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ABSTRACT

The problems of food insecurity and under-nutrition remain particularly severe in countries recovering
from recent wars or civil unrest, where improvements in economic conditions have tended to benefit the
advantaged groups and resulted in widespread inequalities in health. Using information on 3,235 chil-
dren aged 0-59 month(s) included in the 2000 Cambodia Demographic and Health Survey, this study
examined how economic inequality was associated with inequalities in chronic childhood under-nutrition.
An under-nourished (stunted) child was defined as having his/her height-for-age more than two standard
deviations below the reference median. Household wealth status was measured by an index based on
household ownership of durable assets. Binary and multinomial logistic regressions were used for esti-
mating the effects of household wealth status on moderate and severe stunting. The results indicated
that children in the poorest 20% households were more than twice as likely to suffer from stunting as
children in the richest 20% households (odds ratio [OR]=2.54; 95% confidence interval [CI] 1.91-3.39).
Adjusting for child's age, sex, birth order, and duration of breastfeeding; age of mother at childbirth,
body mass index, and education; and household access to safe drinking-water, hygienic toilet facility,
residence, and geographic region made little difference to this effect (OR=2.05; 95% CI 1.28-3.28).
The adjusted effect of wealth status was somewhat stronger on severe stunting (relative risk ratio
[RRR]=2.26; 95% CI 1.22-4.18) than on moderate stunting (RRR=1.89; 95% CI 1.12-3.20). The study
concludes that wealth inequality is strongly associated with chronic childhood under-nutrition and em-
phasizes that reducing poverty and making services more accessible to the poor will be key to improv-
ing the health and nutritional status of children in Cambodia.
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INTRODUCTION

Despite impressive advances in health in recent decades,
many in developing countries remain vulnerable to food
insecurity, under-nutrition, and ill health (1). These prob-
lems tend to be particularly severe in countries recover-
ing from recent wars or civil unrest (2). In such settings,
health and nutritional benefits of economic growth tend
to be concentrated among the advantaged groups (3-8).
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Cambodia is one such country where decades of civil
war and violent conflicts have led to displacement, loss
of livelihood, extreme poverty, and hunger for millions.
Thirty-four percent of the country's population is esti-
mated to be absolutely poor (with an earning of less
than US$ 1 per day), mostly concentrated in rural areas
lacking many basic amenities. A vast majority of the
population does not have adequate access to food, clean
drinking-water, or healthcare (9). More than one-third
of the population is estimated to be chronically under-
nourished. The problem of under-nutrition is particularly
severe for young children (10). Recent improvements
in economic conditions are believed to have benefited
the rich more than the poor, and the effects of this wide
and apparently growing economic inequality on health
and nutrition are poorly understood (3,11).
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In Cambodia, as in many other developing countries,
under-nutrition is one of the leading causes of childhood
morbidity and mortality. Under-nutrition among children
is often caused by the synergistic effects of inadequate
or improper intake of food, repeated episodes of parasi-
tic or other childhood diseases, such as diarrhoea, and
improper care during illness (12). On the other hand,
childhood under-nutrition affects physical and cognitive
growth, impairs the immune system, and increases the
risk of morbidity and mortality (13-15). In developing
countries around the world, an estimated 148 million
children are stunted, 127 million are under-weight, and
46 million are wasted (16). According to a recent com-
parative risk assessment by the World Health Organiza-
tion, under-nutrition is estimated to be, by far, the largest
contributor to the global burden of disease (17).

Past research has linked childhood nutrition to edu-
cation and nutritional status of mothers, employment of
fathers, feeding practices, including breastfeeding, water
supply and sanitation, access to healthcare, prevalence
of parasitic and infectious diseases, health-seeking beha-
viour, race/ethnicity, rural residence, and social network
and family support (3,18-24). Demographic characte-
ristics, such as age and sex of child, birth interval (both
preceding and following), and age of mother at childbirth,
have also been associated with child nutrition (23,25).

Economic growth does not benefit all sections of the
society equally, and the resulting economic inequality
within a country affects different sections of the society
differently. Economic well-being at the household level
operates mainly through availability of better food, more
hygienic living conditions, and better access to health
services in affecting the health and nutritional status of
children.

