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Abstract: Concerns have been raised that an overconsumption of baby food fruit pouches among
toddlers might increase the risk of childhood obesity. This study aimed to quantify the consumption
of fruit pouches and other fruit containing food products and to explore potential correlations
between the consumption of these products and body-mass index z-score (BMIz) at 18 months, taking
other predictive factors into consideration. The study was based on 1499 children and one-month-
recall food frequency questionnaires from the Swedish population-based birth cohort NorthPop.
Anthropometric outcome data were retrieved from child health care records. BMIz at 18 months of
age was correlated to maternal BMI and gestational weight gain and inversely correlated to fruit juice
consumption and breastfeeding. BMIz at 18 months of age was not correlated to consumption of
fruit pouches, sugar-sweetened beverages, whole fruit or milk cereal drink. Overweight at 18 months
of age was correlated to maternal BMI and inversely correlated to breastfeeding duration. To our
knowledge, this is the first study that investigates possible associations between baby food fruit
pouch consumption and overweight in toddlers. We found that moderate fruit pouch consumption
is not associated with excess weight at 18 months of age.

Keywords: childhood obesity; baby food pouches; fruit pouches; fruit juice; sugar-sweetened
beverages; whole fruit; breastfeeding; milk cereal drink; maternal BMI; gestational weight gain

1. Introduction

The global burden of childhood obesity has grown substantially since the 1990s, but
has plateaued in many high-income countries [1,2]. In 2018, the prevalence of overweight
and obesity in Swedish six- to nine-year-old children had reached 21% [3]. Obese children
are more likely than normal weight children to grow up to become obese adults [4].
Furthermore, childhood obesity is associated with anxiety and depression in childhood [5]
and increased risk of coronary heart disease, diabetes type 2 and some forms of cancer
in adulthood [6]. A healthy diet is fundamental for prevention of childhood obesity [7].
Thus, identifying modifiable risk factors for pediatric obesity as targets of interventional
strategies could impact lifelong health.

Food pouches were introduced on the baby food market some 20 years ago [8]. The
baby food pouches have gained popularity among children and parents and, in 2016, ap-
proximately one third of American children aged 6–12 months consumed at least one pouch
per week [9]. Most of these baby food pouches contain fruit purées (fruit pouches) [10]. The
European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN)
recommends that the energy intake from free sugars for children should be less than 5%
of total energy intake [11]. Contrary to these recommendations, baby food pouches are
more likely to contain higher levels of sugar than other package types [10,12–14]. Particular
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concern has been raised that fruit pouches are too energy dense, contain too much sugar
and induce a preference for sweet taste. In turn, these features are suggested to result in
overfeeding and excessive weight gain in toddlers [14,15]. Yet, health outcomes in relation
to consumption of fruit pouches have been insufficiently studied [16].

Childhood obesity is attributed to genetic susceptibility mediated by a number of pre-
natal and early childhood dietary variables [17]. A recognized early life dietary risk factor is
the consumption of sugar-sweetened beverages (SSBs). In addition to recommendations on
limiting the SSB consumption in early childhood, fruit juice is often discouraged as part of
an unhealthy diet in toddlers [18]. Fruit juice is an established source of free sugars and con-
sidered a potential risk factor of overweight [11,18,19]. However, the relationship between
fruit juice consumption and body-mass index (BMI) in children is inconsistent [20–22]. By
contrast, whole fruit is thought of as healthy [23] and consumption is recommended due to
its content of nutrients and fibers [18]. As fruit pouches are drunk, rather than eaten [16],
they resemble fruit juices rather than servings of whole fruit.

Other early life dietary variables linked to childhood overweight are breastfeeding
and milk cereal drink (MCD) intake. Breastfeeding is associated with slower growth rate
in infancy and is considered a protective factor [24–28]. In Sweden, MCDs are commonly
consumed by infants and toddlers and studies have shown that MCDs are a risk factor for
childhood overweight [29–31]. In addition, maternal pre-pregnancy BMI and gestational
weight gain (GWG) are identified among the prenatal risk factors [17,27]. In addition,
childhood obesity is inversely related to socioeconomic status (SES) in high-income coun-
tries [32] and low SES may be linked to rapid growth in infancy and later obesity [33].

Aims of the Study

The aims of this study were to quantify the consumption of baby food fruit pouches
in a Swedish population-based cohort of children (the NorthPop birth cohort [34]) and
to investigate possible associations between the intake of fruit pouches and the BMI-for-
age z-score (BMIz) and overweight at 18 months of age. In addition, the associations
between BMIz at 18 months and consumption of other fruit containing food products,
previously recognized risk factors (MCD consumption, maternal BMI and GWG), the
possible preventive effect of breastfeeding and potential SES variables were investigated.
In addition, the potential correlation between BMIz at 18 months and SES was explored.

