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Abstract

Consumption of unhealthy commercial foods and beverages (UCFB) is common
among infants and young children living in low- and middle-income countries. Such
foods can displace other nutritious foods, however, there is limited evidence on how
this consumption tracks across time. This study assessed and tracked UCFB
consumption of children living in rural/peri-urban Cambodia during the complemen-
tary feeding period, identified UCFB consumption patterns of these children, and
explored the association between UCFB consumption and growth. A 6-month
longitudinal cohort study was implemented among 567 caregivers of children aged
10-14 months at recruitment. UCFB consumption was estimated each month via a
telephone-administered 7-day food frequency questionnaire, and UCFB consump-
tion patterns were identified based on changes in this frequency of consumption
over time. The majority of children either maintained (45.7%, n = 246) or developed
(43.5%, n=234) an unhealthy consumption pattern and only 10.8% (n=58) of
children maintained/transitioned into a healthy consumption pattern. High consum-
ers of UCFB at 10-14 months had a 4.7 (Cl: 4.7 [3.1-7.2]) times odds of being high
consumers of UCFB at 15-19 months (p < 0.001). There was a trend of lower length-
for-age z-scores (LAZ) among children maintaining or developing an unhealthy
consumption pattern (~—0.SD LAZ) compared to children maintaining/transitioning
into a healthy consumption pattern, however, this association was not statistically
significant. Findings indicate that high UCFB consumption begins during infancy and
tracks into early childhood. National policies and programmes centred on early
interventions addressing the use of UCFB for infant and young child feeding are

needed.
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1 | INTRODUCTION

Ensuring adequate nutrition, in both quantity and quality of the
diet, during the first 2 years of a child's life is critical for growth
and development (Black et al., 2008). This 24-month window
represents a period of opportunity when the foundations
of optimum health, growth and neurodevelopment across the
lifespan are established (World Health Organization, 1998).
Infants' and young children's nutritional requirements during this
period are high to support their rapid growth and development. At
6 months of age, it is recommended to introduce nutrient-dense
and safe complementary foods, together with continued breast-
feeding for up to 2 years of age or beyond (World Health
Organization & UNICEF, 2003).

The types of foods fed to infants and young children during
this complementary feeding period are critical to ensure their
nutrient requirements are met. The world has seen increased
production and availability of commercially produced ultrapro-
cessed foods and beverages in recent decades (Juul et al., 2022;
Monteiro et al., 2013; Wang et al., 2021), resulting in dietary
pattern shifts towards substantial increases in the consumption of
these products in low- and middle-income countries (LMIC)
(Monteiro et al.,, 2011; Pagliai et al., 2021; Popkin et al., 2012).
Commercially produced, highly-processed foods and beverages
are often high in added sugar, salt and unhealthy fats (Luiten
et al., 2016; Monteiro et al., 2011), making them inappropriate for
infant and young child feeding (IYCF). Consumption of unhealthy
commercial foods and beverages (UCFB) is prevalent among both
adults and children in many LMICs (Feeley et al., 2016; Green
et al., 2019; Huffman et al., 2014; Martins et al., 2013; Pries
et al., 2016). For infants and young children, high consumption of
such foods during the vital complementary feeding period can
displace consumption of nutritious foods, potentially resulting in
inadequate intakes of micronutrients (Anderson et al., 2008;
Kimmons et al., 2005; Pries, Rehman, et al., 2019) and has been
associated with an increased risk of overweight/obesity in later
childhood (Jimenez-Cruz et al., 2010; Rose et al., 2017).

In Cambodia, despite a significant improvement in child health
and nutrition status in recent years, including reduced child
mortality and child stunting, inadequate and inappropriate IYCF
practices leave many children at high risk of malnutrition during the
early stages of life (Som et al., 2018). According to the 2022
Cambodia Demographic and Health Survey, stunting, underweight,
wasting and overweight affect 22%, 16%, 10% and 4% of children
under 5 years of age, respectively (National Institute of Statistics
[NIS] [Cambodia] et al., 2022). Moreover, just over half of children
6-23 months of age achieved the recommended minimum dietary
diversity of at least five nutritious food groups (National Institute
of Statistics [NIS] [Cambodia] et al., 2022), indicating that a high
proportion of these children are at risk of not consuming
nutritionally adequate diets during the complementary feeding
period. Consumption of UCFB among Cambodian infants and
young children is prevalent. A 2014 study reported that 38% of
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Key messages

e This study found a high frequency of unhealthy
commercial food and beverage (UCFB) consumption by
children under 2 years of age in rural/peri-urban Kandal
province, Cambodia.

e This high UCFB consumption began during older infancy
and tracked into early childhood.

o National attention should focus on designing and
implementing early interventions to increase caregivers'
awareness of the risks high UCFB consumption poses for
older infants and young child nutrition.

e National policies and programmes should address the
widespread availability of UCFB and promote increased
breastfeeding and consumption of affordable, nutritious,
and locally available foods during the complementary
feeding period.

children 6-11 months of age and 63% of 12-23 months old in
Phnom Penh consumed commercially produced foods or beverages
the previous day (Pries et al, 2016), which might contribute
to inadequate intakes of nutrients. A 2019 study among
urban 12-23-month-old Nepalese children found that higher
consumption of unhealthy snack foods and beverages (USFB)
was associated with lower dietary micronutrient adequacy and
length-for-age z-scores (LAZ) (Pries, Rehman, et al., 2019).