A number of studies have shown that children in
poorer households tend to be more under-nourished than
children in better-off households (3,4,20,26-28). Social
deprivation has also been linked to nutritional status of
children (29). However, the relationship between econo-
mic inequality and nutritional status of children is not
conclusive. A recent study in Mexico found that house-
hold poverty was not a necessary condition for children
to be under-nourished (19). Another recent study in
Ecuador found inconsistent evidence of a relationship
between economic inequality and childhood under-nutri-
tion (11). A study in Cambodia found that feeding prac-
tices, health-seeking behaviour, and personal hygiene are
more important determinants of acute under-nutrtion in
children than food insecurity (18). A good discussion
of the linkages between economic and health inequalities
has been provided by Wagstaft (30,31).

In this study, we examined how inequality in house-
hold wealth status was associated with nutritional status
of young children. Using data from a recent cross-sec-
tional national survey in Cambodia, we examined the
extent to which children in poorer households were at
greater risk of chronic under-nutrition than children in
richer households.

MATERIALS AND METHODS

Analysis of data in this study was based on 3,235 chil-
dren aged 0-59 month(s) included in the first Cambodia
Demographic and Health Survey (CDHS) conducted in
2000. The CDHS collected demographic, socioeconomic
and health data from a nationally-representative sample
of 15,351 women aged 15-49 years in 12,236 households
included in the survey. The sampling design allowed for
province-level estimates for 12 large provinces and re-
gion-level estimates for 5 regions representing 13 smaller
provinces and municipalities in the country. The master
sampling frame for the CDHS was based on the Cam-
bodia General Population Census, which consisted of
600 villages selected with probability proportional to
number of households in the village. The sampling de-
sign was a three-stage stratified process with an overall
household-response rate of 98.1% and an overall woman-
response rate of 98.7%. The main CDHS report contains
the details of the sampling design (32).

To assess the physical growth and nutritional status
of children, measurements of height/length and weight
were obtained for all children aged 0-59 month(s). De-
tails about these measurements are included in the sur-
vey report (32). The nutritional status of children in this
study was measured by a z-score of height-for-age. Ratio
of height and age served as a good proxy for the state
of chronic under-nutrition among children, which was
not much affected by recent episodes of ill health. A
stunted (chronically under-nourished) child was defined
as having his/her height-for-age more than two standard
deviations below the median of an international refe-
rence population recommended by the World Health
Organization (WHO) (33-35). Children with a height-
for-age z-score below -2 standard deviations but above
-3 standard deviations were defined as moderately stunted,
and those below -3 standard deviations were defined as
severely stunted. In multivariate analysis, we used two
outcome variables of stunting: (a) not stunted, stunted
and (b) not stunted, moderately stunted, severely stunted.
In the first case, 'stunted' included both moderately and
severely stunted.
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The 2000 CDHS did not collect direct information on
household income and expenditure. This study used "prin-
cipal component analysis' (PCA) to estimate a household
wealth index from asset variables that were significantly
associated with, and represented for, per-capita expen-
diture defined in the 1999 Cambodia Socioeconomic
Survey (36). This household wealth index was used as
a proxy indicator for household economic status in this
analysis (37). Economic inequality was measured by di-
viding the wealth index into quintiles, with the lowest
quintile representing the poorest 20% households and
the highest quintile representing the richest 20% house-
holds in Cambodia.

Since household wealth status is correlated with ma-
ternal nutrition and other sociodemographic factors that
can also affect the nutritional status of children, the effects
of household economic status on stunting were estimated
after statistically controlling for the effects of these other
potentially-confounding factors (38,39). These factors
included child's age (0-5, 6-11, 12-23, 24-35, 36-47, 48-
59 months), sex (boy, girl), birth order (1, 2, 3, 4+), and
duration of breastfeeding (never breastfed, 0-11, 12-17,
18-23, >24 months); age of mother at childbirth (15-24,
25-34, 35-49 years), body mass index (BMI) (<18.5,
18.5-24.9, >25.0 kg/m?2), and education (no education,
primary or less, secondary or more); household access
to safe drinking-water (yes, no), availability of a hygie-
nic toilet facility (yes, no), residence (urban, rural), and
geographic region (Phnom Penh, Plain, Great Lake, Coas-
tal, and Plateau/Mountain). Table 1 presents more details
on variable definitions.

The effects of wealth status and other factors on stun-
ting were estimated using binary and multinomial logis-
tic regression procedures in the Stata statistical software
(40). A number of alternative logistic regression models
were estimated to assess the relative significance of dif-
ferent confounding factors included in the analysis. We
also carried out this analysis using a continuous response
variable of height-for-age z-scores and using a linear
regression model, but the results of this analysis (not
shown) were similar to those from the binary and multi-
nomial logistic regression models presented here.

