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Abstract

Eight World Health Organization (WHO) feeding indicators (FIs) and Demographic and Health Survey data for
children <24 months were used to assess the relationship of child feeding with stunting and underweight in 14
poor countries. Also assessed were the correlations of FI with country gross national income (GNI). Prevalence
of underweight and stunting increased with age and �50% of 12–23-month children were stunted. About 66%
of babies received solids by sixth to eighth months; 91% were still breastfeeding through months 12–15.
Approximately half of the children were fed with complementary foods at the recommended daily frequency, but
<25% met food diversity recommendations. GNI was negatively correlated with a breastfeeding index (P < 0.01)
but not with other age-appropriate FI. Regression modelling indicated a significant association between early
initiation of breastfeeding and a reduction in risk of underweight (P < 0.05), but a higher risk of underweight for
continued breastfeeding at 12–15 months (P < 0.001). For infants 6–8 months, consumption of solid foods was
associated with significantly lower risk of both stunting and underweight (P < 0.001), as was meeting WHO
guidance for minimum acceptable diet, iron-rich foods (IRF) and dietary diversity (P < 0.001); desired feeding
frequency was only associated with lower risk of underweight (P < 0.05). Timely solid food introduction, dietary
diversity and IRF were associated with reduced probability of underweight and stunting that was further
associated with maternal education (P < 0.001). These results identify FI associated with growth and reinforce
maternal education as a variable to reduce risk of underweight and stunting in poor countries.
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Introduction

Recent analyses have found a decrease in child deaths
under 5 years of age worldwide to 8.795 million in
2008 (Black et al. 2010) and 7.7 million in 2010
(Rajaratnam et al. 2010), yet undernutrition remains
one of the key factors associated with global loss of
life in young children (Black et al. 2003, 2010; Jones
et al. 2003; UNICEF 2009; Rajaratnam et al. 2010). In
2000, the United Nations (UN) crafted eight millen-

nium development goals (MDGs) focused on reduc-
ing poverty, and extreme hunger, and improving
education by 2015 (UN 2000).An objective of the first
MDG was to halve the prevalence of underweight
children under 5 years of age (under-5 children) as the
primary measure of undernutrition by 2015 (UN
2000). Measures of height and weight, stunting (low
height-for-age), wasting (low weight-for-height) and
underweight (low weight-for-age) are used to assess
undernutrition. Stunting in under-5 children is viewed
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as an indicator of chronic undernutrition (WHO Mul-
ticentre Growth Reference Study Group 2006). A
recent study has underscored the importance of
assessing both underweight and stunting to present a
more comprehensive picture of global advancement
towards the first MDG (Lutter et al. 2011).

In the mid-1990s, the World Health Organization
(WHO) engaged in an iterative evidence-based
process, which led to the development of new growth
standards (de Onis et al. 2004). Beginning in 2002, the
WHO sponsored the development of child feeding
guidance for young children, breastfed and non-
breastfed, to underscore the need for improvement in
early feeding practices (Dewey 2003, 2005; Dewey
et al. 2004. Based on these guidelines, scientists from
the WHO and the International Food Policy Research
Institute developed a set of indicators to assess
feeding patterns at the population level (Arimond &
Ruel 2002; Working Group on Infant and Young
Child Feeding Indicators 2007). The new WHO
feeding indicators (FIs) coupled with the WHO
growth standards enable assessment of feeding prac-
tices related to global feeding guidance.

Undernutrition, concomitant illnesses such as diar-
rhoea and high infant mortality in under-5 children
are most prevalent in the poorest countries (Black
et al. 2003; Jones et al. 2003; Victoria et al. 2003;
Blakely et al. 2005). The World Bank provides com-
parative indicators to describe the status of all coun-
tries in the world on different parameters such as
economic indicators, infant mortality and child health,
education, health care delivery, etc. In the last 10

years, the World Bank has revised its major economic
indicators and currently uses gross national income
(GNI) per capita as its principal means of ranking
country economies globally. Based on the GNI per
capita, the World Bank categorizes the countries of
the world into four economic income groups: low,
lower middle, upper middle and high income. The
low-income economies (n = 53) have a GNI per
capita of $936 to $3705, compared with $11 456 or
more for the high-income economies (n = 65) (World
Bank 2008).

Van dePoel et al. (2008) analysed stunting, wasting
and socio-economic inequalities related to malnutri-
tion in 47 developing countries using Demographic
and Health Survey (DHS) data and the WHO growth
standards (WHO Multicentre Growth Reference
Study Group 2006). This study found that stunting
and wasting disproportionately affected the poor;
however, in multivariate models there was no rela-
tionship between socio-economic status and stunting.

Blakely et al. (2005) used World Bank poverty
levels and selected risk factors including measures of
undernutrition using data from DHS and other
surveys. These authors reported a strong association
between poverty and malnutrition (assessed by
underweight) in children who were exposed to unsafe
water, poor sanitation and indoor air pollution. The
authors concluded that 37% of global childhood mal-
nutrition could be avoided if the risk factors of chil-
dren living on <$US2 per day could be improved to
match the risk profile of those children living on
>$US2.