Although prevalent consumption of UCFB among infants and
young children has been noted in several LMICs, there is limited
evidence regarding the association between the consumption of
these products and infant and young children's nutritional status in
LMIC settings (Jannat et al., 2020; Pries, Filteau, et al., 2019; Pries,
Rehman, et al., 2019) and whether such consumption tracks over
time. Tracking refers to the predictability of a measurement of a
given risk factor early in life for values of the same risk factor later
in life (Twisk et al., 1997). The period of complementary feeding is
important for setting taste preferences and infant attitudes
towards foods, and there is evidence to suggest nutritional habits
formed in infancy track into childhood and beyond (Birch, 1999; De
Cosmi et al., 2017). Thus, frequent consumption of UCFB early in
life may increase the likelihood of high consumption of such foods
later in life.

The pattern of UCFB consumption among Cambodian young
children across the complementary feeding period has not been
assessed, and it is not known whether this UCFB consumption is
associated with nutritional status. This study, therefore, aimed to
(1) assess and track UCFB consumption of children living in rural/
peri-urban Kandal province, Cambodia, over 6 months during the
complementary feeding period, (2) identify UCFB consumption
patterns during the complementary feeding period, and to (3)
explore the association between these UCFB consumption patterns

and young children's linear and ponderal growth.
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2 | METHODS

2.1 | Study design and sampling procedure
Ethical approval for this study was provided by the Cambodian National
Ethics Committee for Health Research (no. 104) and the London School
of Hygiene and Tropical Medicine (no. 17941 - 3). A household census
among the 93 villages in the rural/peri-urban district of Khsach Kandal,
Kandal Province, Cambodia, was conducted before data collection,
to enumerate all children within the 10-14 months age range for
enrolment. This province was selected because it provides a range of
rural and peri-urban communities, and therefore helps fill a gap in
evidence on UCFB consumption in nonurban LMIC settings (Pries,
Filteau, et al., 2019). Because prior research in Cambodia has shown
that UCFB consumption becomes more prevalent across the comple-
mentary feeding period (Pries et al., 2016), this age range was selected
for enrolment as it would allow us to track potential increases in both
the prevalence and frequency of UCFB consumption from older infancy
into early childhood. Due to an outbreak of COVID-19, the census was
stopped after 66 of the 93 villages were completed, covering
approximately two-thirds of the district's population. All the primary
caregivers of eligible children who were identified during the census
were contacted by telephone to be part of the study. Primary
caregivers were defined as the person responsible for caring for the
child during the day, including the person who is mainly responsible for
feeding the child. If more than one eligible child per household was
identified during the census, then one child was randomly sampled for
enrolment using Stata 15 (StataCorp). Children were excluded if they
were severely ill on the day of the interview, if they had a congenital/
physical malformation that inhibited feeding, or if the child was a
resident of the district less than 3 of the 6 months before enrolment.
A 6-month longitudinal cohort study was implemented from June
2021 through January 2022. Verbal informed consent was obtained from
all primary caregivers before enrolment. The study was conducted across
six timepoints, with data collected monthly. Data collection was
conducted via a telephone interview, to ensure participant safety during
the COVID-19 pandemic. At each timepoint, a structured questionnaire
was first administered to the primary caregiver, followed by a 7-day food
frequency questionnaire (FFQ) to assess their child's food/beverage
consumption. After each interview, caregivers were provided phone
credit to compensate them for their time. All tools for this survey were
translated into Khmer, back-translated to English to ensure accuracy, and
pretested before data collection to ensure participant comprehension.
Because of the outbreak of COVID-19, anthropometric measurements
were not taken at baseline. By the end of the 6-month follow-up period,
the COVID-19 situation had improved, and anthropometric measure-

ments of the child and the child's mother were taken at the family's home.

2.2 | Sample size

To detect a 0.5 standard deviation (SD) difference in LAZ and
weight-for-length z-score (WLZ) between UCFB consumption
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pattern groups, a sample size of 309 (n=103 per pattern group)
was necessary (a =.05, 1-B =.8). Anticipating a high loss to follow-up
of approximately 30%, a total of 540 children were enroled in the
survey. A final sample size of approximately 378 children at timepoint
6 was determined adequate to assess associations between UCFB
consumption patterns across the 6 months of follow-up and growth
outcomes.

2.3 | Tools and data collection procedures

An interviewer-administered structured questionnaire was used to
collect information on demographic and socioeconomic character-
istics pertaining to the caregiver (age, educational attainment, marital
status, religion, employment status), to the household (asset owner-
ship, housing materials, access to utilities and food security) and to
the child (sex, age, breastfeeding status, morbidity, birthweight,
immunisation and deworming status). Information on breastfeeding
practices, morbidity and food security was collected at each
timepoint, and birthweight, immunisation and deworming status
were collected at timepoint 6. A measure of social desirability was
also collected at timepoint 6, using a 13-question module adapted
from Reynolds' short forms of the Marlow-Crowne social desirability
scale (Reynolds, 1982). Social desirability bias is the tendency of
survey respondents to answer questions in a manner that will be
viewed favourably by others (Krumpal, 2013). The consumption of
UCFB may be considered unfavourable, therefore we assessed
whether reported consumption of UCFB varied by levels of social
desirability score.