In the survey, certain categories of respondents were
over-sampled and non-response rates varied from one
geographical area to another. In our analysis, weights
were used for restoring the representativeness of the sam-
ple (32). Results from binary logistic regressions are pre-
sented as odds ratios (OR), and results from multinomial
logistic regressions are presented as relative risk ratios
(RRR) with 95% confidence interval (CI). Estimation of
standard errors takes into account design effects due to
clustering at the level of the primary sampling unit.

Ethics

The study is based on secondary analysis of existing sur-
vey data with all identifying information removed. The
survey obtained informed consent from mothers of chil-
dren included in the study before asking any questions
and before taking anthropometric measurements.

RESULTS

One in every four children aged 0-59 month(s) lived in
the poorest 20% households, and 16% lived in the richest
20% households (Table 1). Children were more or less
evenly distributed by age and sex. Thirty-eight percent
of the 3,235 children were of first-order births, and 24%
were of second-order births. Most (96%) children were
breastfed, with about three-quarters (73%) being breast-
fed for more than one year. However, the prevalence of
exclusive breastfeeding was low. The median duration
of exclusive breastfeeding was less than 0.5 months (not
shown in Table 1) (32). About one-half (49%) of the
children were born to mothers aged 25-34 years. For
three-quarters of the children, the mothers had a normal
body-weight (18.5 <BMI <25.0 kg/m?), 19% had under-
weight mothers (BMI <18.5 kg/m?), and only 5% had
over-weight mothers (BMI >25.0 kg/m2). The average
height of women aged 15-49 years was 153 cm, and less
than 6% of women were shorter than 145 cm (not shown
in Table 1) (32). According to the guidelines of WHO,
adult women of height shorter than 145 cm are considered
under-nourished (41).

About one-third (32%) of the children had illiterate
mothers, and only one in seven had mothers with secon-
dary or more education. More than three-quarters of the
children lived in households without safe drinking-water
(75%) or a hygienic toilet facility (84%). Only 15% lived
in urban areas. By geographic region, two-fifths (40%)
lived in the Plain region, and 31% lived in the Great
Lake region. Only 15% lived in the Plateau/Mountain
region, 8% in the Coastal region, and 6% in Phnom Penh.

Overall, 45% of the children aged 0-59 month(s) were
stunted (Table 1). This figure represents a higher rate of
under-nutrition than in the neighbouring Southeast Asian
countries (42). The prevalence of stunting declined as the
household wealth status increased from 53% in the poorest
20% of the households (the lowest wealth index quintile)
to 31% in the richest 20% of the households (the highest
wealth index quintile) (p=0.0000). The prevalence of
stunting increased with age of child. The prevalence was
considerably less common in the first six months of life,
when children are more likely to be fully breastfed than
at older ages. The prevalence increased rapidly up to 12-
23 months of age, after which it increased more slowly.
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Table 1. Sample distribution and prevalence of stunting among children aged 0-59 month(s) by household wealth
status and other selected characteristics, Cambodia, 2000
Children (weighted) Height-for-age z-score
Characteristics No. % Percentage Standard
stunted Mean o
deviation

Cambodia 3,235 100.0 45.2 -1.75 1.64
Wealth status p=0.0000

5th quintile (richest) 513 16.0 30.8 -1.35 1.63

4th quintile 571 17.8 42.6 -1.72 1.58

3rd quintile 607 18.9 45.9 -1.72 1.65

2nd quintile 709 22.1 48.4 -1.83 1.56

Ist quintile (poorest) 808 25.2 53.0 -1.98 1.70
Age (months) of children p=0.0000

