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Summary

Background: Various recent publications re-
ported clinical manifestations of vitamin D defi-
ciency in infants. Furthermore new research re-
vealed additional properties of vitamin D for bone
health and in the prevention of chronic diseases.
However, prevalence data on actual supplemen-
tation rates are scarce. This study reports the
prevalence of vitamin D supplementation in in-
fants in Switzerland and presents risk factors for
non-supplementation.

Methods: In 2003, mothers of 2861 randomly
selected infants aged 0-9 months received a ques-
tionnaire on infant feeding, including a question
on vitamin D supplementation. The prevalence of
vitamin D supplementation was calculated and its
dependency on various factors analysed by multi-
ple logistic regression.

Results: 64% of the infants had received vita-
min D. The regression analysis yielded various
significant risk factors for non-supplementation:

young maternal age, German language region,
Swiss nationality, siblings and breastfeeding. Pro-
tective factors were intake of folic acid during
pregnancy and professional information on infant
feeding. The protective effect of professional in-
formation varied significantly by region.

Conclusions: Given that the supplementation of
vitamin D is recommended for all infants, the sup-
plementation prevalence in Swiss infants is unsat-
isfactorily low. Various risk factors were identified
and a positive impact of professional counselling
on the supplementation rate could be demon-
strated. In view of the new evidence emerging on
additional preventive properties of vitamin D and
the resurgence of rickets, the importance of vita-
min D for infant health and ways to improve its
promotion must be discussed anew.

Key words: infant bealth; bealth promotion; rick-
ets; vitamin D supplementation

Introduction

Vitamin D has been known for the prevention
of rickets since the 1930%. Its supplementation has
resulted in a major reduction of the clinical mani-
festations of vitamin D deficiency, such as rickets
and growth failure, lethargy and irritability or
hypocalcaemic tetany [1-3]. It is therefore inter-
nationally accepted to recommend vitamin D sup-
plementation in infancy. The dose and duration,
however, differs from country to country depend-
ent on the risk profile of the concerned population
[4-8]. The Swiss Paediatric Association recom-
mends 400 pg of vitamin D daily from the infant’s
second week until the end of the first year [9, 10]
(SGP). Lately, several publications discuss a resur-
gence of clinical manifestations, such as rickets
and seizures, in risk populations, infants, who are
less exposed to sunlight for environmental, cul-
tural or medical reasons or who are fully breast-fed
[11-21]. These findings imply either a lack of
compliance with the recommendations or a need
of higher supplementation dose. The later could

be explained by the increasing prevalence of
breastfeeding as well as a reduction of sunlight
exposure and frequent use of sunscreen as preven-
tive measures against skin cancer [5, 7, 15, 16,
22-24]. These genuinely positive results of health
promotion activities may have had unwanted side
effects. The prevailing importance of vitamin D
supplementation in infancy is accentuated by new
research on its preventive properties for bone
health after infancy as well as for other diseases,
such as diabetes type I, mental disorders or various
cancers [6, 18, 25-38]. While vitamin D deficiency
has been reported for risk populations and in
various case studies [11, 17, 19, 39-44], only a few
studies have investigated the prevalence of vitamin
D supplementation in infants [8, 39, 45-47]. The
present study investigates for the first time the
prevalence of vitamin D supplementation in
Switzerland and the possible risk factors for non-
compliance to the guidelines.
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Methods

Between April and July 2003 183 regional commu-
nity-based mother-child health services, two hospitals and
in the Italian speaking region health authorities were in-
structed to randomly select mothers, who had given birth
within the previous nine months. 4114 mothers were sent
a questionnaire on infant feeding, including a question on
the vitamin D supplementation within the past 24 hours,
as well as questions on socio-demographic characteristics
and the health of the mother and her child. The return
rate was 74% resulting in 3032 records. After exclusion of
records with insufficient questionnaire data, missing in-
formation on the age of the child or on infant feeding, and
records from children older than 11 months, 2868 records
were left for analysis.

