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Background

Inappropriate complementary feeding is a factor contributing to linear growth faltering
in early childhood. We aimed to assess complementary feeding practice and investigate
its association with linear growth faltering among children aged 6 to 23 months among
children aged 6-23 months in Cambodia.

Methods

This study is a secondary data analysis of the 2014 Cambodia Demographic and Health
Survey (CDHS). Multivariable linear regression analysis was used to investigate
associations between complementary feeding practice and linear growth faltering as
length-for-age z-scores (LAZ), adjusted for all covariates.

Results

This study included 1381 children aged 6 to 23 months. The prevalence of
age-appropriate complementary feeding practice was low in Cambodia. Only 23% of the
children met all three criteria of minimum dietary diversity, minimum meal frequency,
and age-appropriate breastfeeding. Approximately 30% of children aged 6 to 11 months
met the minimum dietary diversity requirements and less than 40% of children aged 18
to 23 months were provided breastfeeding after the introduction of complementary food.
This study found that there is no relationship between food diversity and feeding
frequency and child linear growth. However, the provision of both complementary food
and breast milk was independently and negatively associated with linear growth
(B-Coefficient=-0.38, 95% confidence interval, CI=-0.60, -0.16). Positive effects on child
linear growth, after controlling for all covariates, included the richer (3-Coefficient=0.36,
95% CI=0.07, 0.66) and richest (B-Coefficient=0.50, 95% CI=0.20, 0.79) quintiles of
households, as well as appropriate water treatment before drinking (B-Coefficient=0.22,
95% CI1=0.05, 0.40).

Conclusions

Most Cambodian young children aged 6 to 23 months received inappropriate
complementary feeding. This study suggests that from the time of conception there is a
necessity to improve maternal and child nutrition educational intervention for mothers,
including feeding and hygiene practices.

Optimal growth and development in early childhood is scribes an abnormally lower rate of growth in length com-
important for child health. Linear growth faltering de- pared with the potential growth according to age.l As a
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short-term consequence, there is an increased risk of mor-
tality and morbidity in childhood; and as long-term con-
sequences, negative influences occur in cognitive develop-
ment, future productivity, and health conditions.? Linear
growth faltering leads to the development of stunting;
which is defined as a length-for-age z-score (LAZ) of less
than minus 2, and is an important child health indicator.3
In Cambodia, child linear growth faltering is a critical pub-
lic health issue, and roughly 25% of children aged 0 to 2
years are reported as stunted.*

Linear growth faltering develops in early childhood, pre-
dominantly from six months until two years of age, which
is the same period as complementary feeding. WHO and
UNICEF recommend exclusive breastfeeding from birth to
6 months of age; and thereafter until two years of age the
introduction of complementary foods in addition to breast-
feeding, in accordance with an increase in nutrient and en-
ergy requirements.>

Inappropriate complementary feeding practice is a pri-
mary impact on the development of linear growth falter-
ing.6-8 However, appropriate complementary feeding prac-
tice is rarely observed in low- and middle-income
countries.? The poor quality complementary feeding prac-
tices of low dietary diversity and insufficient frequency of
meals respectively lead to a deficiency of micronutrients
and protein intake, and inadequate amount of calorie in-
take. Weaning earlier than recommended is also likely to
result in energy and nutritional deficiencies, as well as re-
ducing the opportunity to receive passive immunity from
the mother.10

Inappropriate complementary feeding has been consid-
ered to be a key factor contributing to suboptimal child lin-
ear growth in Cambodia.l1-12 The most recent Cambodia
Demographic and Health Survey (CDHS) report in 2014 de-
scribed inappropriate complementary feeding practices,
such as poor food diversity and early weaning. However, the
effect of age-appropriate complementary feeding practice
on childhood linear growth is yet to be fully explored us-
ing the 2014 CDHS data; in particular, food diversity and
appropriate meal frequency in complementary feeding, and
continued breastfeeding. Therefore, this study aimed to: (i)
assess complementary feeding practice of children accord-
ing to age in months, and (ii) investigate the association
between age-appropriate complementary feeding practice
and linear growth faltering among children aged 6 to 23
months using 2014 CDHS data.

METHODS
DATA

The Demographic and Health Surveys (DHS) are cross-sec-
tional, nationally representative household surveys. This
study used the most recent DHS available data in Cambodia
in 2014. The questionnaire included data on household and
individual characteristics, feeding practice, and nutritional
status of mothers and children, including anthropometric
measurements. The Cambodia DHS (CDHS) 2014 used a
two-stage stratified sampling method, with enumeration
areas (EAs) as the primary sampling unit, and households

as a secondary stage. From the full list of EAs according
to the Cambodia General Population Census (updated in
2012), 28,455 were selected for the 2014 DHS. Of these,
4245 EAs were designated as urban and 24,210 as rural,
with a total size of 15,825 households interviewed.!3

POPULATION

As part of the DHS survey design, diet diversity data were
collected from the youngest children born to mothers 15
to 49 years old and living with the mother at the time of
survey. In the CDHS 2014 meeting inclusion criteria, a ran-
dom sample of two-thirds of children were selected for in-
clusion in the child anthropometry module.!3 We there-
fore restricted the study population of this analysis to the
youngest children in each household aged 6 to 23 months
who lived with their mother and had their anthropometry
measurements taken in the CDHS 2014.

VARIABLES
OUTCOME VARIABLES

The primary outcome was the length-for-age z-score (LAZ);
which is a measure of linear growth faltering among young
children and assessed using a z-score calculated by age,
sex, and length for each child according to the WHO child
growth standards.3 Lengths of children aged less than 23
months were measured with the laying down position using
a SECA measuring board in the CHDS 2014.

EXPOSURE VARIABLES

Age-appropriate complementary feeding practice was the
primary exposure in this study. It was generated as a com-
posite variable of minimum dietary diversity, minimum
meal frequency, and age-appropriate breastfeeding using
three WHO infant and young child feeding (IYCF) indica-
tors.14 It was assessed as appropriate if children aligned
with the definitions of all three indicators: minimum di-
etary diversity, minimum meal frequency, and age-appro-
priate breastfeeding. These three IYCF indicators were de-
termined according to the following definitions:

MINIMUM DIETARY DIVERSITY

Minimum dietary diversity is assessed according to the con-
sumption of food items categorised into seven food groups;
including, “grains, roots, and tubers”, “legumes and nuts”,
“dairy products (milk, yoghurt, cheese)”, “flesh foods
(meat, fish, poultry, and liver/organ meats)”, “eggs”, “vit-
amin-A rich fruits and vegetables”, and “other fruits and
vegetables”. Children who received at least 4 of the above 7

food groups were defined as meeting dietary diversity.14
MINIMUM MEAL FREQUENCY

Breastfed children are considered to be meeting a minimum
meal frequency if they receive solid, semisolid, or soft foods
at least twice a day for infants aged 6 to 8 months, and at
least three times a day for children aged 9 to 23 months.
Non-breastfed children aged 6 to 23 months are considered
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to be fed with a minimum meal frequency if they receive
solid, semisolid, or soft foods at least four times a day.!4

AGE-APPROPRIATE BREASTFEEDING

Age-appropriate breastfeeding is attained if children aged 6
to 23 are provided breast milk plus solid, semi-solid, or soft
foods during the previous day.14

The information on the specific liquid and foods group
provided to the child and its frequency during 24 hours of
the day before the survey and current breastfeeding prac-
tice were used to define the variables.

COVARIATES

Potential risk factors for linear growth faltering related to
child, mother, and household were used as covariates in
this analysis; such as age, sex, birth weight, type of birth,
and recent illness history (acute respiratory infection (ARI),
fever, diarrhoea) of the child; educational background and
body mass index of the mother; and wealth index and place
of residence of the household. These factors were identified
from the UNICEF conceptual framework for maternal and
child undernutrition and the previous literature and avail-
able to be generated using the dataset of CDHS
2014.13,15—17

OTHER VARIABLES RELATED TO COMPLEMENTARY
FEEDING PRACTICE

PRELACTEAL FEEDING PRACTICE

Prelacteal feeding practice is defined as providing any lig-
uid before breastfeeding to an infant during the first 3 days
after birth. Mothers were interviewed about their experi-
ence of the most recent childbirth if it was in 2009 or later.
They were asked if they provided anything to drink other
than breast milk to the child in the survey.