Key messages

• The prevalence of underweight and stunting increased with age.
• Gross national income was negatively correlated with a combined breastfeeding index, but not with other

WHO feeding indicators (FI).
• Significant associations were found between early initiation of breastfeeding and a reduction in risk of

underweight, and a higher risk of underweight for babies currently breastfed at 12–15 months.
• For infants aged 6–8 months, consumption of solid foods was associated with significantly lower probabilities

of both stunting and underweight.
• Mothers with a higher educational attainment, who initiated breastfeeding within the first hour after birth and

who met the WHO guidelines for dietary diversity, had infants at lower risk of underweight and/or stunting.
• Among this sample from 14 low-income countries where 50% of 12–23-month-old children were evidencing

stunting, meeting theWHO FI of introduction of solids at 6–8 months, intake of diverse complementary foods
and sufficient intake of iron-rich foods were associated with reduced risk of stunting.
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Findings about the relationship between feeding
practices and growth have been mixed. A national
probabilistic survey in Mexico found that measures of
recommended breastfeeding and complementary
feeding practices were not associated with growth
when family economics and other factors were
included in logistic regression models (Gonzalez-
Cossio et al. 2006). Ruel & Menon (2002) reported
that recommended child feeding practices were posi-
tively associated with height-for-age in seven Latin
American countries, with a stronger effect for chil-
dren of lower socio-economic status.Arimond & Ruel
(2004) found dietary diversity among 6–23-month-old
children was positively associated with height-for-age
in seven of 11 countries when other variables were
included in the models.

An association between higher maternal education,
better feeding practices and growth outcomes has
been demonstrated in Peru (Ruel & Menon 2002),
Ghana (Armar-Klemesu et al. 2000; Monteiro et al.
2010), Brazil (Monteiro et al. 2010) and Thailand
(Limwattananon et al. 2010). Using DHS data in Peru,
better child feeding practices were associated with
higher height-for-age Z scores (HAZ) if the mothers
had attained a primary education (Ruel & Menon
2002).Attainment of a high school education was also
associated with higher HAZ and good child nourish-
ment, but improved child feeding practices had no
effect (Ruel & Menon 2002). In Ghana, lower mater-
nal educational attainment was shown to be the
primary factor associated with poorer child feeding
practices, hygiene and poor preventive health seeking
(Armar-Klemesu et al. 2000). Decline in prevalence of
stunting in Brazil over an 11-year period was associ-
ated with improvements in four factors: maternal
schooling, family purchasing power, maternal and
child health care, and sanitation (Limwattananon
et al. 2010). In Thailand, education was deemed one of
the most important ‘social determinants of health
inequities’ in terms of child malnutrition (Limwat-
tananon et al. 2010).

Relative wealth was associated with reduced stunt-
ing in Cambodia in an earlier study (Marriott et al.
2010), and when modelling adjusted for relative
wealth, a protective effect of dietary diversity at 6–8
months was no longer significant. The purpose of the

current study was to assess and evaluate the associa-
tion of the same WHO FIs (Working Group on Infant
and Young Child Feeding Indicators 2007) with
underweight and stunting as growth measures in 14
low-income countries. The general correlation of
combined age-specific FI with GNI also was assessed.
The study hypothesis was that meeting the core FI
would be associated with reduced risk of underweight
and stunting, especially within the poorest countries.
The modelling analyses included a number of vari-
ables previously shown to be associated with under-
nutrition including infant’s age, gender, maternal
education, urban/rural status and country identifiers.

Methods

Survey instrument

Those countries grouped among the World Bank’s 53
low-income economies for which DHS data were
available using the most recent ‘MEASURE DHS+’
model instrument for low contraceptive countries and
completed since 2000, were identified. The DHS
instruments include country-specific modifications of
questions and response options that are culturally
specific. As a result, we were concerned about correct
interpretation for comparison of response options
among the countries. Therefore, we secondarily
selected only those countries for which an English
language version of the survey instrument was
included in the final country report. These criteria
thus limit the countries in the study. Fourteen coun-
tries were available, which had DHS data that
included nationally representative samples of women
of childbearing age. The countries and the year of the
surveys were: India (2005–2006), Zambia (2001–
2002), Nigeria (2003), Kenya (2003), Ghana (2003),
Cambodia (2005), Bangladesh (2004), Tanzania
(2004), Zimbabwe (2005–2006), Nepal (2006),
Uganda (2006), Rwanda (2005), Malawi (2004) and
Ethiopia (2005).

