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Abstract
Purpose This study aimed to identify clusters of lifestyle behaviours in toddlers and assess associations with socio-demo-
graphic characteristics.
Methods We used data from the Dutch National Food Consumption Survey 2012–2016 and included 646 children aged 
1–3 years. Based on 24-h dietary recalls and a questionnaire, a two-step cluster analysis was conducted to identify clusters in 
the intake of fruit, vegetables, sugar-sweetened beverages and unhealthy snacks, physical activity and screen time. Logistic 
regression models assessed associations between socio-demographic characteristics and cluster allocation.
Results Three clusters emerged from the data. The ‘relatively healthy cluster’ demonstrated a high intake of fruit and 
vegetables, low sugar-sweetened beverage and unhealthy snack intake and low screen time. The ‘active snacking cluster’ 
was characterised by high unhealthy snack intake and high physical activity, and the ‘sedentary sweet beverage cluster’ by 
high intake of sugar-sweetened beverages and high screen time. Children aged 1 year were most likely to be allocated to the 
‘relatively healthy cluster’. Compared to children of parents with a high education level, children of parents with a low or 
middle education level were less likely to be in the ‘relatively healthy cluster’, but more likely to be in the ‘sedentary sweet 
beverage cluster’.
Conclusion Clusters of lifestyle behaviours can be distinguished already in children aged 1–3 years. To promote healthy 
lifestyle behaviour, efforts may focus on maintaining healthy behaviour in 1-year-olds and more on switching towards healthy 
behaviour in 2- and 3-year-olds.
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Introduction

Overweight and obesity can occur as early as toddlerhood. 
Globally, 5.7% of children under 5 years were overweight 
or obese in 2020 [1]. This is a major public health concern 
as childhood obesity increases the risk of other (chronic) 
diseases, affecting both physical and mental health [2]. 
Moreover, childhood obesity often tracks into adulthood [3]. 
The main underlying cause of overweight and obesity lies 
in lifestyle behaviour, which may be established at a young 
age and likely persists as the child ages [2, 4, 5]. Unfavour-
able lifestyle behaviours, such as the intake of energy-dense, 
nutrient-poor foods, including sugar-sweetened beverages 
and snacks, as well as high levels of sedentary behaviour, 
are positively associated with obesity [6, 7]. Contrarily, diets 
characterised by high amounts of fruits and vegetables, and 
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regular physical activity are associated with lower obesity 
risk [8, 9].

Many children do not meet the daily recommendations 
for dietary intake, physical activity and sedentary behaviour 
[10, 11]. However, children’s lifestyles can comprise both 
healthy and unhealthy behaviours simultaneously. Charac-
terising lifestyle behaviour patterns in children can support 
the understanding of interrelationships (i.e. co-occurrence 
and interaction) between multiple lifestyle behaviours. 
Ultimately, this can contribute to developing guidelines and 
interventions that simultaneously address multiple unfavour-
able lifestyle behaviours in children.

Exploratory, data-driven techniques, such as cluster 
analysis and principal component analysis, can be used to 
gain insight into behaviour patterns [12]. Reviews of studies 
applying these methods to identify lifestyle behaviour clus-
ters in children found that diet, physical activity and seden-
tary behaviour cluster in complex ways [13, 14]. In addition 
to clusters entirely characterised by healthy or unhealthy 
diets, physical activity and sedentary behaviours, clusters 
with a mixture of healthy and unhealthy behaviours have 
been commonly distinguished. To reach children most at 
risk of adverse health effects, it is essential to identify shared 
determinants of lifestyle behaviour clusters. As to determi-
nants of lifestyle behavioural patterns in children, it has been 
shown that age, sex and socio-economic status (SES) are 
associated with lifestyle behaviour patterns [13, 14]. Lower 
SES, mostly indicated by parental education level, was found 
to be associated with unhealthier lifestyle patterns [13–15]. 
How other socio-demographic factors are associated with 
lifestyle behaviour patterns in children remains unclear.