First a descriptive analysis of the prevalence of vita-
min D supplementation was conducted using the Chi2 test
to assess differences in prevalence across various sub-
groups. P-values <0.05 were considered significant. And
second, in an explorative approach, various factors, poten-
tially influencing the supplementation of vitamin D, were
studied using multivariate logistic regression. Variables,
significant in uni-variate testing, as well as variables,
known to be associated with vitamin D supplementation,
were included in the analysis: season of data collection, age
of mother, parity, full breastfeeding, region, education,
information on infant feeding, mother’s attitude towards
primary prevention and sex and birth weight of the
child. We further adjusted for potential confounding
factors, reported in literature to influence infant feeding
praxis, such as body mass index, smoking, allergy of the
mother. The results are presented as odds ratios with 95 %
confidence intervals. The season of data collection was
defined as spring/summer for the months May through
September (n = 2684) and as fall (n = 235, data from
October and November months). Educational status was
defined as high, when mothers had reached a degree from
a technical college or university, and otherwise as low. The

mother’s attentiveness regarding her own nutrition was as-
sessed using a question from the Swiss Health Survey 1997
[48]. Breast feeding practices mentioned in this article
were classified according to the WHO’s definitions [49].
Mothers were questioned about their source of informa-
tion on infant feeding. Information on infant feeding was
used as a proxy for “information on vitamin D supplemen-
tation”. Information provided by doctors and/or mother-
and child-health workers was defined as “professional”. If
it was provided by relatives and/or friends as “non-profes-
sional” and if no information by such persons had been
provided as “none”. The variable “folic acid intake during
pregnancy” was used as a proxy for the mother’ attitude
towards primary prevention. Potential effect modification
by breast feeding was tested for by introducing interac-
tion terms between breast feeding and the covariate of
interest, known risk factors for breastfeeding: smoking,
nationality, language region and infants’ age. Furthermore
potential interaction between region and nationality,
education, parity and information on infant feeding
were tested. Model comparisons were performed using the
likelihood ratio test. To demonstrate the interaction
seen between region and type of information (LR Test:
p = 0,0241), we calculated regional prevalence of vita-
min D supplementation adjusted for all other variables
of the logistic regression model. The interaction-model
was not included into the model presented in this paper
(table 3).

A sensitivity analysis was conducted to distinguish the
impact of different feeding types on vitamin D supplemen-
tation. The model was adjusted for season, maternal age,
smoking and language region. The analysis was stratified
for infant age groups, since breastfeeding prevalences vary
significantly across age groups.

Statistical analysis was performed using STATA
(STATA/S.E. 8.0).

Results

A comparison with Swiss national birth regis-
ter showed that mothers in the study sample were
slightly older and more often of Swiss nationality
compared to the national birth register (data not
shown [50]). The proportion of primiparous
women was also higher in the study sample.

The overall prevalence of vitamin D supple-
mentation was 64% (CI 0.615-0.650). Table 1
presents the prevalence of vitamin D supplemen-
tation across different sub-groups.

As to be expected, the prevalence rate was
higher during the fall months than during the
spring/summer months (72% vs 62%, p = 0.003).
The supplementation rate also varied across differ-
ent sub-groups (table 1).

Young mothers (<25 years) as well as mothers
over 35 years gave vitamin D less often, a tendency
also seen among multiparous mothers. In addition,
prevalence rates differed by language regions and
nationality. Swiss infants received vitamin D more
often than infants from mothers coming from
Balkan countries, but less often than infants, whose
mothers came from EU member states or other

countries. The prevalence of vitamin D supple-
mentation was lower in the German-speaking
region of Switzerland than in the French or
Italian region. Further factors with a significant
impact on vitamin D supplementation were the
source of information mothers received, the intake
of folic acid in pregnancy, the infants age and birth
weight (univariate analysis).