BOTTLE FEEDING OF CHILDREN

Bottle feeding is assessed if children are fed using a bottle
with a nipple during the previous day. In the DHS interview,
the mother was asked if they gave their child anything to
drink using a bottle with a nipple during the previous day
or the last night.

HYGIENE PRACTICES RELATED TO COMPLEMENTARY
FEEDING

DRINKING WATER SOURCE AND ITS TREATMENT BEFORE DRINKING WITHIN
THE HOUSEHOLD

Drinking water status was assessed as improved or unim-
proved according to core questions on drinking water
source and sanitation for household surveys.!® In the DHS,
the responder was asked about the primary source of drink-
ing water for household members during the dry and rainy
season, and treatments performed before drinking to make
the water safer.

HANDWASHING FACILITY

A handwashing facility was categorised as basic if there
was observed in the household a handwashing facility with
available water and soap, detergents, or other cleaning
agents.1? In the DHS, the responder was asked to show the
place where household members most often washed their
hands.

ANALYSIS

Statistical analysis was carried out using Stata software ver-
sion Stata/MP 17.0 (StataCorp LLC, College Station, TX,
USA). Survey sampling weights were used for all analyses
to adjust for disproportionate sampling and nonresponse.
The interest of our study was to assess the complementary
feeding practice according to age in months and to investi-
gate the association between age-appropriate complemen-
tary feeding and IYCF indicators and linear growth among
Cambodian children aged 6 to 23 months. A binary variable
was created to classify complementary feeding practices ac-
cording to WHO IYCF indicators'4; and descriptive analy-
sis was performed to assess child feeding practice by age
groups, 6 to 11, 12 to 17 and 18 to 23 months. Univariable
linear regression analysis was applied to examine the asso-
ciation between child feeding practice and other explana-
tory variables and length for age z-score. A multivariable
linear regression was carried out to investigate the inde-
pendent association between each complementary feeding
practice variable and length for age z-score, adjusted by all
covariate variables. Sub-categorical analyses according to
children aged 6 to 11, 12 to 17, and 18 to 23 months were
carried out to investigate the association between comple-
mentary feeding practice and linear growth in each age
group.

RESULTS

A total of 1404 children met the inclusion criteria; specif-
ically, being the youngest child in the household and be-
tween the ages of 6 to 23 months, living with their mother,
and anthropometry measurements in the CDHS in 2014. Of
these, 23 children with invalid LAZ (LAZ<-6, or LAZ>6 was
treated as invalid data in the DHS) were excluded; leaving
1381 children included in the current analysis. Table 1 de-
scribes the basic characteristics of the children, mothers,
and household. The mean (SD) of LAZ among Cambodian
children aged 6 to 23 months was -1.2 (1.4). There was a de-
creasing trend in the mean LAZ with an increase in age in
months; which was -0.72, -1.4, and -1.5 in the age group of
6 to 11, 12 to 17, and 18 to 23 months, respectively (Table
1 and Figure 1).

Seven hundred eighteen participants were male (52%),
and 83 (6.5%) children were born at weights less than 2500
g. More than 80% of the households used an improved
water source for drinking, and approximately 60% of the
households used appropriate treatment methods for water
before drinking. Of the households, 65% had a basic hand-
washing facility on the premises. The mean body mass in-
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Table 1. Basic characteristics of participants and households of this study (N=1,381).

Variables 6 to 23 months (N=1,381) 6 to 11 months (n=450) 12 to 17 months (n=463) 18 to 23 months (n=468)
n (%) (95%Cl) n (%) (95%Cl) n (%) (95%Cl) n (%) (95%Cl)
Sex of the child (male) 718 (52.0) (48.3,55.6) 215 (47.9) (41.9,53.9) 278 (60.1) (53.9,66.0) 224 (47.9) (42.4,53.5)
Low birth weight * (less than 2500 g) 83 (6.5) (5.0,8.4) 28 (6.5) (4.0,10.3) 22 (5.2) (3.2,8.4) 33 (7.7) (5.2,11.3)
Type of birth (twin) 13 (1.0) (0.5,2.0) 9 (2.0) (0.8,5.0) 2 (0.3) (0.0,2.3) 3 (0.7) (0.2,2.6)
Prelacteal feeding *, 1 346 (25.6) (22.8,28.7) 117 (26.7) (21.4,32.6) 125 (27.5) (22.7,33.0) 103 (22.8) (18.3,28.0)
Bottle feeding of childrent 469 (33.9) (30.8,37.2) 177 (39.3) (33.4,45.5) 145 (31.4) (26.0,37.3) 147 (31.3) (26.6,36.5)
Improved water source for drinking * 1148 (83.2) (79.9,86) 382 (84.9) (79.4,89.2) 375 (81.0) (75.6, 85.5) 391 (83.7) (78.4,87.8)
Appropriate treatment for drinking watert 825 (59.7) (55.5,63.8) 261 (57.9) (51.1,64.4) 275 (59.3) (52.5,65.8) 290 (61.8) (55.9,67.4)
Basic handwashing facility in householdt 897 (64.9) (61.0,68.7) 285 (63.4) (57.1,69.3) 319 (69.0) (62.6,74.7) 292 (62.4) (56.3,68.1)
Wealth index Poorest 346 (25) (21.5,28.9) 93 (20.7) (15.5,27.0) 127 (27.5) (21.8,33.9) 126 (26.8) (21.8,32.5)
Poorer 273 (19.8) (17.1,22.8) 89 (19.8) (15.7,24.6) 98 (21.2) (17.1,26.0) 86 (18.4) (14.4,23.1)
Middle 264 (19.1) (16.4,22.2) 85 (18.9) (14.6,24.1) 93 (20.1) (15.1,26.2) 86 (18.3) (14.3,23.2)
Richer 247 (17.9) (15.1,21.0) 85 (18.8) (14.5,24.1) 73 (15.8) (11.6,21.3) 89 (18.9) (14.7,23.9)
Richest 252 (18.2) (15.6,21.2) 98 (21.8) (17.4,27.1) 71 (15.4) (11.6,20.2) 82 (17.6) (14.1,21.7)
Place of residence (rural) 1193 (86.4) (84.5, 88) 384 (85.4) (81.8,88.3) 408 (88.0) (84.8,90.6) 401 (85.7) (82.5,88.4)
Mother's BMI status * <18.5 215 (15.6) (13.3,18.4) 61 (13.5) (9.7,18.3) 86 (18.6) (14.5,23.5) 69 (14.8) (11.3,19.1)
18.5-24.9 952 (69.2) (65.9,72.2) 327 (72.7) (67,77.8) 303 (65.4) (59.8,70.6) 322 (69.5) (64.4,74.1)
225 209 (15.2) (12.7,18.2) 62 (13.8) (9.9,19.0) 74 (15.9) (11.5,21.7) 73 (15.8) (12.3,20.0)
Mother's BMI ¥ mean (SD) 217 (3.4) (21.4,22.0) 21.6 (3.2) (21.2,22.0) 21.7 (3.7) (21.0,22.3) 217 (3.4) (21.3,22.1)
Mother's education No education 166 (12) (9.9,14.4) 47 (10.4) (7.4,14.5) 64 (13.8) (10.2,18.4) 55 (11.7) (8.4,16.0)
Primary 768 (55.6) (52.1,59.1) 260 (57.8) (52.4,63.1) 266 (57.4) (50.8, 63.8) 242 (51.7) (46.3,57.1)
Secondary or higher 447 (32.4) (29.1,35.8) 143 (31.7) (26.7,37.3) 133 (28.8) (23.6,34.6) 171 (36.5) (31.4,42.0)
Length for age z-score, mean (SD) -1.2 (1.4) (-1.29,-1.11) -0.72 (1.4) (-0.9,-0.6) -1.4 (1.2) (-1.5,-1.3) -1.5 (1.3) (-1.46,1.32)
lliness history of ARI (last 2weekes) 103 (7.5) (5.8,9.5) 28 (6.3) (3.5,11.2) 36 (7.7) (5.3,11.1) 39 (8.3) (5.5,12.3)
lliness history of fever (last 2weekes) 494 (35.8) (32.7,38.9) 165 (36.7) (31.0,42.9) 174 (37.6) (31.8,43.8) 154 (33.0) (27.8,38.5)
Iliness history of diarrhoea (last 2weekes) 270 (19.6) (16.8,22.7) 97 (21.5) (16.3,27.9) 77 (16.7) (12.9,21.4) 96 (20.5) (16.4,25.3)

SD: standard deviation, CI: confidential interval, BMI: body mass index, ARI: acute respiratory infection

*Missing data: 6 to 23 months: Low birth weight (n=99)/ Prelacteal feeding (n=33)/ Improved water source for drinking (n=1)/ Mother’s BMI (n=4), 6 to 11 months: Low birth weight (n=19), Prelacteal feeding (n=9), 12 to 17 months: low birth weight (n=37), 18-23 month: Low

birth weight (n=44), Prelacteal feeding (n=16), Improved water source for drinking(n=1), Mother’s BMI (n=4).

