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Inequalities in reproductive, maternal, newborn
and child health in Vietnam: a retrospective study
of survey data for 1997–2006
Henrik Axelson1,2*, Ulf-G Gerdtham3,4,5, Björn Ekman6, Dinh Thi Phuong Hoa7,8 and Tobias Alfvén9,10
Abstract

Background: Vietnam has achieved considerable success in economic development, poverty reduction, and health
over a relatively short period of time. However, there is concern that inequalities in health outcomes and
intervention coverage are widening. This study explores if inequalities in reproductive, maternal, newborn and child
health and nutrition changed over time in Vietnam in 1997–2006, and if inequalities were different depending on
the type of stratifying variable used to measure inequalities and on the type of outcome studied.

Methods: Using data from four nationally representative household surveys conducted in 1997–2006, we study
inequalities in reproductive, maternal, newborn and child health and nutrition outcomes and intervention coverage
by computing concentration indices by living standards, maternal education, ethnicity, region, urban/rural
residence, and sex of child.

Results: Inequalities in maternal, newborn and child health persisted in 1997–2006. Inequalities were largest by
living standards, but not trivial by the other stratifying variables. Inequalities in health outcomes generally increased
over time, while inequalities in intervention coverage generally declined. The most equitably distributed
interventions were family planning, exclusive breastfeeding, and immunizations. The most inequitably distributed
interventions were those requiring multiple service contacts, such as four or more antenatal care visits, and those
requiring significant support from the health system, such as skilled birth attendance.

Conclusions: Three main policy implications emerge. First, persistent inequalities suggest the need to address
financial and other access barriers, for example by subsidizing health care for the poor and ethnic minorities and by
support from other sectors, for example in strengthening transportation networks. This should be complemented
by careful monitoring and evaluation of current program design and implementation to ensure effective and
efficient use of resources. Second, greater inequalities for interventions that require multiple service contacts imply
that inequalities could be reduced by strengthening information and service provision by community and village
health workers to promote and sustain timely care-seeking. Finally, larger inequalities for interventions that require a
fully functioning health system suggest that investments in health facilities and human resources, particularly in
areas that are disproportionately inhabited by the poor and ethnic minorities, may contribute to reducing
inequalities.
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Background
Vietnam has achieved considerable success in economic
development, poverty reduction, and health over a rela-
tively short period of time. From being one of the poor-
est countries in the world in the early 1980s, it has
become a lower-middle-income country with an esti-
mated gross national income (GNI) per capita of US$
1,160 in 2010 [1]. The poverty headcount decreased
from 37% in 1998 to 14% in 2008. The under-five mor-
tality rate decreased from 51 deaths per 1,000 live births
in 1990 to 23 in 2010 and the maternal mortality ratio
decreased from 170 to 59 deaths per 100,000 live births
in the same time period, putting Vietnam on track to
achieve Millennium Development Goals (MDGs) 4 and
5 on child and maternal health [2,3].
However, these improvements have not been spread

equally across the population. Several studies have found
significant, sustained and sometimes widening disparities
in health outcomes between population groups [4,5]. In
response to these disparities, the government launched a
program in 2003 called the Health Care Fund for the
Poor to increase access to health services and reduce the
financial burden of health care by providing free health
insurance to the poor, ethnic minorities and children
under six years old. By 2007, the number of beneficiaries
was about 15 million, equal to around 18% of the total
population [6]. Two recent studies of the impact of the
initial phase of this program found mixed effects on
health care utilization and out-of-pocket spending by
beneficiaries of the program, but findings were promising
enough to justify further financial and political support in
combination with efforts to strengthen operational aspects
of the program [7,8].
Vietnam is not unique in displaying inequalities in re-

productive, maternal, newborn and child health (RMNCH).
Several single- and multi-country studies have demon-
strated that poor mothers and children do worse than their
better-off peers in health outcomes, access to health care,
and payment for health care as a share of income [9-12].
Several studies have explored how differences in outcomes
are associated with factors such as knowledge of preventive
measures, coverage of health services, and access to finan-
cial protection mechanisms [13-15]. Most of these studies
have measured inequalities by living standards, as measured
by income, expenditure, consumption or wealth. Fewer
studies have studies inequalities by other dimensions, such
as education [16], ethnicity [17], place of residence [18],
and gender [19].
The objectives of this study are two-fold: (i) to explore

