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Child obesity risk, child eating behavior and parental feeding practices show a graded association with individual
level socioeconomic status. However, their associations with neighborhood socioeconomic disadvantage are
largely unknown. In this study (n = 682), we investigated how parental feeding practices and child eating be-
haviors were associated with body mass index and risk of overweight at preschool age in affluent and disad-
vantaged neighborhoods. We found that high food approach tendency in disadvantaged neighborhoods predicted

BMI higher body mass index and increased the risk of overweight at the age of 6 years compared with affluent
neighborhoods. Our results suggest that children’s eating habits may have stronger impact on overweight risk in
disadvantaged than in affluent neighborhoods.

1. Introduction

Children growing in disadvantaged neighborhoods are at greater risk
for overweight or obesity (Carroll-Scott et al., 2013; McCurdy et al.,
2014; Owen et al., 2017; Rautava et al., 2022). Poor health outcomes
may be partly explained by the poor health behaviors, such as dietary
habits, in disadvantaged neighborhoods (Algren et al., 2015; Kivimaki
et al., 2018; Lagstrom et al., 2019) and suboptimal family food routines
(Campbell, 2016; Finnane et al., 2017; McCurdy et al., 2014).

In addition to the living environment, home environment and family
feeding behaviors play important roles in the development of child
eating behaviors and weight status especially during first years of life
(Birch and Ventura, 2009; Daniels, 2019; Kalhoff and Kersting, 2015;
Liew et al., 2020). High maternal pressure on the child to eat has been
linked with lower body mass index (BMI) (Jansen et al., 2012; Karp
et al., 2014; Liew et al., 2020; Spill et al., 2019; Wardle and Carnell,
2007) and high maternal restriction of foods has been associated with
higher BMI of child (Jansen et al., 2012; Joyce and Zimmer-Gembeck,
2009; Liew et al., 2020; McBride et al., 2013; Mitchell et al., 2013;
Spill et al., 2019; Webber et al., 2010a). Longitudinal studies suggest

that parental feeding practices might be a response to child unhealthy
weight status and eating behavior, not vice versa (Derks et al., 2017;
Jansen et al., 2014; Liszewska et al., 2018; Webber et al., 2010b),
although it has been suggested that influence is bidirectional (Afonso
et al., 2016; Hughes et al., 2021; Tschann et al., 2015). Thus, there is
need of more studies in different study settings including cross sectional
studies clarifying if the prevailing environment also impacts both the
food behavior and associations with the child obesity risks. Further-
more, those few studies focusing on fathers role on child eating, stated
that paternal feeding practices also matter in regard to children’s weight
status (Lloyd et al., 2014; Penilla et al., 2017) and they might moderate
the effects of child eating behaviors on child BMI (Vollmer et al., 2015).

Food approach and avoidance traits have been previously used to
characterize child eating behavior (Ek et al., 2016; Vilela et al., 2018).
Child food approach traits (high enjoyment of food, food responsiveness,
desire to drink and emotional overeating) and avoidance traits (satiety
responsiveness, slowness in eating, food fussiness, and emotional under
eating) are shown to be associated with child weight status. High food
approach traits are shown to be associated with higher BMI (Boswell
et al., 2018; Ek et al., 2016; Viana et al., 2008; Webber et al., 2009),
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while high food avoidance traits are associated with lower BMI (Ek et al.,
2016; Viana et al., 2008).

We have already shown that neighborhood disadvantage was asso-
ciated with unfavourable BMI development from birth to age of 7
(Rautava et al., 2022). However, there are no previous studies
addressing child obesity risk, child eating behavior and parental feeding
practices and simultaneously taking into account neighborhood socio-
economic disadvantage. In the present study, we examined the associ-
ation of parental feeding practices and child eating behaviors with body
mass index as well as risk of overweight in affluent and disadvantaged
neighborhoods among preschool age Finnish children. Further, the aim
was to investigate separately feeding practices of mothers and fathers.

2. Materials and methods
2.1. Study design and subjects

The present study is based on data from parents (both mother and
father) and children participating in a prospective Steps to Healthy
Development follow-up study (the STEPS Study), which has previously
been described in detail elsewhere (Lagstrom et al., 2013). Briefly, all
Finnish- and Swedish-speaking mothers, who delivered a living child
between January 1, 2008 and April 31, 2010 in the Hospital District of
Southwest Finland, formed the cohort population (in total 9811 mothers
and their 9936 children). Altogether 1797 mothers (18.3% of the total
cohort) and 1658 spouses with 1805 children volunteered as partici-
pants for the intensive follow-up group. All subjects in this study were
ethnically homogeneous white Europeans.