Table 2 displays the influence of the source of
information on the supplementation rate by lan-
guage region, differentiating professional infor-
mation into three categories: a) mother- and child-
care workers b) information by doctors or ¢) both
sources. Mothers, who had seeked advice from
both doctors and mother- and child-care workers,
showed the highest supplementation prevalence.

We further investigated the influence of dif-
ferent factors on the supplementation of vitamin
D by multivariate logistic regression. The results
are summarised in table 3.

The multivariate regression analysis yielded
various factors negatively associated with vitamin
D supplementation, such as maternal age below
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Table 1

Prevalence of vitamin
D supplementation
across subgroups

(n = 2868).

Distribution in Vitamin D supplementation Univariate
study population  across subgroups testing
(;1 = 2868) 1o (n = 1053) ves (n =1815)
o
n % n %
Maternal age
<25 6 70 44 89 56
25-34 65 648 35 1230 66
>35 28 330 40 486 60
Missing 1 5 33 10 67 p =0.002
Nationality
Swiss origin 80 861 38 1433 62
Balkan origin 4 53 46 63 54
EU origin 12 110 32 237 68
Other 3 26 26 74 74
Missing 0 3 27 8 73 p =0.004
Region
German speaking 67 768 40 1158 60
French speaking 22 199 32 432 68
Italian speaking 10 80 28 202 72
Missing 1 6 21 23 79 p =0.000
Educational level
Low 71 742 37 1280 63
High 27 285 37 489 63
Missing 3 26 36 46 64 p=0.992
Parity
One child 53 479 32 1030 68
"Two or more 47 571 42 782 58
Missing 0 3 50 3 50 p =0.000
Partial breastfeeding
No 67 688 36 1247 64
Yes 33 365 39 568 61 p=0.063
Full breastfeeding
No 74 780 37 1346 63
Yes 26 273 37 469 63 p =0.960
Exclusive breastfeeding
No 79 821 36 1454 64
Yes 21 232 39 361 61 p=0.172
Source of information on infant feeding
None 8 95 42 130 58
Non-professional 35 418 41 595 59
Professional 57 540 33 1090 67 p =0.000
Folic acid intake
No 28 347 43 466 57
Do not know 5 47 36 83 64
Yes 66 652 34 1248 66
Missing 1 7 28 18 72 p =0.000
Infants’ age group
0-1 months 6 57 34 110 66
2-3 months 21 194 33 403 68
4-5 months 26 248 33 507 67
6, 7 and 8 months 38 433 40 651 60
9 months and older 9 121 46 144 54 p =0.000
Infants’ sex
Male 50 534 38 887 62
Female 50 519 36 926 64
Missing 0 0 0 2 100 p=0.365
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Table 1 cont. Distribution in Vitamin D supplementation Univariate
study population  across subgroups testing
(;‘ = 2868) 1o (n = 1053) ves (n =1815)
o
n % n %
Infant’s birth weight
<2500 g 5 35 24 109 76
2500-4500 g 93 993 37 1667 63
>4500 g 2 25 39 39 61 p =0.006
Health problems after birth (infant)
No 76 813 37 1368 63
Yes 23 236 35 437 65
Missing 0 4 29 10 71 p=0.447
Season of data collection
Fall 8 63 28 166 72
Spring/summer 92 990 38 1649 62 p=0.003
Table 2 Infants substituted with vitamin D
Unadjusted preva- Total study German French Italian
Linpcsz ronfe\;iltt:trinolrr: D population speflking spe?.king spe'fzking
by source of infor- (n = 2686) region region region
mation. n % n % n % n %
Source of information on infant feeding
All infants with data on source 1770 63 1145 60 427 69 198 72
of information and region
No information 105 56 78 59 21 62 6 29
Non-professional sources 95 49 45 42 32 62 18 55
Professional information 1570 65 1022 61 374 70 174 78
a) only mother and child 639 57 539 55 64 63 36 84
care workers
b) only doctors 327 67 66 59 182 68 79 71
¢) doctors and mother/ 604 74 417 71 128 77 59 88
child care workers
Table 3 OR [95% Conf. Interval]
Factors influencing Maternal age
vitamin D supple-
mentation - results 25-34 years 1.00
‘r’;g“r’:s'gi‘(’)f]r_ﬂate <25 years 0.53 0.360 0.779
>35 years 0.88 0.730 1.060
Nationality
Swiss origin 1.00
Balcan origin 0.98 0.616 1.545
Europe origin 1.43 1.086 1.883
Other 1.75 1.057 2.909
Swiss regions
German 1.00
French 1.52 1.219 1.892
Ttalian 1.88 1.384 2.547
Educational status
Low 1.00
High 0.85 0.704 1.034