2. Materials and Methods

This study was carried out within the research infrastructure of the population based,
prospective NorthPop birth cohort study in northern Sweden [34]. Data were retrieved
from the NorthPop questionnaires (NPQ) that included food frequency questionnaires
(FFQ), the Swedish Pregnancy Register [35], the Longitudinal Integrated Database for
Health Insurance and Labour Market Studies (LISA) provided by Statistics Sweden [36]
and participants’ child health care records.

2.1. Study Population

Between May 2016 and August 2018, 4064 pregnant women within the NorthPop
catchment area had their routine ultrasound examinations at Umeå University Hospital,
usually in gestational week 17–18. At that visit they were invited to participate in the
NorthPop study and enrolled. Inclusion criteria were pregnant woman aged 18 years or
older, Swedish-speaking, viable pregnancy in gestational week 14–24 and intention to give
birth and plan to reside within the catchment area in the following years. An additional
inclusion criterion for this study was access to child health care record anthropometric data
at 18 ± 1 months of age. The final study population consisted of 1499 children (Figure 1).
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2.2. Exposure Variables: Fruit Pouch Consumption and Recognized Risk and Protective Factors

The NPQ provided nutrition and feeding data of the children at four, nine and
18 months of age. The data on consumption of fruit pouches, fruit juice, SSBs and whole
fruit at 18 months of age and MCDs at nine and 18 months were collected through a
one-month-recall FFQ. The FFQ questions can be found in Appendix A. The NPQ also
supplied breastfeeding data at four, nine and 18 months of age.

Data on maternal BMI were retrieved from the Swedish Pregnancy Register. Maternal
BMI was calculated when the pregnancy was registered at the first maternal health center
appointment, usually at 7–12 weeks of gestation. To reflect pre-pregnancy BMI, only
maternal BMI recorded until gestational week 16 was considered in this study. The GWG
was self-reported in the NPQ sent to the mothers when their children were four months old.

The variables of SES included in this study were yearly household disposable income
and the education levels of the parents. Data regarding these variables were obtained from
the LISA database of Statistics Sweden. Household disposable income for the tax year
the child was born (2016, 2017 or 2018) was used and accounted for in Swedish Krona
(SEK). Statistics Sweden also provided household disposable income data of a reference
population consisting of all households with children born 2016, 2017 and 2018 in the
county of Västerbotten, Sweden. The education levels of the parents were adjusted to the
Swedish education system and coded 1 to 7 in LISA [37]. The corresponding International
Standard Classification of Education 2011 levels (ISCED) [38] are found in Appendix B.
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2.3. Health Outcome Data: BMIz and Overweight

The BMIz of the children were calculated from the weight, length, sex and age at the
date measured (in number of days) using the WHO Anthro Survey Analyser tool [39]. The
anthropometric measurements weight and length were retrieved from the child health
care records at the 18 month follow up, described in the National Handbook for Child
Health Services in Sweden [40]. Overweight was defined as the BMIz > 2 [41]. Overweight
included those who were also obese, BMIz > 3.

2.4. Statistical Analyses

To assess possible differences between means of BMIz at 18 months of age for nominal
variables, one-way analysis of variance (ANOVA) tests were used. To assess differences
between means of BMIz at 18 months between dichotomous variables, independent t-tests
were carried out. To determine possible correlations between continuous variables and
BMIz at 18 months, Pearson’s correlation was used. To assess correlations between BMIz
at 18 months and ordinal variables, Spearman’s correlation was used. The variables that
were significantly associated with BMIz at 18 months of age were tested in a multivariate
regression model using the general linear model and a manual stepwise procedure.

To assess possible differences in means of continuous or ordinal variables between the
groups of overweight and normal weight children at 18 months of age, independent t-tests
were carried out. To assess significant associations between overweight at 18 months of
age and nominal variables, Pearson’s chi-square tests were performed.

For a number of variables, the response options were merged to create categories
more equal in size for the ANOVA and chi-square analyses. According to consumption
frequency at 18 months of age, the children were categorized as nonconsumers, seldom
consumers (less frequently than once per week) and regular consumers (once per week
or more often) of fruit pouches, fruit juice and sugar-sweetened beverages. According to
consumption frequency of MCDs at nine months of age, the children were categorized as
nonconsumers, consumers (monthly and weekly consumption) and frequent consumers
(daily consumption). The variable household disposable income the tax year the child
was born was not normally distributed and transformed using the decadic logarithm.
Variability was expressed as mean ± one standard deviation (SD). The level of significance
was set to p < 0.05. Statistical analyses of data were carried out in SPSS Version 26.0 (IBM
Corp. Armonk, NY, USA, 2019).