To our knowledge, most studies on the clustering of life-
style behaviours in children have been conducted in older 
children (≥ 5 years). Nevertheless, lifestyle habits develop 
early in life, and early identification of patterns and associ-
ated socio-demographic determinants might help to initi-
ate timely interventions for modifying lifestyle behaviours 
when needed. Therefore, our study aims to identify clusters 
of co-occurring lifestyle behaviours, including intake of 
fruit, vegetables, sugar-sweetened beverages and unhealthy 
snacks, physical activity and screen time, and analyse their 
associations with socio-demographic characteristics in chil-
dren aged 1–3 years who participated in the Dutch National 
Food Consumption Survey (DNFCS) 2012–2016.

Methods

Study population and data collection

We used data from the most recent DNFCS (2012–2016). 
The DNFCS is a recurrent survey on food and drinks con-
sumption among the general Dutch population and specific 

subgroups. A detailed description of the DNFCS 2012–2016 
has been published elsewhere [16]. Between November 2012 
and January 2017, 6733 people aged 1–79 years were invited 
to participate in the study. Participants were drawn from 
market research consumer panels, representative for the 
Dutch population with regard to age, sex, education level (of 
the parents or caretakers for children up to 18 years), house-
hold region and household location urbanisation level. Data 
collection was completed for a set of 4313 participants, com-
prising 672 children aged 1–3 years. For the current study, 
we included children with complete data on all lifestyle 
behaviours of interest (n = 646). A flowchart of the study 
population selection is presented in Supplementary File 1.

An age-specific, general questionnaire completed by the 
parent(s) or caregiver(s) provided socio-demographic char-
acteristics and information on lifestyle (e.g. amount of physi-
cal activity and electronic screen time) of the participating 
children. Dietary assessment was performed according to 
European Food Safety Authority (EFSA) guidelines [17]. 
Trained dieticians carried out two non-consecutive 24-h 
dietary recalls [19], equally spread across days of the week 
and seasons. The first 24-h dietary recall was conducted with 
a parent or caregiver during a home visit. The second 24-h 
dietary recall was completed by telephone about 4 weeks 
later. To adequately capture nutritional intake outside the 
home, for example at day care, both dietary recalls were 
combined with a food diary concerning the same day.

The Medical Ethical Committee of the University Medi-
cal Centre Utrecht approved the protocol and declared that 
the Dutch Medical Research Involving Human Subjects Act 
(WMO) was not applicable to the DNFCS 2012–2016 (ref-
erence number 12–359/C). Written informed consent was 
obtained from all parents/caregivers of participating children 
during the home visit.

Lifestyle behaviours

Diet

The foods and drinks consumed as obtained by the 24-h 
dietary recalls were classified according to the food groups 
of the Dutch food-based dietary guidelines (‘Wheel of Five’ 
guidelines) [20]. Foods and drinks are categorised ‘within 
the Wheel of Five’ when consumption is advised by the 
Dutch food-based dietary guidelines and ‘outside the Wheel 
of Five’ when it is recommended to limit consumption of 
that particular food or drink. For the drinks category, for 
example, water and tea are categorised within the Wheel of 
Five, whereas sugar-sweetened beverages are not part of it. 
All sweet and savoury snacks, such as cookies, ice cream, 
and crisps, are categorised outside the Wheel of Five. We 
used the average intake of the two recall days per partici-
pant of the food groups fruit, vegetables, drinks outside the 
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Wheel of Five (mainly sugar-sweetened beverages, therefore 
referred to as sugar-sweetened beverages in this paper) and 
snacks outside the Wheel of five (in this paper referred to as 
unhealthy snacks) in our analyses (g/day).