!'logistic regression model additionaly adjusted for: bmi, smoking, allergy (mother), mothers nutritional
attentiveness, health problems and sex (infant)
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Table 3 cont.

OR [95% Conf. Interval]
Parity
Primaparous 1.00
Multiparous 0.63 0.530 0.751
Full breastfeeding
No 1.00
Yes 0.73 0.572 0.939
Source of information
Professional 1.00
None 0.59 0.384 0.918
Non-professional 0.71 0.510 0.985
Folic acid intake
No 1.00
Yes 1.20 1.091 1.319
infant’s age
0-1 months 1.00
2-3 months 0.98 0.661 1.462
4-5 months 0.83 0.553 1.239
6, 7 and 8 months 0.55 0.363 0.834
9 months and older 0.37 0.228 0.600
Birth weight
2500-4500 g 1.00
<2500 g 1.38 0.913 2.092
>4500 g 1.19 0.664 2.140
Season of data collection
Fall 1.00
Spring/summer 0.62 0.430 0.880

! logistic regression model additionaly adjusted for: bmi, smoking, allergy (mother), mothers nutritional
attentiveness, health problems and sex (infant)

Table 4

Sensitivity analysis' -

impact of breast-
feeding types on
vitamin D supple-

mentation - stratified

by age groups.

Odds Ratio [95% Conf. Interval]

Partially breastfed

All (unstratified) n = 933 0.93 0.783 1.107

Strata 0-1 months 1.24 0.409 3.749
2-3 months 1.84 1.022 3.309
4-5 months 1.06 0.765 1.474
6, 7 and 8 months 0.65 0.501 0.838

Fully breastfed

All (unstratified) n = 742 0.74 0.585 0.929

Strata 0-1 months 0.61 0.269 1.385
2-3 months 0.82 0.560 1.187
4-5 months 0.66 0.462 0.930
6, 7 and 8 months 0.80 0.353 1.818

Exclusively breastfed

All (unstratified) n = 593 0.65 0.517 0.823

Strata 0-1 months 0.55 0.267 1.126
2-3 months 0.65 0.455 0.937
4-5 months 0.60 0.413 0.879
6, 7 and 8 months 0.96 0.378 2.419

! mulitvariate logistic regression adjusted for season, maternal age, smoking and region
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Figure 1

Adjusted* prevalence
of vitamin D supple-
mentation by source
of information —
stratified for
language region.

* Adjusted for mater-
nal age, nationality,
education, parity,
full breast feeding,
smoking, maternal
nutritional con-
sciousness, infants’
age, sex, birth
weight and health
problems after
birth and season
of data collection

25 years, Swiss nationality, German language region,
the presence of siblings and full breastfeeding. In
addition, the analysis revealed protective factors.
Mothers, who had taken folic acid in pregnancy
and had received professional information on in-
fant feeding substituted vitamin D significantly
more often. Certain variables, such as Balkan ori-
gin, were no longer negatively associated with vi-
tamin D supplementation after the adjustment.

