI at
near term, body weight gained during pregnancy, skin colour
(light v. dark), country of origin (in five groups), education level
achieved by the mother, education level achieved by the part-
ner (less than compulsory education v. compulsory education v.
secondary education v. tertiary education), smoking status
(never v. former v. current), season (winter (21 December–20
March) v. spring (21 March–20 June 20th) v. summer (21 June–
20 September) v. autumn (21 September–20 December)),
average number of days per week spent at least 1 h outdoor
between 10.00 and 16.00 hours in the past 6 months, frequency
of sunscreen use when exposed to the sun in the summer
(never v. sometimes v. always), consumption of fish (herring,
salmon, mackerel, sardine or tuna) at least once a week (yes v.
no) and intake of vitamin D-containing supplements (yes v. no).

The countries of origin were grouped into five categories based
on the local population and the regions defined by the World
Bank, as previously reported(19): (1) Switzerland and Germany;
(2) Northern America, Northern Europe, Central Asia and New
Zealand; (3) Southern Europe, Australia and Latin America; (4)
South and East Asia and Pacific; and (5) Africa and Middle East.

To assess skin colour, we used a five-level scale(19) adapted
from Fitzpatrick’s classification method(30). Briefly, the partici-
pants evaluated their phototype by choosing among five pic-
tures the one that best represents their skin colour and
describing how their untanned skin reacts to sun exposure
(if exposed in the early summer at noon for 45–60min).
Physicians also evaluated the participants’ skin colour. When the
classification of the participant and the physician disagreed, the
rounded arithmetic mean was taken. To account for the small
amount of women in groups IV and V, the skin colour variable
was then dichotomised into light skin colour (Fitzpatrick levels I
to III) and dark skin colour (Fitzpatrick levels IV and V).

Descriptive analyses

All analyses and graphs were conducted using R (version 3.3.2
for Mac). Boxplots represent the medians and 1st and
3rd quartiles of the complete cases. Prevalence of vitamin D
deficiency between centres was compared using Kruskal–
Wallis test followed by pairwise comparisons using Tukey’s and
Kramer–Nemenyi test with Tukey-Dist approximation for
independent samples. The correlation between serum 25(OH)D
levels of pregnant women and the cord blood of their neonates
was determined using Spearman’s correlation coefficient ρ.
P values ≤0·05 were considered significant.

Logistic regression analyses of the determinants of
vitamin D deficiency

To increase the number of cases available for logistic regres-
sion, we assumed that data were missing at random and per-
formed multiple imputation with chained equations (m= 25,
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mice package version 2.30 for R(31)). We estimated univariable
associations of 25(OH)D deficiency with potential determinants
using logistic regressions, with the following variables: study centre,
age, week of pregnancy, nulliparity, first pregnancy, BMI before
pregnancy, BMI near term, body weight gained during pregnancy,
skin colour, country of origin, education level achieved by the
mother, education level achieved by the partner, smoking status,
season, days spent in the sun, use of sunscreen, fish consumption
and intake of vitamin D-containing supplements. In addition, we
performed multivariable logistic regressions using all potential
determinants except variables showing high collinearity (model 1).
Collinearity was defined as a Pearson’s correlation coefficient
above |0·6| between continuous variables and a Cramér’s V above
0·6 between categorical variables. Correlation coefficients and
Cramér’s V were calculated on complete cases.
Two supplementary logistic regression models (models 2

and 3) were determined using the following criteria: model 2
included the significant determinants of model 1, as well as the
variables significantly associated with vitamin D deficiency in an
univariable model, whereas model 3 included only the significant
determinants of model 1. For all models, the measure of asso-
ciation was the OR and 95% CI. Reported regression coefficients
are those obtained after combination with Rubin’s rules(27).

Comparative analysis of three logistic regression models
of vitamin D deficiency

For the three regression models, the Akaike information criterion
(AIC) and the AUC of the receiver operating characteristics
(c-statistic) were calculated on complete cases common to all
models (n 219). In addition, observed v. predicted probability of
vitamin D deficiency were plotted after recursive discretisation of
the data between upper and lower halves and averaging of both
the observed and predicted probabilities within each bin. Circle
area is proportional to the number of observations within a bin.