Physical activity

Time spent playing outside and participation in organised 
physical activity, such as swimming, toddler sports classes 
and dancing, was obtained from the general questionnaire. 
Parents or caregivers reported frequency of both activities 
on response categories ranging from ‘never/less than 1 day 
per week’ to ‘every day’. Response categories for average 
duration of playing outside ranged from ‘less than half an 
hour per day’ to ‘more than 3 h per day’. Average duration 
was converted from hours to minutes. Regarding organised 
physical activity, we translated one session as 60 min. We 
calculated the amount of physical activity (min/day) by the 
following equation: ((days playing outside * average dura-
tion of playing outside) + (days participating in organised 
physical activity * 60))/7.

Screen time

Time spent watching television or videos and using the com-
puter or other types of electronic screens (such as a handheld 
game console or tablet) was also obtained from the general 
questionnaire. Frequency and average duration per session 
were reported by the parents on scales ranging from ‘never/
less than 1 day per week’ to ‘every day’ and ‘less than half 
an hour per day’ to ‘more than 3 h per day’, respectively. 
Duration values were converted from hours to minutes. We 
calculated total screen time (min/day) by adding the amount 
of watching television/videos to the amount of computer/
other screen use: ((days watching television * average dura-
tion of watching television) + (days using the computer * 
average duration of using the computer))/7.

Socio‑demographic characteristics

Information on age, sex, migration background, parental 
education level, and household size were obtained from the 
general questionnaire. Children’s migration background 
(Dutch, Western migration, non-Western migration) was 
defined based on the parents’ or caregivers’ country of birth. 
Children were assigned to the latter two categories when at 
least one parent or caregiver was born abroad [21]. Paren-
tal education level was divided into three categories (low, 
primary education, lower vocational education, advanced 
elementary education; middle, intermediate vocational edu-
cation, higher secondary education; high, higher vocational 
education and university). The market research agency held 
data on household location region based on the Nielsen CBS 

division (west, north, east, south (of the Netherlands) and 
urbanisation level (strongly urbanised, > 1.500 addresses/
km2; moderately urbanised, 1.000–1.500 addresses/km2; 
hardly urbanised, < 1.000 addresses/km2).

Statistical analyses

All analyses were performed by using SPSS Statistics soft-
ware (IBM SPSS Statistics for Windows, Version 25.0. 
Armonk, NY: IBM Corp.). Characteristics of the children 
were described in percentages and medians. After standardi-
sation (by calculating Z-scores) of the lifestyle behaviour 
data, we performed a cluster analysis procedure comprising 
a hierarchical and consecutive non-hierarchical step. This 
cluster analysis approach was previously used by Fernández-
Alvira et al. [22] and Yang et al. [23]. First, Ward’s method 
using squared Euclidean distance was applied to create 
initial cluster centres, with solutions ranging from two to 
six clusters. Thereafter, non-hierarchical k-means cluster 
analysis based on these cluster centres was conducted. The 
stability of the generated cluster solutions was examined 
by repeating the clustering procedure in a random sample 
of 50% of the study population and testing cluster alloca-
tion agreement by Cohen’s kappa. Mean values of lifestyle 
behaviours per cluster were described. Logistic regression 
models (univariable and multivariable) were used to calcu-
late odds ratios (OR) for allocation to the generated clusters 
based on the socio-demographic determinants. We applied 
Bonferroni correction to adjust for multiple testing [p = 0.05/
(number of clusters * number of socio-demographic char-
acteristics)] [23].

Non‑response analysis

Of the 672 children aged 1–3 years that participated in the 
DNFCS, children with missing data on the lifestyle behav-
iours of interest (n = 26) were compared (on lifestyle behav-
iours and socio-demographic characteristics) with children 
with complete data (n = 646) by using independent t tests 
and Chi-square tests.

