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Abstract
Pregnancy and post-partum represent a period of susceptibility for vitamin D insufficiency. This study investigated S-25 [OH] D levels in women in northern Sweden 4
weeks post-partum and its association with selected background factors. Blood from
100 healthy women were analyzed for iron status and serum levels of S-25[OH] D
using ionization-mass spectrometry (HPLC-APCI-MS). ˂50 nmol/L was categorized
as insufficiency and ˂25 nmol/L as deficiency. Maternal BMI, dietary habits, fungal
infections during pregnancy, and infant birth characteristics were collected using
questionnaires and medical charts. 58% were vitamin D insufficient whereas 10%
had deficiency. Insufficiency was most common during winter (OR = 2.77; 95% CI =
1.1 - 6.96) and women with deficiency reported lower milk consumption; 11.3 ± 22.8
intakes per months vs. 34.0 ± 28.9 for those above 25 nmol/L (p < 0.05). Vitamin
D-insufficient women had lower serum ferritin levels (p < 0.01) and higher serum
transferrin levels (p < 0.05). A history of vaginal fungal infection during pregnancy
was associated with insufficiency (OR = 5.10; 95% CI = 1.01 - 25.73), however, the
confidence interval of the estimate was wide, resulting in uncertainty. It is concluded
that vitamin D insufficiency 4 weeks post-partum was common in women living at
63˚49'N. The odds of being insufficient were increased during winter whereas milk
consumption was negatively associated with deficiency. The low vitamin D-levels
particularly during winter is a public health concern. From a public health perspective it has to be considered whether dietary advices alone should be modified or if
supplementation with vitamin D during pregnancy and the post-partum period also
is needed.
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1. Introduction
Vitamin D is acquired through synthesis in the epidermis after sun exposure and
through the diet. Season of the year and latitude affect the amount of ultraviolet B radiation. Sun exposure is restricted during winter in northern Sweden since sun hours are
few. Due to fear of skin cancer and premature ageing unprotected exposure to the sun
has declined during the last decades. Dietary vitamin D is mostly derived from fortified
milk products, egg, fatty fish and fish containing food. A recent Swedish study among
young adults living in northern Sweden showed that low levels of vitamin D were
common during winter even if the dietary vitamin D intake met the current national
recommendations [1].
The importance of vitamin D for skeletal and dental mineralization is well known
where sufficient vitamin D levels support mineralization by promoting calcium absorption in the gut. The association between vitamin D levels and chronic and infectious
diseases has elicited an increasing scientific interest. Vitamin D modulates immune
function influencing different cell types and it has been shown that vitamin D modify
proinflammatory cytokine responses [2] [3] [4]. Further, patients with candidemia had
lower levels of vitamin D [5]. Pregnancy and the following postpartum period is a period in life with pronounced vulnerability for vitamin D insufficiency. Vitamin D insufficiency in pregnant women has been observed in many parts of the world as well as an
association between low vitamin D status and multiple potential negative pregnancy
outcomes in both mother and child [6] [7] [8] [9] [10].
Serum levels of vitamin D are measured by analyzing 25-hydroxy vitamin D concentration (25[OH]D). The optimal level for S-25[OH]D status is under debate but insufficiency is usually considered if concentration ˂50 nmol/L and concentrations <25
nmol/L is considered as deficiency [11] [12].
The primary aim of this study was to investigate whether women in the northern part
of Sweden had sufficient S-25[OH]D levels 4 weeks postpartum. A secondary aim was
to analyze the association of selected background factors and S-25[OH] D levels.

2. Material and Methods
2.1. Study Design
The study had a cross sectional design and the primary outcome measure was maternal
S-25[OH]D concentrations 4 weeks post-partum. The cohort had previously been studied regarding prevalence of candida infection in infants during their first year of life
[13]. As the study was explorative no power calculation was performed.