Study sample

The country-specific counts for each survey were cal-
culated and compared with reports on the DHS
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website (http://www.measuredhs.com/) to insure that
the complete data sets for each country were used.
The youngest living child up to 24 months of age in
each family, excluding children who were deceased or
missing age information, was selected. Multiple chil-
dren from one mother were only included in the
analysis if the children were born at the same time
(e.g. twins). Separate analyses were conducted for dif-
ferent age groups of children using the WHO core
indicator age specifications (Dewey et al. 2004). Stunt-
ing and underweight were calculated for the sub-
sample for each country for whom height and weight
information was collected, using WHO growth stan-
dards (Garza & de Onis 2004), and -2 Z score as the

cut-off for underweight and stunting (WHO Multi-
centre Growth Reference Study Group 2006).

Variables

Eight WHO core indicators for assessing healthy
infant and young child feeding were tested (Working
Group on Infant and Young Child Feeding Indicators
2007) (Table 1). Definitions and parameters for child
feeding associated with each indicator were used to
disaggregate the data by the specified age groups
(Working Group on Infant and Young Child
Feeding Indicators 2007). All variables in the model
survey at the household, mother and child levels

Table 1. Eight World Health Organization indicators* for assessing infant and young child feeding†

1. Early Initiation of breastfeeding:
Children born in last 23.9 months and put to breast within 1 h of birth
Disaggregated and reported for live births in the last 11.9 months and live births occurring between the last 12 and 23.9 months*
2. Exclusive breastfeeding under 6 months:
Infants 0–5.9 months of age who received only breast milk during the previous day
Infants 0–5.9 months of age
Disaggregated for the age groups: 0–1.9, 2–3.9, 4–5.9 months
3. Continued breastfeeding at 1 year:
Children 12–15.9 months of age who received breast milk during the previous day
Children 12–15.9 months of age
4. Introduction of solid, semi-solid foods or soft foods:
Infants 6–8.9 months of age who received solid, semi-solid or soft foods during the previous day
Infants 6–8.9 months of age
5. Minimum dietary diversity:
Children 6–23.9 months of age who received foods from �4 food groups during the previous day
Children 6–23.9 months of age
Disaggregated for age group 6–11.9, 12–17.9, 18–23.9 months
6. Minimum meal frequency:
Breastfed children 6–23.9 months of age who received solid, semi-solid or soft foods the minimum number of times or more during the

previous day
Breastfed children 6–23.9 months of age
Disaggregated for age group 6–11.9, 12–17.9, 18–23.9 months where minimum equals: two times for breastfed infants 6–8.9 months and three

times for breastfed children 9–23.9 months
7. Minimum acceptable diet:
Breastfed children 6–23.9 months of age who received at least the minimum dietary diversity and the minimum meal frequency during the

previous day
Breastfed children 6–23.9 months of age
Disaggregated for age group 6–11.9, 12–17.9, 18–23.9 months
8. Consumption of iron-rich or iron-fortified food:
Children 6–23.9 months of age who received an iron-rich food or a food that was specially designed for infants and young children and was

fortified with iron, or a food that was fortified at home with a product that included iron during the previous day
Children 6–23.9 months of age
Disaggregated for age group 6–11.9, 12–17.9, 18–23.9 months

*Indicators for assessing infant and young child feeding practices, conclusions of a consensus meeting held 6–8 November 2007 in Washington
DC, USA (Working Group on Infant and Young Child Feeding Indicators 2007). †Underlined text = definition of indicator.
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that were relevant to the WHO eight core FIs
were identified. Across the surveys for each country,
the variable coding was carefully reviewed to ensure
comparability.

Analytical methods

DHS interviewers asked mothers how many times
their infant consumed a liquid or complementary
food in the prior 24 h. Following the WHO definition
(Anonymous 2001), breastfed children were classified
as exclusively breastfed if they received no liquid or
complementary foods other than breast milk in the
prior 24 h. Exclusive breastfeeding was calculated in
this manner for all DHS surveys in this model series
(http://www.measuredhs.com/). Food variables were
recoded so any consumption was set to 1 and
responses of ‘no consumption’ or ‘do not know’ were
set to 0. Missing values were treated as missing.

To calculate the minimum food diversity in the last
24 h for children 6–23.9 months of age, food types
were grouped into six food groups: (1) grains, roots,
tubers; (2) legumes and nuts; (3) dairy products (milk,
yogurt, cheese); (4) meat and eggs (meat, fish, poultry,
snails, liver/organ meats); (5) vitamin A-rich fruits and
vegetables; and (6) other fruits and vegetables. Note
that meat and eggs were combined into a single
group, because in eight of the 14 countries, eggs were
combined with flesh foods in the DHS survey instru-
ment. In Cambodia, dairy foods were not a response
variable. The available food groups (six in all coun-
tries except for Cambodia, for which five food groups
were available) were used to calculate the minimum
dietary diversity, which was defined as receiving foods
from four or more groups during the previous day.

Sample weights were used for all analyses following
the sample design information in the DHS statistical
manual (Rutstein & Rojas 2006). The sampling frame
for the DHS model surveys was complex and included
multistage, clustering, stratification and unequal prob-
ability sampling.