Results

General characteristics of the studied population

A total of 305 women were included in the study (Table 1):
66·6% of the women were studied in Zurich (n 203), whereas
the remainder was split between Bellinzona and Samedan
(16·7%, n 51 in both centres). Overall, women were on average
32·9 (SD 5·2) years old and 35·7% of them originated from
Switzerland or Germany. Median week of pregnancy was
38 weeks, a time during which women had gained an average
of 13·6 (SD 5·7) kg of body weight. A large majority of the
women had secondary or tertiary education (69·8%), did not
smoke during pregnancy (90·5%), ate fish at least once a week
(60·3%) and consumed vitamin D supplements (70·8%).
Among the participants, 86·9% were fair-skinned, regularly
spent time in the sun (median of 5 d/week during which at least
1 h was spent in the sun) and used sunscreen in the summer
(82·3% at least sometimes).

Prevalence of vitamin D deficiency in pregnant women

Overall, prevalence of vitamin D deficiency was 53·4% in the
study sample. Median serum 25(OH)D concentration was

46·0 nmol/l (1st–3rd quartiles: 30·5–68·5) and was significantly
higher in Bellinzona than in Zurich (P< 0·005) and Samedan
(P< 0·0005).

25-Hydroxyvitamin D levels in the umbilical cord blood
of neonates

In the cord blood of the neonates (n 283), median serum 25
(OH)D level was 50·0 nmol/l (1st–3rd quartiles: 31·0–76·6),
resulting in 49·8% of the neonates having a 25(OH)D con-
centration below 50 nmol/l. A strong correlation was observed
between serum 25(OH)D levels of the mothers and their neo-
nates (Spearman’s correlation ρ= 0·79, P< 0·0001, Fig. 2(e)).

Determinants of vitamin D deficiency in pregnant women

Univariable logistic regression showed that significant deter-
minants of vitamin D deficiency were centre of study, near-term
BMI, country of origin, education of the mother and her partner,
season and use of sunscreen (Table 2). We further examined
potential determinants of vitamin D deficiency in a multi-
variable logistic regression. On the basis of a correlation ana-
lysis, the following pairs of variables were considered to be
collinear: nulliparity/first pregnancy (Cramér’s V= 0·85), edu-
cation of the mother/education of the partner (Cramér’s
V= 0·61) and BMI before pregnancy/near-term BMI (Pearson’s
correlation = 0·90); hence, nulliparity, education of the partner
and BMI before pregnancy were left out of the first multi-
variable model (model 1). Centre of study, country of origin and
season remained significant determinants of vitamin D defi-
ciency in this model (Table 2). In addition, the use of vitamin D
supplements became strongly associated with a lower risk of
vitamin D deficiency. Conversely, near-term BMI, education of
the mother and use of sunscreen failed to reach statistical sig-
nificance (Table 2). Surprisingly, after multivariable adjustment,
a dark skin colour was moderately associated with a decreased
risk of vitamin D deficiency (Table 2). The 25(OH)D values
across levels of the significant determinants are shown in Fig. 2
(a–d). We used centre, near-term BMI, skin colour, country of
origin, season, education of the mother, use of sunscreen and
use of vitamin D supplements in a second model (model 2), and
centre, country of origin, season and use of vitamin D supple-
ments in a third model (model 3). In both cases, the odds ratios
were only marginally different from those of the full multi-
variable model 1 (Table 2).