0-5 348 10.8 15.0 -0.43 1.59

6-11 313 9.7 26.4 -1.05 1.55

12-23 551 17.1 45.8 -1.78 1.49

24-35 630 19.5 51.1 -1.93 1.69

36-47 699 21.6 53.2 -2.06 1.59

48-59 693 21.4 55.0 -2.22 1.37
Sex of children p=0.4976

Boy 1,637 50.6 44.6 -1.73 1.63

Girl 1,598 49.4 45.8 -1.76 1.65
Birth order of children p=0.0001

1 1,221 37.7 41.5 -1.65 1.62

2 779 24.1 44.7 -1.76 1.66

3 486 15.0 447 -1.74 1.57

4+ 750 23.2 52.0 -1.90 1.69
Breastfeeding status (months) p=0.0000

Never 122 3.8 52.9 -2.07 1.79

0-11 766 23.7 24.7 -0.87 1.65

12-17 970 30.0 46.4 -1.83 1.45

18-23 599 18.5 50.1 -2.00 1.49

>24 778 24.0 58.9 -2.28 1.61
Age (years) of mothers at childbirth p=0.1702

15-24 1,041 322 47.1 -1.83 1.62

25-34 1,589 49.1 43.5 -1.72 1.65

35-49 604 18.7 46.2 -1.68 1.67
BMI (kg/m2) of mothers p=0.0067

<18.5 622 19.4 50.6 -1.95 1.53

18.5-24.9 2,415 75.3 43.9 -1.69 1.67

>25.0 170 53 41.2 -1.64 1.51
Education of mothers p=0.0000

None 1,026 31.7 52.5 -1.93 1.60

Primary or less 1,743 53.9 43.5 -1.66 1.67

Secondary or more 465 14.4 35.5 -1.40 1.62
Safe drinking-water* p=0.9946

No 2,424 74.9 45.2 -1.76 1.62

Yes 811 25.1 45.2 -1.71 1.69
Hygienic toilett p=0.0000

No 2,717 84.0 47.8 -1.82 1.63

Yes 518 16.0 31.8 -1.36 1.65
Location of residence p=0.0018

Urban 478 14.8 38.6 -1.56 1.65

Rural 2,757 85.2 46.3 -1.78 1.64

Contd...
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Table 1—contd.

Children (weighted) Height-for-age z-score

Characteristics No. % Percentage Standard
stunted Mean _

deviation

Geographic regiont p=0.0000

Phnom Penh 198 6.1 25.5 -1.16 1.66
Plain 1,291 39.9 47.7 -1.82 1.63
Great Lake 1,011 313 443 -1.70 1.58
Coastal 259 8.0 45.6 -1.89 1.90
Plateau/mountain 476 14.7 48.3 -1.84 1.59

BMI=Body mass index

*Safe drinking-water includes piped water, piped well, and protected dug well; THygienic toilet includes toilet
or latrine connecting to sewage or having a septic tank; tPhnom Penh region is the capital city; Plain region
includes the provinces of Kampong Cham, Kandal, Prey Veng, Svay Rieng and Takeo; Great Lake region
includes the provinces of Banteay Mean Chey, Bat Dambang, Kampong Chhnang, Kampong Thom, Pousat
and Siem Reap; Coastal region includes the provinces of Kampot, Koh Kong, Kep City and Preah Sihanouk
City; and Plateau/mountain region includes the provinces of Kampong Speu, Kracheh, Mondol Kiri, Preah
Vihear, Rattanak Kiri, Stung Traeng, Otdor Mean Chey, and Pailin City

The prevalence of stunting did not vary much by sex of
child. The prevalence was significantly higher among
children of higher birth order, which is to be expected
both because birth order is correlated with age and be-
cause competition for food is likely to be greater in
households with more children.

Among children who had some breastfeeding, the pre-
valence of stunting increased with duration of breast-
feeding. This may be partly because poorer mothers are
more likely to continue breastfeeding as a substitute for
appropriate complementary feeding. The prevalence of
stunting was also higher among children who were ne-
ver breastfed. There was a weak U-shaped relationship
between age of mothers at childbirth and stunting. As
expected, children of younger and older mothers were
more likely to be stunted than those born to mothers in
their prime reproductive years (25-34), but these differ-
ences were not statistically significant (p=0.1702). As
expected, the prevalence of stunting was also strongly
negatively associated with BMI and educational status
of mothers.

Children in households with an unhygienic toilet fa-
cility were significantly more likely to be stunted (48%)
than in households with a hygienic toilet facility (32%).
Contrary to the expectation, availability of safe drinking-
water was not associated with prevalence of stunting.
The prevalence of stunting was lower in urban areas
(39%) than in rural areas (46%) and was much lower in
the capital Phnom Penh (26%) than in other regions of
Cambodia (43-48%).

As expected, the differentials in the height-for-age
mean z-scores by household wealth status and other cha-
racteristics followed a pattern similar to that discussed
above for proportion stunted.