To facilitate the comparisons of the performance of
countries across multiple indicators, each country’s
overall mean compliance across all of the indicators
was calculated using the age categories specified by
the WHO FI and with each indicator/age category

combination given equal weight. Each country’s
overall mean for the subset of breastfeeding (initia-
tion of breastfeeding, exclusive breastfeeding, contin-
ued breastfeeding at 12–15 months) and solid food
indicators [introduction of solid foods at 6–8 months,
feeding diversity, feeding frequency, minimum accept-
able diet, consumption of iron-rich foods/iron-
fortified foods (IRF/IFF)] also were calculated. These
combination indexes were assessed for their correla-
tion with each country’s GNI.

Statistical analysis

Statistical Analysis Systems statistical software
package version 9.2 (SAS Institute, Cary, NC, USA)
(SAS Institute Inc 2004) was used for the analysis.
Standard errors were estimated using Taylor series
linearization method that incorporated sampling
weights and used variance formulas appropriate for
the DHS sample design.

A series of person-level logistic regression models
were estimated to examine the relationship between
the FI, stunting and underweight using data from all
14 countries. Separate models were estimated for the
breastfeeding indicators (initiation of breastfeeding,
exclusive breastfeeding: 0–5.9 months), solid foods
disaggregated to the recommended age groups
(feeding frequency, dietary diversity, IRF: 6–23.9
months), currently breastfeeding at 12–15.9 months
and consumption of solid foods for those aged 6–8.9
months. Similar to Marriott et al. (2007), following
Hatt and Waters (2006) and Peng et al. (1998),
pooled analyses were performed by combining data
from all 14 countries and including country identifi-
ers in the logistic regression models. Our main inter-
est was in the overall average effect of FIs observed
over all of the countries in the study rather than
measuring impacts for individual countries. Use of
pooled analyses increased our ability to detect
overall trends that may be obscured by noise in indi-
vidual data sets. A limitation of the use of pooled
analyses is that the DHS survey sample is not rep-
resentative in a uniform manner across countries. To
adjust for the differences in sample size across coun-
tries, we weighted the data based on the country
population as used by the DHS at the time of each
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survey. These country population figures were used
by the DHS as the basis for each country’s sampling
design and included in the final report for each
country survey. We present the multivariate analyses
here that included these sample weights.

In addition to FI, the models included infant’s age,
gender, whether the mother had any secondary edu-
cation and urban/rural status. To adjust for country-
specific factors that are related to the FIs, the models
also included a set of country-fixed effects.

India was selected as the comparison country
because it had the highest per capita GNI and largest
sample size. Two versions of each model were esti-
mated – one that included the FI as a covariate and a
second model that included interaction terms between
the FI and mother’s education level. For these models,
low education was defined as attainment of an educa-
tion level of primary school or less while high educa-
tion was defined as attainment of a secondary school
or higher level of schooling. The models that included
interaction terms allowed examination of how the
relationship between feeding practices and outcomes
differed across population subgroups.

T-tests with weighted percentages were used to
compare breastfeeding prevalence in children
between 1 and 5 months of age for each country.
Spearman (rank) correlations were used for com-
parison of the country-level measures reported in
Table 5.

Results

Tables 2–5 present the 14 countries in descending
order based on the World Bank 2006 per capita GNI
(World Bank 2008). Table 2 presents the prevalence
of underweight and stunting for the age groups 0–5,
6–11, 12–17, 18–23 and 12–23 months calculated using
the WHO reference standards, the sample sizes of the
children in the age groups for each country and the
sample sizes for the age groups used in the undernu-
trition calculations for each country. Note that height
and weight information was only collected for a sub-
sample in some countries.

Considerable variation existed in underweight
prevalence across countries; for example, among
12–23 months, underweight ranged from 12.5% in

Zimbabwe to 43.3% in India and Bangladesh. Overall
and for each country, prevalence of stunting was
higher with each successive increase in age group
(0–5, 6–11, 12–17, 18–23 months). Among 18–23
months, the prevalence of stunting ranged from
44.1% (Uganda) to 69.5% (Malawi).

Table 3 provides the prevalence of meeting the
breastfeeding guidelines and the introduction of solid
foods as measured by the FI among the 14 countries.
Overall, 38% of mothers reported that they initiated
breastfeeding within their child’s first hour of life.
These rates varied considerably across countries. For
example, 9.0% of mothers in Bangladesh initiated
breastfeeding within the first hour compared with
almost 67.5% of mothers in Zimbabwe. Overall, there
was no difference (P = 0.397) in the timing of
breastfeeding initiation for 0–11- and 12–23-month-
old children.

Rates of exclusive breastfeeding reported for
infants in their first two months varied greatly
among the countries, ranging from 27.3% in Nigeria
to 94.4% in Rwanda. For all countries, the preva-
lence of exclusive breastfeeding was lower for 2–3-
month-old children than it was for 0–1-month-old
children, and lower for 4–5-month-old children than
for those aged 2–3 months. These differences were
highly significant for all countries (P < 0.0001). Varia-
tion in exclusive breastfeeding was observed for the
older infants – for example, by months 4–5, rates of
exclusive breastfeeding remained at almost 80% in
Rwanda but fell to 8.7% in Nigeria.

