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Abstract

A high prevalence of vitamin D deficiency has been reported in non-Western immigrants in Norway. Our
objective was to test whether written information about how to improve vitamin D status could improve the
vitamin D status in immigrants mothers attending child health clinics. In this cluster randomized controlled trial
in eight child health clinics in Oslo, mothers aged 18–43 years with Pakistani,Turkish, or Somali background were
included when their infants were 6 weeks old. The public health nurses gave the intervention group a brochure
with information on how to improve vitamin D status, written in their native language.They were compared with
a control group receiving usual care, consisting of oral information only. The principal outcome measure was
increase in serum 25-hydroxyvitamin D [s-25(OH) D] in mothers 7 weeks later. Forty-four mothers completed
the study. Mean baseline s-25(OH) D was 29.1 (14.8) nmol l-1 in the intervention and 19.4 (9.2) in the control
group. There was no significant increase in s-25(OH) D from baseline to follow-up in the intervention [6.3
(95%CI: -1.9, 14.4) nmol l-1)] or in the control group [2.9 (95% CI [confidence interval]: -1.2, 7.0) nmol l-1].
When adjusting for baseline s-25(OH) D concentration the mean difference in increase between the intervention
and control group was 1.4 (95% CI: -18.7, 21.4) nmol l-1 (P = 0.87). Adjustment for ethnicity, season and
mother’s educational background did not alter the results. In sum, providing immigrant mothers with written
information about how to improve their vitamin D status did not have an effect on the mothers’ vitamin D status.

Keywords: randomized controlled trial, vitamin D, nutrition education, immigrant mothers, maternal nutrition,
lactation.

Correspondence: Ahmed Madar, Institute of General Practice and Community Medicine, University of Oslo, PO Box 1130 Blindern,
Oslo N-0318, Norway. E-mail: a.a.madar@medisin.uio.no

Trial registration number: ISRCTN78298308.

Introduction

Vitamin D is important for bone mineralization by
regulating calcium metabolism (Holick 2006) and
severe vitamin D deficiency can cause rickets in chil-
dren and osteomalacia in adults (Heaney 2003). In
addition, recent research suggests that vitamin D defi-
ciency may be related to a variety of other diseases

(Sowers & Lachance 1999; Chan 2000; Holick 2003;
Jacobs et al. 2004;VanAmerongen et al. 2004). In areas
with temperate climate,vitamin D is synthesized in the
skin upon solar ultraviolet B (UVB) exposure during
the summer half of the year (Webb et al. 1988).Vitamin
D may also be obtained from a limited number of
dietary sources such as fatty fish and food fortified with
vitamin D, and from dietary supplements.
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Unless vitamin D intake is increased, vitamin D
status will likely deteriorate when people migrate
from developing countries with prevalent vitamin D
deficiency (Atiq et al. 1998; Andiran et al. 2002) to
Norway or other countries at northern latitude
where UVB radiation is not sufficient for vitamin
D synthesis in the skin for many months of the year.
In Norway, a high prevalence of serious vitamin D
deficiency (s-25(OH)D below 12.5 mol l-1) among
immigrant adults have been reported (Henriksen
et al. 1995; Meyer et al. 2004; Holvik et al. 2005). In
spite of this, an effective nutrition intervention strat-
egy among immigrant populations in Norway has
not been in place. However, oral information on
vitamin D-related issues is given at the Child Health
Clinics, and intake of vitamin D supplements to
infants and mothers is encouraged by public health
nurses. The objective of this study was to test
whether written information about how to improve
vitamin D status, written in the study subject’s native
language, could improve the vitamin D status in
immigrants mothers attending child health clinics in
Norway.

Methods and materials

The study is part of a cluster randomized trial
conducted between March 2004 and February 2006
in infants with immigrant background and their
mothers. As published previously, free supply of
vitamin D drops to 6-week-old infants together
with tailor-made information handouts significantly
improved the vitamin D status of the infants (Madar
et al. 2009a). In this paper, we report the results of the
intervention in the mothers.

Participants

Mothers with Pakistani, Turkish, or Somali back-
ground who came for a routine 6 weeks check-up of
their infants were recruited from Child Health Clinics
in Oslo. All participants provided written and trans-
lated informed consent. For those who declined to
participate, the reasons for not participating were
noted. The main reasons for non-participation were
plans of moving back to their countries of origin,
frequent moving within the city, having sick children
and poor communication skills.