3. Results
3.1. Characteristics of the Study Population

The characteristics of the participating children and mothers are displayed in Table 1.
The socioeconomic characteristics considered were income and level of education. The

mean yearly household disposable income the year the child was born was 526,058 SEK
(n = 1491, missing data for n = 8). The means of yearly household disposable income for the
reference groups were: 413,600 SEK (2016), 449,700 (2017) and 494,800 (2018). The average
of these years was 452,700 SEK. Parental levels of education are displayed in Table 2.

An overview of NPQ response rates for all selected early life dietary variables are
presented in supplementary materials: Table S1.
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Table 1. Characteristics of the participating children and mothers.

Mean ± SD n % of Population

Year of birth
2016 155 10.3
2017 723 48.2
2018 621 41.4
Sex

Female 736 49.1
Male 763 50.9

Gestational length
Weeks 40.0 ± 1.3 1499 100

Full term 1 1413 94.3
Postterm 2 86 5.7

Weight at birth
Grams 3594 ± 478 1499 100

Low birth weight 2 10 0.7
Normal weight 1437 95.9
Macrosomia 3 52 3.5

Mothers
Age (years) 30.9 ± 4.5 1499 100

Maternal BMI 4 24.6 ± 4.2 1333 88.9
GWG 5 (kilograms) 15.2 ± 5.9 1197 79.6

Outcome: BMIz and weight at 18 months of age
Age (in days) 552 ± 16 1499 100

BMIz 6 0.64 ± 0.93 1499 100
Underweight 3 0.2

Normal weight 1394 93
Overweight 7 102 6.8

1 Children born preterm were excluded. 2 Low birth weight = birthweight < 2500 g. 3 Macrosomia = birthweight
> 4500 g. 4 BMI = body-mass index, in early pregnancy. 5 GWG = gestational weight gain. 6 BMIz = BMI-for-age
z-score. 7 Including Obese (n = 6; 0.4%).

Table 2. Parents’ level of education.

Level of Education Mother Co-Parent 1

n % n %

Primary 10 0.7 6 0.4
Lower secondary 40 2.7 45 3.0

Upper secondary, 2Y 2 42 2.8 92 6.1
Upper secondary, 3Y 3 321 21.4 479 32.0
Post-secondary < 3Y 4 197 13.1 185 12.3
Post-secondary ≥ 3Y 5 833 55.6 503 33.6

Post-graduate 6 46 3.1 40 2.7
Missing 10 0.7 149 9.9

Total 1499 100 1499 100
1 Co-parent: father, co-mother or co-parent [42]. 2 Two years. 3 Three years. 4 Shorter than three years. 5 Three
years or longer. 6 Including doctoral degree.

3.2. Fruit Pouches and Other Fruit Containing Foods and Drinks at 18 Months of Age

At 18 months of age, the majority of the children (76.5%) were nonconsumers or
seldom consumers of fruit pouches. In total, 23.5% (n = 246) of the children had consumed
fruit pouches once per week or more often i.e. regular consumers. The mean BMIz at
18 months of age was 0.59 ± 0.91 of nonconsumers (40.5%, n = 423), 0.72 ± 0.91 of seldom
consumers (36.0%, n = 377) and 0.61 ± 0.97 of regular consumers. The distribution of fruit
pouch consumption at 18 months is illustrated in Figure 2a and the means BMIz according
to fruit pouch consumption levels in Figure 2b. Comparing fruit pouch consumption levels,
a one-way ANOVA test did not show any significant difference between means BMIz at
18 months of the nonconsumers, seldom consumers or regular consumers.
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The distribution of fruit juice consumption frequency at 18 months is presented in
Figure 3a and the mean BMIz according to fruit juice consumption levels in Figure 3b.
The mean BMIz were 0.72 ± 0.92 of nonconsumers, 0.61 ± 0.91 of seldom consumers and
0.45 ± 0.98 of regular consumers. Comparing the juice consumption levels, a one-way
ANOVA revealed a significant difference between means BMIz at 18 months, F (2.10) = 5.82,
p = 0.003. A Tukey post hoc test showed that the mean of BMIz at 18 months was signifi-
cantly higher of nonconsumers than of regular consumers (p = 0.002). The mean BMIz at
18 months of the group seldom consumers did not differ significantly from the means of
the other groups. A chi-square test detected no significant association between fruit juice
consumption level and overweight at 18 months of age.
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The distribution of SSB consumption frequency at 18 months is presented in Figure 4a
and the mean BMIz according to fruit juice consumption levels in Figure 4b. The proportion
of children who were regular consumers of SSBs (12.6%, n = 129) was notably lower than
the proportion regular consumers of fruit pouches (23.5%). Comparing SSB consumption
levels, a one-way ANOVA test did not show any significant difference between means
BMIz at 18 months of nonconsumers, seldom consumers or regular consumers.