Over 65% of 6–8-month-olds received solid foods
in the day preceding the survey. Across countries, this
prevalence ranged from approximately 50% in Ethio-
pia to 90% in Tanzania. Across all countries, more
than 88% of mothers reported that they continued to
breastfeed their infants through months 12–15. This
prevalence of continued breastfeeding was above
90% in all but four countries and was above 95% in
five countries (Bangladesh, Malawi, Nepal, Rwanda
and Zambia).

Table 4 shows the prevalence of compliance with
the WHO solid food FIs. Overall, nearly half of
currently breastfed children aged 6–11 months or
12–23 months received solid foods the minimum
number of times per day for their age (Table 1). For
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Table 2. Gross national income (GNI) per capita, country, GNI equivalent in US dollars, number of children in different age categories used in this
study from Demographic and Health Surveys, 2001–2006, in 14 countries and prevalence [%(SEM)] of underweight and stunting by World Health
Organization (WHO) standards

GNI

per capita*

Country (year)† GNI ($US)* Full sample (height and weight sample)

0–5 months‡ 6–11 months‡ 12–17 months‡ 12–23 months‡ 18–23 months‡

161 India (2005–2006) 820 4275 (4282) 4521 (4509) 4566 (4555) 9025 (8965) 4459 (4410)
172 Zambia (2001–2002) 630 651 (650) 645 (645) 665 (663) 1306 (1295) 641 (632)
173 Nigeria (2003) 620 611 (612) 623 (619) 571 (566) 998 (990) 427 (424)
175 Kenya (2003) 580 600 (601) 608 (608) 591 (578) 1084 (1054) 493 (476)
177 Ghana (2003) 510 338 (314) 399 (399) 405 (411) 724 (722) 319 (311)
180 Cambodia (2005) 490 770 (346) 790 (387) 794 (381) 1 552 (772) 758 (391)
182 Bangladesh (2004) 450 681 (678) 589 (587) 720 (719) 1241 (1237) 521 (518)
188 Tanzania (2004) 350 744 (744) 805 (805) 775 (774) 1474 (1457) 699 (683)
188 Zimbabwe (2005–2006) 340 490 (491) 490 (483) 507 (498) 907 (877) 400 (379)
192 Nepal (2006) 320 418 (422) 466 (465) 490 (488) 979 (973) 489 (485)
195 Uganda (2006) 300 752 (253) 750 (267) 758 (266) 1492 (517) 734 (251)
199 Rwanda (2005) 250 863 (433) 803 (401) 843 (417) 1598 (780) 755 (363)
201 Malawi (2004) 230 1099 (1103) 1183 (1178) 1175 (1174) 2208 (2195) 1033 (1021)
204 Ethiopia (2005) 170 1015 (495) 896 (441) 984 (506) 1686 (858) 702 (352)

Weighted total 13 307 (11 424) 13 568 (11 794) 13 844 (11 996) 26 274 (22 692) 12 430 (10 696)

GNI

per capita*

Country (year)† GNI ($US)* Underweight WHO % (SEM)

0–5 months‡ 6–11 months‡ 12–17 months‡ 18–23 months‡ 12–23 months‡

161 India (2005–2006) 820 30.7% (0.76) 36.3% (0.74) 39.5% (0.75) 47.1% (0.78) 43.3% (0.54)
172 Zambia (2001–2002) 630 12.6% (1.31) 21.5% (1.63) 26.0% (1.71) 27.2% (1.79) 26.6% (1.24)
173 Nigeria (2003) 620 13.6% (1.40) 24.3% (1.74) 33.3% (2.01) 30.0% (2.25) 32.0% (1.50)
175 Kenya (2003) 580 6.4% (1.03) 13.7% (1.41) 17.6% (1.62) 20.4% (1.89) 18.9% (1.23)
177 Ghana (2003) 510 7.1% (1.48) 19.4% (2.01) 17.9% (1.92) 23.8% (2.45) 20.4% (1.52)
180 Cambodia (2005) 490 9.8% (1.64) 17.6% (1.95) 21.5% (2.14) 30.5% (2.35) 26.3% (1.60)
182 Bangladesh (2004) 450 26.9% (1.74) 31.5% (1.93) 42.6% (1.86) 44.2% (2.20) 43.3% (1.42)
188 Tanzania (2004) 350 8.4% (1.02) 15.2% (1.27) 15.1% (1.29) 17.4% (1.46) 16.2% (0.97)
188 Zimbabwe (2005–2006) 340 8.2% (1.33) 11.6% (1.49) 9.9% (1.37) 15.6% (1.91) 12.5% (1.14)
192 Nepal (2006) 320 18.2% (1.89) 29.8% (2.13) 30.8% (2.10) 41.5% (2.25) 36.1% (1.55)
195 Uganda (2006) 300 10.3% (1.96) 23.2% (2.59) 24.5% (2.67) 14.4% (2.25) 19.7% (1.77)
199 Rwanda (2005) 250 7.8% (1.30) 18.8% (1.96) 24.0% (2.09) 22.9% (2.22) 23.5% (1.52)
201 Malawi (2004) 230 7.7% (0.83) 20.4% (1.21) 17.7% (1.14) 20.0% (1.29) 18.8% (0.86)
204 Ethiopia (2005) 170 10.1% (1.45) 26.8% (2.16) 34.3% (2.13) 39.4% (2.65) 36.3% (1.66)