Effect of wealth status on stunting

The unadjusted odds of stunting were more than 2.5 times
higher among children living in the poorest (the lowest
wealth index quintile) households than among children
in the richest (the highest wealth index quintile) house-
holds (OR=2.54; 95% CI 1.91-3.39) (Table 2, Model 1).
The odds of stunting declined monotonically with in-
crease in wealth status. Controlling for child's age, sex,
birth order, and duration of breastfeeding further sharpened
this relationship. In Model 2, with these characteristics
of the child controlled, odds of stunting were 2.73 times
higher in the poorest 20% households than in the ri-
chest 20% households. Additionally, controlling for cha-
racteristics of mothers—age at childbirth, BMI, and edu-
cation—reduced the effect of wealth status slightly. In the
full model (Model 4), when availability of safe drinking-
water, hygienic toilet facility, urban/rural residence, and
geographic region were also controlled, the effect of
household wealth status on stunting remained large and
statistically highly significant. With other factors con-
trolled, children in the poorest 20% households were
more than twice as likely to be stunted as those in the
richest 20% households (OR=2.05; 95% CI 1.28-3.28).

Table 3 estimates the adjusted effects of household
wealth status on moderate and severe stunting separately,
using the three-category response variable (not stunted,
moderately stunted, severely stunted). The results indi-
cated that the household wealth status had strong nega-
tive effects on both moderate and severe stunting, but
the effect was somewhat stronger on severe stunting
(RRR=2.26; 95% CI 1.22-4.18) than on moderate stunt-
ing (RRR=1.89; 95% CI 1.12-3.20).
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among children aged 0-59 month(s), Cambodia, 2000

Table 2. Odds ratio estimates of effects of household wealth status and other selected characteristics on stunting

Variable

Odds ratio (95% confidence interval)

Model 1

Model 2

Model 3

Model 4

Wealth status

Sth quintile (richest)*
4th quintile
3rd quintile
2nd quintile
Ist quintile (poorest)

Age (months) of children

0-5*
6-11
12-23
24-35
36-47
48-59

Sex of children

Boy*
Girl

Birth order of children

1*
2
3
4+

Breastfeeding status (months)

Never*
0-11
12-17
18-23
>24

15-24*
25-34
35-49

BMI (kg/m2) of mothers

<18.5*
18.5-24.9
>25.0

Education of mothers

None*
Primary or less
Secondary or more

Safe drinking-water

No*
Yes

Hygienic toilet

No*
Yes

Location of residence

Urban*
Rural

1.67 (1.20-2.32)
1.91 (1.39-2.63)
2.11 (1.56-2.86)
2.54 (1.91-3.39)

Age (years) of mothers at childbirth

1.71 (1.21-2.41)
1.88 (1.34-2.64)
2.19 (1.58-3.02)
2.73 (2.00-3.73)

2.02 (1.26-3.23)
5.53 (3.14-9.75)
5.79 (3.27-0.26)
6.29 (3.56-11.11)
7.10 (4.01-12.56)

1.05 (0.89-1.24)

1.03 (0.83-1.27)
1.04 (0.81-1.34)
1.25 (0.98-1.61)

0.77 (0.42-1.38)
0.63 (0.38-1.04)
0.74 (0.45-1.21)
0.99 (0.60-1.64)

1.61 (1.14-2.27)
1.72 (1.21-2.44)
1.91 (1.37-2.66)
2.35 (1.70-3.25)

2.01 (1.26-3.21)
5.46 (3.09-9.66)
5.57 (3.12-9.94)
5.99 (3.37-10.63)
6.74 (3.80-11.94)

1.05 (0.88-1.25)

1.07 (0.86-1.32)
1.15 (0.89-1.49)
1.40 (1.07-1.84)

0.80 (0.44-1.48)
0.67 (0.40-1.13)
0.78 (0.46-1.31)
1.07 (0.63-1.82)

0.75 (0.61-0.92)
0.71 (0.54-0.92)

0.82 (0.66-1.01)
0.83 (0.54-1.29)

0.76 (0.63-0.93)
0.70 (0.51-0.97)

1.32 (0.86-2.03)
1.41 (0.87-2.27)
1.60 (1.00-2.57)
2.05 (1.28-3.28)

2.01 (1.26-3.21)
5.91 (3.30-10.58)
6.05 (3.34-10.96)
6.48 (3.61-11.64)
7.29 (4.07-13.05)