The distribution of whole fruit consumption at 18 months is displayed in Figure 5a. If
categorized according to the same consumption levels as fruit pouches, the proportion of
whole fruit regular consumers was 90.5% (n = 933). This was more than three times the
proportion fruit pouch regular consumers (23.5%). These consumption levels were too
uneven in size to test BMIz mean differences by carrying out an ANOVA. An independent
t-test detected no significant difference between the mean BMIz at 18 months of age of
daily whole fruit consumers and more seldom than daily consumers. The mean BMIz at
18 months of the latter was 0.62 ± 0.93 (n = 410, 39.8 %) compared to 0.66 ± 0.93 (n = 621,
60.2%) in daily whole fruit consumers (Figure 5b). The mean BMIz at 18 months of the
nonconsumers was higher (0.94 ± 0.98) than of those who consumed whole fruit four to
six times per day (0.57 ± 1.07), but the difference was not statistically significant.
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3.3. Dietary Variables Before 18 Months of Age: Breastfeeding and Milk Cereal
Drink Consumption

Possible associations between dietary variables before 18 months of age and BMIz
at 18 months were also explored. The variables considered were breastfeeding and MCD
consumption. Breastfeeding, both at four and nine months of age, was associated with
BMIz at 18 months of age. The distribution of children who were formula-fed or both
formula and breastfed and exclusively breastfed is displayed in Figure 6a. The mean
BMIz at 18 months of the children exclusively breastfed at four months, 0.62 ± 0.93, was
significantly lower than the mean of the children who were formula fed or, both formula
and breastfed, 0.76 ± 0.90, t (n = 1191) = 2.40, p = 0.016 (Figure 6b). A chi-square test
detected no significant association between exclusive breastfeeding at four months and
overweight at 18 months of age.
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The distribution of children not breastfed and breastfed at nine months is displayed in
Figure 7a. The mean BMIz at 18 months of those who were breastfed at nine months was
significantly lower, 0.52 ± 0.90, than the mean of the those who were not breastfed at that
age, 0.74 ± 0.92, t (n = 1175) = 4.21, p < 0.001 (Figure 7b). Moreover, the Pearson chi-square
test showed that not breastfeeding at nine months of age was associated with overweight
at 18 months of age, χ2 (1, n = 1177) = 6.25, p = 0.012).

The distribution of breastfeeding duration is presented in Figure 8. The mean breast-
feeding duration was 8.8 ± 4.0 months. There was a significant inverse correlation between
breastfeeding duration and BMIz at 18 months of age, $ = −0.076, p = 0.012. Further-
more, the breastfeeding duration of the children who were overweight at 18 months
(7.9 ± 3.4 months, n = 76) differed significantly from the children who were not overweight
at 18 months (8.8 ± 4.0 months, n = 1034), t (1108) = 2.02, p = 0.044.
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The distribution of MCD consumption at nine months is displayed in Figure 9a. A
one-way ANOVA for MCD consumption levels at nine months of age detected a significant
difference in means of BMIz at 18 months between nonconsumers, 0.57 ± 0.97 (n = 350,
30.9%) and frequent consumers 0.73 ± 0.90 (n = 593, 52.3%), F (2.11) = 4.42, p = 0.012. A
Tukey post hoc test showed that the mean BMIz at 18 months of frequent consumers was
higher than that of nonconsumers (p = 0.022). The mean BMIz at 18 months of consumers,
0.57 ± 0.87 (n = 190, 16.8%), did not significantly differ from any of the others (Figure 9b).
The MCD consumption level at nine months was not significantly correlated to overweight
at 18 months of age.
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Figure 9. Milk cereal drink (MCD) consumption at nine months of age: (a) Distribution according to
one-month-recall food frequency questionnaire responses; (b) An error bar of distribution in relation
to body-mass index z-score (BMIz) at 18 months.

The distribution of MCD consumption at 18 months is illustrated in Figure 10a. The
consumption level of MCDs at 18 months was not associated with BMIz (Figure 10b).

3.4. Prenatal Variables: Maternal BMI and GWG

The maternal BMI significantly correlated with their children’s BMIz at 18 months of
age (r = 0.122, p < 0.001). In addition, an independent variable t-test showed that the mean
BMI of the mothers whose children were overweight at 18 months of age was significantly
higher (26.07 ± 5.04, n = 90) than that of those whose children were not overweight at
18 months (maternal BMI 24.44 ± 4.12, n = 1243), t (106.9) = −3.02, p = 0.003.