A 7-day interviewer-administered FFQ was used to ask
caregivers the number of days in the previous week the child
consumed unhealthy commercial packaged/branded foods and
beverages. The FFQ consisted of nine categories of commercially
packaged foods and beverages: (1) sweet biscuits/crackers, (2)
savoury crisps/crackers, (3) bakery items (cake, doughnuts, sponge
cake), (4) confectionary items (candy, sweets, chocolate), (5) soft
drinks, (6) sweet milk, (7) juice drinks, (8) malt/chocolate drinks and
(9) instant noodles. These categories of foods were based on sentinel
unhealthy foods, and beverages identified as inappropriate for young
children by the recently updated 2021 World Health Organization
(WHO) IYCF indicators (World Health Organization & UNICEF, 2021),
and have been identified as commonly consumed by Cambodian
infants and young children in prior research (Pries et al., 2017). Data
were collected electronically on tablets using the open-source online
platform ONA (Ona Systems) and the Open Data Kit application.
Completed questionnaires were submitted to the ONA platform
daily, and the database was downloaded and stored securely.

Before anthropometric measurements, caregiver-child pairs were
first screened for COVID-19 using the WHO interim guidance for
public health surveillance of COVID-19 (World Health Organiza-
tion, 2020) and only participants who were not suspected, not
probable, not confirmed or not contact cases of COVID-19 were

measured. Anthropometric measurements were taken by two trained
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anthropometry staff using standardised procedures (Cogill, 2003).
Maternal and child weight were measured on a frequently calibrated
SECA digital scale (+100g precision; model 874; SECA). Child
recumbent length was measured to +0.1 cm precision using a length
board (Portable baby/child L-hgt mea.syst/SET-UNICEF) and mater-
nal height to +0.1cm precision using a stadiometer (SECA 213).
Duplicate measurements were taken, and the mean of the two
measurements was used in the analysis. If the two measurements
differed by more than 1 cm for adult height, more than 0.5 cm for
child length or more than 0.5 kg for weight, the measurements were
discarded, and two more were taken. The anthropometry team was
standardised before data collection following WHO procedures
(De Onis et al., 2004). The mean technical error of measurement

for length was 0.13 and was considered acceptable.

2.4 | Data analysis

To track UCFB consumption across the complementary feeding
period, each child's consumption of UCFB was calculated at each
timepoint based on the frequency of consumption of UCFB in the
week before interview. From the weekly FFQ, a UCFB consump-
tion score was generated for each child based on how many of the
7 days in the prior week each of the nine categories of unhealthy
commercial packaged/branded foods/beverages were con-
sumed was calculated, with a possible range of 0-63. From these
scores, terciles were created to identify low, moderate and high-
frequency consumers of UCFB at each timepoint. Two methods
were then used to track UCFB consumption across the 6 months
within the complementary feeding period assessed. First, propor-
tions of children with a change in tercile category or those with a
stable tercile category between timepoints 1 and 6 were
estimated, and Cohen's Kappa (K) (Cohen, 1960) between low/
moderate versus high tercile of frequency of consumption of
UCFB at these timepoints was calculated. A K< 0.20 represents a
poor agreement, K of 0.21-0.40 a fair agreement, K of 0.41-0.60 a
moderate agreement, K of 0.61-0.80 a good agreement and
K >0.81 a very good agreement (Landis & Koch, 1977). Second, a
logistic regression model was used to explore the odds of
being a high consumer of UCFB at timepoint 6 (15-19 months)
when a child was a high UCFB consumer at timepoint 1
(10-14 months).

To identify UCFB consumption patterns across the comple-
mentary feeding period, the repeated measures of UCFB con-
sumption scores were modelled and summarised using a series of
Poisson regressions to estimate the slopes and intercepts for each
participating child. A separate Poisson regression was fitted for
each individual, which estimated the slope and intercepts on the
log scale, for that individual. The slopes were exponentiated and
then divided into ‘decreasing’ (decrease by more than 10% over
time), ‘stable’ (less than 10% change over time) and ‘increasing’
(more than 10% increase over time). The median of the intercepts

was 5.5, and intercepts were divided into two equal-sized groups
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defined as low (frequency of consumption of UCFB < 5.5) and high
(frequency of consumption of UCFB > 5.5). Based on the intercept
and the change in slope over time, children were then grouped into
one of three UCFB consumption patterns: (1) maintaining/
transitioning into a healthy consumption pattern across 6 months
(holding a consistently low UCFB score/moving from high to low
UCFB score over time), (2) developing an unhealthy consumption
pattern across 6 months (moving from a low to high UCFB score
over time) and (3) maintaining an unhealthy consumption pattern
across 6 months (holding a consistently high UCFB score over
time). The characteristics of the participants were presented as
means = SD or medians with interquartile range or proportions, as
appropriate, by UCFB consumption patterns. We used analysis of
variance to compare sociodemographic characteristics between
UCFB consumption patterns and Bonferroni post hoc tests to test
for specific differences between consumption patterns for
continuous variables and the x? test for dichotomous measures.
Reported p values are two-tailed and p < 0.05 were considered to
be statistically significant.

