Eur J Nutr (2018) 57:2489-2499
https://doi.org/10.1007/s00394-017-1521-0

@ CrossMark

ORIGINAL CONTRIBUTION

Nutrient intake of Swiss toddlers

Thomas A. Brunner!

Andreas Nydegger® - Johannes Spalinger*

- Luca Casetti! - Petra Haueter! - Pascal Miiller? -

Received: 12 July 2016 / Accepted: 6 August 2017 / Published online: 10 August 2017

© Springer-Verlag GmbH Germany 2017

Abstract

Purpose During the first years of life, food preferences are
shaped that might last throughout a person’s entire life affect-
ing his/her health in the long term. However, knowledge on
early feeding habits is still limited for toddlers. Therefore,
the goal of the present study was to: (1) assess toddlers’
nutrient intake; (2) compare the findings to past studies as
well as to national feeding recommendations and (3) identify
major food sources for energy and macronutrients.
Methods A food survey using a 4-day diary was conducted.
The dietary software nut.s® was used to analyse the data.
Results A cohort of 188 healthy toddlers (aged 1-3 years)
was analysed. The energy intake of most toddlers was below
the recommended daily intake (RDI) but in accordance with
earlier studies. Protein intake was three- to fourfold higher
than the RDI and reached the proposed upper limit of 15%
of total energy intake. Fat intake was in accordance with
the RDI, but the balance of saturated and unsaturated fatty
acids should be improved. Carbohydrate intake met the RDI.
For the micronutrients, iron and vitamin D intakes showed
critical values.
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Conclusion As in other European countries, the diet of
Swiss toddlers in general seems adequate but does not meet
all nutritional requirements. In particular, the quality of the
fats and vitamin D supplementation should be improved. For
proteins and iron, additional research is needed to gain more
confidence in the recommendations.
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Introduction

The first 1000 days starting from conception seem to be a
critical period for the development of later noncommuni-
cable chronic diseases [1-3]. These first 1000 days are of
particular interest, as toddlers’ evolving digestive capacity
[4] and motor skills [5] allow them the transition to table
foods [6]. During that time, food preferences are shaped that
might last throughout a person’s entire life [7, 8] and there-
fore, affect the person’s well-being and health in the long
term [2]. The list of weight-related complications that are
either caused or exacerbated by obesity in adulthood is long:
type 2 diabetes, dyslipidaemia, hypertension, cardiovascular
disease, non-alcoholic fatty liver disease, obstructive sleep
apnoea and depression, just to name a few [9].

However, the complications are not restricted to adult-
hood; first consequences of an inadequate diet are already
observed in childhood: the prevalence of childhood obesity
has reached exceedingly proportions around the world [10,
11]. It has been shown that childhood obesity is associated
with hypertension [12] and dyslipidaemia like hypertriglyc-
eridemia and lower HDL-cholesterol levels in children [9].
In addition, there is a whole range of consequences stem-
ming from social stigmatisation of these children [13, 14].
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Risk factors associated with early childhood over-
weight are manifold. Some of these, such as genetic, bio-
logic and prenatal factors, may not be modifiable; others
like dietary, environmental, social and behavioural ones
can be subject to modification. For dietary and parent
feeding practices, promising associations for interven-
tions have been found [15]. A healthy diet in appropri-
ate quantity during the first years of life is of paramount
importance to establish long-term healthy food intake
patterns [16].

Therefore, knowledge about food intake in childhood
and especially in toddlerhood is crucial. Only based on
accurate data, valid recommendations can be given and
measures to improve food intake can be developed. A
variety of studies dealing with toddler nutrition are avail-
able [17-30]. However, most of these studies investigate a
much broader range of age than toddlerhood. Studies that
are specifically dedicated to toddlerhood are still scarce.
The large US Feeding Infants and Toddlers Study (FITS)
in 2002 and 2008 [31, 32] and the German Representative
Study of Toddler Alimentation (GRETA) are the excep-
tions [33]. Since dietary habits vary from one country to
the other, this lack of studies is indefensible.