Weighted total 18.7% (0.38) 26.8% (0.42) 30.0% (0.43) 35.3% (0.47) 32.5% (0.32)

GNI

per capita*

Country (year)† GNI ($US)* Stunting WHO % (SEM)

0–5 months‡ 6–11 months‡ 12–17 months‡ 18–23 months‡ 12–23 months‡

161 India (2005–2006) 820 26.9% (0.73) 29.8% (0.71) 47.9% (0.77) 60.6% (0.76) 54.3% (0.55)
172 Zambia (2001–2002) 630 21.7% (1.64) 36.5% (1.91) 52.9% (1.95) 64.3% (1.93) 58.4% (1.38)
173 Nigeria (2003) 620 23.7% (1.75) 30.2% (1.87) 49.5% (2.14) 56.5% (2.43) 52.3% (1.61)
175 Kenya (2003) 580 15.8% (1.59) 19.8% (1.64) 41.2% (2.09) 51.7% (2.35) 45.9% (1.57)
177 Ghana (2003) 510 12.4% (1.92) 15.1% (1.84) 28.6% (2.29) 45.8% (2.92) 35.9% (1.83)
180 Cambodia (2005) 490 17.2% (2.08) 17.5% (1.95) 37.4% (2.52) 52.6% (2.55) 45.4% (1.82)
182 Bangladesh (2004) 450 22.6% (1.67) 26.1% (1.84) 48.8% (1.89) 60.7% (2.20) 53.7% (1.45)
188 Tanzania (2004) 350 20.5% (1.49) 28.2% (1.59) 41.2% (1.78) 54.9% (1.92) 47.6% (1.32)
188 Zimbabwe (2005–2006) 340 22.7% (2.06) 27.5% (2.08) 35.3% (2.19) 53.0% (2.63) 43.2% (1.71)
192 Nepal (2006) 320 17.5% (1.87) 24.4% (2.00) 38.4% (2.22) 57.0% (2.27) 47.6% (1.61)
195 Uganda (2006) 300 17.7% (2.47) 22.6% (2.57) 37.6% (3.02) 44.1% (3.18) 40.7% (2.19)
199 Rwanda (2005) 250 22.6% (2.03) 29.2% (2.28) 55.0% (2.44) 59.7% (2.58) 57.1% (1.78)
201 Malawi (2004) 230 25.3% (1.43) 38.8% (1.47) 55.4% (1.50) 69.5% (1.49) 62.0% (1.07)
204 Ethiopia (2005) 170 23.1% (2.13) 33.5% (2.31) 48.3% (2.26) 66.1% (2.57) 55.5% (1.72)

Weighted total 23.3% (0.42) 29.0% (0.43) 46.4% (0.47) 59.4% (0.49) 52.6% (0.34)

SEM, standard error of the mean. *Source: World Bank Country Profiles, accessed May 2008 (http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/

0,,pagePK:180619~theSitePK:136917,00.html). †Demographic and Health Survey year. ‡Most recent living breastfed children, including multiple births;
age group ranges represent child age through and including the last day of the second month.
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6–11-month-olds, compliance with the feeding fre-
quency indicator was highest in Nepal (70.1%) and
lowest in Rwanda (34.8%). Among those aged
12–17.9 and 18–23 months, compliance was highest in
Nepal and lowest in Uganda. In nine of the 14 coun-
tries, the rate of adherence to the feeding frequency
indicator was lower for 18–23-month children than
for those aged 12–17 months.

Minimum dietary diversity is defined as receiving
foods from �4 food groups during the previous 24 h.
Adherence with the dietary diversity guideline was
much lower than adherence with the feeding fre-
quency indicator. For infants aged 6–11 months,
adherence rates ranged from 3.3% in Ethiopia to
24% in Cambodia and Nepal. The overall weighted
mean for this age group was 11.3%. While there was
some improvement among older children (the overall
mean more than doubled from 11.3% to 25.1%),
Bangladesh and Cambodia were the only countries in
which more than half of 18–23-month children were
in adherence with the feeding diversity guideline.

The low prevalence of food diversity was reflected
in the low overall prevalence of children of all ages
who achieved a minimum acceptable diet, which is a
combination of the feeding frequency and dietary
diversity indicators (6–11 months: 7.7%; 12–17
months: 15%; 18–23 months: 16.3%).

More children in all countries in all age groups met
the guidelines for IRF. Among those aged 18–23
months, six countries achieved compliance of more
than 60% for this indicator, although adherence was
below 30% in three countries (Ethiopia, India,
Nepal).