Study design

As described elsewhere (Madar et al. 2009a) 12 Child
Health Clinics in Oslo with the highest proportions of
immigrant clients were invited to participate, and the
eight clinics agreed to participate. They were then
paired based on estimates of the number of children
with immigrant background belonging to each clinic
in order to ensure approximately equal numbers of
eligible children in each group. Within each pair, the
names of both child health clinics were placed in a
box and one was drawn by an independent person.
Each clinic drawn was allocated to the intervention
group (Fig. 1). We chose to randomize at the Child
Health Clinics level in order to avoid any potential
practical problems which would have influenced the
implementation of the study. If we had randomized at
the individual level a couple of issues would have
posed problem to the implementation of the study.
First, to randomize at the individual level would have
been problematic as the public health nurses would
then have to carry out both the intervention and usual
care at the same time. Secondly, such an allocation

Key messages

• In this cluster-randomized trail among non-Western immigrant mothers, the great majority had low s-25(OH)
D concentrations both at baseline and at follow-up.

• Written health education messages on vitamin D provided to intervention group did not have an effect on
their vitamin D status.

• Vitamin D determinants such as use of vitamin D supplements, fatty fish, fortified milk, butter, margarine and
sun exposure did not change from baseline to follow-up in the intervention group.

• Effective strategies to improve vitamin D status in non-Western immigrants should be developed.
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procedures could easily lead to a situation with two
mothers coming to the Child Health Clinic at the
same time allocated to different groups with only one
of them receiving free vitamin D drops for their
infant. The third issue would have been the possible
information exchange between mothers in the inter-
vention group and the control group (relationship or
neighbouring). Mothers who came to the intervention
Child Health Clinics received a small brochure spe-
cially designed for this intervention study, translated
to Pakistani, Turkish and Somali. It included simple
illustrations and information about the importance of
vitamin D and its sources (fatty fish, fortified food
available in the Norwegian market, vitamin D supple-
ments and sun exposure). The brochure was intended

to aid the public health nurses in providing informa-
tion to the mothers about vitamin D.

Mothers attending control clinics received usual
care consisting of general information about various
health issues including recommendation of vitamin D
supplementation to their infants from their public
health nurses during the first visit after delivery.

Sample size

A priori, we calculated that 18 persons in each group
would give the study an 80% power at the 5% signifi-
cance level to detect a 15 mol l-1 difference in increase
in s-25(OH) D between the two groups given a stan-
dard deviation of 16 nmol l-1.

Eligibilty screening: Statistics of immigrant population

12 Child Health Clinics offered to participate

13 Child Health Clinics were excluded because
of few children with immigrant background

All 25 Child Health Clinics in Oslo

8 Child Health Clinics included and randomized

4 Child Health Clinics declined to participate

Intervention: 4 Child Health Clinics
n = 44 mothers

Usual care: 4 Child Health Clinics
n = 75 mothers

n = 18 declined to participate
n = 3 declined for blood tests

n = 35 declined to participate
n = 3 declined for blood test

16 completed the study 28 completed the study

23 included at 6-week check 37 included at 6-week check

9 lost to follow-up7 lost to follow-up

Fig. 1. Flowchart of subject progress.
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Taking into account that the randomization took
place at the Child Health Clinics, we estimated that a
study with 48 participants distributed at eight Child
Health Clinics corresponded to an individually ran-
domized study with 36 participants given an intraclass
correlation of 0.05 (Hanley et al. 2003).

Data collected at baseline and follow-up

Background information about the mothers includ-
ing age, number of years living in Norway, height,
weight, education, time spent outdoor, clothing
habits, vitamin/mineral supplementation and use of
foods containing vitamin D was collected by the
public health nurses at baseline and at follow-up
using structured questionnaires. The food frequency
questions included were piloted among Turkish and
Pakistani mothers at the pilot child health clinic (see
later).

Blood was drawn from the participating mothers
at baseline (when their child was 6 weeks old) and
7 weeks later (3 months check-up of the child).