Results

Population characteristics

The study sample included 646 children aged 1 (34.2%), 
2 (31.0%) or 3 (34.8%) years, of which 49.7% were boys 
(Table  1). The majority of them were of Dutch origin 
(92.6%) and had parents with a high education level (66.7%). 
The most common household size consisted of four persons 
(43.5%). Participating children most often lived in the west-
ern part of the Netherlands (45.5%), which is analogous to a 
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strongly urbanised household location (45.7%). The children 
consumed a median of 140 g (IQR 114) of fruit, 49 g (IQR 
60) of vegetables, 362 g (340) of sugar-sweetened beverages, 
and 32 g (IQR 44) of unhealthy snacks per day. Further, they 
spent 54 (IQR 62) min/day on physical activity and used 
electronic screens for 39 min/day (IQR 78) (median values).

Non‑response analysis

Children with missing data on the lifestyle behaviours of 
interest (n = 26) all lacked data on physical activity only. 
These children did not differ with regard to the other lifestyle 
behaviours, nor in socio-demographic characteristics (for all, 

p > 0.05) with the children that had complete data (n = 646, 
data not shown).

Cluster description

Based on the dendrogram and highest Cohen’s kappa coef-
ficient, a three-cluster solution based on the six lifestyle 
behaviours appeared to be the most accurate (κ = 0.937). 
Cluster 1 (comprising 49.7% of all children) was labelled 
the ‘relatively healthy cluster’ because compared to chil-
dren in the other clusters, children in this cluster complied 
with guidelines relatively most [20, 24]. It was character-
ised by healthy dietary factors and low screen time as the 
Z-score was 0.14 (SE 0.05) for fruit intake, 0.25 (SE 0.06) 
for vegetable intake, – 0.54 (SE 0.03) for sugar-sweetened 
beverage intake, – 0.48 (SE 0.03) for unhealthy snack intake, 
and – 0.49 (SE 0.03) for screen time. High unhealthy snack 
intake (Z-score = 0.89, SE 0.11) and high physical activity 
(Z-score = 1.23, SE 0.09) were the main features of cluster 
2, which was therefore labelled the ‘active snacking clus-
ter’. Cluster 3 was mainly characterised by high intake of 
sugar-sweetened beverages (Z-score = 0.93, SE 0.07) and 
high screen time (Z-score = 0.83, SE 0.08) and was labelled 
‘sedentary sweet beverage cluster’. The ‘relatively healthy 
cluster’ comprised 76% of the 1-year-olds. The mean age for 
the ‘relatively healthy cluster’ was 1.7 (SD 0.8) years and 2.3 
(SD 0.7) years for the other two clusters (Table 2). Figure 1 
demonstrates the lifestyle behaviour Z-scores of the various 
clusters in a radar chart.

Association between socio‑demographic 
characteristics and cluster allocation

The ORs for cluster allocation based on the socio-demo-
graphic characteristics are presented in Table 3. Based on 
the three cluster solution, we used a Bonferroni adjusted p 
value of 0.003 [p = 0.05/(3*6)]. Children aged 1 year had 
higher odds for allocation to the ‘relatively healthy clus-
ter’ than children aged 3 years old, with an OR of 7.48 
(95% CI 4.91, 11.39; p < 0.001). Moreover, children aged 
1 year had lower odds for allocation to the ‘active snacking 
cluster’ and ‘sedentary sweet beverage cluster’ compared 
to children aged 3 years, with ORs of 0.27 (95% CI 0.16, 
0.46; p < 0.001) and 0.23 (95% CI 0.15, 0.37; p < 0.001), 
respectively. Compared to children of parents with a high 
education level, children of parents with a low education 
level had an OR of 0.06 (95% CI 0.01, 0.26; p < 0.001) for 
allocation to the ‘relatively healthy cluster’, and children of 
parents with a middle education level of 0.48 (95% CI 0.34, 
0.68; p < 0.001). Contrarily, children of parents with a low 
education level had an OR of 6.71 (95% CI 2.92, 15.40; 
p < 0.001) for allocation to the ‘sedentary sweet beverage 
cluster’, and children of parents with a middle education 