Table 5 presents the GNI for each country (World
Bank 2008), composite indices (based on the weighted
average across the relevant indicators) and relative
ranks of country-based compliance with the WHO
indicators. While country-level analyses have clear
limitations, a significant negative correlation was
found between the breastfeeding index and per capita
GNI (P < 0.01), such that countries with lower per
capita GNI tended to have higher compliance with the
breastfeeding guidelines (initiation of breastfeeding,
exclusive breastfeeding, breastfeeding at 12–15.9
months of age).The correlation between GNI and the
solid food feeding indices was not significant (P > 0.5).

The correlation between per capita GNI and stunting
or underweight was not significant (P > 0.05).

Table 6 presents the results from the logistic models
that we estimated to assess the association between
the FI and underweight and stunting. While the
models included all of the covariates described in the
Methods section, Table 6 only reports the coefficients
for the variables related to the FI, including the inter-
action terms between mother’s education level and
FI.The complete set of model results is available from
the authors.

Among 0–5-month-old infants overall, there were
no significant association between breastfeeding ini-
tiation or exclusive breastfeeding and stunting. The
probability of being underweight was significantly
lower for those who initiated breastfeeding within the
first hour after birth (P < 0.05). Higher maternal edu-
cation was significantly associated with a lower risk of
both stunting and underweight among mothers who
initiated breastfeeding in the first hour (P < 0.05 and
P < 0.01, respectively).

Among children aged 12–15 months overall, those
who were currently breastfeeding had a significantly
higher rate of being underweight (P < 0.001). For
underweight, a significant relationship was observed
for the high-education group (P < 0.01), but not the
low-education group.

For infants aged 6–8 months, consumption of
solid foods was associated with significantly lower
probabilities of both stunting and underweight
(P < 0.001 for both outcomes). This relationship was
observed for both the low- and high-education groups
(P < 0.001 for both outcomes and both education
groups).

While no relationship was found between feeding
frequency and stunting, a significant association of
feeding frequency and underweight was found
(P < 0.05).There was no relationship between feeding
frequency and either outcome measure in the version
of the models that included feeding frequency and the
maternal education interaction term.

Consuming a minimum acceptable diet was associ-
ated with a significantly lower overall probability of
being underweight (P < 0.01), and with being stunted
(P < 0.01). In the version of the models that interacted
minimum acceptable diet with education, we found
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that a minimal acceptable diet was associated with a
reduced risk of stunting among high maternal educa-
tion group (P < 0.01). There was no significant rela-
tionship between minimum acceptable diet and
underweight for either education subgroup.

Consumption of IFF was associated with a lower
risk of both underweight and stunting (P < 0.001). A
significant relationship was also observed separately
for the low- and high-education groups (P < 0.05 or
P < 0.001, respectively, for both measures).

Overall, dietary diversity was associated with a sig-
nificantly lower risk of both stunting and underweight
(P < 0.001 for both measures). For both outcomes, this
relationship was significant for the high-education
group for both outcome measures (P < 0.001), but
was not significant for the low-education group.

Discussion

Similar to other reports, stunting prevalence progres-
sively increased in all countries across the three age
groups 6–11, 12–17 and 18–23 months, affecting
almost 60% of children 18–23 months (Black et al.
2008; Victoria et al. 2008; Lutter et al. 2011).

Poverty, as measured by country level per capita
GNI, was not correlated with underweight or stunt-
ing. Among these poor countries, only India had
Blakely’s minimal projected income of �$2/day for
potential undernutrition reduction (Blakely et al.
2005); our data did not support that threshold as suf-
ficient to obviate the prevalence of underweight or
stunting.

In one of the countries included here (Cambodia),
an earlier study showed that a within-country asset
index did relate household wealth to growth (Marri-
ott et al. 2010). It was not possible to use the DHS-
generated asset index to measure relative wealth
across countries in this study, because the index was
not available for all 14 of the countries. In addition,
the asset composition and construction of the index
varied from country to country, so the index was not
comparable across the countries. However, using the
country-level GNI we did find that low country-level
GNI was correlated with high scores on our compos-
ite breastfeeding index, suggesting that poverty need
not impede compliance with this WHO FI.

The rates of initiation of breastfeeding within the
first hour of birth and exclusive breastfeeding through
6 months were extremely variable, similar to other
studies (Vesel et al. 2010). We found that early initia-
tion of breastfeeding was significantly associated with
reduction in risk of underweight, and higher maternal
education was associated with reduced risk of both
underweight and stunting among early breastfeeders.
The absence of a significant association between early
breastfeeding initiation and either outcome in the low
education subgroups may suggest a need for
improved education to realize the full benefits of
early initiation of breastfeeding. Among these 14
countries, exclusive breastfeeding did not appear to
be protective against later underweight or stunting. In
contrast, meeting the complementary feeding guid-
ance of solid foods at 6–8 months was highly associ-
ated with lowered risk of stunting and underweight.
These results underscore that failure to introduce
appropriate solids promptly in the second semester of
infancy is critical to risk of later stunting and under-
weight. The steady increase in prevalence of stunting
over the age groups in this study indicates sustained
nutrition inadequacy, despite a high prevalence of
continued breastfeeding in some countries.