In this study, full term infants (after 36%7 weeks of pregnancy) and
their parents from singleton pregnancies were included. We excluded
those who had missing information on home addresses or neighborhood
disadvantage (i.e. no information on the grid database as they lived in
sparsely inhabited areas with <10 residents; n = 180). Further, children
who did not have growth data (N = 249) at 5 or 6 years of age, were
excluded. Finally, three datasets were created based on children’s eating
behavior questionnaire (N = 682) and child feeding questionnaires
separately from mothers (N = 680) fathers (N = 520) (eFigurel).

The study was approved by the Ethics Committee of the Hospital
District of Southwest Finland in February 2007. Written informed con-
sent was obtained from all the families and parents of the children.

2.2. Measures

2.2.1. Outcome: Child growth

Child growth data were obtained from municipal follow-up clinics,
which use standardized methods for the measurement of height and
weight provided by the Finnish Institute for Health and Welfare. The
anthropometric data —2 months/+3 months from the time point of 6
years of age were used in the analyses. If 6-year of age data was missing,
data at child age of 5 years was used instead in the analysis (N = 127,
19%), due to very strong correlation between 5 and 6 years of data (r =
0.9). The Finnish growth references (Saari et al., 2011) were used to
determine children BMI Z-score. Sex specific cut-off points were used for
overweight categorization: > 1.1629 for boys and >0.7784 for girls.

2.2.2. Explanatory factors

Parental feeding practices at the child age of 6 years were measured
with a parental self-report questionnaire: Child Feeding Questionnaire
(CFQ) (Birch et al., 2001) (Likert scale 1-5), assessing parental feeding
styles. Two/five factors from the CFQ questionnaire were used to assess
parental controlling feeding practices separately for mother and father:
restriction (8 questions), measuring the extent to which parents restrict
their child’s access to foods (e.g. ‘I intentionally keep some foods out of
my child’s reach’) and pressure to eat (4 questions), measuring parent’s
tendency to pressure their children eat more food (e.g. ‘My child should
always eat all the food on her plate’) (Birch et al., 2001). The variable
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score for restriction and pressure to eat was obtained by calculating the
mean score for the questions on each variable. Mean (SD) of each score
can be found in Supplementary Table 1. If CFQ questionnaire was
available at child age of 6 years, it was used as a primary value. When
empty, questionnaire data at child age of 5 years was used instead
(Mothers N = 177, 26%, Fathers N = 156, 30%). The correlation be-
tween 5 and 6 years of data points was strong (r > 0.6).

Child eating behavior at the child age of 6 years were measured using
Child Eating Behavior Questionnaire (CEBQ), which is a 35-item parent-
report questionnaire (Likert scale 1-5), measuring children’s eating
behavior and assessing eating styles related to obesity risk (Wardle et al.,
2001). CEBQ is clustered into eight subscales from which food respon-
siveness, emotional overeating, enjoyment of food, and desire to drink,
were grouped into food approach dimension. Food approach measures
child’s drive to eat in response to external food cues (e.g. ‘Given the
choice, my child would eat most of the time’), child’s subjective pleasure
from eating (e.g. ‘My child loves food’), child’s wanting for beverages (e.
g. ‘My child is always asking for a drink’) and child’s appetitive response
to emotional stressors (e.g. ‘My child eats more when worried’). Sub-
scales satiety responsiveness, slowness in eating, emotional undereating,
and food fussiness, were grouped into food avoidance dimension. Food
avoidance measures child’s sensitivity to internal cues of satiety (e.g.
‘My child gets full up easily’), child’s speed of meal consumption (e.g.
‘My child eats slowly’), child’s appetitive response to emotional
stressors (e.g. ‘My child eats less when s/he is tired’) and child’s picki-
ness about the flavour and texture of foods (‘My child refuses new foods
at first’). Similar groupings have also been used in earlier studies (Ek
et al., 2016; Jansen et al., 2012; Liew et al., 2020; Zhou et al., 2020). A
composite score of both food approach and food avoidance dimensions
were created by taking the mean of the subscales based on questionnaire
availability when 50% of the subscales were completed. Mean (SD) of
each score can be found in Supplementary Table 2. The internal con-
sistency was good both for food approach dimension (16 questions) and
food avoidance dimension (19 questions) (Cronbach’s alphas above 0.73
and 0.74, respectively). If CEBQ questionnaire was available at child age
of 6 years, that was used as a primary value. When empty, questionnaire
data at child age of 5 years was used instead (N = 184, 27%), to make the
sample size as comprehensive as possible. The correlation between 5 and
6 years of data points was strong (r > 0.6).