whether or not inequalities in RMNCH and nutrition
outcomes and intervention coverage changed over time
in Vietnam in 1997–2006, and (ii) to analyze if inequal-
ities were different depending on the type of stratifying
variable used to measure inequalities and on the type of
outcome studied. Two main contributions to the litera-
ture are suggested: (i) to our knowledge, this is the first
analysis of long-term trends in RMNCH inequalities in
Vietnam using nationally representative data, and (ii)
analyzing inequalities by several socioeconomic dimen-
sions in addition to living standards will contribute to an
increased understanding of the range of factors that in-
fluence inequalities in RMNCH.
Methods
Data sources
We used publicly available data collected at four points
in time: 1997 and 2002 cross-sectional data from the
Demographic and Health Surveys (DHS) and 2000 and
2006 cross-sectional data from the Multiple Indicator
Cluster Survey (MICS) [20,21]. The DHS and the MICS
collect comparable, nationally representative data on
health and nutrition outcomes, intervention coverage,
demographic information and a wealth index. Using data
from both DHS and MICS to analyze trends in health
outcomes and service coverage is common in the litera-
ture [22-25]. Each survey contains information provided
by women of reproductive age (15–49 years old) from at
least 7,000 households (1997: 7,001; 2000: 7,628; 2002:
7,048; 2006: 8,355; each with a response rate of at least
98%). As a consequence of the stratified sampling survey
design used by both DHS and MICS, different observa-
tions have different probabilities of selection. We adjusted
for this by applying weights to each observation equal to
the inverse of the probability of being sampled [26].
Health and nutrition outcome indicators
DHS and MICS contain information required for esti-
mating infant and under-five mortality rates, malnutri-
tion and prevalence of common child illnesses (see
Table 1 for a list of the health and nutrition outcome
indicators included in the study).
The two data sources we use in this study call for two

different methods of estimating infant and under-five
mortality. DHS surveys collect full birth histories from
mothers, which enables direct estimation of mortality
[27]. Using this approach we constructed life-tables with
survival times, which were then used to calculate mor-
tality rates. MICS surveys collect incomplete birth his-
tories, which include data on the number of children
born and the number of children surviving, but no infor-
mation on dates of these events. Incomplete birth histor-
ies require indirect estimation of mortality, which
involves applying a model life table to the available data,
i.e. number of children ever born and number of chil-
dren still alive [28]. We used the QFIVE software to cal-
culate mortality rates with the indirect estimation
method [29].



Table 1 Indicators of health and nutrition outcomes used in the study

Category and sub-category Indicator

1. Health outcomes

Infant mortality Number of deaths of infants aged 0–12 months per 1,000 live births

Under-five mortality Number of deaths of children aged 0–59 months per 1,000 live births

Childhood illness % of children aged 0–59 months with suspected acute respiratory infection in last 2 weeks

% of children aged 0–59 months with diarrhea in last 2 weeks

% of children aged 0–59 months with fever in last 2 weeks

2. Nutrition outcomes

Low birth weight % of births with weight less than 2,500 g

Child malnutrition % of children aged 0–5 years who are underweight (weight for age is more than two standard
deviations [SD] below the median of an international reference population)

% of children aged 0–5 years who are stunted (height for age is more than two SD below the
median of an international reference population)

% of children aged 0–5 years who are wasted (weight for height is more than two SD below
the median of an international reference population)
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We calculated prevalence of pneumonia and diarrhea,
which remain the leading killers of children globally; in
2008 they together accounted for one-third of deaths
among children less than five years of age [30]. To meas-
ure inequalities in malnutrition, which contributes to
one-third of child deaths globally, we calculated preva-
lence of underweight, stunting and wasting [31]. Only
the 2000 MICS survey included data on these three indi-
cators, which prevented a trend analysis. However, all
four surveys included data on low birth-weight, which
enabled us to study trends in an indicator considered an
important predictor of a newborn’s survival, growth, and
long-term health and psychosocial development, as well
as being associated with a pregnant woman's overall
health status [32].