TPrelacteal feeding: provision of any liquid before breastfeeding to an infant during the first 3 days after birth; Bottle feeding of children: children were fed using a bottle with a nipple during the previous day of the survey; Improved water source for drinking: household used
an improved water source for drinking, assessed according to core questions on drinking water source and sanitation for household surveys!8; Appropriate treatment for drinking water: household used appropriate methods (boiling, adding bleach/chlorine, use of water filter,
or solar disinfection) to treat the water before drinking!8; Basic handwashing facility in household: there is a place for handwashing soap, detergents, or other cleaning agents.!?
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Figure 1. Distribution of length for age z-score (LAZ) by age group (n=1,381).

dex (BMI) of the mothers in this study was 21.7, and 69%
were categorised as having a normal BMI (18.5 sBMI<25).

Table 2 shows a complementary feeding practice as-
sessed by the IYCF indicator of minimum dietary diversity,
minimum meal frequency, and age-appropriate breastfeed-
ing. Twenty-three percent of all the children had an age-
appropriate complementary feeding practice. Although
72% of children aged 6 to 23 months met the criteria of
minimum meal frequency, less than half (48%) of the chil-
dren complied with the minimum dietary diversity. The di-
etary diversity was the lowest in the youngest age group,
6 to 11 months, and highest in the oldest age group, 18
to 23 months. Approximately 80% of children aged 6 to 17
months met the criteria of age-appropriate breastfeeding
for their age group, versus 39% of children aged 18 to 23
months.

Table 3 describes the associations between the exposure
variables and child linear growth assessed using univariable
linear regression. There was no association between com-
plementary feeding practice and LAZ among children aged
6 to 23 months. In the subset analysis by age group, chil-
dren who were provided breast milk with complementary
foods had significantly lower LAZ in the age group of 6 to
11 months (B-Coefficient=-0.42, 95% confidence interval,
CI=-0.79, -0.04) and 18 to 23 months (B-Coefficient=-0.39,
95% CI=-0.70, -0.09), when compared to their counterparts
who, by and large, received complementary food only with-
out breast milk. The distribution of LAZ by indicators of
complementary feeding practice except for age-appropriate
breastfeeding described a similar shape (Figure 2, Panels
A-D). There were differences in the distribution of LAZ
by age-appropriate breastfeeding practice. The peak of the
LAZ distribution among the children with age-appropriate
breastfeeding was lower than those with age-inappropriate
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breastfeeding; and it was the most clearly observed at 18
months or older (Figure 2, Panel D). An increase in age
in months (B-Coefficient=-0.07, 95% CI=-0.08, -0.05), and
living in a rural area (B-Coefficient=-0.37, 95% CI=-0.59,
-0.16) were associated with lower LAZ. Significant associ-
ation with higher LAZ included bottle feeding (B-Coeffi-
cient=0.21, 95% CI=0.04, 0.37), using an improved water
source (B-Coefficient=0.25, 95% CI=0.02, 0.47), using ap-
propriate water treatment methods for drinking (B-Coeffi-
cient=0.23, 95% CI=0.06, 0.39), and being within the richer
(B-Coefficient=0.49, 95% CI=0.22, 0.77) or richest (B-Co-
efficient=0.74, 95% CI=0.49, 1.00) quintiles of households
(Table 3).

In multivariable analysis (Table 4), an increase in age
(B-Coefficient=-0.08, 95% CI=-0.10, -0.06) and age-appro-
priate breastfeeding (B-Coefficient=-0.38, 95% CI=-0.60,
-0.16) were independently associated with decreased LAZ
for children aged 6 to 23 months. The richer (B-Coeffi-
cient=0.36, 95% CI=0.07, 0.66) and richest (B-Coeffi-
cient=0.50, 95% CI=0.20, 0.79) quintiles of a household, and
using an appropriate treatment for drinking water (B-Co-
efficient=0.22, 95% CI=0.05, 0.40) such as using chlorine
and water filter, were associated with increased LAZ after
controlling for all covariates. In the subset analysis by age
group, there was an independent association between age-
appropriate breastfeeding and a decrease in LAZ among
older children aged 18 to 23 months but not in other
younger groups. While there was no association between
dietary diversity and child growth, a child provided four or
less food groups of foods generally had lower LAZ compared
to a child provided five or more food groups (Figure S1 in
the Online Supplementary Document).
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Table 2. Complementary feeding practice by age group (N=1,381).

Feeding practice 6 to 23 months 6to 11 months 12 to 17 months 18 to 23 months
(N=1,381) (n=450) (n=463) (n=468)
n (%) (95%Cl) n (%) (95%Cl) n (%) (95%Cl) n (%) (95%Cl)
Age-appropriate complementary feeding practice* 319(23.1) (20.0,26.4) 90 (20.0) (15.7,25.2) 145 (31.4) (25.8,37.5) 83(17.8) (13.8,22.6)
Minimum meal frequency* 1000 (72.4) (68.8,75.8) 326(72.6) (66.2,78.1) 355 (76.6) (71.3,81.2) 319(68.1) (62.3,73.4)
Minimum dietary diversity* 659 (47.7) (43.9,51.5) 130(28.8) (23.8,34.3) 234(50.6) (44.1,57) 295(63.0) (57.6,68.1)
Age-appropriate breastfeeding* 923(66.8) (63.4,70.1) 366(81.4) (76.6,85.4) 376(81.1) (76.3,85.2) 181(38.7) (33.0,44.7)

CI: confidential interval

*Age-appropriate complementary feeding practice: children who aligned with all of the definitions of minimum dietary diversity, minimum meal frequency, and age-appropriate breastfeeding are assessed as appropriate; Minimum meal frequency: breastfed children who re-
ceived solid, semisolid, or soft foods at least twice a day for 6 to 8 age in months, and at least three times a day for 9 to 23 age in months, and at least four times a day for non-breastfed children aged 6 to 23 months are defined as meeting a minimum meal frequency!4; Mini-
mum dietary diversity: children who received at least 4 of the 7 food groups (“grains, roots, and tubers”, “legumes and nuts”, “dairy products (milk, yoghurt, cheese)”, “flesh foods (meat, fish, poultry, and liver/organ meats)”, “eggs”, “vitamin-A rich fruits and vegetables”, and

“other fruits and vegetables”) were defined as meeting dietary diversity'4; Age-appropriate breastfeeding: children aged 6 to 23 who were provided breast milk in addition to solid, semi-solid, or soft foods during the previous day were defined as appropriate.4
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Table 3. Association between length for age z score and explanatory variables in univariable analysis (N=1,381).