The goal of the present research is, therefore, to assess
nutrient intake of Swiss toddlers, to compare the findings
to past studies from other countries as well as to national
feeding recommendations and to identify major food
sources for energy and macronutrients. Switzerland is a
country with one of the highest per capita incomes, which
makes it interesting to study. If deficiencies are detected,
they most likely do not stem from financial constraints.

Methods
Study sample

A food survey using a 4-day diary was conducted between
November 2014 and July 2015 involving 188 Swiss par-
ents (70% German speaking and 30% French speaking)
of healthy one- to three-year-old toddlers. Most partici-
pants (110) were recruited from families who subscribed
to a homepage to receive a newsletter with information
and tips concerning the development of children from
one of the largest baby food suppliers in Switzerland. To
not only have participants from this source, additional
addresses were supplied by a commercial address broker,
which resulted in 60 further participants. Finally, 18 par-
ticipants were recruited via personal contacts. The parents
were asked to feed their children as they usually do. No
specific recommendations were given prior to the study.
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Nutritional assessment

Caregivers participating in the diary study were asked to
complete a nutritional diary in which they reported all foods
and drinks (including vitamin supplements) consumed by
their toddler during four consecutive days. Each partici-
pant was asked to start on a specified day to balance the
days of the week across the sample, i.e., the 4-day period
included at least one weekend day. In the diary, caregiv-
ers were instructed to list all foods and beverages per eat-
ing occasion. First, they marked the time at which they ate;
then they listed all the foods and beverages and indicated the
weight or volume. They were advised to provide the weight
of the foods whenever possible. If this was not possible,
they were encouraged to specify the portion size using a
42-page booklet including pictures of reference tableware,
cups and glasses as well as cutlery and over 100 different
referenced foods. In addition, caregivers were requested to
note specific information from packages of processed food
items consumed. For homemade food, information on reci-
pes was requested and the single ingredients were listed.
A six-page guide explained how to complete the diary and
provided plenty of examples. Experiences from a pilot study
were also included by, for example, drawing attention to
foods that easily get forgotten, such as oils or a cup of water
during the night. Participants were instructed to complete
the information immediately after each eating occasion. If
another person took care of the toddler at some point dur-
ing the 4 days, they were asked to hand over the diary and
explain to that person how to complete it. At the end of
the 4 days, caregivers were asked to complete another short
questionnaire including information about the toddler’s
anthropometry and parents’ socio-demographics as well as
some questions about eating habits and out-of-home eating.
Once completed, the documents were sent back by postal
mail using a reply-paid envelope. A telephone number was
provided in case caregivers had questions and needed to con-
tact the research team. They were also informed that one of
the researchers might call them after handing in the diary if
clarification was needed. No incentive was promised for tak-
ing part in the study, but all participants were sent a surprise
voucher once the documents were received.

The information collected was then entered into nut.s®,
a nutritional assessment software allowing the nutritional
value of the toddlers’ diet and the detailed intake of dif-
ferent nutrients to be analysed (nut.s nutritional software®
version v1.32.35, dato Denkwerkzeuge, Vienna, Austria).
Within nut.s® one can choose among various databases that
contain brand as well as product names. Whenever possi-
ble, we used the Swiss Food Composition Database; if no
Swiss data were available, the German (BLS) or Austrian
(ONWT) databases were consulted. In addition, nut.s® sup-
ported us by including various additional foods that were
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identified in the study and that were not yet registered in
their database. The software also allowed foods and drinks
to be added by the researcher and therefore to capture all the
nutrient information.