Table 1  Characteristics of children aged 1–3  years in the DNFCS 
2012–2016 (n = 646)

Values are frequencies with percentages for categorical variables and 
medians with interquartile ranges for continuous variables

Characteristic Value

Age
 1 year 221 (34.2)
 2 years 200 (31.0)
 3 years 225 (34.8)

Sex (boys) 321 (49.7)
Migration background
 Dutch 598 (92.6)
 Western migration 17 (2.6)
 Non-Western migration 31 (4.8)

Parental education
 Low 27 (4.2)
 Middle 188 (29.1)
 High 431 (66.7)

Size of household
 Two or three persons 186 (28.8)
 Four persons 281 (43.5)
 Five or more persons 179 (27.7)

Region of household location
 West 294 (45.5)
 North 75 (11.6)
 East 146 (22.6)
 South 131 (20.3)

Household location urbanisation level
 Strongly urbanised 295 (45.7)
 Moderately urbanised 141 (21.8)
 Hardly urbanised 210 (32.5)

Fruit intake (g/d) 140 (114)
Vegetable intake (g/d) 49 (60)
Sugar-sweetened beverage intake (g/d) 362 (340)
Unhealthy snack intake (g/d) 32 (44)
Duration of physical activity (min/d) 54 (62)
Duration of screen time (min/d) 39 (78)
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level of 2.13 (95% CI 1.47, 3.08; p < 0.001), compared to 
children of parents with a high education level. We found no 
associations between parental education level and the ‘active 
snacking cluster’. Children from households of two or three 
persons had higher odds for the ‘relatively healthy cluster’ 
than children from four-person households, OR 1.87 (95% 
CI 1.28, 2.73, p = 0.001). This association disappeared in 
the multivariable model. Sex, migration background, region 

of household location, and household location urbanisation 
level were not associated with allocation to any cluster.

Discussion

We aimed to identify clusters of lifestyle behaviours in 
Dutch children aged 1–3 years and assess associations with 
socio-demographic characteristics. Three distinct lifestyle 
clusters emerged from the data: the ‘relatively healthy clus-
ter’, ‘active snacking cluster’ and ‘sedentary sweet beverage 
cluster’. The socio-demographic factors age, parental educa-
tion level and household size were associated with cluster 
allocation. We found no associations with sex, migration 
background, region of household location and household 
location urbanisation level.

In accordance with our findings, previous studies dem-
onstrated healthy, unhealthy and mixed clusters in children 
[13, 14]. However, precise results differ, partly due to dif-
ferences in the behaviours considered and in behavioural 
assessment and clustering techniques. Gubbels et al. and 
Wang et al. also examined clustering of lifestyle behav-
iours in Dutch toddlers and identified two and three clus-
ters, respectively [25, 26]. Among 2-year-olds, a ‘seden-
tary snacking cluster’, characterised by high screen time 
and high intake of unhealthy snacks and drinks, and a 
‘fibre cluster’, mainly depicted by high intakes of fruit, 
vegetables and brown bread, and low white bread intakes, 

Table 2  Lifestyle behaviours by clusters of children aged 1–3 years in the DNFCS 2012–2016

a Overall most consistent with national guidelines
b Named after most distinguishing lifestyle behaviours
c g/day
d Min/day