Variables 6 to 23 months (N=1,381) 6 to 11 months (n=450) 12 to 17 months (n=463) 18 to 23 months (n=468)
B-Coefficient (95%Cl) B-Coefficient (95%Cl) B-Coefficient (95%Cl) B-Coefficient (95%Cl)

Sex (male) -0.16 (-0.32,0.003) -0.23 (-0.55,0.08) -0.13 (-0.4,0.14) -0.01 (-0.28,0.26)
Age in month -0.07% (-0.08,-0.05) -0.14t (-0.22,-0.05) -0.07 (-0.15,0.01) -0.08 (-0.17,0.01)
Minimum dietary diversity (yes) || -0.02 (-0.19,0.15) 0.20 (-0.14,0.53) 0.06 (-0.20,0.33) 0.27 (-0.05,0.59)
Minimum meal frequency (yes) || 0.18 (-0.01,0.36) 0.10 (-0.23,0.44) 0.17 (-0.14,0.47) 0.23 (-0.05,0.51)
Age-appropriate breastfeeding (appropriate) || -0.14 (-0.33,0.05) -0.42* (-0.79,-0.04) -0.31 (-0.63,0.02) -0.39* (-0.70,-0.09)
Age-appropriate complementary feeding practice (appropriate) || 0.004 (-0.20,0.21) 0.10 (-0.22,0.43) 0.09 (-0.22,0.40) -0.11 (-0.50,0.29)
Pre-lacteal feeding practices, || 0.17 (-0.02,0.36) 0.24 (-0.1,0.57) 0.12 (-0.16,0.4) 0.11 (-0.24,0.45)
Bottle feeding of children || 0.21* (0.04,0.37) 0.12 (-0.19,0.43) 0.16 (-0.12,0.44) 0.17 (-0.12,0.46)
lliness history of ARI (last 2weekes) -0.13 (-0.41,0.15) -0.58 (-1.16,-0.01) -0.23 (-0.55,0.09) 0.41 (-0.06,0.88)
lliness history of fever (last 2weekes) -0.07 (-0.25,0.11) -0.25 (-0.58,0.09) -0.14 (-0.41,0.12) 0.15 (-0.17,0.46)
Iliness history of diarrhoea (last 2weekes) -0.10 (-0.35,0.14) -0.28 (-0.73,0.16) -0.24 (-0.55,0.08) 0.11 (-0.33,0.55)
Low birth weight (less than 2500 g) § -0.33 (-0.72,0.05) -0.91t (-1.51,-0.31) 0.52 (-0.35,1.39) -0.43 (-0.94,0.09)
Mother's education No education Ref. Ref. Ref. Ref.

Primary -0.02 (-0.30,0.25) -0.08 (-0.52,0.35) 0.01 (-0.42,0.44) -0.12 (-0.61,0.36)

Secondary or higher 0.21 (-0.07,0.50) 0.07 (-0.37,0.52) 0.05 (-0.39,0.49) 041 (-0.09,0.90)
Mother's BMI§ 0.03* (0.01,0.05) 0.04 (-0.01,0.09) 0.03* (0.01, 0.06) 0.02 (-0.01,0.06)
Place of residence (rural) -0.37t (-0.59,-0.16) -0.19 (-0.52,0.15) -0.34* (-0.62,-0.05) -0.53* (-0.91,-0.16)
Basic handwashing facility in household || 0.19 (-0.01,0.39) 0.12 (-0.19,0.44) 0.22 (-0.08,0.53) 0.26 (-0.05,0.56)
Improved water source for drinking§ || 0.25* (0.02,0.47) 0.39 (-0.07,0.85) 0.15 (-0.21,0.50) 0.15 (-0.25,0.54)
Appropriate treatment for drinking water || 0.23t (0.06,0.39) 0.19 (-0.12,0.50) 0.25 (-0.01,0.51) 0.29 (-0.02,0.60)
Wealth quintile Poorest Ref. Ref. Ref. Ref.

Poorer 0.12 (-0.14,0.38) 0.07 (-0.38,0.52) 0.29 (-0.09,0.68) -0.15 (-0.53,0.24)

Middle 0.26 (-0.01,0.54) 0.47 (-0.04,0.98) 0.06 (-0.30,0.41) 0.18 (-0.24,0.6)

Richer 0.49% (0.22,0.77) 0.37 (-0.07,0.81) 0.49* (0.02,0.95) 0.49* (0.06,0.92)

Richest 0.74% (0.49, 1.00) 0.69% (0.31,1.08) 0.46* (0.06,0.87) 0.82% (0.38,1.26)

SD: standard deviation, CI: confidential interval, BMI: body mass index, ARI: acute respiratory infection

*P<0.05, T P<0.01, 1 P<0.001

§ Missing data: 6 to 23 months: Prelacteal feeding (n=33)/ Low birth weight (n=99)/ Mother’s BMI (n=4)/ Improved water source for drinking (n=1), 6 to 11 months: Prelacteal feeding (n=9)/ Low birth weight (n=19), 12 to 17 months: low birth weight (n=37), 18-23 month:
Prelacteal feeding (n=16)/ Low birth weight (n=44)/ Mother’s BMI (n=4)/ Improved water source for drinking(n=1)

|| Minimum dietary diversity: children who received at least 4 of the 7 food groups (“grains, roots, and tubers”, “legumes and nuts”, “dairy products (milk, yoghurt, cheese)”, “flesh foods (meat, fish, poultry, and liver/organ meats)”, “eggs”, “vitamin-A rich fruits and vegeta-
bles”, and “other fruits and vegetables”) were defined as meeting dietary diversity!4; Minimum meal frequency: breastfed children who received solid, semisolid, or soft foods at least twice a day for 6 to 8 age in months, and at least three times a day for 9 to 23 age in months,
and at least four times a day for non-breastfed children aged 6 to 23 months are defined as meeting a minimum meal frequency!4; Age-appropriate breastfeeding: children aged 6 to 23 who were provided breast milk in addition to solid, semi-solid, or soft foods during the
previous day were defined as appropriate!4; Age-appropriate complementary feeding practice: children who aligned with all the definitions of minimum dietary diversity, minimum meal frequency, and age-appropriate breastfeeding are assessed as appropriate; Prelacteal
feeding: provision of any liquid before breastfeeding to an infant during the first 3 days after birth; Bottle feeding of children: children were fed using a bottle with a nipple during the previous day of the survey; Basic handwashing facility in household: there is a place for
handwashing soap, detergents, or other cleaning agents!?; Improved water source for drinking: household used an improved water source for drinking, assessed according to core questions on drinking water source and sanitation for household surveys!8; Appropriate treat-
ment for drinking water: household used appropriate methods (boiling, adding bleach/chlorine, use of water filter, or solar disinfection) to treat the water before drinking.!8
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Table 4. Association between length for age z score and explanatory variables in multivariable analysis (N=1,246).

Variables 6 to 23 months (N=1,246) 6to 11 months (n=421) 11 to 17 months (n=419) 17 to 23 months (n= 406)
B-Coefficient 95%ClI B-Coefficient 95%ClI B-Coefficient 95%ClI B-Coefficient 95%ClI
Sex (male) -0.11 (-0.28,0.06) -0.2 (-0.49,0.08) -0.08 (-0.37,0.20) -0.05 (-0.33,0.24)
Age in month -0.08% (-0.10,-0.06) -0.13t (-0.22,-0.04) -0.09* (-0.17,-0.01) -0.121 (-0.21,-0.03)
Minimum dietary diversity (yes) § 0.04 (-0.15,0.24) 0.14 (-0.22,0.51) -0.02 (-0.29,0.26) 0.06 (-0.28,0.39)
Minimum meal frequency (yes) § 0.09 (-0.1,0.28) 0.001 (-0.40,0.40) 0.11 (-0.19,0.40) 0.17 (-0.14,0.48)
Age-appropriate breastfeeding (appropriate) § -0.381 (-0.60,-0.16) -0.20 (-0.64,0.23) -0.31 (-0.67,0.04) -0.41* (-0.74,-0.09)
Pre-lacteal feeding practice§ 0.03 (-0.16,0.22) 0.22 (-0.12,0.56) -0.04 (-0.33,0.25) -0.06 (-0.39,0.26)
Bottle feeding of childreng -0.08 (-0.26,0.11) 0.02 (-0.32,0.37) -0.03 (-0.33,0.27) -0.1 (-0.41,0.2)
IlIness history of ARI (last 2 weeks) -0.03 (-0.35,0.29) -0.30 (-0.81,0.20) -0.26 (-0.64,0.13) 0.30 (-0.24,0.84)
Iliness history of fever (last 2 weeks) -0.08 (-0.26,0.1) -0.22 (-0.53,0.09) -0.15 (-0.46,0.17) 0.11 (-0.22,0.43)
Iliness history of diarrhoea (last 2 weeks) 0.01 (-0.22,0.25) -0.13 (-0.54,0.29) -0.08 (-0.40,0.24) 0.11 (-0.33,0.56)
Low birth weight (less than 2500 g) -0.30 (-0.70,0.10) -0.80t (-1.40,-0.21) 0.40 (-0.58,1.39) -0.39 (-0.85,0.08)
Mother's education No education Ref. Ref. Ref. Ref.
Primary -0.22 (-0.52,0.08) -0.36 (-0.85,0.12) -0.18 (-0.70,0.34) -0.29 (-0.81,0.22)
Secondary or higher -0.13 (-0.45,0.19) -0.41 (-0.92,0.11) -0.29 (-0.82,0.24) 0.09 (-0.45,0.62)
Mother's BMI 0.02 (-0.002,0.05) 0.02 (-0.03,0.07) 0.03 (0.0001,0.06) 0.0012 (-0.04,0.04)
Place of residence (rural) 0.08 (-0.14,0.30) 0.21 (-0.19,0.61) -0.09 (-0.56,0.37) 0.04 (-0.43,0.51)
Basic handwashing facility in household§ -0.05 (-0.24,0.14) -0.02 (-0.36,0.32) 0.03 (-0.31,0.37) -0.11 (-0.41,0.18)
Improved water source for drinking§ 0.04 (-0.21,0.29) 0.18 (-0.25,0.62) 0.22 (-0.16,0.59) -0.25 (-0.72,0.21)
Appropriate treatment for drinking water§ 0.22* (0.05,0.40) 0.19 (-0.12,0.50) 0.18 (-0.09,0.44) 0.25 (-0.05,0.54)
Wealth quintile Poorest Ref. Ref. Ref. Ref.
Poorer -0.02 (-0.27,0.22) -0.10 (-0.56,0.37) 0.21 (-0.23,0.64) -0.3 (-0.69,0.09)
Middle 0.05 (-0.22,0.32) 0.26 (-0.32,0.83) -0.07 (-0.43,0.28) -0.18 (-0.63,0.27)
Richer 0.36* (0.07,0.66) 0.20 (-0.34,0.73) 0.28 (-0.17,0.72) 0.40* (0.003, 0.80)
Richest 0.501 (0.20,0.79) 0.55* (0.03,1.08) 0.22 (-0.35,0.78) 0.54 (-0.02, 1.10)