The GWG correlated with the children’s BMIz at 18 months of age ($ = 0.071, p = 0.014).
The mean GWG of the mothers whose children were overweight at 18 months did not differ
significantly from the mean GWG of the mothers whose children were not overweight at
18 months of age.
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3.5. Socioeconomic Status: Yearly Household Disposable Income and Levels of Education

Notably, the mean yearly household disposable income of the study population was
higher than that of the reference group. The decadic logarithm of the yearly household
disposable income did neither correlate to BMIz at 18 months of age nor to fruit pouch
consumption levels at 18 months of age. Furthermore, there was no significant difference
between means of log yearly household disposable income between overweight and not
overweight children at 18 months of age.

The education level of the mothers was at least secondary in 96.6% of cases. The
majority of mothers had also completed three years of post-secondary education or more
(Table 2). In this study, there was no correlation between maternal education level and
the child’s BMIz at 18 months of age. Of the co-parents, 80.6% had completed three years
of upper secondary education or higher. There was no correlation between co-parent
education level and the child’s BMIz at 18 months of age.

Since yearly household disposable income and parental education levels were not
associated with BMIz at 18 months of age, possible correlations to dietary variables were
not included in the multivariate analyses.
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3.6. Multivariate Analyses

In the multivariate model, we chose to include only the breastfeeding variable and
prenatal maternal anthropometric variable most significantly associated with BMIz at
18 months of age. These were breastfeeding at nine months of age and maternal BMI in early
pregnancy. The first multivariate analysis was modelled to test interaction and included
fruit juice consumption at 18 months, breastfeeding at nine months, MCD consumption
at nine months and maternal BMI. In the multivariate analysis, the MCD consumption
at nine months turned out not to be significantly correlated to BMIz at 18 months of
age and, thus, excluded in the final model. The final analysis (Table 3) was modelled
to test main effects and showed that the following variables were statistically significant
independent predictors of BMIz at 18 months of age: Fruit juice consumption at 18 months,
breastfeeding at nine months and maternal BMI, F (4) = 10.96, p < 0.001, R2 = 0.045 and
adjusted R2 = 0.041.

Table 3. Multivariate model for variables associated with body-mass index z-score (BMIz) at
18 months of age.

Variables df F Partial η2 p

Fruit juice consumption at 18 months 2 5.38 0.011 0.005
Breastfeeding at 9 months, yes/no 1 11.78 0.012 0.001

Maternal BMI 1 1 20.80 0.022 <0.001
1 BMI = body mass index, in early pregnancy.

4. Discussion

To our knowledge, this is first study that investigates possible associations between
baby food fruit pouch intake and overweight in toddlers. In this study, fruit pouch, SSB,
whole fruit and MCD consumption frequency at 18 months of age were not significantly
associated with BMIz or overweight at 18 months of age. The variables that were sig-
nificantly associated with BMIz at 18 months of age were: fruit juice consumption at
18 months (negative correlation), exclusive breastfeeding at four months (negative correla-
tion), breastfeeding at nine months (negative correlation), breastfeeding duration (negative
correlation), MCD consumption at nine months, maternal BMI and GWG. Of these, fruit
juice consumption, breastfeeding and maternal BMI remained significant predictors in
the multivariate model. Furthermore, maternal BMI, breastfeeding at nine months of age
(negative correlation) and breastfeeding duration (negative correlation) were significantly
correlated to overweight at 18 months of age.

This study showed that less than a fourth (23.5%) of the 18-month-olds in the NorthPop
cohort consumed fruit pouches once per week or more often. This constitutes a lower
proportion than the one third of the six-to-twelve-months-old children in a previous US
study [9]. In the NorthPop study population, the overall fruit pouch consumption could be
described as moderate as only 2.5% were served fruit pouches daily. In addition, the fruit
juice and SSB consumption frequencies were moderate. By contrast, the daily consumption
of whole fruit was 57% and the proportion of the study population that consumed whole
fruit once per week or more often was 90.5%. These findings are in line with the Swedish
Food Agency recommendations, discouraging sugar containing beverages and encouraging
fresh fruit consumption [18]. Possibly, these findings could be interpreted as there is a
general awareness of national recommendations among NorthPop cohort participants and
an inclination to adhere to recommendations. In addition, the NorthPop study population
may have been influenced by the criticism of baby food pouches in popular media [43]. At
least, fruit pouches do not appear to have replaced whole fruit. Furthermore, we found no
significant association between fruit pouch consumption level and BMIz or overweight at
18 months of age. These findings indicate that the majority of the children in the NorthPop
cohort do not overconsume fruit pouches and that current consumption levels do not
increase the risk of excessive weight gain.
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Whereas consumption of fruit pouches did not correlate to BMIz at 18 months of age,
we found that regular consumption of fruit juice did. The significantly lower mean BMIz
at 18 months of the children who consumed fruit juice at least once per week, compared
with that of children who did not consume any fruit juice at all, may possibly be explained
by a generally healthier diet. This could be viewed as consistent with previous findings
that have linked fruit juice consumption to whole fruit consumption [21]. Yet, in this study,
there were no association between whole fruit consumption and BMIz or overweight at
18 months of age among children in the NorthPop cohort. Higher consumption of SSBs and
fruit juice in infancy has been shown to be associated with lower maternal socioeconomic
status, including an education level lower than high-school degree [44]. Possibly, the
modest consumption of SSBs and fruit juice in this study population reflected that the
education level of the mothers was at least secondary in 96.6% of cases.