The mean daily energy and nutrient intake for each tod-
dler were calculated and used for the analyses. The results
are organised in different age groups: 12- to 18-month-old,
19- to 24-month-old and 25- to 36-month-old toddlers. The
second year was split into two cohorts since the changes in
toddlers’ eating behaviour are greater than in the third year
of life. The means and medians were then compared to the
recommendations as presented by the DACH references for
Germany, Austria and Switzerland [34] for energy, protein,
total fat, saturated fatty acids, fibre, calcium, iron, vitamin
B2, B12 and folates, the references provided by the Swiss
Federal Commission for Nutrition for carbohydrates [35]
and for vitamin D [36] and the ones given by the Swiss
Federal Food Safety and Veterinary Office [37] for mono-
and poly-unsaturated fatty acids. Finally, the different food
products were categorised into the following food catego-
ries: ‘potatoes and potato products’, ‘milk’, ‘cheese and milk
products’, ‘bread and cereal products’, ‘fruits and vegeta-
bles including pure juices’, ‘fish’, ‘meat including eggs and
meat replacements’, ‘fats, oils and nuts’, ‘cakes and sweets’,
‘infant and follow-up formula’ as well as a category labelled
‘other’ including sweet beverages. In the case of breastfeed-
ing, the estimated amount of mother milk was based on the
storage capacity found in the literature [38, 39], on the dura-
tion of breastfeeding, and the number of breastfeeding occa-
sions as well as the amount of table food consumed by the
child.

Statistical analysis

All the statistical analyses were carried out using SPSS pro-
cedures (version 23, SPSS Inc, Chicago, USA). A p value
of <0.05 was considered statistically significant. Differ-
ences between boys’ and girls’ nutrient intake were tested
with independent ¢ tests; age groups with analysis of vari-
ance and Tukey’s post hoc test. Since only healthy toddlers
were included, mean scores of energy and nutrients above
three standard deviations were considered incorrect and
thus removed. These were between three and six cases per
age group. No values below three standard deviations were
observed.

Results
Study sample

A total of 188 dietary protocols were analysed. Sample char-
acteristics are shown in Table 1. The three age groups con-
sist of 49 (27.6%) 12- to 18-month olds, 82 (41.2%) 19- to
24-month olds and 56 (31.2%) 25- to 36-month olds (one
participant did not report the age of the toddler). There were
no significant differences in any of the investigated popula-
tion characteristics among the different age groups. In addi-
tion, 2.2% of the study population was underweight (defined
as weight-for-height <percentile 3), 3.7% obese (defined as
weight-for-height >percentile 97, see Table 2). None of the
toddlers was fully breastfed, but 7 (3.7%) of them were so
partially.

Table 1 Population

o 12-18 months n (%) 19-24 months n (%) 25-36 months n (%) p value
characteristics

Gender 0.19
Boys 20 (40.8) 47 (57.3) 28 (50.9)
Girls 29 (59.2) 35 (42.7) 27 (49.1)

Region 0.16
French speaking 16 (32.7) 28 (34.1) 11 (19.6)
German speaking 33 (67.3) 54 (65.9) 45 (80.4)

SES household 0.28
4500 CHF and lower 4(8.5) 6(7.5) 1(1.9)
4501CHF to 7500CHF 17 (36.2) 36 (45.0) 19 (35.8)
7501CHF to 10500CHF 19 (40.4) 32 (40.0) 22 (41.5)
10501CHF and more 7(14.9) 6(7.5) 11 (20.8)

First child 0.48
Yes 29 (59.2) 46 (56.8) 27 (48.2)
No 20 (40.8) 35(43.2) 29 (51.8)

SES socio-economic status by income group
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Table 2 Weight for length/height percentiles [50]

All (%) Boys (%) Girls (%)
>P97 73.7) 3(3.2) 44.4)
>P90 < P97 14 (7.5) 909.4) 5(5.5)
>P10 < P90 155 (82.9) 76 (80.0) 78 (85.7)
<P10 > P03 73.7) 4(4.2) 3(3.3)
<P03 4(2.2) 3(33.2) 1(1.1)

Energy and nutrient intakes

An overview of energy and nutrient intakes is displayed in
Table 3. A majority of the toddlers had an energy intake
below the recommended daily intake (RDI, see Fig. 1).
There were significant mean and median differences between
boys and girls for the 19- to 24-month olds (p < 0.05). For
the girls, the oldest age group showed a significantly higher
mean and median energy intake than the youngest age group
(p <0.05).

Mean protein intakes were clearly above the RDI (see
Fig. 1). For both, boys and girls, the youngest age groups
showed a significant higher median protein intake than the
oldest age groups (both p < 0.05). No gender differences
were found in any of the age groups. Expressed as the per-
centage of total energy intake, no differences were found
whatsoever.