SD: standard deviation, CI: confidential interval, BMI: body mass index, ARI: acute respiratory infection

*P<0.05, T P<0.01, § P<0.001

§Minimum dietary diversity: children who received at least 4 of the 7 food groups (“grains, roots, and tubers”, “legumes and nuts”, “dairy products (milk, yoghurt, cheese)”, “flesh foods (meat, fish, poultry, and liver/organ meats)”, “eggs”, “vitamin-A rich fruits and vegeta-
bles”, and “other fruits and vegetables”) were defined as meeting dietary diversity!4; Minimum meal frequency: breastfed children who received solid, semisolid, or soft foods at least twice a day for 6 to 8 age in months, and at least three times a day for 9 to 23 age in months,
and at least four times a day for non-breastfed children aged 6 to 23 months are defined as meeting a minimum meal frequency!4; Age-appropriate breastfeeding: children aged 6 to 23 who are provided breast milk in addition to solid, semi-solid, or soft foods during the pre-
vious day were defined as appropriate!4; Prelacteal feeding: provision of any liquid before breastfeeding to an infant during the first 3 days after birth; Bottle feeding of children: children were fed using a bottle with a nipple during the previous day of the survey; Basic hand-
washing facility in household: there is a place for handwashing soap, detergents, or other cleaning agents!?; Improved water source for drinking: household used an improved water source for drinking, assessed according to core questions on drinking water source and sani-
tation for household surveys!8; Appropriate treatment for drinking water: household used appropriate methods (boiling, adding bleach/chlorine, use of water filter, or solar disinfection) to treat the water before drinking.!8
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Figure 2. Distribution of length for age z-score (LAZ) by feeding practice (n=1,381).

Panel A. Age-appropriate complementary feeding practice.

*CF: complementary feeding practice, Age-appropriate complementary feeding practice: children aligned with all of the definitions of minimum dietary diversity, minimum meal fre-

quency, and age-appropriate breastfeeding.
Panel B. Minimum dietary diversity.*

* Minimum dietary diversity: children who received at least 4 of the 7 food groups (“grains, roots, and tubers”, “legumes and nuts”, “dairy products (milk, yoghurt, cheese)”, “flesh
foods (meat, fish, poultry, and liver/organ meats)”, “eggs”, “vitamin-A rich fruits and vegetables”, and “other fruits and vegetables”) were defined as meeting dietary diversity.14

Panel C. Minimum meal frequency.*

* MMF: minimum meal frequency, Minimum meal frequency: breastfed children who received solid, semisolid, or soft foods at least twice a day for 6 to 8 age in months, and at least
three times a day for 9 to 23 age in months, and at least four times a day for non-breastfed children aged 6 to 23 months are defined as meeting a minimum meal frequency.!4

Panel D. Age-appropriate breastfeeding™ practice.

* BF: breastfeeding, Age-appropriate breastfeeding: children aged 6 to 23 who were provided breast milk in addition to solid, semi-solid, or soft foods during the previous day.!4

DISCUSSION

This study is a secondary data analysis using data from
the Cambodia Demographic and Health Surveys in 2014 to
assess the effect of complementary feeding practice on lin-
ear growth faltering among children aged 6 to 23 months.
Low prevalence was observed in Cambodia for an age-ap-
propriate complementary feeding practice among children
aged 6 to 23 months. Roughly 30% of children did not re-
ceive the minimum meal frequency. For children aged 6 to
11 months, less than 30% met the minimum diet diversity
requirements. Minimum diet diversity increased for chil-
dren aged 12 to 17 months (51%) and 18 to 23 months
(63%); although the continuation of breastfeeding among
older children aged 18 to 23 months dropped to below 40%.

This study found no evidence to support that either food
diversity or feeding frequency affects a child’s linear

growth. The provision of both complementary food and
breast milk, however, appeared to pose a negative effect on
linear growth, compared to children who received compli-
mentary food and no breast milk. The effect was particu-
larly pertinent in children aged 18 to 23 months compared
to their younger counterparts aged 6 to 17 months.

COMPLEMENTARY FEEDING PRACTICE ACCORDING TO
AGE GROUP

In this population most children did not receive appropri-
ate complementary feeding according to age. The low di-
etary diversity in the younger age group and the low preva-
lence of continued breastfeeding in the older age group
may contribute to the inadequacy of complementary feed-
ing practices. A similar trend to findings in this study -
that the lowest dietary diversity was at 6 to 11 months and
low prevalence of breastfeeding at 24 months - was ob-
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served in the 2010 Cambodia Demographic Health Survey
and other studies from five countries in middle-east and
northern Africa, and Cambodia.20-22

In Cambodia, mothers provide to children a simple rice
porridge or with small amounts of vegetables, fish, or meat
as a typical complementary meal.23 Cambodian mothers
believe that the rice porridge is a suitable and preferable
meal for their children, which may result in children being
fed limited kinds of food.23 The low household economic,
and maternal educational status, and limited access to
health services were also reported as factors associated
with lower dietary diversity.2! Continued breastfeeding af-
ter the introduction of complementary foods is important
to provide the required calorie intake, protein, and micro-
nutrients needed for the optimal growth of children. How-
ever, weaning is often observed earlier than the WHO/
UNICEF recommended age of two years old, particularly
among children with appropriate nutrition status.2425

THE EFFECT OF COMPLEMENTARY FEEDING PRACTICE
ON THE CHILD’S GROWTH

This study suggests that the continuation of breastfeeding
in complementary feeding periods negatively affects child
linear growth, while there is no effect posed by dietary di-
versity and meal frequency on the linear growth. Although
inadequate complementary feeding practice has been
recognised as a major determinants of child nutrition and
growth,®~8 the association between the quality of comple-
mentary feeding practice, such as feeding diversity and fre-
quency, and child linear growth has been reported to vary
across the context.12:26-28 A review study, which analysed
the relationship IYCF indicators and child linear growth us-
ing data from 8 countries in sub-Saharan Africa, Caribbean,
and Asia regions, including Cambodia, showed the associ-
ation between them in Bangladesh, India, and Zambia, but
not in other countries.2” However, improving the quality of
complementary feeding is important for children to meet
the nutrient requirements for optimal growth.?28 One pos-
sible reason why the association between food diversity and
meal frequency and child linear growth was not shown in
this analysis is an insufficient quantity of intake, which was
not measured as an IYCF indicator. In Cambodia, rice por-
ridge is commonly provided to a child as a complementary
food and every day children usually consume rice; some
vegetables; and animal source products including egg, fish,
or pork.23,29 However, providing the typical complementary
meal, rice porridge, often contains only a limited portion
size of ingredients; which is insufficient to complement
all of the required nutrients.232% Improving the quality of
rice porridge should be considered to meet the sufficient
amount of nutrients by taking homemade rice porridge as a
complementary meal.23