Consistent with much of existing evidence [24,25,27], this study showed that BMIz
at 18 months of age was inversely associated with breastfeeding, both at four and nine
months of age and the effect of breastfeeding at nine months remained in the multivariate
model. Moreover, overweight at 18 months of age was associated with shorter duration of
breastfeeding and not breastfeeding at nine months of age.

When tested in univariate analysis, MCD intake at nine months was associated with a
higher BMIz at 18 months of age. However, this significant association did not remain in
the multivariate analysis when breastfeeding was included in the model. We believe that
breastfeeding is the actual explanatory variable since MCD consumption was significantly,
negatively correlated with breastfeeding at nine months of age (not shown). Furthermore,
MCD consumption at 18 months did not correlate to BMIz at that age. This is reassuring,
as more than half of the study population was frequent consumers of MCDs both at nine
and 18 months of age.

Both the prenatal risk factors maternal BMI and GWG correlated to BMIz at 18 months
of age. Maternal BMI was the variable that contributed most impact according to the
general linear model and was associated to overweight at 18 months of age.

Surprisingly, we found no association between parental education levels or yearly
household disposable income and BMIz at 18 months of age. The former can probably
be explained by the small proportion of low educational level in the NorthPop study
population. The mothers’ level of education was primary in only 0.7% of cases and lower
secondary in 2.7%. The corresponding figures for co-parents were only 0.4% and 3.0%.
The fact that the study population mean of yearly household income was higher than the
mean of all families in the region/county with children born 2016–2018, may reflect that
the lowest income group was underrepresented in the study population. It is possible that
the high incomes and high educational levels in this cohort have influenced the results,
e.g., the unexpected observation that fruit juice consumption was inversely correlated with
BMIz at 18 months.

Strengths of the study are the large study sample and the high response rates of the
NPQ questions (approximately 70%). A limitation of FFQs in general is potential recall
bias. Further, particular limitations of the NorthPop FFQ are thatit only included feeding
frequency, not serving sizes and that the full FFQ is quite extensive and may be prone to
respondent fatigue. Further, the NorthPop FFQ has not yet been validated. A validation of
the full FFQ used in this ongoing cohort study is planned to be performed within the next
years but is not yet available. However, as the focus of this study was not nutrient intakes
but the intake frequencies of certain food products, the the FFQ was useful for identifying,
e.g., nonconsumers and frequent consumers of certain food products.

Another limitation was that our study population included few families with low
parental education level.

5. Conclusions

In the NorthPop cohort, the overall fruit pouch consumption at 18 months of age
was moderate and not associated with excess weight gain. Further, regular fruit juice
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consumption on a weekly basis was inversely correlated to BMIz at 18 months of age and
could be viewed as part of a healthy diet. Overweight at 18 months of age was inversely
correlated to breastfeeding duration. Finally, this study showed that high maternal BMI
was the variable with the strongest correlation to BMIz and overweight in children at
18 months of age.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13072265/s1, Table S1: The NorthPop Questionnaires response rates for early life di-
etary variables.
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Appendix A

NorthPop FFQ questions used in this study:
During the past month, how often has your child eaten any of these food products?

• Fruit or berry purée from squeeze pouch
• Juice
• Cordial/soft drinks
• Fruit/berries (fresh)
• Milk cereal drinks Response options:

o None
o 1–3 times during the past month
o 1–3 times per week
o 4–6 times per week
o 1–3 times per day
o 4–6 times per day

Appendix B

LISA levels of education [37] corresponding to ISCED levels [38] (interpreted by
the authors):

1. Primary education (ISCED 1),
2. Lower secondary education (ISCED 2),
3. Upper secondary education, 2 years (ISCED 3),
4. Upper secondary education, 3 years (ISCED 3),
5. Post-secondary education, shorter than 3 years (ISCED 4 and 5),

https://www.mdpi.com/article/10.3390/nu13072265/s1
https://www.mdpi.com/article/10.3390/nu13072265/s1
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6. Post-secondary education, 3 years or more (ISCED 6 and 7),
7. Doctoral or post-graduate education (ISCED 8).