The blood was centrifuged after coagulation in
room temperature and serum specimens were frozen
at -70°C until analysed. S-25(OH) D2 and s-25(OH)
D3 were determined as previously described
(Madar et al. 2009a) by high-performance liquid
chromatography- atmospheric pressure chemical ion-
ization at AS VITAS. All samples were analyzed in
two batches (one for baseline samples and one for
follow-up samples)

Outcome variable

The main outcome was the individual change in
s-25(OH) D concentration (the sum of s-25(OH) D2

and s-25(OH)D3) from baseline to follow-up.

Statistical analysis

Descriptive analyses for all variables were calculated.
We tested the increase of s-25(OH) D concentration
in the intervention group, control group and the pilot
study, respectively, by paired sample t-test. We then
tested if change in s-25(OH) D in the mothers from
baseline to follow-up differed between the interven-

tion and control group by analysis of covariance
(ANCOVA). Adjustment was made for baseline
s-25(OH) D (Vickers & Altman 2001). As the ran-
domization was made at the health clinic level, we
performed multilevel analyses. Although the test of
variation in random intercept was not significant
(P = 0.25), the estimated intraclass correlation was
0.43 suggesting a clustering effect. The results
reported are thus from multilevel analyses.

We chose a significance level of 0.05. An addi-
tional analysis adjusting for ethnicity, mother’s edu-
cation and season [season was defined as winter
(October–March) and summer (April–September)]
was also conducted. In addition, data on all subjects
who were randomly assigned were analysed on an
intention to treat basis (mothers with no follow-up
data had their missing values replaced with baseline
s-25(OH) D concentration). The main analyses were
executed by a statistician unaware of the grouping of
the participants, and who was not otherwise involved
in the study. The analyses were performed with SPSS
version 11.0 (SPPS, Chicago, IL, USA).

Pilot study

Before the inception of the main study, a pilot study
was conducted at one Child Health Clinic in
Drammen, a town nearby Oslo, where more than
80% of the attending mothers are non-Western
immigrants. From December 2003, mothers with
immigrant background who came for routine 6-week
check-up of their infants were included. Background
data and blood samples were collected both from
the mothers and their infants at baseline and
follow-up. The pilot study went very well and
did not lead to any modification of materials or pro-
cedures in the protocol. We decided to continue to
include mothers at the pilot study Child Health
Clinic in order to use the data later if needed.
Twenty-one mothers with Turkish and Pakistani
immigrant background were included and 19
mothers completed the study. All were given the
same intervention as the intervention group in the
main study and there was no control group. The
follow-up data from the pilot study was not analysed
before the main study.
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Ethical clearance

The study was recommended by the Regional
Committees for Medical Research Ethics (reference
number S-03196), and approved by the data
inspectorate.

Results

A total of 60 mothers (41 Pakistani, 9 Turkish and 10
Somali) were included in the study (Fig. 1). Seventy-
three percent of the participants completed the study;
70% (16/23) in the intervention group and 76% (28/
37) in the control group. Background information of
the study subjects are presented in Table 1. The three
ethnic groups were equally distributed in the inter-
vention and control group. There were some differ-
ences between the intervention and control group in
baseline characteristics with a larger proportion of
women with low education in the control group
(Table 1). Baseline s-25(OH) D was also somewhat
lower in the control group (Table 2). A small amount
of the total s-25(OH) D came from S-25(OH) D2 (5%
and 8% for the intervention and control group,
respectively).

Effect of intervention

The mean increase in s-25(OH) D levels from base-
line to follow-up was 6.3 [95% CI (confidence inter-
val): -1.9, 14.4] nmol l-1 in the intervention group and
2.9 (95% CI: -1.2, 7.0) nmol l-1 in the control group,
but none of these changes were statistically significant
(Table 2). When adjusting for baseline s-25(OH) D,
the mean difference in increase between the two
groups was 1.4 (95% CI: -18.7, 21.4) nmol l-1

(P = 0.87).
Statistical adjustment for season, body mass index,

education and ethnic background did not materially
alter the estimates (data not shown). When we
included the 16 subjects who did not provide the
follow-up blood sample by imputing a follow-up
value equal to the baseline value, the mean difference
in increase between the two groups was 1.8 (95%
CI:-9.5, 13.1) nmol l-1.