2.2.3. Neighborhood socioeconomic disadvantage

Data regarding neighborhood socioeconomic disadvantage was
derived from a grid database established and maintained by Statistics
Finland. The database contains socio-economic information from each
residence at a spatial resolution of 250 m by 250 m (Statistics Finland,
2013). The grid data were obtained for year 2009 from Statistics
Finland. The neighborhood socioeconomic disadvantage score is based
on the proportion of adults with low education, the unemployment rate,
and household income in each 250 m x 250 m grid area (Halonen et al.,
2016). Missing data (i.e. areas with fewer than 10 residents in the
neighborhood) were replaced with the mean neighborhood socioeco-
nomic disadvantage score of the eight adjacent map squares. For each of
the three variables, we derived a standardized z score based on the total
Finnish population (mean = 0, SD = 1). A score for neighborhood
disadvantage (hereafter used to refer to neighborhood socioeconomic
disadvantage) was then calculated by taking the mean value across the
three z-scores.

High quality residential mobility data, based on a complete history of
the residential addresses with latitude and longitude coordinates, were
obtained from the Population Register Center for each child from birth
to age 6 years. Using open-source Geographical Information Systems
(QGIS, http://www.qgis.org/en/site/), data on the cumulative neigh-
borhood disadvantage for each time point were linked to the cohort
participants’ home addresses by the latitude and longitude coordinates.
A cumulative neighborhood disadvantage score at age of 6 years
weighted by residential time at each location from birth to 6 years was
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Table 1
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Pre- and perinatal characteristics of the participants and their association with neighborhood disadvantage at 6 years of age. Sample sizes and percentages (in
brackets) are reported for categorical variables, means and standard deviations (SD) for continuous variables. Statistical differences were tested with t-tests

(continuous variables) and chi-square tests (categorical variables).

Neighborhood disadvantage * P-value
All Low (<0) N (%) High (>0) N (%)
682 513 (75%) 169 (25%)
Maternal characteristics
Age (years), Mean (SD) 31.21 (4.37) 31.5 (4.09) 30.33 (5.05) 0.007
17-29 years, N (%) 272 (40) 186 (36) 86 (51) <0.001
30-45 years, N (%) 410 (60) 327 (64) 83 (49)
Primiparous, N (%)
Yes 407 (60) 298 (58) 109 (65) 0.17
No 275 (40) 215 (42) 60 (35)
Mode of delivery, N (%)
Vaginal 603 (88) 456 (89) 147 (87) 0.59
Cesarean section 79 (12) 57 (11) 22 (13)
Mother BMI (kg/m?), Mean (SD) 24.08 (4.49) 23.79 (4.40) 24.98 (4.66) 0.003
Mother overweight, N (%)"
No 485 (71) 383 (75) 102 (60) <0.001
Yes 196 (29) 129 (25) 67 (40)
Family characteristics
Father BMI (kg/m?), Mean (SD) 26.06 (7.27) 26.01 (7.23) 26.23 (7.41) 0.74
Father overweight, N (%)°
No 304 (45) 230 (47) 74 (47) 0.97
Yes 343 (51) 259 (53) 84 (53)
Family education, N (%)°
Advanced 496 (73) 401 (78) 95 (56) <0.001
Low 145 (21) 87 (17) 58 (34)
Family income, N (%)
<3000 361 (53) 235 (46) 126 (75) <0.001
>3000 310 (46) 271 (53) 39 (23)
Child characteristics
Sex, N (%)
Boy 353 (52) 275 (54) 78 (46) 0.11
Girl 329 (48) 238 (46) 91 (54)
Duration of pregnancy (weeks), mean (SD) 40.08 (1.19) 40.05 (1.20) 40.18 (1.18) 0.21
Birthweight (grams), mean (SD) 3565 (443) 3572 (451) 3545 (417) 0.49
Birth weight, z-score, mean (SD) —0.01 (1.01) 0.00 (1.03) —0.04 (0.94) 0.61
Overweight at 5-6 years, N (%)°
Yes 111 (16) 83 (16) 28 (17) 0.91
No 571 (84) 430 (84) 141 (83)

# Cumulative neighborhood disadvantage from birth to age of 6 years, a standardized z score based on the total Finnish population.

b BMI >25.

¢ Highest education that one of the parents had completed for their professions. Those who had no professional training or a maximum of an intermediate level of
vocational training were classified as “low”. Those who had studied at a University of Applied Sciences or higher were classified as “advanced”. The advanced level

included any academic degree (bachelor’s, master’s, licentiate or doctoral degree).

4 BMI z-score > 1.1629 for boys and >0.7784 for girls.

calculated for each study subject (Rautava et al., 2022). For the statis-
tical analyses, the neighborhood disadvantage score was classified into
two categories based on national means: < 0 SD (low) and >0 SD (high).