The association between UCFB consumption patterns across the
6 months of follow-up and growth at timepoint 6 was explored using
linear regression models. The primary growth outcomes of interest
were LAZ and WLZ, which were calculated based on WHO 2006
growth standards (WHO Multicentre Growth Reference Study
Group, 2006). Models were further adjusted for covariates associated
(p < 0.05) with LAZ (low birthweight, breastfeeding status, caregiver
age, caregiver relation to child, caregiver's education level and
household wealth index) and WLZ (caregiver age, caregiver relation
to the child, breastfeeding status and household wealth index) in
bivariate models. Principal components analysis was applied to data
related to asset ownership, utility access and house crowding to
derive a wealth index (Vyas & Kumaranayake, 2006). Households
were then grouped in wealth terciles as a proxy for household
socioeconomic status. Food security was defined using the House-
hold Food Insecurity Access Scale (HFIAS), and households were
categorised as food secure or food insecure (mild/moderate/severe)
(Coates et al., 2007). A social desirability score was generated based
on the sum of socially desirable answers out of the 13-question
module; a score of 13 was the highest social desirability score. All
analyses were carried out using Stata 15. Sensitivity analyses were
conducted for missing data, where key characteristics were com-
pared between subjects with data and subjects with missing data at
each time point and differences were assessed between the two

groups.

3 | RESULTS

Results from the sampling procedure are detailed in Figure 1. Of
the 708 caregivers with children 10-14 months of age who were
contacted for enrolment, 141 (19.9%) were excluded for the
following reasons: 46 could not be contacted, 14 children were not
in the 10-14 months age range after verification, 33 were not
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Children 0-36 months screened during census (n=5356) ‘
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eHouseholds without a phone number (n=532)
eMultiple children in same households (n=505)
eChildren not in the 10-14 months age range (n=3611)

‘ Caregivers with children 10-14 months of age (n=708) ‘

v

—

Declined consent (n=38)
Partial interview (n=10)

Could not be contacted (n=46)
Not resident of the district or likely moving out (n=33)
Age not in 10-14 months range after verification (n=14)

l

l

|

l

!

l

Timepoint 1

Interviews completed:
n=567

Timepoint 2

e Participants
contacted (n=567)

* Consent withdrawal
(n=10)

* Partial interview
(n=2)

* Could not be
contacted (n=6)

Timepoint 3

Participants
contacted (n=557)
Consent withdrawal
(n=5)

Partial interview
(n=1)

Could not be
contacted (n=12)

Interviews completed:
n=539

Interviews completed:
n=549

Timepoint 4

* Participants
contacted (n=552)

* Consent withdrawal
(n=3)

* Partial interview
(n=0)

* Could not be
contacted (n=22)

Interviews completed:
n=527

Timepoint 5

* Participants
contacted (n=549)

* Consent withdrawal
(n=8)

* Partial interview
(n=0)

* Could not be
contacted (n=18)

Interviews completed:
n=523

Timepoint 6

Participants contacted
(n=541)

Consent withdrawal
(n=3)

Partial interview (n=0)
Could not be contacted
(n=37)

Interviews completed:
n=501

Anthropometric

measurements: n=498

FIGURE 1 Flowchart of participant recruitment, exclusion and missing data at each timepoint.

resident of the district or were likely moving out before the end of
the study, 38 declined consent and 10 partial interviews were
conducted. A final sample of 567 caregivers was interviewed at
timepoint 1. Over the course of the 6-month follow-up period, 29
(5.1%) participants dropped out of the study, and between 3.2% and
5.6%, depending on the timepoint, could not be reached. A total of
498 children had anthropometric data at endline. The mean age of
children at enrolment was 11.9 1.2 months and 17.4 + 1.1 months
at endline.

Sociodemographic characteristics of participating children, care-
givers and households by UCFB consumption patterns are presented
in Table 1. Children who maintained an unhealthy consumption
pattern were, on average, 0.6 months older than children in the other
two UCFB consumption patterns (p < 0.001). Just over half of the
children (56.0%) were still breastfeeding at enrolment, with breastfed
children receiving an average of 10 breastfeeds on the day before the
interview. At timepoint 6, when children were 15-19 months of age,
11.7% (n=58) were stunted and 5.0% (nh=25) were wasted.
Caregivers were 34.5 years old on average; the majority of them
were mothers of the children (74.2%), 15.4% were grandmothers,
6.3% were fathers, 2.4% were aunts and 1.6% were grandfathers.
Nearly half of the caregivers (48.0%) had attended at least a
secondary school level of education. A significantly higher proportion
of caregivers of children maintaining/transitioning into a healthy
consumption pattern had attended at least a secondary level of

education compared with caregivers of children maintaining an

unhealthy consumption pattern (63.8% vs. 43.1%; p=0.016). No
other characteristics were statistically different between the UCFB
consumption pattern groups.