Comparative analysis of three logistic regression models of
vitamin D deficiency in pregnant women

The AIC of models 2 and 3 were markedly smaller than the AIC
of model 1, indicating that these 2 models are more parsimo-
nious (Fig. 3(b)). The comparison of the c-statistics indicated
that model 2 has a superior ability to explain vitamin D defi-
ciency than model 3, and that this ability to explain is com-
parable to the full model 1 (Fig. 3(c) and (d)). In addition, the
plots of observed v. expected probability indicated a satisfac-
tory calibration of all models, with model 2 most resembling the
full model 1. Together, these model diagnostics indicate that the
fit of a logistic regression model containing the four significant
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Table 1. General characteristics of the studied sample*
(Numbers and percentages; medians and first to third quartiles (Q1–Q3); mean values and standard deviations)

Overall Zurich Bellinzona Samedan

n % Missing n % Missing n % Missing n % Missing

Total women included 305 100 0 203 66·6 0 51 16·7 0 51 16·7 0
Mothers, 25(OH)D < 50nmol/l 163 53·4 0 111 54·7 0 17 33·3 0 35 68·6 0
Mothers, 25(OH)D nmol/l 0 0 0 0

Median 46·0 44·8 63·8 41·0
Q1–Q3 30·5–60·8 29·9–69·4 41·3–90·4 28·0–52·5

Babies, 25(OH)D 50 nmol/l 141 49·8 22 83 40·9 17 29 56·9 5 29 56·9 0
Babies, 25(OH)D (nmol/l) 22 17 5 0

Median 50·0 59·4 40·4 46·0
Q1–Q3 31·0–76·6 32·0–82·9 23·6–55·4 30·5–62·0

Age (years) 0 0 0 0
Mean 32·9 33·6 31·2 32
SD 5·2 5·1 5·1 5·6

Week of pregnancy 1 0 0 1
Median 38 38 40 39
Q1–Q3 38–39 38–38 39–40 37–40

Nulliparity 120 39·3 1 60 29·6 0 23 45·1 1 37 72·6 0
First pregnancy 102 33·4 1 51 25·1 0 19 37·3 0 32 62·8 1
BMI before pregnancy (kg/m2) 40 16 24 0

Median 22·9 23·2 23·1 21·5
Q1–Q3 20·7–25·4 21·2–25·7 21·2–25·8 20·0–23·8

BMI near term (kg/m2) 11 2 9 0
Median 28·0 27·9 28·4 28·0
Q1–Q3 25·4–30·8 25·6–30·9 25·6–30·7 24·5–30·1

BW gain during pregnancy (kg) 42 19 23 0
Mean 13·6 13·4 13·2 14·4
SD 5·7 5·7 4·7 6·3

Skin colour 6 1 5 0
Light 265 86·9 173 85·2 44 86·3 48 94·1
Dark 34 11·2 29 14·3 2 3·9 3 5·9

Country of origin 4 2 2 0
Group 1 109 35·7 67 33·0 21 41·2 21 41·2
Group 2 74 24·3 62 30·5 7 13·7 5 9·8
Group 3 72 23·6 30 14·8 18 35·3 24 47·1
Group 4 21 6·9 18 8·9 2 3·9 1 2·0
Group 5 25 8·2 24 11·8 1 2·0 0 0

Education 30 19 5 6
Less than compulsory 12 3·9 9 4·4 0 0 3 5·9
Compulsory 50 16·4 30 14·8 7 13·7 13 25·5
Secondary 111 36·4 62 30·5 27 52·9 22 43·1
Tertiary 102 33·4 83 40·9 12 23·5 7 13·7

Education of the partner 40 27 7 6
Less than compulsory 15 4·9 11 5·4 1 2·0 3 5·9
Compulsory 37 12·1 18 8·9 6 11·8 13 25·5
Secondary 112 36·7 62 30·5 26 51·0 24 47·1
Tertiary 101 33·1 85 41·9 11 21·6 5 9·8

Smoking status 2 1 1 0
Never 187 61·3 122 60·1 32 62·8 33 64·7
Ever 89 29·2 61 30·1 14 27·5 14 27·5
Current 27 8·9 19 9·4 4 7·8 4 7·8

Season 0 0 0 0
Winter 78 25·6 65 32·0 11 21·6 2 3·9
Spring 107 35·1 79 38·9 10 19·6 18 35·3
Summer 39 12·8 20 9·9 11 21·6 8 15·7
Autumn 81 26·6 39 19·21 19 37·3 23 45·1