2.3. Potential confounders

Pre- and perinatal characteristics of the mothers and their children
were extracted from the Medical Birth Register of Finland on parturi-
ents, deliveries and births maintained by the Finnish Institute for Health
and Welfare: duration of the gestation (gwks: preterm <37; term 37-41;
post term >41), birth weight (g), birth weight z-score and length (cm),
and the mode of delivery (all caesarian (C-) section vs. all vaginal).

Maternal and paternal pre-pregnancy body weight and height were
self-reported at the time of recruitment to calculate pre-pregnancy BMI.
Maternal and paternal overweight including obesity was defined as pre-
pregnancy body mass index (BMI) > 25 kg/mz. Information regarding
parents’ marital status, total family income, mother’s age and parental
education were obtained from self-administered questionnaires upon
recruitment. Family income was classified into two categories: high in-
come (>3000 €/month net) and low income (<3000 €/month net).
Parental education and family income were both used as a measure for

family socioeconomic status. Mother’s age was classified into two cat-
egories by the mean age of women giving birth in Finland 2019) (29.6
years of age) (Official Statistics of Finland (OSF), 2019). Parental edu-
cation was classified into advanced education or low education based on
the highest education that one of the parents had completed for their
professions. Those who had no professional training or a maximum of an
intermediate level of vocational training were classified as “low”. Those
who had studied at a University of Applied Sciences or higher were
classified as “advanced”. The advanced level included any academic
degree (bachelor’s, master’s, licentiate or doctoral degree).

2.4. Statistical analysis

To examine the associations of the pre- and perinatal characteristics
of the mother (potential confounders) with the categories of cumulative
neighborhood disadvantage at 6 years of age, we used chi-square tests
for categorical variables and t-test for continuous variables (Table 1).

Generalized linear models were used to model the associations of
parental feeding practices/child eating behavior and cumulative
neighborhood disadvantage with child BMI z-scores at 6 years of age.
Separate models were run for parental restriction and parental pressure
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to eat, child food approach and food avoidance traits and neighborhood
disadvantage variables. Neighborhood disadvantage was used as a cat-
egorical variable (high/low disadvantage). Child BMI z-score, parental
restriction, parental pressure to eat, food approach and food avoidance
traits were continuous variables. First, in order to study the main effects
of explanatory variables and child BMI z-score, we included neighbor-
hood disadvantage, parental feeding or child eating behavior as
explanatory variables and child BMI z-score as dependent variable to the
model. Secondly, we included 2-way interactions between neighbor-
hood disadvantage and parental feeding or child eating behavior vari-
ables to investigate whether the associations of child eating/parental
feeding on childhood BMI changes with neighborhood disadvantage.
Finally, the models were adjusted for the pre- and perinatal character-
istics of the family (mother’s age, mother’s pre-pregnancy BMI, father’s
pre-pregnancy BMI, parental education and family income). Normal
distribution assumption was checked from studentized residuals. As a
sensitivity analysis we ran similar models using only children with 6
year old data. Finally, using same methods but with logistic regression,
we studied the risk of being overweight at 6 years of age. For each
parental feeding or child eating behavior variable the odds ratios (ORs)
and their 95% confidence limits (CLs) were calculated to represent an
average of the risk of being overweight in high or low disadvantaged
neighborhoods. To examine the bidirectionality in the association be-
tween BMI and parental controlling feeding practices, BMI z score at age
3 years was used as a predictor of parental controlling feeding practices
when the child was at age 6.

Descriptive statistical analysis was mainly carried out using tools
implemented in the R package (R Core Team, 2018). Inferential statis-
tical analysis was performed using SAS software for Windows version
9.4 (SAS Institute Inc.). The level of significance was set at P value <
0.05.

3. Results

The pre- and perinatal characteristics of the families in the study are
presented in Table 1. Most of the children, 75%, lived in affluent
neighborhoods whereas 25% of children were exposed to the high
neighborhood disadvantage areas. Mothers were younger and their pre-
pregnancy BMI was higher in the high disadvantage compared to low
disadvantage neighborhoods. Corresponding differences were observed
for maternal overweight before pregnancy (high neighborhood disad-
vantage 40% vs low disadvantage 25%). No similar differences were
found in fathers’ BMI and/or overweight status. Families in high
disadvantage areas had lower education and lower income compared to
low disadvantage areas. There were no differences between the neigh-
borhoods in primiparosity, mode of delivery, gestational age, birth
weight (g), birth weight SDS score and child overweight status at 6 years
of age.

Parental controlling feeding practices were similar in low and high

Table 2
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disadvantage neighborhoods (Table 2). Parental restriction was similar
for both parents, but fathers pressured their children to eat slightly more
than mothers (see Supplementary Table 1). Child food approach and
food avoidance traits were also similar in low and high disadvantage
neighborhoods.