The adverse effect of breastfeeding over 12 months of
age on linear growth has been reported,30-34 while the
benefits of continued breastfeeding are widely evident.610
Continued breastfeeding, even after the introduction of
complementary foods, can supply essential nutrients and
calories, which cannot be taken from complementary foods
only.> The association between continued breastfeeding

and lower LAZ in this study can be considered the reverse
causality of the result similar to the literature. These stud-
ies conclude this association as the mothers of undernour-
ished children tend more to continue breastfeeding com-
pared to mothers of healthier children; although continued
breastfeeding beyond 12 months of age in itself does not
cause undernutrition.2533 A study examining the impact of
prolonged breastfeeding on child growth in Peruvian chil-
dren aged 12 to 15 months reported that mothers of chil-
dren with a poor health condition, such as frequent illness
episodes, poor dietary intake and nutritional status, tended
to wean later compared to mothers of healthy children.24
Continued breastfeeding to a child with a poor health status
can be considered as a maternal response, since mothers
perceive that breastfeeding is a good nutrition practice.2
In particular, families with low economic status and poor
access to health services are likely to continue breastfeed-
ing longer as a substitute for providing the necessary foods
and care for the unhealthy condition of their child.2> While
mothers understand the importance of breastfeeding, they
might have excessive expectations about the benefits of
breastfeeding. It indicates the necessity of specific educa-
tion to the mothers on the benefit of breastfeeding accord-
ing to age in months. Another possible explanation for the
adverse effect of continued breastfeeding on child growth
is that the quality of breast milk from mothers with poor
nutritional status can be inadequate. The breast milk com-
position is affected by maternal nutritional status, such as
BMI and micronutrient status.3%36 A mother whose child
is undernourished may have a poor nutritional status the
same as their child. Even though that mother may try to
provide breast milk to the child to supply the essential
nutrients, it might be less than the requirements for the
child’s optimal growth. Maternal nutrition, including di-
etary habits, affects both the quality of breast milk and the
diversity of complementary foods provided to the child.3”
In Cambodia, nutrition counselling and the encouragement
of taking a variety of foods in antenatal or postnatal care
is recommended. The strengthening of nutrition education
through antenatal and postnatal care can improve the nu-
tritional status of mothers and lead to better feeding prac-
tices and nutrition for children.

This study suggests that hygiene practices related to
complementary feeding improve the linear growth of chil-
dren in complementary feeding periods.383% Children in
the complementary feeding periods have more opportuni-
ties to be exposed to an unhygienic environment through
feeding than exclusively or predominantly breastfed chil-
dren. In particular, unclean water can be a cause of diar-
rhoea or infection. Even if it does not cause diarrhoea or
infection, chronic exposure to an unhygienic environment,
such as unclean water can cause chronic inflammation of
the intestinal tract leading to malabsorption, called “envi-
ronmental enteric dysfunction”; which contributes to de-
velopment of linear growth faltering.40:41

LIMITATIONS

There are several limitations to this study. Firstly, in this
study it is not possible to determine the causality due to
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the secondary data analysis using cross-sectional data from
CDHS 2014. In addition, while this is the most recent avail-
able dataset, it has been a relatively long time since the sur-
vey. Therefore, it may be possible that the current situation
has changed over the years. Finally, this study uses only
three indicators among eight core and seven optional IYCF
indicators - dietary diversity, meal frequency, and age-ap-
propriate breastfeeding - to evaluate age-appropriate com-
plementary feeding practices. In addition, this study does
not assess the quantity and quality of foods provided to
the children. Therefore, it may not be possible to capture
the full impact of complementary feeding practice on child
growth. However, IYCF indicators have been commonly
used for child feeding assessment in low- and middle-in-
come countries, including previously in Cambodia.l3
Therefore, it enables us to compare complementary feeding
practices between years and countries.

CONCLUSIONS

Most children do not have appropriate complementary
feeding behaviours; such as lower dietary diversity in the
6 to 11 months age group and earlier weaning at 18 to 23
months. This study found an association between contin-
ued breastfeeding and linear growth faltering. However, it
may be the reverse causality of the result because of care-
givers’ over-expectation of the benefit of breastfeeding to
children with poor nutritional status. It suggests that there
is a need for comprehensive interventions to support moth-
ers to stay well-nourished, feed their children appropri-
ately with a combination of breast milk and complementary
food, and appropriate hygiene to ensure child nutrition and
healthy growth for children.

ACKNOWLEDGEMENTS

We thank the DHS Program for providing access to the
Cambodia Demographic Health surveys. The first author
is grateful for the generous support for the development
of this study from Professor Lenka Benova, coaches and
staffs in the short course at Institute of Tropical Medicine
Antwerp, named “Write your paper based on Demographic
and Health Survey (DHS) data on reproductive and child
health.” This research was funded in whole by the Nagasaki
University WISE Programme. We would like to thank Dr.
Thomas Templeton for reviewing the manuscript for Eng-
lish.

ETHICS STATEMENT

The DHS program obtained ethical approval from insti-
tutional review boards at Inner City Fund (ICF) Interna-
tional Inc. and the National Ethics Committee for Health
Research (NEHRC) in Cambodia. Before each interview was
conducted, every participant was informed that participa-
tion in the survey was fully voluntary, the respondent could
refuse to answer any question, they could withdraw their
participation from the survey at any time, and the collected

information in this survey is strictly confidential. For each
survey, respondents were asked to provide written informed
consent prior to the survey. Parents or guardians were
asked to provide the written consent for participation of
their child or adolescent in the survey (https://dhspro-
gram.com/Methodology/Protecting-the-Privacy-of-DHS-
Survey-Respondents.cfm). This study was a secondary
analysis of data without identifiable information of each in-
dividual participant in the CDHS 2014; and therefore, ethi-
cal approval from Nagasaki University is not required. This
study complied with the ‘Ethical Guidelines for Medical and
Biological Research Involving Human Subjects’ jointly is-
sued from the Ministry of Education, Culture, Sports, Sci-
ence and Technology, the Ministry of Health, Labor and
Welfare, and the Ministry of Economy, Trade and Industry
in 2022 in Japan.

DATA AVAILABILITY

The CDHS dataset is available for research purposes from
the MEASURE DHS website (https:/www.dhsprogram.com,
data/available-datasets.cfm) after registration.

FUNDING

This research was funded by the Nagasaki University WISE
Programme.

AUTHORSHIP CONTRIBUTIONS

AM & MM conceived the study, AM & KW designed the
study protocol, and AM & KW carried out the data curation
and analysis. AM drafted the manuscript. All authors con-
tributed to the critical revision of the manuscript and ap-
proved the final version. AM is a guarantor of the paper.

DISCLOSURE OF INTEREST

The authors completed the ICMJE Disclosure of Interest
Form (available upon request from the corresponding au-
thor) and disclose no relevant interests.

ADDITIONAL MATERIAL

Table S1. Association between length for age z score and
age-appropriate complementary feeding practice in multi-
variable analysis.

Figure S1. Predicted Length for age Z score by the num-
ber of food groups adjusted by all covariate from multivari-
able regression model among children aged 6-23 months.