Days per week spent at least 1 h
outdoor in the past 6months

15 5 5 5

Median 5 4 6 5
Q1–Q3 2–7 2–7 3–7 2–7

Using sun protection in summer 3 1 1 1
Never 51 16·7 42 20·7 7 13·7 2 3·9
Sometimes 130 42·6 81 39·9 25 49·0 24 47·1
Always 121 39·7 79 38·9 18 35·3 24 47·1

Fish consumption at least once a week 184 60·3 6 109 53·7 2 37 72·6 2 38 74·5 2
Vitamin D supplement intake 216 70·8 0 165 81·3 0 21 41·2 0 30 58·8 0

25(OH)D, 25-hydroxyvitamin D; BW, body weight.
* Skin colour was dichotomised in light (Fitzpatrick levels I to III) or dark colour (Fitzpatrick levels IV and V). Country groups are as follows: group 1, Switzerland and Germany; group

2, Northern America, Northern Europe, Central Asia and New Zealand; group 3, Southern Europe, Australia and Latin America; group 4, South and East Asia and Pacific; and
group 5, Africa and Middle East. Seasons were defined as follows: winter (21 December–20 March), spring (21 March–20 June), summer (21 June–20 September) and autumn
(21 September–20 December).
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determinants (centre, country of origin, season and use of
vitamin D supplements) can be markedly improved by the
addition of further four variables (BMI near term, skin colour,
education of the mother, use of sunscreen).

Discussion

Vitamin D deficiency during pregnancy has been linked with
several adverse health outcomes. Therefore, the fact that
low serum levels were repeatedly found in pregnant women
from different countries and at different stages of pregnancy is

a matter of concern(3,15). The prevalence and determinants
of vitamin D inadequacy, however, seem to vary with the
population studied(1,15). Hence, to address the needs of
the local population, it is therefore crucial to understand the
country-specific determinants of vitamin D deficiency. To
the best of our knowledge, our study is the first to investigate
the prevalence and determinants of vitamin D deficiency in
women living in Switzerland during the last trimester of preg-
nancy, and to measure 25(OH)D in the cord blood of their
newborns. Beyond the local value of this information, our data
may be of interest for other European countries because of

(e)
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Fig. 2. Serum 25-hydroxyvitamin D (25(OH)D) levels in pregnant women by (a) study centre, (b) season of delivery, (c) country of origin and (d) intake of vitamin D
supplements. (e) Correlation between serum 25(OH)D concentration of pregnant women and the umbilical cord blood of their neonates (n 283). Country groups are as
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Switzerland’s specific blend of cultural and meteorological
influences.
Data from our multicentre study indicate an overall pre-

valence of vitamin D deficiency of 53% among women in the
third trimester of pregnancy in Switzerland. This overall pre-
valence is somewhat comparable with the prevalence reported
in neighbouring countries, such as Germany (77%(32)), North-
ern Italy (85%(33)) or France (41%(34)). More broadly, our
results lie within the wide range of reported prevalence rates of

vitamin D deficiency during pregnancy, whether the investi-
gated populations are located in the Mediterranean region
(22·7–90·3%(20)) or in the North of Europe (Belgium 45%(35),
Finland 60%(36), Sweden 65%(17)).

Interestingly, in Switzerland, non-pregnant women showed a
much lower all-year prevalence of vitamin D deficiency than
the one reported here in pregnant women (35%(37)). Data
directly comparing the vitamin D status of pregnant women
with women of procreating age are scarce. Ritchie et al.(38)

Table 2. Vitamin D deficiency during pregnancy in the studied sample (n 305), results of univariable and multivariable logistic regressions*
(Odds ratios and 95% confidence intervals)

Univariable models Multivariable model 1 Multivariable model 2 Multivariable model 3

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Centre
Zurich 1 Ref. 1 Ref. 1 Ref. 1 Ref.
Bellinzona 0·41 0·22, 0·79 0·29 0·11, 0·78 0·36 0·16, 0·80 0·40 0·19, 0·86
Samedan 1·81 0·94, 3·49 2·48 1·04, 5·89 2·49 1·12, 5·55 2·72 1·27, 5·83