1.05 (0.88-1.25)

1.06 (0.86-1.32)
1.16 (0.89-1.51)
1.42 (1.08-1.86)

0.85 (0.46-1.56)
0.67 (0.40-1.12)
0.77 (0.46-1.29)
1.05 (0.62-1.75)

0.76 (0.62-0.93)
0.71 (0.54-0.93)

0.81 (0.66-1.00)
0.84 (0.54-1.32)

0.75 (0.62-0.92)
0.71 (0.51-0.97)

1.13 (0.87-1.47)

0.91 (0.63-1.32)

0.92 (0.68-1.26)
Contd...
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Table 2—contd.
Variable 0Odds ratio (95% confidence interval)
Model 1 Model 2 Model 3 Model 4
Geographic region
Phnom Penh* -
Plain 1.81 (1.08-3.03)
Great Lake 1.46 (0.87-2.45)
Coastal 1.87 (1.03-3.39)
Plateau/mountain 1.59 (0.95-2.68)
Number of children 3,208 3,208 3,179 3,179

*Reference group
For variable definitions, see Table 1
BMI=Body mass index

Table 3. Relative risk ratio estimates of effects of wealth status and other selected characteristics on moderate
and severe stunting among children aged 0-59 month(s), Cambodia, 2000

Variable

Relative risk ratio (95% CI)

Moderate stunting

Severe stunting

Wealth status
Sth quintile (richest)*
4th quintile
3rd quintile
2nd quintile
1st quintile (poorest)
Age (months) of children
0-5*
6-11
12-23
24-35
36-47
48-59
Sex of children
Boy*
Girl
Birth order of children
1 *
2
3
4+
Breastfeeding status (months)
Never*
0-11
12-17
18-23
>24
Age (years) of mothers at childbirth
15-24*
25-34
35-49
BMI (kg/m?) of mothers
<18.5*
18.5-24.9
>25.0

1.44 (0.89-2.32)
1.50 (0.87-2.57)
1.58 (0.94-2.66)
1.89 (1.12-3.20)

2.51 (1.45-4.36)
4.52 (2.14-9.54)
4.61 (2.18-9.72)
4.66 (2.16-0.05)
5.16 (2.38-1.16)

0.96 (0.79-1.18)

1.07 (0.82-1.40)
1.22 (0.90-1.67)
1.37 (0.99-1.90)

0.82 (0.36-1.88)
0.73 (0.39-1.38)
0.75 (0.40-1.42)
1.01 (0.53-1.91)

0.79 (0.62-1.00)
0.75 (0.55-1.02)

0.88 (0.70-1.11)
1.00 (0.58-1.72)

1.16 (0.65-2.06)
1.29 (0.69-2.43)
1.61 (0.86-2.99)
2.26 (1.22-4.18)

0.99 (0.44-2.22)
8.86 (4.15-18.91)
8.94 (4.11-19.41)

10.48 (4.94-22.23)
11.81 (5.61-24.88)

1.15 (0.93-1.42)

1.07 (0.81-1.40)
1.06 (0.77-1.48)
1.41 (1.03-1.92)

0.95 (0.49-1.86)
0.65 (0.36-1.17)
0.84 (0.46-1.53)
1.12 (0.63-2.02)

0.70 (0.54-0.91)
0.64 (0.45-0.90)

0.74 (0.56-0.97)
0.66 (0.38-1.13)

Contd...
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Table 3—contd.

Variable

Relative risk ratio (95% CI)

Moderate stunting

Severe stunting

Education of mothers
None*
Primary or less
Secondary or more
Safe drinking-water
No*
Yes
Hygienic toilet
No=*
Yes
Location of residence
Urban*
Rural
Geographic region
Phnom Penh*
Plain
Great Lake
Coastal
Plateau/mountain

0.73 (0.58-0.92)
0.83 (0.58-1.19)

1.09 (0.81-1.47)
0.90 (0.58-1.39)
0.94 (0.66-1.36)

2.89 (1.42-5.89)
2.31 (1.14-4.69)
2.14 (0.96-4.76)
2.54 (1.25-5.16)

0.73 (0.56-0.95)
0.59 (0.39-0.88)

1.20 (0.88-1.66)
0.93 (0.57-1.51)
0.90 (0.61-1.34)

1.22 (0.65-2.27)
0.95 (0.50-1.83)
1.76 (0.88-3.52)
1.08 (0.58-2.04)