2.2. Study Population and Ethical Approval
The study was conducted in the city of Umeå, northern Sweden, latitude: 63˚49'N. A
total of 120 healthy women of 4-week old infants, were invited in a consecutive order at
one well baby clinic. Of these, 20 did not consent to participate and the material thus
includes 100 women aged (mean, (SD), range) 32 years, (4.5), 21 - 44. The majority of
the women were fair skinned, 46% were primiparas, 39% second time mothers and 15%
had given birth to three or more children. No inclusions were performed in July due to
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vacation. The study was approved by the Regional Ethical Review Board in Umeå,
Sweden (Dnr. 2010-218-31M and 2014-341-32M) and informed consent was obtained
from the participating women.

2.3. Women’s Weight and Length
Data on women’s weight and length at the first and last visit during pregnancy were
collected from charts at the maternity clinic. Data on weight and length were available
for 86 women. Weight gain during pregnancy and body mass index (BMI) (kg/m2)
were calculated.

2.4. Mode of Delivery, Birth Weight, Feeding and Women’s Diet
At inclusion, consenting women were asked to fill in a questionnaire about delivery
mode and birth weight and length, infant feeding mode (exclusive breast feeding, partial breast feeding or no breast feeding). The questionnaire also included questions regarding a) food intake, i.e. intake frequencies of milk products, eggs and fatty fish i.e.
herring and salmon, b) health during pregnancy, i.e. fungal infections. The women
were also asked to fill in questionnaires about infant feeding at follow-ups at 4 weeks, 2,
3 and 6 months.

2.5. Sampling of Blood and Analyses
A maternal venous blood sample (10 mL) was collected in test tubes containing heparin. Blood was analyzed for hemoglobin, transferrin, and ferritin according to accredited methods at Laboratory Medicine at Umeå University Hospital. An aliquot of the
blood sample was immediately centrifuged at 4000 G for 10 minutes and the plasma
was kept frozen at −80˚C until analysis of S-25[OH]D. S-25 [OH] D were analyzed according to high-pressure liquid chromatography-atmospheric pressure chemical ionization-mass spectrometry (HPLC-APCI-MS), (Vitas, Oslo, Norway); [1].

2.6. Statistical Analyses
The intake frequencies of milk products, fish and eggs were calculated as intake per
months. The data were analyzed using PASW statistics software (version 22.0, Chicago,
IL, USA). For univariate comparisons ANOVA was applied for continuous data and
Chi-square or Fisher’s exact tests for comparison of categorical variables. Variables
with a statistically significant or close to statistically significant association with insufficiency and deficiency in S-25[OH] D levels were analysed in logistic regressions models
to ascertain their effects on the outcome a) S-25[OH]D levels ˂50 nmol/L; season, fungal infection in pregnancy, haemoglobin, transferrin, ferritin and exclusive breastfeeding up to 3 months of age b) S-25[OH]D levels ˂25 nmol/L; milk intakes per months. A

p-value of < 0.05 was considered as statistically significant.

3. Results
3.1. S-25[OH]D Levels
Among the mothers, S-25[OH] D levels varied between 20.2 and 152.5 nmol/L with a
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mean (SD) 48.9 (22.2) nmol/L. In all, 58 percent of the women had S-25[OH]D levels ˂
50 nmol/L and 10 percent ˂ 25 nmol/L (Figure 1).

3.2. S-25[OH]D Levels and Background Factors-Univariable
Comparisons
3.2.1. Season
The highest S-25[OH]D levels were seen in September and the lowest levels in January
(Figure 2). During November to March 67% were insufficient compared to 48% during
April to October (p < 0.05).
3.2.2. Iron Status
As depicted in Table 1, vitamin D-insufficient women had lower serum ferritin levels
(p < 0.01) and higher serum transferrin levels (p < 0.05). The serum hemoglobin levels