The median duration of exclusive and full
breastfeeding in this study were 9 and 17 weeks re-
spectively, while the total breast feeding duration
was 31 weeks [50].

Mothers who partially breastfed, which means
they complemented breast milk with formula milk,
tended to give their infants vitamin D more often
than mothers who breastfed fully or exclusively

(table 4). While partial breastfeeding showed a
positive association with vitamin D supplementa-
tion across all age groups, even though non-signif-
icant, full and exclusive breastfeeding were nega-
tively associated. Both feeding types were signifi-
cant in the 2-3 months olds and for exclusive
breastfeeding also in the 5-6 months olds.

The observed interaction between language
regions and source of information is illustrated in
figure 1 showing adjusted prevalences. Compared
to the professionally informed, the prevalence of
vitamin D supplementaion was consistenly lower
in mothers, who were not informed or non-pro-
fessionally informed. In the German speaking
regions the “uninformed mothers” substituted
their infants with vitamin D nearly as often as
professionally informed mothers had done.
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Discussion

Only few studies have been conducted on the
prevalence of vitamin D supplementation in in-
fants. A Dutch study reported a supplementation
prevalence of 91% at the age of one year [8] and a
Finnish study published a prevalence of vitamin
supplements of 50% at the age of 2 years [47]. The
EURODIAB study, investigating the preventive
properties of vitamin D in the development of di-
abetes type I in children, presented a supplemen-
tation prevalence varying from 47-97% for 7 dif-
ferent European countries [45]. The variation of
recommendations in Europe [4, 6, 8-10] and dif-
ferences in study settings do not permit a compar-
ison of the results. However, one may state, that
compliance with national guidelines varies in Eu-
rope and that some countries present an under-
supplementation of vitamin D. In Switzerland,
given that the Swiss national recommendation
on vitamin D supplementation is universal for all
infants, the general prevalence of vitamin D sup-
plementation in infants is low, irrespective of the
season. Only 62% of the infants had received vita-
min D in spring/summer months and 72% in fall

months. A possible explanation for the seasonal
difference may be the common knowledge of the
endogenous production of vitamin D via direct
sunlight. Some mothers might restrict vitamin D
supplementation to winter months. This mecha-
nism, being commonly known, might also explain,
why a higher educational level was not associated
with a higher prevalence of vitamin D supplemen-
tation. Interestingly, we found a higher prevalence
in French and Italian regions than in the German-
speaking region of Switzerland. The regional dif-
ferences can only partly be explained by the ob-
served interaction seen between the source of in-
formation and the language region. We also found
that nationality influences the supplementation of
vitamin D. Swiss infants received significantly less
often vitamin D than infants, whose mothers came
from EU member states. Also important were
other socio-demographic factors, such as young
maternal age (<25 years) and parity. Having a sib-
ling reduced the probability of receiving vitamin
D by 38%. Exclusively or fully breastfed infants
have been reported to be at higher risk for vitamin