References
1. De Onis, M.; Blössner, M.; Borghi, E. Global prevalence and trends of overweight and obesity among preschool children. Am. J.

Clin. Nutr. 2010, 92, 1257–1264. [CrossRef] [PubMed]
2. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from

1975 to 2016: A pooled analysis of 2416 population-based measurement studies in 1289 million children, adolescents, and adults.
Lancet 2017, 390, 2627–2642. [CrossRef]

3. Public Health Agency of Sweden. Prevalence of Overweight and Obesity. Available online: https://www.folkhalsomyndigheten.
se/livsvillkor-levnadsvanor/fysisk-aktivitet-och-matvanor/overvikt-och-fetma/forekomst-av-overvikt-och-fetma/ (accessed
on 28 March 2021). (In Swedish)

4. Simmonds, M.; Llewellyn, A.; Owen, C.G.; Woolacott, N. Predicting adult obesity from childhood obesity: A systematic review
and meta-analysis. Obes. Rev. 2016, 17, 95–107. [CrossRef] [PubMed]

5. Lindberg, L.; Hagman, E.; Danielsson, P.; Marcus, C.; Persson, M. Anxiety and depression in children and adolescents with
obesity: A nationwide study in Sweden. BMC Med. 2020, 18, 30. [CrossRef]

6. Llewellyn, A.; Simmonds, M.C.; Owen, C.G.; Woolacott, N. Childhood obesity as a predictor of morbidity in adulthood: A
systematic review and meta-analysis. Obes. Rev. 2016, 17, 56–67. [CrossRef]

7. World Health Organization. Report of the Commission on Ending Childhood Obesity: Implementation Plan: Executive Summary; World
Health Organization: Geneva, Switzerland, 2017.

8. Adams, S. Leadership Lessons from a Babyfood Disruptor. Forbes. 31 July 2013. Available online: https://www.forbes.com/sites/
susanadams/2013/07/31/leadership-lessons-from-a-baby-food-disruptor/?sh=4713c06d5c15 (accessed on 29 June 2021).

9. Finn, K.; Lenighan, Y.; Eldridge, A.; Kineman, B.; Pac, S. Pouch Use Among Infants Does Not Impact Exposure to Other Forms of
Fruits and Vegetables: Data from the Feeding Infants and Toddlers Study (FITS) 2016. Curr. Dev. Nutr. 2020, 4, 982. [CrossRef]

10. Katiforis, I.; Fleming, E.; Haszard, J.; Hape-Cramond, T.; Taylor, R.; Heath, A.-L. Energy, Sugars, Iron, and Vitamin B12 Content
of Commercial Infant Food Pouches and Other Commercial Infant Foods on the New Zealand Market. Nutrients 2021, 13, 657.
[CrossRef]

11. Mis, N.F.; Braegger, C.; Bronsky, J.; Campoy, C.; Domellöf, M.; Embleton, N.D.; Hojsak, I.; Hulst, J.; Indrio, F.; Lapillonne, A.;
et al. Sugar in Infants, Children and Adolescents: A Position Paper of the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition Committee on Nutrition. J. Pediatr. Gastroenterol. Nutr. 2017, 65, 681–696. [CrossRef]

12. Beauregard, J.L.; Bates, M.; Cogswell, M.E.; Nelson, J.M.; Hamner, H.C. Nutrient Content of Squeeze Pouch Foods for Infants and
Toddlers Sold in the United States in 2015. Nutrients 2019, 11, 1689. [CrossRef]

13. Moding, K.J.; Ferrante, M.J.; Bellows, L.L.; Bakke, A.J.; Hayes, J.E.; Johnson, S.L. Nutritional Content and Ingredients of
Commercial Infant and Toddler Food Pouches Compared With Other Packages Available in the United States. Nutr. Today 2019,
54, 305–312. [CrossRef]

14. Koletzko, B.; Hirsch, N.L.; Jewell, J.M.; Caroli, M.; Breda, J.R.D.S.; Weber, M. Pureed Fruit Pouches for Babies: Child Health Under
Squeeze. J. Pediatr. Gastroenterol. Nutr. 2018, 67, 561–563. [CrossRef]

15. Koletzko, B.; Bührer, C.; Ensenauer, R.; Jochum, F.; Kalhoff, H.; Lawrenz, B.; Körner, A.; Mihatsch, W.; Rudloff, S.; Zimmer, K.-P.
Complementary foods in baby food pouches: Position statement from the Nutrition Commission of the German Society for
Pediatrics and Adolescent Medicine (DGKJ, e.V.). Mol. Cell. Pediatr. 2019, 6, 2. [CrossRef]