Parental controlling feeding practices were associated with child
BMI z-score at 6 years of age (Table 3). Higher amount of restriction was
linked with higher child BMI z-score (beta for mother = 0.26, p < 0.0001
and father = 0.19, p = 0.002) while higher amount of pressure to eat
linked with lower BMI z-score (mother adjusted beta = —0.29, p <
0.0001, father adjusted beta = —0.19, p = 0.0002). Neighborhood
disadvantage was not associated with child BMI z-score (Table 3) and
there was no interaction between parental controlling feeding and
neighborhood disadvantage on child BMI z-score (interaction p-values >
0.05, Fig. 1).

Prospective analysis showed that higher child BMI z-score at the age
of 3 years was associated with higher parental restriction at the age of 6
years (regression coefficient beta for mother = 0.15, p < 0.0001 and
father = 0.09, p = 0.02) and lower child BMI with higher parental
pressure to eat (regression coefficient beta for mother = —0.20, p <
0.0001 and father = —0.19, p = < 0.0001) (data not shown).

Higher maternal restriction was associated with 1.74-fold (95% CL
1.25, 2.43) risk of child overweight at the age of 6 years; (p = 0.0009)
while no such an association was observed for paternal restriction (OR
1.25, 95% CL 0.82-1.91, p-value 0.31). Maternal pressure to eat asso-
ciated with decreased risk of child overweight at the age of 6 years: OR
0.45 (0.33-0.60), p-value < 0.0001, the corresponding figures for
paternal pressure to eat were 0.66 (0.46-0.95), p-value = 0.03 (Table 3).
There was no interaction between parental controlling feeding and
neighborhood disadvantage on child’s overweight (interaction p-values
> 0.05, Fig. 3).

As shown in Table 3, child eating behavior was associated with child
BMI z-score at 6 years of age. Child food approach was positively asso-
ciated with BMI (adjusted beta = 0.63, p < 0.0001) and child food
avoidance was negatively associated (adjusted beta = —0.23, p = 0.003)
with child BMI z-score. Moreover, the association between child food
approach and BMI depended on neighborhood disadvantage (interac-
tion p = 0.02). In disadvantaged neighborhoods, food approach ten-
dency was more strongly associated with child BMI z-score (beta = 0.93
(95% CL 0.60-1.26) than in affluent neighborhoods (beta = 0.46 (95%
CL 0.24-0.69) (Fig. 2a). However, regarding child food avoidance, no
interaction with neighborhood disadvantage on BMI was observed
(Fig. 2b). Sensitivity analyses including only children with 6-year of age
data support these findings.

As shown in Table 3, there was a strong association between child
food approach and the risk of child overweight at the age 6 years (OR
3.97, 95% CI (2.28-6.91) while no association was observed between
food avoidance and overweight. The association of food approach
depended, however, on neighborhood disadvantage (interaction p =

Parental feeding practices, child eating behavior and their association with neighborhood disadvantage at 6 years of age. Sample sizes and percentages (in brackets) are
reported for categorical variables, figures are means (standard deviations) unless otherwise stated. Statistical differences were tested with t-tests.

Neighborhood disadvantage P-value
All low (<0), N (%) high (>0), N (%)

Mother, N (%) 680 516 (76%) 164 (24%)

Restriction, mean (SD) 2.56 (0.72) 2.57 (0.71) 2.54 (0.75) 0.35

Pressure to eat, mean (SD) 2.85 (0.88) 2.86 (0.88) 2.80 (0.90) 0.45
Father, N (%) 520 395 (76%) 125 (24%)

Restriction, mean (SD) 2.68 (0.73) 2.70 (0.73) 2.62 (0.71) 0.31

Pressure to eat, mean (SD) 3.15(0.84) 3.13(0.83) 3.20 (0.85) 0.41
Child, N (%) 682 513 (75%) 169 (25%)

Food approach, mean (SD) 1.95 (0.40) 1.94 (0.38) 1.96 (0.46) 0.59

Food avoidance, mean (SD) 2.85(0.52) 2.84 (0.53) 2.89 (0.50) 0.28
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The main effect of parental controlling feeding practices, child eating behavior and child BMI z-score at 6 years of age and the risk of overweight at 6 years of age.