Cluster 1 ‘relatively 
healthy cluster’a

Cluster 2 ‘active snacking 
cluster’b

Cluster 3 ‘seden-
tary sweet beverage 
cluster’b

N = 321 (49.7%) N = 135 (20.9%) N = 190 (29.4%)
Age, y, mean (SD) 1.7 (0.8) 2.3 (0.7) 2.3 (0.7)
Fruit consumption, mean (SD)c 160 (81) 147 (103) 129 (83)
Z-score (SE) 0.14 (0.05)  –0.01 (0.10)  –0.22 (0.07)
Vegetable consumption, mean (SD)c 69 (51) 53 (44) 40 (34)
Z-score (SE) 0.25 (0.06)  –0.09 (0.08)  – 0.36 (0.05)
Sugar-sweetened beverage consumption, mean (SD)c 242 (174) 398 (225) 676 (298)
Z-score (SE)  –0.54 (0.03)  –0.02 (0.07) 0.93 (0.07)
Unhealthy snack consumption, mean (SD)c 24 (20) 72 (45) 47 (29)
Z-score (SE)  –0.48 (0.03) 0.89 (0.11) 0.19 (0.06)
Physical activity, mean (SD)d 44 (35) 133 (52) 63 (39)
Z-score (SE)  –0.45 (0.04) 1.23 (0.09)  –0.11 (0.05)
Screen time, mean (SD)d 24 (26) 48 (43) 90 (57)
Z-score (SE)  –0.49 (0.03)  –0.01 (0.07) 0.83 (0.08)
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Fig. 1  Z-scores of lifestyle behaviours in clusters of children aged 
1–3 years in the DNFCS 2012–2016
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Table 3  Association of socio-demographic characteristics with clusters of children aged 1–3 years in the DNFCS

Values are ORs with 95% CI, calculated by using logistic regression
The * and ** indicate the significance level
Statistically significant values are highlighted in bold
a In the univariable models, each independent variable was entered separately
b In the multivariable models, all independent variables were entered simultaneously
c Overall most consistent with national guidelines
d Named after most distinguishing lifestyle behaviours *p < 0.05, **p < 0.003 (Bonferroni-corrected p value)

Univariable  modelsa Multivariable models

‘Relatively healthy 
cluster’c 
N = 321
OR (95% CI)

‘Active snacking 
cluster’d 
N = 135
OR (95% CI)

‘Sedentary sweet 
beverage cluster’d 
N = 190
OR (95% CI)

‘Relatively healthy 
cluster’c 
N = 321
OR (95% CI)

‘Active snacking 
cluster’d 
N = 135
OR (95% CI)

‘Sedentary sweet 
beverage cluster’d 
N = 190
OR (95% CI)

Age
 1 year 7.48 

(4.91,11.39)**
0.27 (0.16, 0.46)** 0.23 (0.15, 

0.37)**
7.78 (4.92, 

12.31)**
0.30 (0.17, 0.52)** 0.22 (0.14, 0.37)**

 2 years 1.78 (1.19, 2.65)* 0.78 (0.50, 1.20) 0.70 (0.47, 1.04) 1.81 (1.18, 2.76)* 0.82 (0.53, 1.28) 0.67 (0.44, 1.02)
 3 years Ref Ref Ref Ref Ref Ref

Sex
 Girl Ref Ref Ref Ref Ref Ref
 Boy 1.01 (0.74, 1.38) 1.16 (0.79, 1.69) 0.88 (0.63, 1.23) 1.00 (0.70, 1.43) 1.23 (0.83, 1.84) 0.82 (0.57, 1.18)

Migration back-
ground

 Dutch Ref Ref Ref Ref Ref Ref
 Western migra-

tion
2.57 (0.89, 7.37) 0.22 (0.03, 1.66) 0.74 (0.24, 2.29) 3.42 (1.13, 10.39)* 0.19 (0.02, 1.44) 0.67 (0.21, 2.18)

 Non-Western 
migration

1.94 (0.92, 4.13) 0.12 (0.02, 0.86)* 1.14 (0.53, 2.47) 1.50 (0.63, 3.60) 0.16 (0.02, 1.18) 1.62 (0.69, 3.79)