Age (years) 0·96 0·92, 1·01 0·98 0·92, 1·03 – – – –

Week of pregnancy 0·93 0·76, 1·13 1·12 0·85, 1·49 – – – –

Nulliparity 0·92 0·58, 1·46 – – – – – –

First pregnancy 0·78 0·48, 1·25 0·75 0·41, 1·37 – – – –

BMI before pregnancy (kg/m2) 1·05 1·00, 1·11 – – – – – –

BMI near term (kg/m2) 1·07 1·02, 1·13 1·04 0·98, 1·11 1·05 0·99, 1·11 – –

BW gain during pregnancy (kg) 1·02 0·98, 1·06 1·01 0·96, 1·07 – – – –

Skin colour
Light 1 Ref. 1 Ref. 1 Ref. – –

Dark 1·27 0·61, 2·60 0·39 0·14, 1·12 0·41 0·15, 1·12
Country of origin

Group 1 1 Ref. 1 Ref. 1 Ref. 1 Ref.
Group 2 2·73 1·48, 5·03 2·33 1·15, 4·73 2·40 1·21, 4·75 2·99 1·56, 5·74
Group 3 2·34 1·27, 4·30 2·41 1·14, 5·11 2·21 1·08, 4·52 2·37 1·22, 4·61
Group 4 4·32 1·55, 12·03 7·27 1·92, 27·55 7·81 2·16, 28·23 5·63 1·85, 17·15
Group 5 3·53 1·40, 8·89 4·86 1·40, 16·85 4·74 1·43, 15·77 4·50 1·68, 12·07

Education
Less than compulsory 1 Ref. 1 Ref. 1 Ref. – –

Compulsory 0·85 0·20, 3·53 0·86 0·18, 4·00 0·95 0·21, 4·30 – –

Secondary 0·46 0·12, 1·75 0·67 0·16, 2·85 0·66 0·16, 2·77 – –

Tertiary 0·26 0·07, 0·98 0·39 0·09, 1·69 0·39 0·10, 1·58 – –

Education of the partner
Less than compulsory 1 Ref. – – – – – –

Compulsory 0·6 0·14, 2·55 – – – – – –

Secondary 0·38 0·10, 1·40 – – – – – –

Tertiary 0·19 0·05, 0·72 – – – – – –

Smoking status
Never 1 Ref. 1 Ref. – – – –

Ever 0·84 0·50, 1·39 0·92 0·50, 1·69 – – – –

Current 1·43 0·62, 3·30 1·07 0·40, 2·90 – – – –

Season
Winter 1 Ref. 1 Ref. 1 Ref. 1 Ref.
Spring 0·7 0·38, 1·27 0·73 0·36, 1·45 0·74 0·37, 1·46 0·64 0·33, 1·23
Summer 0·41 0·19, 0·91 0·33 0·13, 0·86 0·33 0·13, 0·84 0·31 0·13, 0·75
Autumn 0·58 0·31, 1·09 0·45 0·20, 0·98 0·40 0·19, 0·86 0·40 0·19, 0·83

Days per week spent at least 1 h outdoor
in the past 6 months

0·97 0·89, 1·07 0·97 0·87, 1·08 – – – –

Using sun protection in summer
Never 1 Ref. 1 Ref. 1 Ref. – –

Sometimes 0·38 0·19, 0·77 0·47 0·20, 1·10 0·44 0·20, 1·00 – –

Always 0·38 0·19, 0·78 0·61 0·25, 1·50 0·57 0·24, 1·32 – –

Fish consumption at least once a week 0·9 0·56, 1·44 0·85 0·47, 1·52 – – – –

Vitamin D supplement intake 0·66 0·40, 1·09 0·42 0·22, 0·80 0·42 0·22, 0·80 0·43 0·23, 0·79