Outcome = BMI z-score Unadjusted model

Adjusted model 1 * Adjusted model 2 ©

Beta 95% CL p-value Beta 95% CL p-value Beta 95% CL p-value
Restriction, mother 0.25 0.15, 0.35 <0.0001 0.24 0.14, 0.35 <0.0001 0.26 0.16, 0.37 <0.0001
Restriction, father 0.16 0.05, 0.28 0.006 0.17 0.05, 0.29 0.004 0.19 0.07, 0.30 0.002
Pressure to eat, mother —0.28 —0.36, —0.2 <0.0001 —0.28 —0.36, —0.19 <0.0001 —0.29 —0.37, —0.2 <0.0001
Pressure to eat, father —-0.22 —0.32, -0.13 <0.0001 -0.21 -0.31, -0.11 <0.0001 -0.19 —0.29, —-0.09 0.0002
Food approach, child 0.58 0.39, 0.77 <0.0001 0.6 0.41, 0.79 <0.0001 0.63 0.44, 0.82 <0.0001
Food avoidance, child —0.22 —0.37, —0.08 0.003 —0.24 —0.39, —0.09 0.002 —0.23 —0.38, —0.08 0.003
Neighborhood disadvantage 0.05 —0.03, 0.14 0.21 0.04 —0.05, 0.13 0.34 0.05 —0.04, 0.14 0.31
Outcome = Overweight OR 95% CL p-value OR 95% CL p-value OR 95% CL p-value
Restriction, mother 1.67 1.24, 2.26 0.0008 1.75 1.27,2.41 0.0007 1.74 1.25,2.43 0.0009
Restriction, father 1.12 0.77, 1.61 0.56 1.21 0.81, 1.81 0.35 1.25 0.82,1.91 0.31
Pressure to eat, mother 0.52 0.40, 0.67 <0.0001 0.49 0.38, 0.65 <0.0001 0.45 0.33, 0.60 <0.0001
Pressure to eat, father 0.63 0.46, 0.87 0.005 0.61 0.44, 0.86 0.005 0.66 0.46, 0.95 0.03
Food approach, child 3.22 1.97,5.26 <0.0001 3.64 2.14, 6.18 <0.0001 3.97 2.28, 6.91 <0.0001
Food avoidance, child 0.66 0.45, 0.99 0.04 0.71 0.46, 1.08 0.11 0.71 0.46, 1.10 0.12
Neighborhood disadvantage 1.18 0.95, 1.46 0.13 1.21 0.95, 1.53 0.12 1.24 0.96, 1.60 0.10
OR = Odds ratio.
# Adjusted for sex, mother’s age and mother pre-pregnancy BMIL.
b Adjusted for sex, mother’s age, mother & father pre-pregnancy BMI, parental education and family income.
Mothers Fathers
207 Restriction to eat 207 Resiriction to eat
15 - 1.5
1.04 i i 1.0
® — — D
Q T = Q
2 I 8
H0.54 - _ ' 0.5
B = :
0.0 - 0.0 -
-0.5- -0.54
1o Interaction p = 0.79 1.0 Interaction p = 0.47
I T T T 1 I I i T 1
1 2 3 4 5 1 2 3 4 5
Restriction score Restriction score
207 pressure to eat 207 pressure to eat
1.5+ 1.51
o 1.0+ % 10
8 . o -
N"-"o‘s_ N'P05— i e
= E » q_“'““h———__—h.kq____;__;;_n
®0.0- 0.0 ——
-0.54 -0.5
10J Interaction p = 0.83 1.0- Interaction p = 0.95
I T T T 1 T T T T 1
1 2 3 4 5 1 2 3 4 5
Pressure score Pressure score
Neighborhood disadvantage — Low — High

Fig. 1. Parental feeding behavior in low and high cumulative disadvantage neighborhoods and child BMI z-score at 6 years of age with 95% confidence limits.
Adjusted for covariates (sex = boys, mother pre-pregnancy BMI = overweight, father BMI = overweight, mother age = 17-29 years, family education = low ed-

ucation, family income <3000 EUR).
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Fig. 2. Food approach (a) and Food avoidance (b) in low and high cumulative disadvantage neighborhoods and child BMI z-score at 6 years of age with 95%
confidence limits. Adjusted for covariates (sex = boys, mother pre-pregnancy BMI = overweight, father BMI = overweight, mother age = 17-29 years, family

education = low education, family income <3000 EUR).
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Fig. 3. Parental feeding and child eating behavior odds ratios for overweight in
high and low disadvantage neighborhood groups with 95% confidence limits
and p-values for interaction. Adjusted for covariates: sex, mother’s age, mother
& father pre-pregnancy BMI, parental education and family income.

0.019). Risk of overweight was greatly increased with higher food
approach score in disadvantaged neighborhoods (OR (95% CL): 11.17
(3.65-34.22), p-value < 0.0001) compared to affluent neighborhoods
(OR (95% CL): 2.54 (1.30-4.97), p-value 0.006) (Fig. 3).

4. Discussion

To our knowledge, this is the first study to investigate the effects of
parental feeding practices (separately for fathers and mothers), child
eating behavior and neighborhood disadvantage on child BMI. The re-
sults show that both parental feeding practices and child eating behavior
are important factors affecting child weight development. However,
these effects may depend on socioeconomic living environment as the
highest risk of overweight was observed in children with high child food
approach trait in combination with high neighborhood disadvantage.