Parental education
 Low 0.06 (0.01, 0.26)** 1.40 (0.58, 3.43) 6.71 (2.92, 

15.40)**
0.06 (0.01, 0.27)** 1.03 (0.40, 2.64) 5.91 (2.47, 

14.11)**
 Middle 0.48 (0.34, 0.68)** 1.15 (0.76, 1.75) 2.13 (1.47, 

3.08)**
0.41 (0.28, 0.61)** 1.18 (0.76, 1.82) 2.21 (1.50, 3.26)**

 High Ref Ref Ref Ref Ref Ref
Size of household
 Two or three 

persons
1.87 (1.28, 2.73)** 0.55 (0.33, 0.91)* 0.71 (0.47, 1.08) 1.18 (0.76, 1.83) 0.73 (0.42, 1.24) 1.03 (0.65, 1.65)

 Four persons Ref Ref Ref Ref Ref Ref
 Five or more 

persons
0.78 (0.53, 1.14) 1.29 (0.84, 2.00) 1.07 (0.72, 1.60) 0.65 (0.42, 1.00) 1.32 (0.84, 2.08) 1.21 (0.78, 1.87)

Region of house-
hold location

 West Ref Ref Ref Ref Ref Ref
 North 0.64 (0.38, 1.07) 1.13 (0.60, 2.10) 1.51 (0.89, 2.58) 0.70 (0.37, 1.29) 0.88 (0.44, 1.75) 1.55 (0.84, 2.86)
 East 0.91 (0.61, 1.35) 1.26 (0.78, 2.04) 0.93 (0.59, 1.45) 1.05 (0.66, 1.68) 1.11 (0.66, 1.88) 0.87 (0.53, 1.44)
 South 0.84 (0.56, 1.27) 1.13 (0.68, 1.88) 1.12 (0.71, 1.75) 1.04 (0.64, 1.70) 0.96 (0.56, 1.64) 1.00 (0.61, 1.64)

Household loca-
tion urbanisation 
level

 Strongly urban-
ised

Ref Ref Ref Ref Ref Ref

 Moderately 
urbanised

0.87 (0.58, 1.30) 1.03 (0.62, 1.72) 1.16 (0.75, 1.79) 1.12 (0.70, 1.78) 0.88 (0.51, 1.50) 1.05 (0.65, 1.69)

 Hardly urbanised 0.71 (0.50, 1.02) 1.47 (0.96, 2.26) 1.10 (0.74, 1.62) 0.90 (0.58, 1.40) 1.23 (0.76, 2.00) 0.96 (0.60, 1.51)
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emerged [25]. Clusters labelled as ‘unhealthy lifestyle 
pattern’, ‘low snacking and low screen time pattern’, and 
‘active, high fruit and vegetable, high snacking and high 
screen time pattern’ were distinguished among 3-year-olds 
[26]. Similar to these Dutch studies [25, 26] and to results 
from other countries [4, 27, 28], we demonstrated that 
high screen time levels often cluster with high consump-
tion of energy-dense products. Studies in children 5 years 
and older have suggested that screen time activities, such 
as watching TV, act as a conditioned cue to drink or eat 
and distract from feelings of satiety, which might be the 
two most important underlying mechanisms [29]. In addi-
tion, unhealthy food advertisements on TV, computer or 
other electronic screens may enhance this consumption 
behaviour [30]. Our other cluster demonstrated high physi-
cal activity co-occurring with high intake of unhealthy 
snacks. This was previously also found in Dutch children 
of 6 years old [23]. One could argue that parents offer their 
child a snack as a reward or energy replenishment after 
physical activity; however, possible explanations need to 
be further elucidated.