During the 6-month follow-up period, the majority of children
either maintained (45.7%, n = 246) or developed (43.5%, n =234)
an unhealthy consumption pattern, and only 10.8% (n=58) of
children maintained a healthy consumption pattern/transitioned
from an unhealthy consumption pattern to a healthy one
(Figure 2).

Children's frequency of consumption of UCFB across the 6
timepoints is detailed in Table 2. The proportion of children who
consumed any UCFB in the previous week increased steadily from
81.7% (n=463) at 10-14 months of age to 97.4% (n=488) at
15-19 months of age. In addition, the median number of times
UCFB were consumed in the previous week increased from 4 at
10-14 months to 11 at 15-19 months and the median number of
UCFB categories consumed in the previous week increased from 2
at 10-14 months to 4 at 15-19 months. The most common UCFB
category consumed across all age groups was sweet milk, which
increased from 3 days per week at 10-14 months to 7 days per
week at 15-19 months. We found evidence of social desirability
bias for reported consumption of UCFB; a one-point increase in
social desirability score was associated with a 0.41-point decrease
in UCFB consumption score at timepoint 6 (B [95% Cl]=-.41
[-0.74, -0.07]; p = 0.017). Tracking of children in the highest UCFB
consumption tercile was fair when comparing timepoint 1 and
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TABLE 1

HINNOUHO T AL.

Sociodemographic characteristics by UCFB consumption patterns.?

Unhealthy commercial foods/beverages consumption patterns

Maintaining unhealthy

All children consumption
(n=538)° pattern (n = 246)

Child characteristics
Age in months, mean + SD 11.9+1.2 12.2+1.2°
Female sex, n (%) 266 (49.4) 127 (51.6)
Ever breastfed, n (%) 509 (94.6) 236 (95.9)
Breastfed in last 24 h, n (%) 144 (56.0) 126 (50.8)
Morbidity in last 2 weeks, n (%)° 200 (37.2) 102 (41.5)
Low birthweight (<2.5 kg) 35 (7.0) 15 (6.5)
Fully immunised, n (%)° 456 (96.6) 207 (95.4)
Anthropometric status
LAZ -0.79+1.1 -0.84+1.3
Stunting (LAZ <-2) 58 (11.7) 24 (10.4)
WLZ -0.39+1.0 -0.36+1.0
Wasting (WLZ <-2) 25 (5.0) 11 (4.8)
Caregiver characteristics
Mother of child, n (%) 399 (74.2) 185 (75.2)
Age in years, mean = SD 345+11.4 34.0+10.7
Attended at least a secondary level 258 (48.0) 106 (43.1)°

of education, n (%)
Currently employed, n (%) 230 (42.8) 105 (42.7)
Works outside the home, n (%) 134 (24.9) 62 (25.2)
Household characteristics
Food secure 125 (23.2) 51 (20.7)
Lowest wealth index 178 (33.2) 94 (38.4)

Developing unhealthy
consumption

Maintaining/transitioning
into a healthy consumption

pattern (n = 234) pattern (n=58) p
11.6+1.2° 11.6+1.1° <0.0001
111 (47.4) 28 (48.3) 0.645
217 (92.7) 56 (96.6) 0.236
16 (47.1) 17 (60.7) 0.540
82 (35.2) 16 (27.6) 0.100
17 (7.9) 3(5.9) 0.808
200 (97.6) 49 (98.0) 0.398
-0.80+1.0 -0.52+1.1 0.200
29 (13.4) 5(9.8) 0.572
-041+1.0 -0.39+1.0 0.906
12 (5.5) 2 (3.9) 0.872
173 (73.9) 41 (70.7) 0.775
34.6+11.9 36.1+12.0 0.239
115 (49.2)>P 37 (63.8)° 0.016
99 (42.3) 26 (44.8) 0.941
59 (25.2) 13 (22.4) 0.909
59 (25.2) 15 (25.9) 0.449
67 (28.8) 17 (29.3) 0.198

Abbreviations: ANOVA, analysis of variance; LAZ, length-for-age z-score; UCFB, unhealthy commercial foods and beverages; WLZ, weight-for-length

Z-score.

2All characteristics assessed at baseline except for birthweight, immunisation and anthropometric data, which were collected at the final timepoint;
labelled values in a row without a common letter differ, p < 0.05; Mixed-effects Poisson regression model used to summarise repeated measures of UCFB
into maintaining an unhealthy consumption pattern, developing an unhealthy consumption pattern, maintaining/transitioning into a healthy consumption
pattern. ANOVA and Bonferroni post hoc test were used to compare differences between groups.

bn =29 removed from analysis.

“Morbidity in last 2 weeks included experiences of fever, cough or diarrhoea.

% =497.
n=472.
fn=498.

timepoint 6 (Cohen's K =0.33). In addition, high consumers of UCFB
at 10-14 months had 4.7 (Cl: 4.7 [3.1-7.2]) times the odds of being
high consumers of UCFB at 15-19 months (p < 0.001).