Our results partially support earlier findings (Jansen et al., 2012;

Karp et al., 2014; Spill et al., 2019; Wehrly et al., 2014) suggesting that
children whose parents use high level of restrictive feeding, have higher
BMI. Similarly, children whose parents use high pressuring in feeding,
have lower BML In addition, our results support the bidirectionality
hypothesis stating that parents both respond to and influence their
child’s BMI (Afonso et al., 2016; Tschann et al., 2015). However, there
were noticeable differences between mothers and fathers. Partly con-
trary to earlier findings (Khandpur et al., 2016; Scaglioni et al., 2018), in
our sample fathers used more pressuring in feeding compared with
mothers (see Supplementary Table 1). Furthermore, the odds of being
overweight at 6 years of age was significantly higher for the children
whose mothers used restrictive feeding practices both in disadvantaged
and affluent neighborhoods. On the contrary, the association was not
seen with fathers restrictive feeding. This might reflect the view that
mothers may be the primary actors in establishing the home food
environment and responsible for determining how much food is offered
to their children (Campbell, 2016; Scaglioni et al., 2018). The previous
studies have suggested that the father’s feeding practices are not asso-
ciated with children’s weight status directly, but merely by moderating
the effects of child eating behaviors and BMI z-score (Vollmer et al.,
2015). In our study, the lack of associations might also be due to lower
statistical power for fathers in our study as the linear associations be-
tween child BMI and parental feeding practices were similar for both
parents. As fathers have an increasingly important role in early feeding
(Daniels, 2019), further studies are needed to investigate the influence
of fathers feeding on child weight or vice versa.

Further, child food approach trait was associated with child BMI and
with increased risk of overweight. This is in line with previous studies
showing positive association between child food approach traits and
child BMI (Boswell et al., 2018; Carnell and Wardle, 2007; Ek et al.,
2016; Jansen et al., 2012; Viana et al., 2008; Webber et al., 2009). A
novel finding of our study was that these associations were significantly
higher in disadvantaged neighborhoods compared with affluent neigh-
borhoods. The children growing up in the most disadvantaged neigh-
borhoods and with high food approach, exhibited with highest BMI
z-scores at the age of 6 years. In addition, the risk of being overweight at
6 years of age was highest in food approaching children living in
disadvantaged neighborhoods.

In the present study, parental pre-pregnancy BMI, mother age, family
income and family education at the time of childbirth were significantly
associated with child BMI. In the statistical models adjusted for these
confounding factors, an independent and significant association be-
tween neighborhood disadvantage, child food approach trait and
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childhood BMI development was apparent. There is existing evidence
with adult populations that socioeconomic disparities are associated
with poor health outcomes, such as obesity, independent of individual
socio-economic standing (Kivimaki et al., 2018; Miller et al., 2016).
Growing number of studies have also addressed the impact of neigh-
borhood disadvantage on overweight in childhood or adolescence and
the majority of them suggest an association between neighborhood
disadvantage and BMI or the risk of overweight or obesity (Alvarado,
2016; Carter and Dubois, 2010; Greves Grow et al., 2010; Rautava et al.,
2022). It is especially interesting that we were able to indicate that the
neighborhoods people live in, add up an own layer to the risk factor in
Finland, a country with modest socioeconomic differences and income
inequalities (Saikkonen, 2018). However, income and ethnic segrega-
tion have increased during last years in the City of Turku region where
the study population live (Saikkonen, 2018).

The underlying reasons for the differences in food-approaching
children’s BMI according to neighborhood disadvantage are complex.
It has been suggested, that a high total energy intake rather than low
total energy expenditure is the main cause behind overweight devel-
opment in children (Spence et al., 2011). Typically the relationship
between socioconomic disadvantage and higher obesity risk is explained
by so called availability hypothesis (Caldwell and Sayer, 2019). As
earlier research indicates, individuals who live in disadvantaged
neighborhoods typically have less access to healthy food, greater
availability of fast-food restaurants and tend to consume less fruits and
vegetables and more of energy-dense foods (Matthews, 2009; Ranjit
et al.,, 2015; Ribeiro et al., 2019). In addition, a recent study from
Denmark found that soft drink intake was more frequent among resi-
dents in disadvantaged neighborhoods compared to residents in affluent
neighborhoods (Bernsdorf et al., 2016). However, availability hypoth-
esis does not explain why individuals living in disadvantaged neigh-
borhoods choose to consume energy dense foods (Caldwell and Sayer,
2019). Price in addition to availability could act as one barrier to pur-
chasing healthy foods even if they would be available in close proximity
(Caldwell and Sayer, 2019).