The results in the current study suggest that of all
the FIs, the timely introduction of solids is the most
closely related to underweight and stunting. Because
food type is not specified in this indicator, and likely is
different across the countries, this result suggests that
energy is the first limiting nutrient in the young child’s
diet. Other indicators for solid food feeding under-
scored a distinct lack of dietary diversity in children in
all age groups. The specific types of food types that
were not consumed varied by country, but most chil-
dren regularly lacked vitamin A-rich foods, dairy
products, and regular intake of fruits and vegetables.

These 14 countries had modest success in meeting
the FI for intake of IRF (including IFF) among young
children, with approximately 30–40% of children
6–23 months having been fed a source of iron in the
previous 24 h.The prevalence of IRF intake is encour-
aging since iron deficiency anaemia is linked to
approximately 134 000 deaths in children annually
and regular intake of IRF has been reported to result
in reduction of the prevalence of anaemia among
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young children from 10% to 40% in less than a year
(World Food Programme & UNICEF 2006).

Modelling of the FI with underweight and stunting
as outcomes indicated a relationship between the
solid FI (diversity, IRF) and a lower probability of
stunting. Compliance with all of the solid FI, with the
exception of the feeding frequency FI, was associated
with a lower probability of being underweight. These
results suggest that WHO FIs that focus on feeding
diversity and IRF should be emphasized more than
feeding frequency and the composite index minimal
acceptable diet.

Continued breastfeeding at 12–15 months was asso-
ciated with a higher probability of underweight in the
present study. Negative associations between pro-
longed breastfeeding and growth, or nutritional
status, have been reported previously (Rao & Kanafe
1992; Grummer-Strawn 1993; Caulfield et al. 1996).
Others have mentioned reverse causality as a possible
explanation where the infants are breastfed longer for
recovery (Caulfield et al. 1996); however, it seems
unlikely that a single behavioural choice would
operate commonly across the 14 countries studied
here. It is possible that overreliance on breastfeeding
has competed with dietary diversity (Caulfield et al.
1996; Horta et al. 2007; Cope & Alison 2008). Interest-
ingly, the quality of the complementary diet but not
continued breastfeeding was shown to correlate with
lean tissue mass at 24 months in a sample of UK
toddlers (Robinson et al. 2009). The data in this study
and others underscore the need for additional longi-
tudinal research to support recommendations for
optimal breastfeeding duration (Dewey 1998, 2003;
Dewey et al. 1999; Lartey et al. 2000; Fewtrell et al.
2007; Working Group on Infant and Young Child
Feeding Indicators 2007; ESPGHAN Committee on
Nutrition 2008).

Similar to other reports, this study found significant
and somewhat complex statistical associations
between higher maternal education level, feeding
practices and growth outcomes (Caulfield et al. 1996;
Armar-Klemesu et al. 2000; Ruel & Menon 2002; Lim-
wattananon et al. 2010). Infants (0–5 months) of
mothers with a higher educational attainment, who
initiated breastfeeding within the first hour after
birth, had a lower probability of stunting and under-

weight. With exception of the WHO age-based
complementary FI food frequency, the majority of the
other WHO age-based solid food FI showed a signifi-
cant lower probability of both stunting and under-
weight with improved maternal education (stunting:
introduce solids at 6–8 months, minimum acceptable
diet, IRF, dietary diversity; underweight: introduce
solids at 6–8 months, IRF, dietary diversity).

The limitations of DHS include reporting and recall
bias, a problem common to other surveys, particularly
for retrospective data relying on memory of past
events (Peng et al. 1998; Ruel & Menon 2002).
Another limitation is that the DHS is not conducted
with the same periodicity in all countries. As a result,
in our study while we used the most recent DHS data
available for the 14 countries, the survey data collec-
tion period ranged from 2001 to 2006 across the coun-
tries. Identification of countries based on per capita
GNI, instrument used, timing of the survey and avail-
ability of an English language version of the instru-
ment limited the study to 14 countries that are not
globally representative. In addition, while the same
survey instrument was used across the countries, the
DHS tailors the response variables to reflect the situ-
ation in each country; therefore, requiring some vari-
able recoding for cross-country comparisons such as
presented here. A DHS household-based asset index
is available for most of the recent surveys; however,
these indexes are constructed so that comparisons
among countries are limited to disaggregated asset
elements common to specific countries.

Improved feeding practices are key to reduction in
underweight and stunting, and also reduction of dis-
eases where underweight is linked as an underlying
cause (Black et al. 2003).These results support a focus
on early initiation of breastfeeding, timely introduc-
tion of solid foods, young child dietary diversity and
maternal education as the most promising interven-
tions to improve nutrition, and thereby reduce the
disease burden and 7.7 million annual deaths globally
among children less than 5 years of age.
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