Figure 1. Distribution of S-25[OH]D levels in mothers 4 weeks postpartum. X-axis denotes each
participant (n = 100). Red color illustrates participants with insufficient levels and blue color sufficient levels. Y-axis denotes vitamin S-25[OH]D levels (nmol/L). Red “i” denotes participants
with fungal infection
Table 1. Weight variables, iron status, calcium, milk, fat fish and egg consumption in women and
delivery, birth weight and length of the children. *p < 0.05, **p < 0.01.
Sufficient ≥ 50 nmol/L
(n = 42)

Insufficient ˂ 50 nmol/L
(n = 58)

p

Women
Weight (kg) start*

65.8 ± 9.9

64.1 ± 11.5

0.407

Weight (kg) end*

78.6 ± 11.6

79.4 ± 10.4

0.761

BMI start*

23.6 ± 3.5

23.5 ± 3.4

0.839

BMI end*

28.6 ± 4.1

28.7 ± 3.8

0.959

Haemoglobin (µmol/L)

17.2 ± 6.1

14.7 ± 6.5

0.057
0.029

Transferrin (g/L)

2.4 ± 0.4

2.5 ± 0.4*

Ferritin (µg/L)

82.0 ± 52.3

53.9 ± 37.6**

0.002

Milk (intake/months)

33.8 ± 28.6

30.1 ± 29.5

0.536

Fish (fat) (intake/months)

4.1 ± 2.6

3.7 ± 4.0

0.559

Eggs (intake/months)

10.3 ± 13.8

9.9 ± 9.7

0.922

Delivery before 37 weeks

2

0

0.174

Delivery with caesarean section (n)

5

6

0.537

Birth weight (g)

3473 ± 461

3610 ± 2478

0.155

Birth length (cm)

50.2 ± 2.5

50.9 ± 2.1

0.156

Children

*Data retrieved from 86 women.
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Figure 2. Seasonal variation in S-25[OH]D levels. Each participant is illustrated with a blue circle. X-axis illustrates months and Y-axis serum S-25[OH]D levels. Women above the red line
have sufficient S-25[OH]D levels (≥50 nmol/L).

were slightly lower in vitamin D-insufficient women but the difference fell just short of
the significance level (p = 0.057).
3.2.3. BMI
The weight gain during pregnancy was 13.6 ± 4.1 kilogram vs. 14.6 ± 5.8 kilogram in
the sufficient and the insufficient group, respectively. No relationship between initial
BMI or weight gain during pregnancy and S-25[OH]D levels post-partum was observed
(p > 0.05).
3.2.4. Reported Food Intake
The intakes of fatty fish, milk and eggs did not differ between women with vitamin D
insufficiency and those with sufficient levels (p > 0.05), (Table 1). Women with deficiency reported a lower number of intakes of milk per month 11.3 ± 22.8 vs. 34.0 ± 28.9
compared to those above the threshold value (p < 0.05). The corresponding intakes of
fatty fish per months were 2.3 ± 1.4 and 4.0 ± 3.6, respectively (p > 0.05).
3.2.5. Fungal Infection during Pregnancy
Seventeen percent of the mothers had a history of vaginal fungal infection during pregnancy and in the vitamin D insufficient group it was more common (26% vs. 5% (p <
0.01), (Figure 1).
3.2.6. Delivery Mode, Birth Weight and Length
The rate of caesarean section was 11% and there were no differences between the
groups with insufficient and sufficient levels of S-25[OH]D (p > 0.05). Nor were there
any differences in birth weight and birth length (Table 1).
3.2.7. Breastfeeding
Exclusive breastfeeding at 4 weeks, 2, 3 and 6 months is presented in Figure 3. Mothers
with sufficient S-25[OH] D levels were more likely to exclusively breastfeed their infants compared to the insufficient group of mothers up to 3 months of age (p < 0.05).