Psychosocial factors may also explain the neigborhood effects on
BMI. Overweight is suggested to spreads through social networks in
neighborhoods (Christakis and Fowler, 2007), which again have shared
values and norms (Bernsdorf et al., 2016; Ribeiro et al., 2019). In
addition, as humans tend to eat more nutrient-dense foods when stressed
(Torres and Nowson, 2007) higher parental stress in disadvantaged
neighborhoods might explain food-approaching children’s susceptibility
obesogenic environment (Boswell et al., 2018; Gemmill et al., 2013).
Further, child emotional self-regulation and eating self-regulation pro-
cesses are related to one another and poor self-regulation has been
linked to food approach tendency (Liew et al., 2020; Zhou et al., 2019).
Previous studies suggest that while general self-regulation improves
across childhood, there is a trend of increased disinhibited eating from
infancy to 7 years of age (Russell and Russell, 2021), which might
explain the associations of food approach and weight at 6 years of age.
This might reflect the fact that top-down regulatory capacities of young
children are still poor and with environment full of palatable food cues,
genetically predisposed children tend to overeat. Moreover, children’s
temperament might add an own layer to children’s susceptibility to the
adverse effects of disadvantage (Zhou et al., 2019).

Reason why influence of neighborhood disadvantage on BMI was
found only related to food approach traits, but not related to food
avoidance traits might lie partly in the gene-environment interplay.
Previous studies suggest that heritability is especially high for slowness
in eating and satiety responsiveness (Wood, 2018). Thus, children with
food avoidance tendency might not be particularly vulnerable to the
obesogenic environment. Interestingly, the effects of parental feeding
practices on the BMI of children did not differ in disadvantage and
affluent neighborhoods. This finding is partly contrary to prior research
evidence showing that lower socioeconomic status is generally associ-
ated with increased controlling feeding practices (Arlinghaus and Laska,
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2021; Cardel et al., 2012). Some previous studies have indicated that
food parenting practices might not be related to socioeconomic in-
dicators, but more to personal and other contextual factors, such as
parent dieting status (Roberts et al., 2018), parent childhood experi-
ences, family health concern (Mena et al., 2015). Thus, more research is
needed on this area.

There is evidence, that developmental environments at childhood
might have a persistent effects on obesity risk in adulthood and low
socioeconomic status in childhood could contribute to eating in the
absence of energy need in adulthood (Caldwell and Sayer, 2019; Hill
et al., 2016). Even in the first year of life, socioeconomic disadvantage
has been strongly linked to increased risk of obesity in adulthood (Gil-
man et al.,, 2019). Thus, it would be even more important to pay
attention to the home food environment of the vulnerable children, such
as availability of healthy foods at the dinner table and food parenting
behaviors (Ranjit et al., 2015; Zhou et al., 2020). In a family where
unhealthy foods are available individuals predisposed genetically to be
highly responsive to external food cues and have weaker internal satiety
signals, are more likely to overeat (Carnell and Wardle, 2007).

The present study has several strengths and limitations. The large
sample size in combination with the use of a population registry, make
the study particularly robust. The utilization of a high-resolution 250 m
x 250 m grid database containing cumulative neighborhood disadvan-
tage information from each participant is the major strength of this
study. In addition, our data included answers to child feeding ques-
tionnaire from both parents and thus widened understanding on the
similarities or differences in feeding practices between mothers and fa-
thers. Further, controlling for individual-level sociodemographic factors
and including several possible confounding factors in the analysis add to
the validity of our findings. This study has also some limitations. Our
large population-based sample consisted mainly of individuals of Eu-
ropean origin living in a welfare society, thus, the generalizability of our
findings to other populations and cultures needs to be confirmed in other
studies. This study also did not include child dietary intake, which may
be associated both with parental feeding, and with child BMI status. In
addition, we cannot put aside self-report bias and it may be possible that
parents provided socially desirable responses. However, the bias was
probably similar in both neighborhoods.

5. Conclusions

To our knowledge, this study is the first one to investigate the link
between parental feeding practices, child eating behavior, neighbor-
hood disadvantage and risk of overweight among pre-school age chil-
dren. Our study gives valuable insight into social environmental
variables associated with child eating behaviors. While parental feeding
practices might not be as sensitive to neighborhood effects, high food
approach trait in children especially in combination with high neigh-
borhood disadvantage increases the risk of overweight before school
age. It is possible, for example, that disadvantaged neighborhoods might
offer unhealthier food environments than affluent neighborhoods. Thus,
this association may constitute one explanatory pathway linking socio-
economic disadvantage to overweight. As overweight children tend to
grow into obese adults, it is important to understand how obesogenic
environments affect and transform individual eating behaviors.
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