16. Theurich, M.A. Perspective: Novel Commercial Packaging and Devices for Complementary Feeding. Adv. Nutr. 2018, 9, 581–589.
[CrossRef]

17. Larqué, E.; Labayen, I.; Flodmark, C.-E.; Lissau, I.; Czernin, S.; Moreno, L.A.; Pietrobelli, A.; Widhalm, K. From conception to
infancy—Early risk factors for childhood obesity. Nat. Rev. Endocrinol. 2019, 15, 456–478. [CrossRef]

18. Swedish Food Agency. Good Food for Children—1 and 2 Years. Available online: https://www.livsmedelsverket.se/en/food-
habits-health-and-environment/dietary-guidelines/babies-and-children/good-food-for-children---1-and-2-years (accessed on
28 March 2021).

19. Shefferly, A.; Scharf, R.; DeBoer, M.D. Longitudinal evaluation of 100% fruit juice consumption on BMI status in 2-5-year-old
children. Pediatr. Obes. 2016, 11, 221–227. [CrossRef]

20. Auerbach, B.J.; Wolf, F.M.; Hikida, A.; Vallila-Buchman, P.; Littman, A.; Thompson, D.; Louden, D.; Taber, D.R.; Krieger, J. Fruit
Juice and Change in BMI: A Meta-analysis. Pediatrics 2017, 139, e20162454. [CrossRef]

21. Wan, L.; Jakkilinki, P.D.; Singer, M.R.; Bradlee, M.L.; Moore, L.L. A longitudinal study of fruit juice consumption during preschool
years and subsequent diet quality and BMI. BMC Nutr. 2020, 6, 25. [CrossRef]

22. Crowe-White, K.; O’Neil, C.E.; Parrott, S.; Benson-Davies, S.; Droke, E.A.; Gutschall, M.; Stote, K.S.; Wolfram, T.; Ziegler, P. Impact
of 100% Fruit Juice Consumption on Diet and Weight Status of Children: An Evidence-based Review. Crit. Rev. Food Sci. Nutr.
2016, 56, 871–884. [CrossRef]

23. Schlesinger, S.; Neuenschwander, M.; Schwedhelm, C.; Hoffmann, G.; Bechthold, A.; Boeing, H.; Schwingshackl, L. Food Groups
and Risk of Overweight, Obesity, and Weight Gain: A Systematic Review and Dose-Response Meta-Analysis of Prospective
Studies. Adv. Nutr. 2019, 10, 205–218. [CrossRef]

http://doi.org/10.3945/ajcn.2010.29786
http://www.ncbi.nlm.nih.gov/pubmed/20861173
http://doi.org/10.1016/S0140-6736(17)32129-3
https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/fysisk-aktivitet-och-matvanor/overvikt-och-fetma/forekomst-av-overvikt-och-fetma/
https://www.folkhalsomyndigheten.se/livsvillkor-levnadsvanor/fysisk-aktivitet-och-matvanor/overvikt-och-fetma/forekomst-av-overvikt-och-fetma/
http://doi.org/10.1111/obr.12334
http://www.ncbi.nlm.nih.gov/pubmed/26696565
http://doi.org/10.1186/s12916-020-1498-z
http://doi.org/10.1111/obr.12316
https://www.forbes.com/sites/susanadams/2013/07/31/leadership-lessons-from-a-baby-food-disruptor/?sh=4713c06d5c15
https://www.forbes.com/sites/susanadams/2013/07/31/leadership-lessons-from-a-baby-food-disruptor/?sh=4713c06d5c15
http://doi.org/10.1093/cdn/nzaa054_054
http://doi.org/10.3390/nu13020657
http://doi.org/10.1097/mpg.0000000000001733
http://doi.org/10.3390/nu11071689
http://doi.org/10.1097/NT.0000000000000385
http://doi.org/10.1097/MPG.0000000000002061
http://doi.org/10.1186/s40348-019-0089-6
http://doi.org/10.1093/advances/nmy034
http://doi.org/10.1038/s41574-019-0219-1
https://www.livsmedelsverket.se/en/food-habits-health-and-environment/dietary-guidelines/babies-and-children/good-food-for-children---1-and-2-years
https://www.livsmedelsverket.se/en/food-habits-health-and-environment/dietary-guidelines/babies-and-children/good-food-for-children---1-and-2-years
http://doi.org/10.1111/ijpo.12048
http://doi.org/10.1542/peds.2016-2454
http://doi.org/10.1186/s40795-020-00347-6
http://doi.org/10.1080/10408398.2015.1061475
http://doi.org/10.1093/advances/nmy092


Nutrients 2021, 13, 2265 18 of 18
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