Intervention coverage indicators
Although the pathways to child mortality and morbidity
are complex and influenced by economic development
and other social determinants of health, interventions in
the health system contribute to improving health out-
comes [33]. A recent systematic review of the evidence
has identified 56 interventions that are key to improving
RMNCH outcomes [34]. It has been estimated that if
these interventions were universally available, they could
reduce global child mortality by two-thirds and maternal
deaths by at least half [35,36]. It is therefore of interest
to study inequalities in coverage of these interventions
(see Table 2 for a list of the intervention coverage indica-
tors for which data were available in our data sources,
and their definitions, included in the study).

Inequality stratifying variables
We measured inequalities by several stratifying variables.
Direct measures of living standards such as income,
expenditure and consumption are rarely collected in
health surveys such as DHS and MICS. However, both
DHS and MICS collect data on living conditions and
household assets, which can be used to compute an in-
direct or proxy measure for living standards called the
asset or wealth index [37,38]. The index is calculated for
each household in a survey to divide the sample into
quintiles: five groups of equal size, from poorest to
richest.
We also estimated inequalities by education of mother,

ethnicity, region, urban versus rural residence, and sex
of the child. The two surveys use a different number of
categories for the highest level of education obtained by
the mother. MICS uses seven categories in the 2000 sur-
vey and five in 2006. DHS uses six categories in both
1997 and 2002. To address this we constructed four cat-
egories for education of mother: no education, primary
education, lower secondary education, and upper sec-
ondary and higher education.
Since there are more than 50 ethnic minority groups

in Vietnam, comprising 14% of the total population, we
combined them into one group and compare their out-
comes with those of the majority ethnic group [39]. We
also assessed inequalities by urban versus rural residence
and by region. MICS uses eight regions, while DHS uses
seven regions. To adjust for this we obtained the list of
provinces included in the MICS regions and then allo-
cated those provinces in the same manner as was done
in the DHS, leaving us with seven regions for analysis in
both surveys.

Measures of inequality
We used several complementary methods to study in-
equalities in MNCH, all of which have found broad ac-
ceptance in the health inequality literature [40]. We



Table 2 Indicators of intervention coverage used in the study

Category and sub-category Indicator

1. Family planning

Any method % of women using any family planning method

Modern method % of women using a modern family planning method (contraceptive pill, intrauterine device,
injections, condom, sterilization)

2. Maternal and newborn health

Antenatal care % of pregnant women attended at least once for antenatal care during pregnancy by skilled health
personnel

% of pregnant women attended at least 4 times for antenatal care during pregnancy by skilled
health personnel

Tetanus toxoid vaccination % of women who received at least 2 tetanus toxoid doses during last pregnancy (if in last year)

Place of delivery % of births delivered in health facilities

Skilled birth attendance % of deliveries attended by skilled health personnel (doctor/nurse/midwife)

3. Child health

Feeding % of children born in the last 12 months who were breastfed within one hour of birth

% of infants under 6 months exclusively breastfed

% of infants aged 6–9 months who are breastfed and receive complementary food

Immunization % of children aged 12–23 months who are immunized against measles

% of children aged 12–23 months who received BCG vaccine

% of children aged 12–23 months who received three doses of DPT vaccine

Vitamin A supplementation % of children 6 to 59 months receiving one dose of Vitamin A in the past 6 months

Careseeking and treatment of common
childhood illnesses

% of children with diarrhea in the last 2 weeks who were brought to an appropriate health provider

% of children aged 0–59 months with diarrhea in the last 2 weeks who received ORT and continued
feeding

% of children with suspected acute respiratory infection in the last 2 weeks who were brought to an
appropriate health provider