Children aged 1 year were most likely to be allocated 
to the ‘relatively healthy cluster’. As 1-year-olds have not 
been included in previous cluster analyses, this is a novel 
finding. Nevertheless, there are several reasons why life-
style behaviour in this age group might differ from those 
of 2- and 3-year-olds. Children aged 1 year have just tran-
sitioned from breast or bottle feeding and complementary 
foods to the family meal time routine. One could argue that 
parents are, therefore, still conscious of their child’s diet, 
which is reflected in a relatively higher intake of fruit and 
vegetables and lower intake of sugar-sweetened beverages 
and unhealthy snacks. This reason, more focus and con-
sciousness, may also be underlying the fact that children 
from a household with two or three persons—and therefore 
most likely one child—had higher odds for allocation to 
the ‘relatively healthy cluster’. The absence of an associa-
tion with household size in the multivariable model argues 
that another factor, possibly age, plays an underlying role. 
Children aged 1 year might also be more accepting of the 
(healthy) food their parents offer and most likely will not 
ask for unhealthy snacks, sugar-sweetened beverages or 
screen time themselves. They might also consume less of 
those unhealthier foods because of their lower nutritional 
needs and longer sleep duration than children aged 2 and 
3 years. We presume that the low amount of physical activ-
ity in the ‘relatively healthy cluster’ is an underestimation 
attributable to the physical activity items in the question-
naire. As forms of movement for children aged 1 year (e.g. 
creeping, crawling, floor play) had not been assessed in 
this questionnaire, the total amount of physical activity 
would probably have been greater. Nonetheless, as our 
results indicate that lifestyle behaviours are healthier in 

1-year-olds than in 2- and 3-year-olds, preventive efforts 
should focus on preserving healthy behaviours in 1-year-
old children, i.e. before unhealthy behaviours have rooted.

Although we have to be careful with strong statements 
given the small group of parents with a low education 
level, our results support previous studies that have shown 
that a lower parental education level is associated with 
clusters comprising less healthy behaviours in young chil-
dren [4, 23, 25–28]. It seems possible that lower-educated 
parents possess less knowledge about healthy lifestyle hab-
its for their children or that parenting practices and food 
environment mediate this association [31–33]. Howbeit, 
as parents play a crucial role in providing and controlling 
food and activity habits of children aged 1–3 years, inter-
ventions aimed at improving these habits should be tai-
lored to the needs of parents with lower education levels.

Strengths and limitations

Dietary assessment through 24-h dietary recalls is a major 
strength of our study, as it does not alter food consump-
tion and has an infinite degree of specificity of the foods 
consumed. In addition, 24-h dietary recalls are sensitive 
to culture-specific differences and, when repeatedly con-
ducted, can capture habitual dietary habits. The young age 
of the study participants, especially 1-year-olds, is another 
asset and adds new evidence to the importance of early 
preventive health care.

The young age of the participants might also be a limi-
tation, as age might have been the most important factor in 
distinguishing lifestyle clusters. Furthermore, it was tech-
nically impossible to calculate the exact habitual intake 
for every individual separately. Therefore, we used the 
average intake of the two recall days per participant as 
a reflection of habitual intake, but we are aware that this 
method might be less accurate. Data on physical activity 
and screen time were obtained by means of categorical 
questions. Although included as continuous variables in 
our analyses, the results of physical activity and screen 
time, therefore, have limited precision, i.e. are accurate 
to half an hour. We also acknowledge the sample size as a 
limitation that may have hampered the robustness of the 
clusters identified and may have led to selection bias. The 
low number of participants of non-Dutch origin and from 
parents with a low education level is another limitation 
that possibly affected the reliability and generalisability 
of our results. Due to the cross-sectional design of the 
DNFCS, we could not draw causal conclusions on the 
association between cluster allocation and weight status. 
Besides, data was obtained between 2012 and 2017 and 
new ‘Wheel of Five’ guidelines have been published in the 
meantime, which may affect current dietary intake.
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Conclusions

We distinguished three clusters of lifestyle behaviours 
in children as young as 1–3 years of age. Children aged 
1 year were more likely to be in the cluster that portrayed 
healthy behaviour than children aged 2 and 3 years, which 
suggests that maintaining healthy behaviour and changing 
towards more healthy behaviour should be promoted in 
these age groups, respectively. These preventive efforts 
should take parental education level into consideration. 
Future longitudinal research should assess cluster alloca-
tion evolution and its association with weight status.
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