Ref., referent values; BW, body weight.
* Multivariable model 1 was adjusted for study centre, age, week of pregnancy, first pregnancy, BMI near term, BW gained during pregnancy, skin colour, country of origin, education

level achieved by the mother, smoking status, season of delivery, days per week spent at least 1 h outdoor in the past 6 months, use of sun protection in the summer, fish
consumption and intake of vitamin D-containing supplements. Model 2 was adjusted for study centre, BMI near term, skin colour, country of origin, education level achieved by the
mother, season of delivery, use of sun protection in the summer and intake of vitamin D-containing supplements. Model 3 was adjusted for study centre, country of origin, season
of delivery and intake of vitamin D-containing supplements. Country groups are as follows: group 1, Switzerland and Germany; group 2, Northern America, Northern Europe,
Central Asia and New Zealand; group 3, Southern Europe, Australia and Latin America; group 4, South and East Asia and Pacific; and group 5, Africa and Middle East. Seasons
were defined as follows: winter (21 December–20 March), spring (21 March–20 June), summer (21 June–20 September) and autumn (21 September–20 December).
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reported no significant differences in 25(OH)D measured in
fourteen women before pregnancy, during each trimester and
during lactation. Some data, however, indicate that the 25(OH)
D concentrations in early pregnancy do not differ from those of
non-pregnant women, but exhibit a significant decrease
towards the end of pregnancy(39–41). Several mechanisms could
explain this decrease in 25(OH)D during pregnancy. First, 25
(OH)D passes the placenta and the fetus is completely
dependent on the maternal serum for vitamin D supply. The
lower serum 25(OH)D of the mother could therefore reflect the
placetal transfer to the growing fetus. Moreover, plasma
parathyroid hormone increases during pregnancy, thus poten-
tially explaining the decrease in 25(OH)D during pregnancy(39).
Finally, certain authors hypothesised that the liver hydroxyla-
tion of vitamin D may be affected by pregnancy(40), because the
modulation of different types of cytochrome P450 has been
reported(42).

Furthermore, the prevalence of 25(OH)D concentrations
below 50 nmol/l in the cord blood of newborns (49·8%) is
comparable with the prevalence of vitamin D deficiency in
mothers (53·4%). This strong correlation corroborates with the
numerous reports that concentrations of 25(OH)D in the cord
blood at delivery correlate with those of the mothers(7–10),
although the reported correlation coefficient does vary mark-
edly between studies. Knowing the risk of disturbed
fetal development, as well as diseases occurring later in life
(diabetes, asthma)(4), the high prevalence of vitamin D
deficiency in mothers and newborns is alarming.

An interesting feature of our study is the varying prevalence
of vitamin D deficiency between the study centres (55% in
Zurich, 33% in Bellinzona, 69% in Samedan). Hence, the spe-
cific study centre (which is a proxy for the region in which
women lived) was a strong determinant of vitamin D deficiency
– that is a variable found in all logistic regression models.

Model 1
(full)

Model 3
(core)

Model 2
(intermediate)

AIC = 298.58 

Center, country of origin, season,
use of vitamin D supplements

Center, BMI near term, skin colour,
country of origin, season, education of

the mother, use of suncreen, use of
vitamin D supplements

Center, age, week of pregnancy, BMI near term,
body weight gain, skin colour,

country of origin, education of the mother,
smoking status, season, days spent in the sun,

use of sunscreen, fish consumption,
use of vitamin D supplements

AIC = 289.11 AIC = 289.65
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Fig. 3. (a) Variables included, (b) Akaike information criterion (AIC), (c) receiver operating characteristic curves and (d) observed v. predicted value plots in all three
logistic regression models. Model diagnostics were computed on complete cases common to the tree models (n 219).
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Socio-demographic determinants are unlikely to explain the
different prevalence of vitamin D deficiency across centres,
because Samedan and Bellinzona showed similar population
characteristics (Table 1). Diversity of diets across centres may
be a plausible cause, but our data on fish consumption, a major
nutritional source of vitamin D, indicate similar consumption
levels in Samedan and Bellinzona. Vitamin D intake, however,
was not measured in our study, and this hypothesis cannot be
fully discounted. Nevertheless, the most likely cause is the fact
that differences in sunshine duration and outdoor temperature
drive very diverse skin exposure time to UVB between the three
centres (Fig. 1(b)).
The intake of vitamin D-containing supplements (alone or as