% of children aged 0–59 months with suspected ARI receiving antibiotics
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tabulated health and nutrition outcomes and interven-
tion coverage by stratifying variable, for example under-
five mortality by wealth quintile and immunization
coverage for the seven regions. We calculated ratios for
health and nutrition outcomes and intervention cover-
age, such as poorest vs. richest quintile, ethnic minority
vs. majority, and rural vs. urban place of residence.
These measures of inequality provide a broad descriptive
analysis of inequalities in MNCH. However, while tabu-
lations and ratios are intuitive in their presentation, they
have certain limitations. For example, ratios ignore pat-
terns in the middle of the wealth and education distribu-
tions and tabulations do not shed light on variations
within quintiles or education levels. A more comprehen-
sive picture of inequality across the full distribution is
provided by the concentration index (CI), which is a
measure of the magnitude of inequality that can be com-
pared across time, country and region [41]. The CI has
been used to compare inequality in child mortality [42],
child immunization and child malnutrition [43]. The CI
is defined as twice the area between the concentration
curve and the line of equality.a The CI varies from −1 to
1, with 0 indicating perfect equality. The index takes a
negative value if it lies above the line of equality, which
indicates a disproportionate concentration of the vari-
able among the poor. If the CI of mortality is negative it
means that mortality is higher among the poor. It takes
a positive value if it lies below the line of equality, indi-
cating that the variable is disproportionately concen-
trated among the rich. If the CI for immunization is
positive, it means that the rich benefit from higher
coverage of this intervention. The CI requires data that
can be ranked in a meaningful way. This requirement
holds for measures of living standards, such as the
wealth index, and education levels, but there is no way
to meaningfully rank individuals or households by ethni-
city, geography, or gender. We were therefore limited in
generating concentration indices for health and nutrition
outcomes and intervention coverage indicators for the
living standard and education stratifying variables. To
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examine trends in inequality over time, we tested the
null hypothesis that there was no change between 1997
and 2006.
With the exception of mortality estimates from MICS

data, which were computed using the QFIVE software,
Stata version 10.0 was used for all analyses of this study.

Results
Health and nutrition outcomes
The mean infant mortality rate (IMR) decreased from
32.0 deaths per 1,000 live births in 1997 to 18.8 in 2006,
while the mean under-five mortality rate (U5MR)
decreased from 41.2 to 23.0. There were inequalities in
mortality rates by living standards (see Table 3). For ex-
ample, in 1997 a child in the poorest 20% of the popula-
tion was almost three times (2.8) more likely to die
before his or her fifth birthday compared to his or her
peers in the richest 20% of the population. These in-
equalities increased over time; in 2006 the poor/rich
ratio was 4.5. Similar inequalities were identified for the
IMR.
The largest reductions for both IMR and U5MR in

1997–2006 were recorded in the richest and poorest
quintiles; the middle quintiles recorded smaller reduc-
tions. Within each survey the mortality rate generally
decreased from the poorest quintile to the 2nd quintile
and so on, with a few exceptions (see Figure 1).
The CI confirmed the living standards inequalities

identified through tabulations and ratios. The CI in 1997
was −0.1639 for IMR and −0.1828 for U5MR. By 2006,
disparities had increased to −0.1896 for IMR and to
−0.1875 for U5MR.
While smaller in magnitude than for living standards,

there were inequalities by the other stratifying variables
as well (see Table 3). In 2006, the U5MR for children
whose mother had no education was 41.0 deaths per
1,000 live births, while the rate for children whose
mother had completed upper secondary education or
higher was 6.7. In 1997, the U5MR of ethnic majority
and minorities groups were 34.7 and 72.5 deaths per
1,000 live births, respectively (a ratio of 2.1). This in-
equality increased slightly over time; in 2006 the ratio
was 2.3.
The analysis of differences by sex of the child found

that boys were more likely to die before their fifth birth-
day in 1997, 2000 and 2002.The U5MR for boys was
49.1 deaths per 1,000 live births in 1997; for girls it was
32.6. In 2006, inequalities ran in the opposite direction;
the rate was 17.5 for boys and 25.5 for girls. There were
also geographic inequalities. The IMR and U5MR were
about twice as high for children living in rural versus
urban areas in 1997–2002; in 2006 it was about six times
as high. In 2006, mortality rates were highest in the
Northern Uplands and Red River Delta. The largest
reductions in under-five mortality between 1997 and
2006 occurred in the Mekong River Delta.
Inequalities in the three nutrition outcomes for which