More girls than boys tended to have an increasing fat
intake with age; the only significant difference (p < 0.05 for
means and p < 0.01 for medians) between age groups was
found between the youngest and oldest girl toddlers. Again,
no differences were detected for fat intake expressed as the
percentage of total energy intake. A different picture is pre-
sented when looking at the different qualities of fatty acids.
All groups clearly exceed the recommendation to have satu-
rated fatty acids comprising less than 10% of total energy.
For monounsaturated and polyunsaturated fatty acids, how-
ever, the recommendations are mostly met, but clearly at the
very low end of a rather large range.

For carbohydrates, no specific recommendations for
toddlers are available. Figure 1 expresses the carbohydrate
intake as the percentage of daily energy intake. Boys aged
12—18 and 19-24 months consume significantly more car-
bohydrates than girls in the corresponding age group (both
p < 0.05). However, expressed as the percentage of total
energy intake, this difference disappears. No differences
were found for the age groups.

Fibre intake was somewhat below the recommendations
for all groups (according to DACH [34] the recommenda-
tion of 10 g per 1000 kcal can be used for children). No
differences in fibre intake could be detected for gender or
age groups. Mean calcium intakes were slightly above the
RDI. Still, almost half the toddlers showed values below

@ Springer

the recommendation. For iron, the mean recommendations
are clearly not met. No differences in iron intake could be
detected for gender or age groups.

Vitamins B2 and B12 seem sufficiently supplied. A differ-
ent result emerged for folates: their mean intakes are around
or only slightly above the RDI. Because of the skewed dis-
tribution, all of the girl age groups and the youngest boy age
group show a value of more than 50% of toddlers below the
recommendation (see median values in Table 3). No differ-
ences in folate intake could be detected for gender or age
groups. Mean vitamin D intakes are extremely lower than
the RDI (only 17% of all toddlers received vitamin D supple-
ments). No differences in vitamin D intake could be detected
for gender or age groups.

Major food sources of energy and macronutrients

Table 4 displays the major food sources for energy and
macronutrients. Milk together with cheese and milk prod-
ucts are the main energy providers for all age groups (26.1%
of total energy intake); bread and cereal products (21.9%)
follow next.

The main protein supply for all toddlers is also the milk
and milk product categories (35.8% of total protein intake),
followed by meat (including eggs and meat replacements)
together with fish (21.2%), then by bread and cereal products
(20.4%).

For fat, once more, milk together with milk products is
the main source for all toddlers (33.5% of total fat intake).
The meat and fish categories (15.0%), and added fats and
oils (13.3%) come next.

Bread and cereal products comprise the main carbohy-
drate providers for all toddlers (31.0%). In second place are
fruit and vegetables with 18.4%. Milk together with milk
products comes third, with an average value of 17.7%.

Discussion

This is one of the few studies on dietary intake specifically
on toddlers and the first with data from Switzerland. In gen-
eral, the studied population achieves very well-balanced and
healthy nutrition. Congruent results were found in existing
studies from other European countries. It might be puzzling
that most toddlers showed an energy intake below the RDI,
as most other studies found averages above the recommenda-
tions. However, these recommendations have changed over
time and there are different recommendations from different
agencies (see Table 5). The DACH recommendations we
used [34] were revised in 2015, which resulted in clearly
higher recommended energy intakes for toddlers; therefore,
earlier studies found energy intakes above the recommenda-
tions, whereas in this study the values are below the RDI.
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Fig. 1 Intake of energy and macronutrients as percentage of recom-
mendation; median (=), 25th and 75th percentile (box), minimum
and maximum value (lines). Note Fat and carbohydrate intakes are
measured as percentages of daily energy intakes. All values within

Looking at the absolute intake of energy, the present results
are in line with other studies [25]. Reported median energy
intakes in the GRETA study with toddlers from Germany
[33], for example, are even slightly lower than the intakes
found here for Switzerland. Compared to the reference val-
ues by the European Food Safety Authority (EFSA) [47]
and WHO [40, 49] most toddlers are above the RDI. Only
the 25- to 36-month-old girls show an energy intake around
the RDI. For this study, we used the DACH values wherever
possible since they were particularly developed for the Ger-
man-speaking countries and therefore seem most appropriate
for Switzerland, even though their energy intake values are
rather high.