Vitamin D status at baseline and follow-up

At baseline, 13% and 25% of mothers in intervention
and control group, respectively, had s-25(OH) D
below 12.5 nmol l-1, while around 90% of mothers in
both groups had s-25(OH) D concentrations below
50 nmol l-1. Similar figures were found at follow-up.

Observed change in other factors of interest

Self-reported use of vitamin D supplements, fatty fish,
fortified milk, butter and margarine, and sun exposure
did not change from baseline to follow-up in the inter-
vention group (data not shown). At baseline, six
mothers in each group reported using vitamin D con-
taining supplements daily. At follow-up, the same six
mothers in intervention group and four mothers in
the control group reported using vitamin D supple-
ments daily. However, these six mothers who reported
taking vitamin D supplements did not have a different
increase in their s-25(OH) D levels than the other
mothers in the intervention group. Although many
mothers in both groups reported spending more than
one hour per day outdoors during the summer,
around half of them reported to cover their body
totally while outside.

Table 1. Baseline information in mothers in the intervention and
control group who completed the study

Intervention
n = 16

Control
n = 28

Age (years)* 31 (6.7) 28 (5.0)
Education <10 years [%, (n)] 31.3 (5) 53.6 (15)
Time lived in Norway (years)* 11.8 (7.4) 9.1 (6.5)
BMI (kg m-2)* 28.9 (4.5) 26.1 (4.3)
Daily vitamin D-supplements [%, (n)] 37 (6) 25 (6)
Butter/margarine on bread or for

cooking daily [%, (n)]
86 (12) 87 (21)

Usual fatty fish intake, at least twice a
week [%, (n)]

70 (7) 50 (10)

Use of fortified low fat milk daily
[%, (n)]

25 (4) 4 (1)

Time spent outdoors >1 h daily in the
summer [%, (n)]

38 (6) 57 (16)

Covered head, hands and legs with
clothes [%, (n)]

44 (7) 50 (14)

BMI, body mass index; *Mean (SD).
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Result from the pilot study

Women in the pilot study had a similar proportion
with low education (57%) as women in the control
group. Mean s-25(OH) D increased by 2.9 nmol l-1

(P = 0.15) from 22.8 nmol l-1 at baseline to
25.7 nmol l-1 at follow-up among the mothers com-
pleting the study at the pilot Child Health Clinic
(n = 19). Including the data from the pilot study in the
intervention group did not change the main finding
from our study; the mean difference in increase was
2.5 (95% CI: -13.5, 18.5) nmol l-1 between the
extended intervention group and the control group
after adjustment for baseline s-25(OH) D levels.

Discussion

The mothers in the intervention group in this study
were given a specific informational brochure explain-
ing the importance and sources of vitamin D. Public
health nurses handed out the brochures and
explained the objectives and content of the brochure
to the mothers. We found no benefit of this interven-
tion in improving vitamin D status. These results are
supported by the findings from the pilot study
showing no effect of the intervention. It is important
to note that neither usual care with standard informa-
tion concerning vitamin D nor the extra effort made
in the intervention group lead to any notable change
in 25(OH) D in these vitamin D deplete immigrant
women.

We have previously demonstrated that the same
informational brochure, combined with free provision
of vitamin D drops to the infants, significantly
improved the vitamin D status of the infants of the
participating mothers (Madar et al. 2009a). The lack

of change in vitamin D status in the mothers shows
that the intervention did not lead to any notable
increased intake of vitamin D supplements, foods rich
in vitamin D, or in sun exposure.

We are not aware of any similar intervention
studies conducted among immigrant mothers.
However, a small study conducted in pregnant
Pakistani women in Norway, consisting of free
samples of vitamin D supplements (10 mg day-1) com-
bined with information, failed to reduce vitamin D
deficiency due to poor compliance (Henriksen et al.

1995). In the present study, we did not provide free
vitamin D supplement to the mothers, as we did to
their infants. We had anticipated that the information
provided would enhance the awareness regarding
vitamin D and its importance among these mothers.

It is well known that dietary intake of vitamin D
increases s-25(OH) D levels. However, studies that
assessed the effect of vitamin D intake on s-25(OH)
D levels have produced different results (Byrne et al.