3.3. S-25[OH]D Levels and Background Factors-Multivariable
Comparisons
The variables and the outcomes of the multivariable comparisons are listed in Table 2.
For insufficiency (<50 nmol/L) the model was statically significant χ2 = 24.682; p <
0.001, and explained 30% of the variance (Nagelkerke R2) and correctly classified 68%
103
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Figure 3. Exclusive breastfeeding in relation to S-25[OH]D levels. X-axis denotes children’s age
in months. Y-axis denotes% women exclusively breastfeeding their children. Blue line represents
women with sufficient S-25[OH]D level (≥50 nmol/L), red line represents women with insufficient S-25[OH]D levels (<50 nmol/L).
Table 2. Variables in the logistic regression models for analysis of 25-hydroxy vitamin D insufficiency and deficiency.
S-25[OH]D

Variables

OR

95% CI

p

1.1 - 6.96

0.031

Winter (November-March)

No

Ref.

Yes

2.77

Fungal infection in pregnancy

<50 nmol/L

No

Ref

Yes

5.10

1.01 - 25.73

0.049

Haemoglobin (µmol/L)

0.98

0.98 - 1.06

0.578

Transferrin (g/L)

1.59

0.98 - 2.57

0.061

Ferritin (µg/L)

0.99

0.98 - 1.01

0.188

Exclusive breastfeeding up to
3 months of age of the child

˂25 nmol/L

No

Ref.

Yes

0.472

0.16 - 1.4

0.177

Milk (intakes/months)

0.91

0.87 - 0.95

0.000

of the cases. Winter increased the likelihood of insufficiency (OR = 2.77; 95% CI = 1.1 6.96) as well as a history of maternal fungal infection during pregnancy (OR = 5.10;
95% CI = 1.01 - 25.73). Serum levels of haemoglobin, transferrin, ferritin as well as exclusive breastfeeding up to 3 months of age did not add significantly to the model. For
deficiency (<25 nmol/L) the model was statistically significant χ2 = 70.58; P < 0.001, explained 68% of the variance (Nagelkerke R2) and correctly classified 88% of the cases.
Number of milk intakes per months was negatively associated with deficiency (OR =
0.91; 95% CI = 0.87 - 0.95).
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4. Discussion
4.1. Prevalence of Vitamin D Insufficiency
Vitamin D insufficiency was common in this cohort of women living at latitude
63˚49'N in northern Sweden. There was a clear seasonal variation in S-25[OH]D levels
with the lowest levels in January. The odds of being insufficient had a 2.8 fold increase
during November to March indicating the importance of sun exposure, which confirms
a recent report by Lundqvist et al. from the same area [14]. Our data from the postpartum period are also in agreement with a review of 14 studies from different geographical areas reporting a mean S-25[OH]D concentration during pregnancy or at delivery ranging from 12.8 nmol/L to 138.5 nmol/L [6]. The few studies that have targeted
Swedish women during pregnancy have reported a majority of woman to be below
recommended levels of S-25[OH]D. In late pregnancy 65% of fair-skinned Swedish
mothers living at latitude 57˚N - 58˚N had insufficient levels during wintertime [15]
which is similar to our findings from latitude 63˚N 4 weeks post-partum. Brembeck et
al. suggested that higher vitamin D intake may be needed during the winter for fairskinned pregnant women at northern latitudes to avoid vitamin D insufficiency [15].
Additionally vitamin D deficiency has been shown in Somali woman living in the middle of Sweden in early pregnancy [16].