the recommendation ranges were set to a compliance of 100% (1200—
1300 kcal/day for boys and 1100-1200 kcal/day for girls; 1 g/kg/day
for proteins; 30-40% for fats and 45-55% for carbohydrates)

Protein intakes clearly exceeded the RDI and were found
to comprise almost 15% of total energy intake. This is also
in line with former studies, which report protein intakes
of between 13 and 17% of total energy intake [24-26, 28,
31, 32]. Therefore, across Europe, toddlers’ protein intake
is three- to fourfold higher than the RDI. Most European
countries base their recommendations on the ones provided
by the EFSA [47] and are around 1 g/kg/day (see Table 5).
There is an ongoing debate about an upper limit (UL) rec-
ommendation for protein intake [42—44], and a UL of 20%
of total energy intake has been suggested for toddlers by the
Health Council of the Netherlands [44]. Later, the European
Society for Paediatric Gastroenterology, Hepatology and
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categorised

follow-up
formula

Sweets

and nuts

meat replacements)

cereal prod- vegetables
ucts

milk products

potato products

6.0
6.8

6.9
29

10.7

4.5

6.8

1.8
14

0.9
3.6
35

2.7

11.2
11.0

21.5

10.7

159

39

12-18

Energy

13.2

4.5

7.8

9.5
16.4

21.0

8.7

19.4

34
2.5

19-24
25-36

8.2
3.8
4.9

1.9
5.0
2.0
1.5
7.5

12.3
3.1

6.1

12.3

23.6

10.3

12.5

59
7.0

6.2

0.1

6.4

53
7.2
39

19.9
3.1

13.6

222

12-18

Protein

0.3

16.8

19.6

114

27.0

2.3

19-24
25-36

4.8

0.7
12.2

20.8

22.0

13.6

18.5
21.8

1.9

6.7

83
11.8

11.1

22

11.3

124

12-18

Fat

6.7

12.8

12.7

1.8
1.0

0.9

250 112 9.8
11.3

1.9
1.9

53

19-24
25-36

6.9

12.8 22

15.0

16.1

3.8
17.3

13.2

15.6

6.1

73
32

13.8

0.1

0.6

29.8

8.5
5.7

10.3

12-18

Carbohydrates

6.9

16.6

0.1

1.5
1.2

0.5

17.8

29.9

13.0

4.9

19-24
25-36

9.7

1.8

14.4

0.2

0.3

20.2

33.6

7.0

8.4

32

Nutrition (ESPGHAN) concluded that a value of 15% might
be more appropriate [4]. This percentage also results when
following the optimised mixed diet (OMD) guidelines devel-
oped by the German Research Institute of Child Nutrition
(FKE) [45]. Taken together, it seems that protein intake is in
line with a yet to be defined upper limit. The recommenda-
tion of 1 g/kg/day, however, needs to be critically revaluated.
At least in Western countries, such a low intake does not
seem realistic and would likely cause other problems such
as calcium deficiency when reducing the main sources of
protein, which are milk and milk products. More research
on protein intake is clearly warranted.

The findings regarding fats are also in accordance with
earlier studies [25, 32, 33]. The problem here is not so much
the quantity but the quality of fat intake. Saturated fats are
exceeding the recommendation of less than 10% of total
energy intake in Europe [33] and the US [32]. Carbohydrate
intakes were in accordance with the recommendations and
were in line with the findings of former studies [25, 32, 33].

Regarding micronutrients, for iron and vitamin D intakes
critical values were found and need to be discussed. They
both show mean values clearly below the recommendations.
For iron, studies conducted in other European countries [33,
46] detected similar values, whereas the FITS study with a
US sample [32] found values that meet the recommendation
presented in this paper, which might be due to more forti-
fied foods in that market. Therefore, the lack of iron seems
to be more of a European phenomenon. Research on infants
provides evidence that an iron intake of about 25% below
the recommendation does not increase the risk for iron defi-
ciency [46]. However, more research is needed to ascertain
whether these results can be transferred to toddlers.