CORRESPONDENCE TO:

Asuka Miyazaki

School of Tropical Medicine and Global Health, Nagasaki
University,

1-12-4 Sakamoto, Nagasaki, 852-8520

Japan

amiyazaki@nagasaki-u.ac.jp

Submitted: February 13, 2023 BST, Accepted: May 22, 2023 BST

Journal of Global Health Reports 11


https://dhsprogram.com/Methodology/Protecting-the-Privacy-of-DHS-Survey-Respondents.cfm
https://dhsprogram.com/Methodology/Protecting-the-Privacy-of-DHS-Survey-Respondents.cfm
https://dhsprogram.com/Methodology/Protecting-the-Privacy-of-DHS-Survey-Respondents.cfm
https://www.dhsprogram.com/data/available-datasets.cfm
https://www.dhsprogram.com/data/available-datasets.cfm
mailto:amiyazaki@nagasaki-u.ac.jp

The association between complementary feeding practice and linear growth faltering among Cambodian children: an analysis...

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-
mons.org/licenses/by/4.0/legalcode for more information.

Journal of Global Health Reports

12



The association between complementary feeding practice and linear growth faltering among Cambodian children: an analysis...

REFERENCES

1. Roth DE, Krishna A, Leung M, Shi J, Bassani DG,
Barros AJD. Early childhood linear growth faltering in
low-income and middle-income countries as a whole-
population condition: analysis of 179 Demographic
and Health Surveys from 64 countries (1993-2015).
Lancet Global Health. 2017;5(12):e1249-e1257. doi:1
0.1016/52214-109x(17)30418-7

2. Victora CG, Adair L, Fall C, et al. Maternal and
child undernutrition: consequences for adult health
and human capital. Lancet. 2008;371(9609):340-357.
doi:10.1016/s0140-6736(07)61692-4

3. de Onis M, Garza C, Victora CG, Onyango AW,
Frongillo EA, Martines J. The WHO Multicentre
Growth Reference Study: Planning, Study Design, and
Methodology. Food Nutr Bull. 2004;25(1
suppl1):S15-S26. doi:10.1177/15648265040251s104

4. Ettyang GAK, Sawe CJ. Factors Associated with
Stunting in Children under Age 2 in the Cambodia
and Kenya 2014 Demographic and Health Surveys.
DHS Working Papers. 2016;126.

5. Pan American Health Organization (PAHO).
Guiding Principles for Complementary Feeding of the
Breastfed Child. Pan American Health Organization;
2003.

6. Bhutta ZA, Ahmed T, Black RE, et al. What works?
Interventions for maternal and child undernutrition
and survival. Lancet. 2008;371(9610):417-440. doi:1

0.1016/s0140-6736(07)61693-6

7. Stewart CP, Iannotti L, Dewey KG, Michaelsen KF,
Onyango AW. Contextualising complementary
feeding in a broader framework for stunting
prevention. Matern Child Nutr. 2013;9(suppl 2):27-45.
doi:10.1111/mcn.12088

8. Lutter CK, Grummer-Strawn L, Rogers L.
Complementary feeding of infants and young
children 6 to 23 months of age. Nutrition Reviews.
2021;79(8):825-846. doi:10.1093/nutrit/nuaal43

9. Zong X, Wu H, Zhao M, Magnussen CG, Xi B.
Global prevalence of WHO infant feeding practices in
57 LMICs in 2010-2018 and time trends since 2000
for 44 LMICs. eClinicalMedicine. 2021;37:100971. do
i:10.1016/j.eclinm.2021.100971

10. Victora CG, Bahl R, Barros AJD, et al.
Breastfeeding in the 21st century: epidemiology,
mechanisms, and lifelong effect. Lancet.
2016;387(10017):475-490. doi:10.1016/s0140-6736(1

5)01024-7

11. Marriott BP, White AJ, Hadden L, Davies JC,
Wallingford JC. How well are infant and young child
World Health Organization (WHO) feeding indicators
associated with growth outcomes? An example from
Cambodia. Matern Child Nutr. 2010;6(4):358-373. do
i:10.1111/.1740-8709.2009.00217.x

12. Hondru G, Laillou A, Wieringa FT, et al. Age-
Appropriate Feeding Practices in Cambodia and the
Possible Influence on the Growth of the Children: A
Longitudinal Study. Nutrients. 2019;12(1):12. doi:10.3
390/nu12010012

13. National Institute of Statistics, Directorate
General for Health, and ICF International. Cambodia
Demographic and Health Survey 2014. National
Institute of Statistics, Directorate General for Health,
and ICF International; 2015.

14. World Health Organization. Indicators for
Assessing Infant and Young Child Feeding Practices
Part I: Definitions. World Health Organization; 2008.

15. Reinhardt K, Fanzo J. Addressing Chronic
Malnutrition through Multi-Sectoral, Sustainable
Approaches: A Review of the Causes and
Consequences. Front Nutr. 2014;1. doi:10.3389/fnut.2
014.00013

16. United Nations Children’s Fund. UNICEF’s
Approach to Scaling up Nutrition for Mothers and Their
Children. UNICEF; 2015.

17. Danaei G, Andrews KG, Sudfeld CR, et al. Risk
Factors for Childhood Stunting in 137 Developing
Countries: A Comparative Risk Assessment Analysis
at Global, Regional, and Country Levels. PLoS Med.
2016;13(11):e1002164. doi:10.1371/journal.pmed.100
2164

18. World Health Organization, United Nations
Children’s Fund (UNICEF). Core questions on
drinking water and sanitation for household surveys.
Published 2006. Accessed February 9, 2023. https://ap
ps.who.int/iris/handle/10665/43489

19. United Nations Children’s Fund (UNICEF), World
Health Organization. Core Questions on Drinking
Water, Sanitation and Hygiene for Household Surveys:
2018 Update. United Nations Children’s Fund
(UNICEF) and World Health Organization; 2018.

20. National Institute of Statistics, Directorate
General for Health, ICF Macro. Cambodia
Demographic and Health Survey 2010. National
Institute of Statistics, Directorate General for Health,
and ICF Macro; 2011.

Journal of Global Health Reports 13


https://doi.org/10.1016/s2214-109x(17)30418-7
https://doi.org/10.1016/s2214-109x(17)30418-7
https://doi.org/10.1016/s0140-6736(07)61692-4
https://doi.org/10.1177/15648265040251s104
https://doi.org/10.1016/s0140-6736(07)61693-6
https://doi.org/10.1016/s0140-6736(07)61693-6
https://doi.org/10.1111/mcn.12088
https://doi.org/10.1093/nutrit/nuaa143
https://doi.org/10.1016/j.eclinm.2021.100971
https://doi.org/10.1016/j.eclinm.2021.100971
https://doi.org/10.1016/s0140-6736(15)01024-7
https://doi.org/10.1016/s0140-6736(15)01024-7
https://doi.org/10.1111/j.1740-8709.2009.00217.x
https://doi.org/10.1111/j.1740-8709.2009.00217.x
https://doi.org/10.3390/nu12010012
https://doi.org/10.3390/nu12010012
https://doi.org/10.3389/fnut.2014.00013
https://doi.org/10.3389/fnut.2014.00013
https://doi.org/10.1371/journal.pmed.1002164
https://doi.org/10.1371/journal.pmed.1002164
https://apps.who.int/iris/handle/10665/43489
https://apps.who.int/iris/handle/10665/43489

The association between complementary feeding practice and linear growth faltering among Cambodian children: an analysis...

21. Shaker-Berbari L, Qahoush Tyler V, Akik C,
Jamaluddine Z, Ghattas H. Predictors of
complementary feeding practices among children
aged 6-23 months in five countries in the Middle East
and North Africa region. Matern Child Nutr.
2021;17(4):e13223. doi:10.1111/mcn.13223

22. Som SV, Van Der Hoeven M, Laillou A, et al.
Adherence to Child Feeding Practices and Child
Growth: A Retrospective Cohort Analysis in
Cambodia. Nutrients. 2020;13(1):137. doi:10.3390/nul
3010137

23. Nurhasan M, Prima RA, Olsen SB, et al.
Caretakers’ perceptions and willingness-to-pay for
complementary food in urban and rural Cambodia.
Matern Child Nutr. 2021;17(3):e13130. doi:10.1111/m
cn.13130

24. Marquis G, Habicht J, Lanata C, Black R,
Rasmussen K. Association of breastfeeding and
stunting in Peruvian toddlers: an example of reverse
causality. Int J Epidemiol. 1997;26(2):349-356. doi:1
0.1093/ije/26.2.349

25. Mulder-Sibanda M, Sibanda-Mulder FS. Prolonged
breastfeeding in Bangladesh indicators of inadequate
feeding practices or mothers’ response to children’s
poor health? Public Health. 1999;113(2):65-68. doi:1
0.1016/50033-3506(99)00120-1