we only had data from the 2000 MICS survey were iden-
tified for all stratifying variables (see Table 4). The poor/
rich ratio was 2.75 for stunting, 2.41 for underweight
and 1.49 for wasting. The CI in 2000 was −0.1067 for
underweight, -0.1216 for stunting, and −0.0967 for wast-
ing. Almost half (46.5%) of children with mothers with-
out education were underweight, while the figure for
upper secondary or higher education was 20.0%. Nutri-
tion inequalities were less pronounced by ethnicity,
urban versus rural residence, and sex of child.
Inequalities by living standards for low birth weight were

considerable, although they decreased over time. For ex-
ample, the CI for low birth weight declined from −0.2810
to −0.1236 between 1997 and 2006. Inequalities by educa-
tion (CI = −0.0040) and ethnicity (minority/majority
ratio = 1.11) had almost disappeared by 2006.
Mixed results were found for child illness inequalities by

living standards as measured by the CI (see Table 5). The
CI for proportion of children with suspected acute respira-
tory infection decreased from −0.0794 in 1997 to −0.0231
in 2006, while the CI for proportion of children with diar-
rhea increased from −0.0603 in 1997 to −0.1414 in 2006.
We also found inequalities by the other stratifying vari-
ables, but they were generally less pronounced. We did not
identify any strong patterns of change over time in inequal-
ities in prevalence of child illness by education, ethnicity,
region, urban versus rural residence, or sex of child.

Intervention coverage
The results for intervention coverage are presented in
Table 6. We found small inequalities for family planning
interventions in 1997–2006. Almost all maternal and
newborn health indicators displayed decreasing inequal-
ities by both living standards and education over time.
For example, for at least one antenatal care contact the
living standard CI decreased from 0.2833 in 1997 to
0.0587 in 2006, while the education CI decreased from
0.0765 to 0.0463. Inequalities were more pronounced for
interventions requiring multiple service contacts. For
example, while pregnant women in the richest quintile
were 1.5 times more likely than pregnant women in
the poorest quintile to have been attended at least
once during pregnancy by skilled health personnel in
2002 (CI = 0.0776), they were almost five times as likely
to have been attended at least four times (CI = 0.3170). In
2006, pregnant women in the poorest quintile were about
half as likely as the rich to have delivered in a health facil-
ity (CI = 0.1182) and to have had their births attended by
skilled health personnel (CI = 0.1025). These indicators
exhibited considerable inequalities by other stratifying
variables as well: the CI by education for delivery in facility



Table 3 Infant and under-five mortality rates in Vietnam, 1997–2006

IMR U5MR

Year 1997 2000 2002 2006 1997 2000 2002 2006

1. Total sample 32.0 36.8 24.2 18.8 41.2 47.0 30.3 23.0

2. Living standards

Poorest quintile 42.4 45.5 33.6 19.8 61.0 59.5 43.9 24.0

2nd quintile 37.5 38.0 29.2 23.5 45.8 48.0 34.4 29.3

Middle quintile 30.7 35.5 20.8 22.5 33.4 45.0 25.6 26.8

4th quintile 28.7 26.3 19.0 14.3 37.0 32.3 25.8 17.8

Richest quintile 15.1 14.0 12.7 4.4 20.7 17.3 14.2 5.6

Ratio poor/rich 2.8 3.3 2.6 4.5 2.9 3.4 3.1 4.3

Concentration Index −0.1639 −0.1913 −0.1764 −0.1896 −0.1828 −0.2024 −0.1843 −0.1875

p (CI = 0) p < 0.05 p < 0.05 p < 0.05 p > 0.05 p < 0.05 p < 0.05 p < 0.05 p > 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