Number of children

3,179

*Reference group
For variable definitions, see Table 1
BMI=Body mass index

Effects of other risk factors and confounders

Among the control variables, age of child had the strongest
effect on the risk of stunting, and this effect was indepen-
dent of wealth status and other maternal and household
characteristics (Table 2). With household wealth status
and other factors controlled, birth order of child, age of
mother at childbirth, BMI, and education of mother—all
had statistically significant effects, but these effects were
generally small. Also, the adjusted prevalence of stunt-
ing was significantly lower in Phnom Penh than in other
regions. With other factors controlled in Model 4 (Table
2), the effects of sex of child, duration of breastfeeding,
safe drinking-water, hygienic toilet facility, and urban/
rural residence were small and not statistically significant.
The effects of the control variables were generally simi-
lar for moderate and severe stunting, except that the effect
of age was stronger for severe stunting and the effect of
geographic region was stronger for moderate stunting
(Table 3).

Separate analyses by sex of child and urban/rural
residence

We also carried out the above multivariate analyses sepa-
rately for boys and girls and for urban and rural areas.
The results of the analyses showed that the household

wealth status had a strong negative effect on stunting in
each case (results not shown).

DISCUSSION

The association between poverty and under-nutrition is
a manifestation of the somatic development pattern of
children who live in poorer conditions with insufficient
food intake, greater exposure to infections, and lack of
access to basic health services (43). The results of the
present study have shown that childhood under-nutrition
was a serious problem in Cambodia and that children
in the poorer households were at a much greater risk of
being chronically under-nourished than children in the
better-off households. Children in the poorest 20% house-
holds were at more than twice the risk of being stunted
than children in the richest 20% households, indepen-
dent of age of child, maternal education and nutritional
status, household access to clean water and sanitation,
and other factors. The results hold separately for mode-
rate and severe stunting and in separate analyses by sex
of child and by urban/rural residence. These findings
are consistent with findings of previous studies in other
developing countries (27,28) and provide further evidence
that household economic status is an important determi-
nant of childhood under-nutrition in developing countries.
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Lack of sex differential in stunting in our study indi-
cates that there is no intra-household gender bias in feed-
ing and healthcare for children in Cambodia. An increas-
ing pattern of stunting by age is consistent with the typi-
cal pattern of increasing prevalence of childhood diseases,
such as acute respiratory infections and diarrhoea, by
age in many developing countries (44). This may partly
be due to the start of feeding solid foods at around 4-6
months of age, which increases the likelihood of consu-
ming contaminated foods and removes the protection
provided by breastmilk. Also, children start crawling at
around this age and are more likely to be carried outdoors,
which exposes them to infections. Contrary to the expec-
tation, our analysis found no significant effects of dura-
tion of breastfeeding and household water and sanita-
tion conditions on stunting in children.

In previous research, education of mother was iden-
tified as one of the key factors in promoting health and
nutrition, increasing earnings of households, and media-
ting the effect of economic status on health (45-48). In
our analysis, maternal education had only a small effect
on childhood stunting, and controlling for education did
not alter the effect of household wealth status on stunt-
ing much. This may be partly because a large majority
(86%) of mothers in Cambodia has less than primary
or no education.

One potential criticism of this study is that it does not
control for diet and healthcare indicators. However, be-
cause household wealth status operates primarily through
better access to food and healthcare in affecting child-
hood nutritional status, our inability to control for dietary
intake and access to health services is not a major limi-
tation. Another potential criticism is the cross-sectional
nature of our analysis, but because the causation runs
primarily from household wealth status to childhood
stunting, the cross-sectional effect estimated in this study
is a good measure of the causal relationship between
household wealth status and chronic under-nutrition in
childhood. The study can also be criticized for using an
indirect measure of household wealth. Because, in deve-
loping countries like Cambodia, it is hard to obtain reli-
able income and expenditure data; an asset-based index
is generally considered a good proxy for household wealth
status. Moreover, we were unable to account for the im-
pact of exclusive breastfeeding on stunting because in
Cambodia few children aged less than six months are
exclusively breastfed. Despite these potential limitations,
consistency in the direction and strength of the relation-
ship between household wealth status and childhood
under-nutrition suggests that reducing poverty and mak-
ing services more accessible to the poor will be key to

improving health and nutritional status of children in
Cambodia.
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