There was a marginal association between children maintain-
ing an unhealthy consumption pattern and LAZ (p =0.076), with
children who maintained an unhealthy consumption pattern having
a LAZ 0.31SD lower as compared to children who maintained/
transitioned into a healthy consumption pattern (Table 3).

However, this marginal association was attenuated after adjust-
ment for low birthweight, breastfeeding status, caregiver age,
caregiver relation to child, education and household wealth index.
In both unadjusted and adjusted models for breastfeeding status,
caregiver age, caregiver relation to the child, and household wealth
index, there was no evidence that UCFB consumption patterns
were associated with WLZ (all p >0.05 with coefficients close
to zero).
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Maintaining an unhealthy consumption pattern (n=246)

Developing an unhealthy consumption pattern (n=234)

10 15
L I

UCFB con5sumption frequency score

0 1 2 3 4 5

Time (months)

10 15
I |

UCFB oonssumption frequency score
1

0 1 2 3 4 5

Time (months)

Maintaining/transitioning to a healthy consumption pattern (n=58)

10 15
1

UCFB cogsumption frequency score
1

2

3 4 5

Time (months)

FIGURE 2 Unhealthy commercial foods and beverages consumption patterns of older infants and young children in Kandal province,

Cambodia. UCFB, unhealthy commercial foods and beverages.

4 | DISCUSSION
4.1 | High consumption of UCFB and types of
UCFB consumed

In this longitudinal cohort study, we found that UCFB were frequently
consumed by children under 2 vyears of age in rural/peri-urban
Cambodia. Similar results of high UCFB consumption have been shown
in other LMIC settings, including Brazil and Nepal, but primarily in urban
locations (Karnopp et al., 2017; Nogueira et al., 2022; Pries, Rehman,
et al,, 2019). Our results also showed that a significant number of infants
were not breastfed at enrolment. This finding is alarming given the
importance of breastfeeding in reducing the risk of childhood infections
and premature mortality as well as minimising nutrition-related harm to
cognitive development (Horta et al., 2015; Victora et al., 2016).

In our study, sweet milk, sweet biscuits/crackers and savoury

crisps/crackers were the commercial beverages and foods most

often consumed, with sweet milk being consumed daily, on
average, once children had reached 12 months of age. This finding
is worrisome because previous research has reported that frequent
intake of sugar-sweetened beverages (SSB) at 10-12 months of age
significantly increased the likelihood of having dental caries at
6 years (Park et al., 2015) and there is evidence to suggest that
early childhood carries are associated with lower WLZ (Turton
et al., 2022). High consumption of these ultraprocessed, commer-
cially produced foods and beverages can contribute to higher
intakes of added sugar, sodium and unhealthy fats, and they are
also often nutrient-poor, which increases the risks of inadequate
intakes of nutrients. Therefore, global guidance (World Health
Organization & UNICEF, 2021) and several national dietary
guidelines (Healthy Ireland., 2018; Ministerio de Salud MINSA
Panama, 2018; U.S. Department of Agriculture & U.S. Department
of Health and Human Services, 2020) recommend avoiding their

use for IYCF.
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TABLE 2 Children's frequency of consumption of UCFB across the 6 timepoints.?
Timepoint Timepoint Timepoint Timepoint Timepoint Timepoint
1 (n=567) 2 (n=549) 3 (n=539) 4 (n=527) 5 (n=523) 6 (n=501)
Age in months, mean + SD 11.9+1.2 12.8+1.2 13.9+1.2 15.0+1.2 16.0+1.2 174+1.1
Consumption of UCFB in last 7 days, n (%) 463 (81.7) 474 (86.3) 482 (89.4) 478 (90.7) 492 (94.1) 488 (97.4)
Times UCFB consumed in last 7 days, 4 [1-8] 7 [3-11] 8 [3-13] 10 [5-15] 10 [5-15] 11 [7-16]
median [IQR]
UCFB categories consumed in last 2 [1-3] 2 [1-4] 3 [1-4] 3 [2-5] 3 [2-5] 4 [3-5]
7 days, median [IQR]
Days consumed in the last 7 days
Sweet biscuits/crackers 2 [2-4] 3 [2-5] 3 [2-5] 3 [2-5] 3 [2-5] 3 [2-4]
Savory crisps/crackers 2 [1-3] 3 [2-4] 3 [2-4] 3 [2-5] 3 [2-4] 3 [2-4]
Bakery items 1[1-2] 2 [1-2] 2 [2-3] 2 [1-3] 1[1-2] 1[1-3]
Confectionery items 1[1-2] 2 [1-3] 2 [1-3] 2 [1-3] 2 [1-3] 2 [1-3]
Soft drinks 1[1-2] 2 [1-3] 2 [1-3] 2[1-3] 2 [1-3] 2 [1-3]
Sweet milk 3 [2-7] 5[2-7] 7 [2-7] 7 [3-7] 7 [3-7] 7 [3-7]
Malt/chocolate drinks 1[1-2] 2 [1-3] 2 [1-3] 1[1-2.5] 1[1-2] 3 [2-3]
Juice drinks 1[1-2] 2[1-2] 2[1-2] 2[1-3] 2 [1-3] 1[1-2]
Instant noodles 1[1-2] 1[1-2] 1[1-2] 1[1-2] 1[1-2] 1[1-2]
Abbreviations: FFQ, food frequency questionnaire; IQR, interquartile range; UCFB, unhealthy commercial foods and beverages.
*Values are presented as mean = SD, n (%) or median [IQR].
TABLE 3 Association between UCFB consumption patterns and growth.
Unadjusted Adjusted®”
n° (%) B (95% Cl) p B (95% ClI) p
LAZ
Maintaining/transitioning into healthy consumption pattern 51 (10.2) Ref. Ref.
Developing an unhealthy consumption pattern 217 (43.6) -0.28 (-0.63; 0.07) 0.112 -0.21 (-0.54; 0.12) 0.212
Maintaining an unhealthy consumption pattern 230 (46.2) -0.31 (-0.66; 0.03) 0.076 -0.23 (-0.57; 0.10) 0.171
wLZ
Maintaining/transitioning into healthy consumption pattern 51 (10.2) Ref. Ref.
Developing an unhealthy consumption pattern 217 (43.6) -0.01 (-0.31; 0.29) 0.939 0.00 (-0.28; 0.29) 0.981
Maintaining an unhealthy consumption pattern 230 (46.2) 0.03 (-0.27; 0.33) 0.849 0.06 (-0.23; 0.34) 0.697