The situation with vitamin D is even more severe; the
intakes are extremely lower than the RDI. The values of
the German GRETA study [33] are still lower than the ones
found in the present study. Clinical studies confirm that vita-
min D deficiencies are highly prevalent in Western Europe
[46]. Although the US FITS study [32] found higher intakes,
they still do not come close to meeting the recommendation
displayed here. One reason might be that in some European
countries, including Switzerland, only recently the paediat-
ric guidelines changed from supplementing vitamin D only
during the first year of life to a supplementation up to three
years. It might be due to the fact that not all paediatricians
follow these new guidelines and/or that the caregivers’ com-
pliance decreases over time. In our sample, only 17% of
all toddlers received vitamin D supplements, although data
were collected mostly during winter time when a supple-
mentation is even more important than during the summer
season. It also has to be noted that it is not possible to meet
the vitamin D requirements with a normal healthy diet; indi-
viduals have to be exposed to sufficient sunlight to produce
additional vitamin D.
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Table 5 Different dietary reference intake for energy and protein

Nutrient Age (month) DACH [34] EFSA [47] WHO [40, 51]

3 ? 3 ? 3 ?

Energy (kcal/day) 12-18 1200-1300 1100-1200 777 (12 m) 712 (12 month) 948 865
19-24 1200-1300 1100-1200 1028 (24 m) 946 (24 month) 948 865
25-36 1200-1300 1100-1200 1174 (36 m) 1096 (36 month) 1129 1047

Protein (g/kg/day) 12-18 1 1 1.14-1.03 1.14-1.03 0.95-0.85 0.95-0.85
19-24 1 1 1.03-0.97 1.03-0.97 0.85-0.79 0.85-0.79
25-36 1 1 0.97-0.90 0.97-0.90 0.79-0.73 0.79-0.73

There are several limitations that need to be considered
when interpreting the data. First, the study sample clearly
is not fully representative. Most participants were recruited
using addresses from a large baby food company in Swit-
zerland. Parents who sign up for such a newsletter might
be more interested in the development of children and they
might be more open to use industrially produced baby food
than the average caregiver. However, participants who are
willing to take part in such an extensive study might be
more interested in these topics, regardless of how they are
recruited. The results are congruent with studies from other
European countries, which seems very plausible and creates
confidence in the validity of the present data. Therefore, it
is assumed that it is safe to generalise the findings to all of
Switzerland.

Another issue was that the reference foods in the book-
let were taken from a manual with portion sizes for adults.
However, for each food there were several portion sizes. For
the booklet, the smallest size was always chosen, a size that
seemed rather plausible for toddlers (e.g., eight pieces of
small ravioli). Participants were instructed to list the tod-
dlers’ intake in reference to this picture, for example as /2 R
or ¥4 R or 2 R. The fractions were purposely mentioned first,
so participants knew that they could list smaller portions
than the one in the picture.

Finally, the study results are based on questionnaires;
therefore, actual blood values for the assessment of micro-
nutrient deficiency have not been gathered.

In conclusion, the diet of Swiss toddlers in general seems
adequate but does not meet all nutritional requirements. The
results of the present study correspond very well with the
findings of other European studies. In a review of relevant
research, the EFSA identified omega-3 fatty acids, iron and
vitamin D as critical nutrients [47], which is congruent with
the present results. It seems that these deficiencies are not
related to financial constraint since they were found even
in a rich country like Switzerland. As in other European
countries, protein intake exceeds the present recommenda-
tion and the share of saturated fats is too high. On the other
hand, the intakes of iron and vitamin D are well below the
recommendations. For protein intake, it seems too early to

draw conclusions regarding diet [48]. Recommendations
should be revaluated and more research is needed to define
an upper limit. However, special attention should be paid to
the choice of foods parents give their toddlers to improve the
balance of fatty acids. Efforts to increase parents’ education
and knowledge by recommending healthy eating models that
are respectful of their culture, beliefs and economic condi-
tions while also taking into account the availability of local
foods are needed to achieve balanced nutrition. In the case of
iron, more research is necessary to find out more about the
long-term consequences of intakes below the recommenda-
tion. Regarding vitamin D, the supplementation should be
done according to the new guidelines.
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