4.2. Food Intake and Vitamin D Insufficiency
Vitamin D insufficiency may reflect a less adequate diet as it was associated with worse
iron status. Women with deficiency reported lower consumption of milk while there
were no differences in the intake frequencies of milk, fatty fish or eggs between insufficient women and women with sufficient levels of vitamin D. The validity of the food
frequency questionnaire we used may suffer from biases when used on the individual
level [17]; mainly due to recall bias but also because the study group of mothers postpartum may experience a change in lifestyle conditions including dietary intakes. The
reported intakes of fatty fish were low and averaged around 4 intakes per months. The
National Food Agency in Sweden recommends pregnant women an intake of fish and
seafood 2 - 3 times a week [18]. The low intake of fish is a concern and may be a consequence of the general recommendation in Sweden that consumption of fish from the
Baltic, the southern part of the Gulf of Bothnia and the Gulf of Bothnia should be restricted to 2 - 3 times per year because of expected high levels of PCB, dioxin and mercury [18]. This recommendation may influence fertile women to unnecessarily avoid
fish in general.
Breastfeeding has beneficial health effects for both the mother and child [19] [20]. In
the univariable comparisons vitamin D insufficient women were less likely to exclusively breastfeed their babies. Although the association with breastfeeding could not be
confirmed in the multivariable analyses it is an interesting finding which needs to be
further investigated.

4.3. Health and Vitamin D Insufficiency
A novel finding in the present study is the five-fold increase in the risk of being insufficient in vitamin D in women with a history of fungal infection during pregnancy. From
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the longitudinal data by Lundqvist et al. [14] it can be assumed that mothers in the
present study who were insufficient post-partum may also have been insufficient during pregnancy. Although the confidence interval of the estimate was wide, resulting in
uncertainty, these findings could be consistent with studies reporting vitamin D insufficiency to be associated with susceptibility to a variety of infections as for example respiratory tract infections and candidemia [5] [21] and that vitamin D modulates the
immune response to Candida [2]. Cut-off levels for vitamin D were originally set in relation to the role of vitamin D in bone mineralization, with levels <25 nmol/L (10
ng/mL) often referred to vitamin D deficiency and <50 nmol/L (20 ng/mL) as vitamin
D insufficiency [11], both associated with decreased bone mineralization and increased
fracture risk. The optimal levels during pregnancy have so far not been set. However,
pregnant women with vitamin D insufficiency are at increased risk of infections [9]
[22] [23] [24] [25]. This may have implications also for the fetus as intrauterine infection is proposed to cause preterm birth [26]. Bodnar et al. [27] showed in a large observational pregnancy cohort study in North America that vitamin D levels below <50
nmol/L during pregnancy is a risk factor for preterm birth with a dose response association and a recent meta-analysis with 10,098 participants indicated an association between low vitamin D levels and an increased risk of preterm birth (OR = 1.29); [28].
The increased risk could not be confirmed in the present study. Although the number
of participants was relatively small, the investigated group represented a homogenous
group of women with good socioeconomic conditions and access to healthy food in a
limited geographical area.

4.4. Public Health Implications
The low vitamin D levels in mothers particularly during winter is a public health concern and may have impact on both mother and child health. In the UK a daily vitamin
D supplementation of 10 µg is recommended by the Department of Health to pregnant
and lactating mothers [29]. A systematic review [30] on the effects of vitamin D supplementation during pregnancy on neonatal 25-hydroxyvitamin D (25(OH)D) and calcium concentrations included randomized controlled trials that supplemented subjects
with vitamin D2 or D3 during pregnancy and reported cord blood 25(OH)D or calcium
concentrations. The authors suggested that women at risk for vitamin D deficiency,
such as having a winter pregnancy or dark skin, should have their serum 25(OH)D level
screened and take measures to assure a normal range of serum 25(OH)D concentration
during pregnancy. In Sweden there are no specific recommendations of vitamin D supplementation to pregnant women and the levels of vitamin D is not measured routinely
at the maternal health clinic, while measuring iron status is a well-established routine
during prenatal care. Our results together with previous research [15] [16] indicate that
promotion of an increased intake of foods rich in vitamin D and vitamin D supplementation during pregnancy and postpartum to Swedish mothers should be considered.

5. Conclusion
In summary, vitamin D insufficiency was common four weeks post-partum and our
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findings may have implications for maternal and infant short and long-term health.
From a public health perspective, it has to be considered whether dietary advices alone
should be modified or if supplementation with vitamin D during pregnancy and the
post-partum period is also needed.
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