SWISS MED WKLY 2006;136:473-481

479

- www.smw.ch

D deficiency [5, 13, 16,20, 21, 51-55]. This obser-
vation is often explained by the small amount of
vitamin D in breast milk, especially in vitamin D
deficient, lactating mothers. Our study shows,
that exclusive or full breastfeeding itself poses a
risk for vitamin D non-supplementation, while
partial breastfeeding does not, on the contrary.
"The recent breastfeeding promotion may have led
to the belief that the exclusive breastfed infantis in
need of no further supplements. The association
of breastfeeding with vitamin D supplementation
and discontinuation of vitamin D in older infants
would best be analysed by a longitudinal study
design. The supplementation prevalence showed
a significant association with the infant’s age,
although vitamin D is recommended from the
27 week until the end of the first year. This asso-
ciation did not change after adjustment for poten-
tial confounders. Infants aged 6 months and older
had a significant higher risk of non-supplementa-
tion than younger infants. Possibly, the profes-
sional as well as the parental attention on preven-
tive measures, such as vitamin D supplementation,
slackens once an infant thrives and gets older. This
speculation correlates with the fact, that infants
with low birth weight and health problems are bet-
ter substituted than healthy infants. Furthermore,
mothers might stop vitamin D supplementation
when infants are weaned and formula milk, forti-
fied with vitamin D, replaces breast milk. Apart
from the risk factors, the multiple logistic regres-
sion yielded factors positively influencing the sup-
plementation of vitamin D, such as the mother’s
positive attitude versus preventive measures (use of
folic acid in pregnancy) and professional informa-
tion on infant feeding. Information on infant feed-
ing in general, although not specific for vitamin D,
showed a positive influence on the supplementation
rate. Certainly, the non-specificity of the question
limits the interpretation of the results. The highest
prevalence rates could be seen in infants, whose
mothers had received professional information.
After further differentiating the professional source,
we observed that the prevalence increased with the
level of source authority and the number of profes-
sional sources a mother consulted.

The surprisingly high prevalence in the “non-

informed” mothers can be explained by other
sources of information, such as print media or inter-
net, which were not covered by the questionnaire.
"These sources, however, are open to all mothers. We
can only hypothesize, that women, who solely rely
on information by non-professionals, will seldom
consult other media for professional information.

The study was primarily designed to study in-
fant feeding in a representative study sample in
Switzerland. The generalisability of the study is
limited mainly by the higher prevalence of primi-
parous mothers and the under-representation of
non-Swiss mothers. In addition, we probably
reached mothers, capable of reading and under-
standing at least one of the national languages in
which the questionnaires were available. These
groups, however, supplemented their children
more often, than did multiparous or Swiss moth-
ers, resulting in an overestimation of the supple-
mentation prevalence. On the other hand, the
vitamin D supplementation rate is known to
be higher in winter-months and the study only col-
lected spring-fall data (May — November), thereby
possibly underestimating the vitamin D supple-
mentation.

Clinical manifestations of vitamin D defi-
ciency are rare diagnoses in Swiss children and
therefore vitamin D deficiency in infancy and
childhood has not been a priority health topic in
Switzerland. However, some European countries,
mainly with alarge percentage of dark-skinned mi-
grant infants, have reported vitamin D deficiency
in infants and an increase in rickets [11, 15,17, 21,
41, 53, 55-58]. But vitamin D deficiency is not an
infant health topic alone. Several studies have
identified sub-clinical vitamin D deficiency in chil-
dren and adolescents, predominantly in winter
months [4, 17, 19, 28, 32, 44, 46, 56, 59-63].

Investigating the prevalence of vitamin D sup-
plementation in infants was a first step to assess a
potential vitamin D deficiency in Switzerland.
Further investigations on actual vitamin D levels
in Swiss infants and children are needed. In view
of the new evidence of preventive properties of
vitamin D, a discussion on the importance of vita-
min D supplementation for public health needs
to be initiated.

Conclusion

The analysis showed a low prevalence of
vitamin D supplementation in Switzerland and
thereby a serious non-compliance to national rec-
ommendations. So far, vitamin D deficiency in in-
fants is not a priority health problem in Switzer-
land. However, given the importance of vitamin D
for the infant’s bone health and possibly other
chronic diseases, the results are worrisome. The
study revealed certain risk factors, such as age,
multi-parity or breastfeeding, which can easily be

addressed in counselling settings. The regional
and national differences need to be further inves-
tigated. Professional information on infant feeding
and mother’ attitude towards primary prevention
were positively correlated with vitamin D supple-
mentation. This leads us to the conclusion, that the
supplementation rate of vitamin D can be influ-
enced by promotion and repeated professional
information on the need and benefit of vitamin
D. The prevailing importance of vitamin D for



Vitamin D supplementation in Swiss infants

480

infants’ health and better ways to promote the
supplementation of vitamin D must be discussed
in the public health community.
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