a multivitamin supplement) protected against vitamin D defi-
ciency. The consumption of fish, however, was not a significant
determinant of vitamin D deficiency. Here, we assessed fish
consumption based on studies showing that fish and seafood
are the main sources of dietary vitamin D in pregnant women
and reflect the total dietary vitamin D intake(18). Therefore, our
findings are in accordance with studies showing that high
vitamin D intake is mostly achieved by supplement intake
rather than through diet(18). These data further advocate for
vitamin D supplementation during pregnancy. In support of
this, several randomised control trials consistently showed that
vitamin D supplements were effective in increasing maternal 25
(OH)D concentrations at term(6), umbilical cord venous and
neonatal serum 25(OH)D as compared with a placebo(43–45).
Paradoxically, in our sample population, a high percentage of

vitamin D supplement or multivitamin supplement intake
(71%) did not prevent a high prevalence of vitamin D defi-
ciency. This paradox may be explained by an inadequate or
insufficient intake of vitamin D, despite the wide use of sup-
plements. Indeed, in our study, we did not quantitatively
evaluate vitamin D intake. Similarly, in a large sample of
pregnant women from Denmark, only 30% of the population
had an adequate vitamin D intake (defined by a daily intake of
10 μg/d – maximum reached after 30 weeks of pregnancy),
whereas the majority of women (67·5%) took vitamin D sup-
plements(18). In addition, the type of vitamin D supplements
reported was highly diverse (data not shown): brands, doses,
single substance v. multivitamin mixes, countries of manu-
facture were the main factors of supplements heterogeneity.
This indicates that, despite the existence of Swiss guidelines
(600 IU (15mg) vitamin D/d and 1500–2000 IU (37·5–50mg)
when deficiency is evident(46)), vitamin D intake during preg-
nancy remains partly inadequate. Further advice from medical
practitioners may help women to choose adequate supple-
ments and use them appropriately. However, even in the pre-
sence of a standardised vitamin D supplementation, the
heterogeneity of 25(OH)D response to vitamin D supple-
mentation has been documented(47–49) and includes genetic
factors, BMI and baseline 25(OH)D levels. Therefore, this
indicates that a successful vitamin D supplementation plan
would also require individualisation on the basis of serum 25
(OH)D measurement during pregnancy.
The comparative analysis of several logistic regression mod-

els allowed us to systematically test the relative importance of
vitamin D determinants included in this study. Thus, we

identified four core determinants of vitamin D deficiency
(centre of study, country of origin, season of delivery, intake of
vitamin D supplements), as well as four secondary factors
(factors not reaching significance individually but improving the
goodness of fit of the model: education, near-term BMI, skin
colour, use of sunscreen). The regression models, however,
should not be considered as an attempt to find prediction
formula for vitamin D deficiency in pregnant women in Swit-
zerland. Indeed, the nature of our experimental design does not
make these models suitable for prediction: first, only one data set
was available and used for the establishment of these models, thus
leaving no data available for external model validation. Second,
the sample in this study was not designed to be representative of
the Swiss population; consequently, the relevance of the models
presented here is limited to our sample. In addition, owing to the
use of a multiple imputation strategy, the diagnostics of the
models were limited. Eventually, we acknowledge that other
potential determinants of vitamin D levels, such as nutritional
intake, physical activity or genetic background, were not opti-
mally investigated here and should be the objective of future
studies.

In conclusion, our study was the first to our knowledge to
address prevalence rates of vitamin D deficiency in late preg-
nancy in Switzerland. This study indicated that low vitamin D
levels are common in this sample of pregnant women living in
Switzerland, as well as in their neonates’ cord blood. Using
logistic regression analyses and model comparison, we identi-
fied the centre of study, country of origin, season of delivery
and intake of vitamin D supplements as main determinants of
vitamin D deficiency in pregnant women. As the intake of
vitamin D supplement is the most likely actionable determinant
identified in this study, it suggests that vitamin D supple-
mentation during pregnancy should receive more attention in
clinical practice.
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