26. Hanley-Cook G, Argaw A, Dahal P, Chitekwe S,
Kolsteren P. Infant and young child feeding practices
and child linear growth in Nepal:
Regression—decomposition analysis of national
survey data, 1996-2016. Matern Child Nutr.
2022;18(suppl 1):e12911. doi:10.1111/mcn.12911

27. Jones AD, Ickes SB, Smith LE, et al. World Health
Organization infant and young child feeding
indicators and their associations with child
anthropometry: a synthesis of recent findings.
Matern Child Nutr. 2014;10(1):1-17. doi:10.1111/mc
n.12070

28. Krasevec |, An X, Kumapley R, Bégin F, Frongillo
EA. Diet quality and risk of stunting among infants
and young children in low- and middle-income
countries. Matern Child Nutr. 2017;13(suppl
2):e12430. doi:10.1111/mcn.12430

29. Skau JK, Bunthang T, Chamnan C, et al. The use
of linear programming to determine whether a
formulated complementary food product can ensure
adequate nutrients for 6- to 11-month-old
Cambodian infants. Am J Clin Nutr.
2014;99(1):130-138. doi:10.3945/ajcn.113.073700

30. Brakohiapa LA, Yartey J, Bille A, et al. Does
prolonged breastfeeding adversely affect a child’s
nutritional status? Lancet. 1988;332(8608):416-418. d
0i:10.1016/s0140-6736(88)90411-4

31. Victora CG, Huttly SRA, Barms FC, Martines JC,
Vaughan JP. Prolonged breastfeeding and
malnutrition: confounding and effect modification in
a Brazilian cohort study. Epidemiology.
1991;2(3):175-181. doi:10.1097/00001648-19910500
0-00003

32. Caulfield LE, Bentley ME, Ahmed S. Is prolonged
breastfeeding associated with malnutrition? Evidence
from nineteen demographic and health surveys. Int |
Epidemiol. 1996;25(4):693-703. doi:10.1093/ije/25.4.6
93

33. Simondon KB, Simondon F. Mothers prolong
breastfeeding of undernourished children in rural
Senegal. Int ] Epidemiol. 1998;27(3):490-494. doi:10.1
093/ije/27.3.490

34. Cetthakrikul N, Topothai C, Suphanchaimat R,
Tisayaticom K, Limwattananon S,
Tangcharoensathien V. Childhood stunting in
Thailand: when prolonged breastfeeding interacts
with household poverty. BMC Pediatr. 2018;18(1):395.
doi:10.1186/s12887-018-1375-5

35. Ballard O, Morrow AL. Human milk composition:
nutrients and bioactive factors. Pediatr Clin North
Am. 2013;60(1):49-74. d0i:10.1016/j.pcl.2012.10.002

36. Gibson RS, Rahmannia S, Diana A, et al.
Association of maternal diet, micronutrient status,
and milk volume with milk micronutrient
concentrations in Indonesian mothers at 2 and 5
months postpartum. Am J Clin Nutr.
2020;112(4):1039-1050. doi:10.1093/ajcn/ngaa200

37. Abi Khalil H, Hawi M, Hoteit M. Feeding Patterns,
Mother-Child Dietary Diversity and Prevalence of
Malnutrition Among Under-Five Children in
Lebanon: A Cross-Sectional Study Based on
Retrospective Recall. Front Nutr. 2022;9:815000. doi:1
0.3389/fnut.2022.815000

38. Miyazaki A, Matsui M, Tung R, et al.
Determinants of growth measurements in rural
Cambodian infants: a cross-sectional study. Int
Health. 2020;13(1):49-56. doi:10.1093/inthealth/ihaa
018

39. Saxton ], Rath S, Nair N, et al. Handwashing,
sanitation and family planning practices are the
strongest underlying determinants of child stunting
in rural indigenous communities of Jharkhand and
Odisha, Eastern India: a cross-sectional study. Matern
Child Nutr. 2016;12(4):869-884. doi:10.1111/mcn.123
23

40. Kosek M, Haque R, Lima A, et al. Fecal markers of
intestinal inflammation and permeability associated
with the subsequent acquisition of linear growth
deficits in infants. Am J Trop Med Hyg.

2013;88(2):390-396. doi:10.4269/ajtmh.2012.12-0549

Journal of Global Health Reports 14


https://doi.org/10.1111/mcn.13223
https://doi.org/10.3390/nu13010137
https://doi.org/10.3390/nu13010137
https://doi.org/10.1111/mcn.13130
https://doi.org/10.1111/mcn.13130
https://doi.org/10.1093/ije/26.2.349
https://doi.org/10.1093/ije/26.2.349
https://doi.org/10.1016/s0033-3506(99)00120-1
https://doi.org/10.1016/s0033-3506(99)00120-1
https://doi.org/10.1111/mcn.12911
https://doi.org/10.1111/mcn.12070
https://doi.org/10.1111/mcn.12070
https://doi.org/10.1111/mcn.12430
https://doi.org/10.3945/ajcn.113.073700
https://doi.org/10.1016/s0140-6736(88)90411-4
https://doi.org/10.1016/s0140-6736(88)90411-4
https://doi.org/10.1097/00001648-199105000-00003
https://doi.org/10.1097/00001648-199105000-00003
https://doi.org/10.1093/ije/25.4.693
https://doi.org/10.1093/ije/25.4.693
https://doi.org/10.1093/ije/27.3.490
https://doi.org/10.1093/ije/27.3.490
https://doi.org/10.1186/s12887-018-1375-5
https://doi.org/10.1016/j.pcl.2012.10.002
https://doi.org/10.1093/ajcn/nqaa200
https://doi.org/10.3389/fnut.2022.815000
https://doi.org/10.3389/fnut.2022.815000
https://doi.org/10.1093/inthealth/ihaa018
https://doi.org/10.1093/inthealth/ihaa018
https://doi.org/10.1111/mcn.12323
https://doi.org/10.1111/mcn.12323
https://doi.org/10.4269/ajtmh.2012.12-0549

The association between complementary feeding practice and linear growth faltering among Cambodian children: an analysis...

41. Tickell KD, Atlas HE, Walson JL. Environmental
enteric dysfunction: a review of potential
mechanisms, consequences and management

strategies. BMC Med. 2019;17(1):181. doi:10.1186/s12
916-019-1417-3

Journal of Global Health Reports

15


https://doi.org/10.1186/s12916-019-1417-3
https://doi.org/10.1186/s12916-019-1417-3

The association between complementary feeding practice and linear growth faltering among Cambodian children: an analysis...

SUPPLEMENTARY MATERIALS

Online Supplementary Document

162792.pdf

Journal of Global Health Reports

16


https://www.joghr.org/article/77655-the-association-between-complementary-feeding-practice-and-linear-growth-faltering-among-cambodian-children-an-analysis-of-the-2014-cambodia-demograp/attachment/162792.pdf
https://www.joghr.org/article/77655-the-association-between-complementary-feeding-practice-and-linear-growth-faltering-among-cambodian-children-an-analysis-of-the-2014-cambodia-demograp/attachment/162792.pdf
https://www.joghr.org/article/77655-the-association-between-complementary-feeding-practice-and-linear-growth-faltering-among-cambodian-children-an-analysis-of-the-2014-cambodia-demograp/attachment/162792.pdf

	Background
	Methods
	Results
	Conclusions
	METHODS
	Data
	Population
	Variables
	Outcome variables
	Exposure variables
	Minimum dietary diversity
	Minimum meal frequency
	Age-appropriate breastfeeding

	Covariates
	Other variables related to complementary feeding practice
	Prelacteal feeding practice
	Bottle feeding of children


	Hygiene practices related to complementary feeding
	Drinking water source and its treatment before drinking within the household
	Handwashing facility


	Analysis

	RESULTS
	DISCUSSION
	Complementary feeding practice according to age group
	The effect of complementary feeding practice on the child’s growth
	Limitations

	CONCLUSIONS
	Acknowledgements
	Ethics statement
	Data availability
	Funding
	Authorship contributions
	Disclosure of interest
	Additional material
	Correspondence to:

	References
	Supplementary Materials