Note: Mixed effects Poisson regression model used to summarise repeated measures of UCFB and linear regression models used to assess association

with LAZ and WLZ; UCFB.

Abbreviations: LAZ, length-for-age z-score; UCFB, unhealthy commercial foods and beverages; WLZ, weight-for-length z-score.

2LAZ adjusted for low birthweight, breastfeeding status, caregiver age, caregiver relation to child, caregiver's education level and household wealth index.

PWLZ adjusted for caregiver age, caregiver relation to child, breastfeeding status and household wealth index.

“Total n=498.

4.2 | Tracking consumption of UCFB

To the best of our knowledge, this is the first study in an LMIC to show
high consumption of UCFB early in life tracking across the complemen-
tary feeding period. This finding is consistent with studies from
high-income countries (Lioret et al., 2013; Luque et al., 2018; Rose
et al., 2017). In a study among Australian young children under 2 years

of age, the proportion who consumed SSB and sweet, energy-dense
snacks in the preceding day increased by 3.5 and 2.6 times, respectively,
at 18 months compared to 9 months (Lioret et al., 2013). Similarly,
American children with a dietary pattern characterised by foods high in
energy density, such as SSB and sweet desserts at 9 months of age, had
a higher frequency of intake of these foods at 6 years of age
(Rose et al, 2017) and European children who were the highest
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consumers of added sugars and unhealthy fats at 2 years of age had a
3.6 greater odds of also being the highest consumers of these foods at
8 years of age (Luque et al., 2018). Together, these results suggest that
early introduction of UCFB might contribute to overconsumption of
UCFB later in childhood, presumably through the influence of taste
development and food preferences early in life on food preferences
later in life (Stein et al, 2012; Ventura & Mennella, 2011). High
consumption of these products early in life is associated with increased
odds of overweight/obesity in childhood (Jimenez-Cruz et al., 2010;
Rose et al., 2017), which can increase the risk of noncommunicable
diseases, such as diabetes and cardiovascular diseases (Costa et al., 2018;
Malik et al, 2013; Neri et al., 2022). In the context of increasing
overweight/obesity (Nakphong & Beltran-Sanchez, 2021), our findings
raise concerns regarding childhood dietary quality and its implications

for overnutrition as Cambodia undergoes a nutrition transition.

4.3 | Association with linear and ponderal growth

We observed a nonsignificant trend of a lower LAZ among children
maintaining or developing an unhealthy consumption pattern (~-0.3 SD
LAZ or -0.25D LAZ in an adjusted model) as compared to children
maintaining/transitioning into a healthy consumption pattern; whereas
there was no relationship between UCFB consumption patterns and
WLZ. Our study, however, was underpowered to detect a 0,2-0.3 SD
difference in LAZ between pattern groups (our study sample required
103 children per consumption pattern group to detect a 0.5 SD, but only
58 children were observed maintaining/transitioning into a healthy
consumption pattern). Our results are consistent with a previous study,
in urban Nepal, showing LAZ, but not WLZ was significantly lower
among 12-23 month-old children in the highest compared with lowest
terciles of dietary energy from unhealthy foods and beverages (0.29 SD
lower) (Pries, Rehman, et al., 2019). In this Nepalese study, there was no
difference in energy intakes among high and low consumers of UCFB,
indicating that excessive energy intake from these foods was not
occurring (Pries, Rehman, et al., 2019). While our Cambodian study did
not measure dietary energy intakes, the lack of association between
UCFB consumption patterns and WLZ suggests that, similar to Nepal,
high UCFB consumption, did not result in excessive energy intakes.
Together, these findings suggest that higher consumption of these
products may be associated with poor linear growth among young
children in areas where displacement of nutritious foods by UCFB can
result in poor dietary adequacy. Further research on the mechanisms
through which these UCFB are contributing to undernutrition is needed,

particularly in LMIC settings.