1995). One reason for this might be that the effect of
a given dose is larger at low compared to high base-
line levels of s-25(OH) D (Natri et al. 2006). We
have previously shown that 10 mg of vitamin D
supplements per day over a 4-week period produced
a mean elevation of s-25(OH) D of 32–36 nmol l-1

(Holvik et al. 2007). Similar increase in s-25(OH) D
has also been demonstrated in an intervention study
conducted in Pakistani immigrants living in
Denmark (Andersen et al. 2008). Based on these
studies we estimated that in order to achieve an
increase of 15 nmol l-1 in s-25(OH)D, the interven-
tion mothers should on average increase their
vitamin D intake by 5 mg day-1 [assuming that 1 mg
per day of vitamin D raises the s-25(OH) D by

Table 2. Levels of s-25(OH) D in the intervention and control groups at baseline and follow-up in immigrant mothers

Mean s-25(OH) D [nmol l-1 (SD)]

Baseline Follow-up D (change from baseline
to follow-up)

Intervention group (n = 16)
S-25(OH) D 29.1 (14.8) 35.4 (21.9) 6.3 (15.3)
Control group (n = 28)
S-25(OH) D 19.4 (9.2) 22.3 (12.7) 2.9 (10.6)
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3 nmol l-1]. If the mothers had adhered to the
recommendation in the brochure, this amount of
vitamin D would have been achievable through
exogenous and endogenous sources.

In Norway, the recommendation for vitamin D
intake is 7.5 mg day-1 for individuals between 2 and 60
years. Furthermore, the health and nutrition informa-
tion messages have been for the most part given in
channels directed towards the population in general
and not specifically for an immigrant population. In
this study, the information was given to the mothers
during the 6 weeks check-up of their infant. Although
most of the mothers in this study reported that they
were literate and had been resident in Norway for
many years (11 years), the tailor-made written infor-
mation, failed to produce the desired affect. The lack
of effect of the intervention can have multiple expla-
nations. Mothers might have been more concerned
about the wellbeing of their infants and put less
emphasis on their own health and diet. A second
explanation might be that the intervention and public
health nurses were focusing on the infant and did not
to sufficient degree pay attention to the needs of the
mothers. In addition, the source of information to
these mothers might not necessarily be the health
workers, but rather other people important to these
mothers (Imams and elderly people).

This study suggests that written information in the
native language alone is insufficient in order to
improve vitamin D status among young women from
Pakistan, Turkey and Somalia living in Norway. To
ensure adequate vitamin D intake of these mothers,
we have to consider developing more comprehensive
nutrition intervention strategies to reach ethnic
minorities.

The strength of this study is that we have measured
the effect of the intervention directly by measuring
s-25(OH) D concentrations and not relied on the
results from self-reported information. Furthermore,
the information material was specially designed for
the target group and translated to their respective
languages.

A possible limitation is the relatively large number
of mothers lost to follow-up– reducing the generaliz-
ability of the results. However, comparison of the edu-
cation levels of the participating mothers with data

from Statistics Norway (2001) suggests that the
mothers included in this study are representative of
mothers with Pakistani, Turkish and Somali back-
ground living in Norway. Although many mothers
reported that they ate fatty fish and used fortified
butter/margarine in their diet and that more than a
quarter daily used vitamin D supplement, they were
low in 25(OH)D. As previously discussed this puts in
question the applicability of these questions (Madar
et al. 2009b).

One can also argue that perhaps the changes that
can realistically be achieved in diet and sun exposure
with an intervention such as ours are too small to be
detectable with the given sample size. In addition, the
number of women in the intervention group complet-
ing the study was lower than given by the power
calculation, and the 95% CI for the difference in
change in 25(OH) D between the two groups was
-18.7–21.4 nmol l-1 thus including 15 nmol l-1. On the
other hand, the results from the 19 mothers complet-
ing the pilot study support our finding, and none of
the groups had a significant increase in s-25(OH) D
during the study.

Conclusion

There was no observed effect of tailor-made informa-
tion handouts on vitamin D status of mothers with
immigrant background. Also results from the pilot
study indicate the same result. The fact that almost all
the mothers in the study had low s-25(OH) D concen-
trations at baseline and follow-up confirms the need
to develop effective strategies to improve the vitamin
D status in immigrants.
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