44 |
in life

Importance of healthy eating habits early

Healthy eating habits are developed early in life (Schwartz
et al., 2011), making it important to avoid feeding infants and young
children UCFB. In contexts where micronutrient gaps exist in the
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complementary feeding diets of infants and young children (Beal
et al., 2021), overconsumption of these food/beverage products can
displace more nutritious foods, resulting in reduced dietary adequacy
with consequent impairments in child growth (Anderson et al., 2008;
Pries, Rehman, et al., 2019). In Cambodia, where just over 50% of
children 6-23 months consume diets achieving recommended
minimum dietary diversity (National Institute of Statistics [NIS]
[Cambodia] et al., 2022), diet displacement of nutrient-dense foods
by UCFB is a significant concern. In addition, given the establishment
of eating habits in these early years, the dietary patterns observed
among young children in this study may also indicate an increased
risk for overnutrition in later childhood by predisposing them to
UCFB consumption throughout childhood. A longitudinal study
among infants and young children in the United States found that
infants whose dietary patterns were characterised by energy-dense,
unhealthy foods at 9 months continued to have a high consumption
of such foods at 6 years of age and were more likely to be overweight
(Rose et al., 2017).

4.5 | Drivers of choice for UCFB

Several factors that influence caregivers' feeding decisions for UCFB
have been identified in previous research. Marketing is a known
driver for purchasing and consuming UCFB products (Sadeghirad
et al., 2016). Despite calls from the WHO to restrict the marketing of
foods and nonalcoholic beverages to children (WHO, 2010), the
marketing of these products has expanded rapidly in many LMIC
contexts, especially in the Asia region (Kelly et al., 2016), including
Cambodia (Pries et al., 2017). Further research on the role of
marketing on infant and young child UCFB consumption specifically
is needed, and regulations that restrict the marketing of these foods
to children and caregivers are essential. A child's preference for
UCFB products is another factor known to influence how caregivers
feed their children (Green et al., 2019; Pries et al., 2017; Rahman
et al., 2016; Sharma et al., 2019), including Cambodian mothers of
children 6-23 months of age (Pries et al., 2017). Added sugar, salt,
fats and other additives in UCFB create hyper-palatable products
(Gibney et al., 2017); in contexts where feeding styles respond to
child demands, this palatability can lead to poor nutritional outcomes
(Anzman et al., 2010). To reduce the consumption of UCFB and
improve IYCF and nutritional status, caregiver awareness of the
nutritional quality of these products needs to be increased. Our
findings and prior research indicate that intervening early to
safeguard child diets is vital. A recent trial in rural Bangladesh
reported significantly lower consumption of SSB and unhealthy snack
foods, as compared to a control group, among young children whose
mothers participated in a nutrition education programme beginning in
the second trimester of pregnancy and continuing throughout the
complementary feeding period (Jannat et al., 2020). Similar benefits
may occur, in this rural/peri-urban Cambodian context, from
educational strategies that highlight the risks of introducing
nutrient-poor foods that are high in added sugar and salt to children
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early in life. In addition, caregivers could be encouraged to feed
locally available nutrient-rich foods as snacks during the complemen-
tary feeding period to improve child health, growth and development

and reduce risks of obesity later in life.

4.6 | Limitations

This study has several limitations. While we were able to
successfully implement a telephone survey within the context of
COVID-19, this design prevented the collection of quantitative
dietary intake data to quantify UCFB consumption and their
contribution to overall energy and nutrient intakes, as well as
overall dietary adequacy. In addition, we were not adequately
powered to detect a statistically significant difference in growth
outcomes between UCFB consumption patterns. Another limitation
of this study is the lack of anthropometric measurements at
baseline, due to the COVID-19 pandemic, which prevented us from
adjusting for LAZ and WLZ differences.

5 | CONCLUSION

This study found that UCFB were frequently consumed by children
under 2 years of age in rural/peri-urban Khsach Kandal, Cambodia.
This consumption began during late infancy and tracked into early
childhood. UCFB can displace nutritious foods in the diet and
increase the risk of inadequate dietary intakes of nutrients that are
important for child growth, health and development. It may also lead
to the development of unhealthy consumption patterns that
contribute to overweight/obesity later in life. What is first consumed
early on can influence what children prefer and what caregivers feed
for months or years after. Therefore, drivers of feeding practices
need to be better understood and caregivers equipped with
knowledge and skills to enable optimal complementary feeding. To
reduce overconsumption of UCFB among Cambodian infants and
young children, caregivers' exposure to the marketing of these
products should be reduced, and interventions implemented to
increase caregivers' awareness of the risks high consumption of
UCFB poses for young child nutrition. Furthermore, policies and
programmes are needed that encourage the consumption of healthy,
nutritious, locally available foods during the complementary feeding
period. Finally, additional research in LMIC settings undergoing a
nutrition transition is needed to determine the impact of high UCFB
consumption on child micronutrient status and growth patterns
throughout childhood.
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