3. Education of mother

No education 38.8 47.5 25.9 32.3 57.0 63.0 35.6 41.0

Primary 38.7 40.0 29.5 17.3 50.9 51.5 34.3 20.8

Lower secondary 31.4 33.5 21.9 24.0 39.8 42.0 29.1 30.0

Upper secondary or higher 17.4 12.3 18.8 5.6 20.7 14.8 21.7 6.7

Ratio no education / upper
secondary or higher

2.2 3.9 1.4 5.8 2.8 4.3 1.6 6.1

Concentration Index −0.1071 −0.1685 −0.0785 −0.1137 −0.1278 −0.1809 −0.0734 −0.1157

p (CI = 0) p > 0.05 p > 0.05 p < 0.05 p > 0.05 p > 0.05 p > 0.05 p < 0.05 p > 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

4. Ethnicity

Majority 27.0 32.0 23.2 15.8 34.7 40.0 28.4 18.8

Minority 55.6 44.5 28.5 33.8 72.5 58.3 38.5 43.0

Ratio minority / majority 2.1 1.4 1.2 2.1 2.1 1.5 1.4 2.3

5. Sex of child

Male 39.7 36.3 25.6 14.0 49.1 46.3 33.4 17.5

Female 23.5 36.0 22.7 20.8 32.6 46.3 27.0 25.5

Ratio female/ male 0.6 1.0 0.9 1.5 0.7 1.0 0.8 1.5

6. Place of residence

Urban 20.6 18.5 13.3 3.8 25.1 22.5 15.9 4.5

Rural 34.3 38.3 26.5 22.0 44.6 48.5 33.3 27.3
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Table 3 Infant and under-five mortality rates in Vietnam, 1997–2006 (Continued)

Ratio rural/ urban 1.7 2.1 2.0 5.9 1.8 2.2 2.1 6.1

7. Region

Red River Delta 25.1 39.3 22.4 29.8 32.3 50.0 27.2 37.3

Northern Uplands 40.7 35.0 28.2 29.0 50.2 44.0 32.9 37.0

North Central Coast 35.0 39.3 40.1 18.8 40.0 50.8 47.1 22.5

South Central Coast 31.4 32.5 17.8 10.8 40.8 41.0 19.8 13.0

Central Highlands 45.0 37.0 21.8 17.8 51.6 47.5 35.8 21.5

Southeast 17.8 13.0 11.0 6.8 17.8 16.0 19.5 8.5

Mekong River Delta 33.1 45.0 21.5 12.3 51.5 59.3 28.8 15.0

Notes:
1. Infant mortality rate (IMR) = number of deaths of children less than one year of age per 1,000 live births.
2. Under-five mortality rate (U5MR) = number of deaths of children less than five years of age per 1,000 live births.
3. p (CI = 0) = probability of concentration index being equal to zero (if p < 0.05, then there is a statistically significant difference between a concentration index of zero, indicating perfect equality, and the obtained
concentration index; such a result indicates inequality).
4. p (CI1997 = CI2006) = probability of concentration index for 1997 being equal to concentration index for 2006 (if p < 0.05, then there is a statistically significant difference between the concentration index in 1997 and
the concentration index in 2006; such a result indicates a change in inequality over time).
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Figure 1 Under-five mortality rates in Vietnam 1997–2006 (number of deaths of children less than five years of age per 1,000 live births).
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and skilled birth attendance were 0.0669 and 0.0612, re-
spectively, in 2006. The ethnic minority/majority ratios for
these two interventions were 0.43 and 0.47, respectively.
Two measures exhibited pro-poor inequalities: early ini-

tiation of breastfeeding and exclusive breastfeeding. For
example, in 2006, women in the poorest quintile of the
population were more than twice as likely as women in
the richest quintile to exclusively breastfeed their children
until they reached six months of age (CI = −0.1472). A
similar pattern was found for education (CI = −0.1151)
and ethnicity (minority/majority ratio = 1.68).
We found inequalities for interventions targeted to

children less than five years of age, but they were less
pronounced than for maternal and newborn health
interventions. Almost all child health indicators dis-
played decreasing inequalities by both living standards
and education over time. For example, for measles vac-
cination the living standard CI decreased from 0.0698 in
1997 to 0.0341 in 2006, while the education CI
decreased from 0.0575 to 0.0211. Interventions that re-
quire multiple service contacts displayed larger dispar-
ities. For example, in 2006, inequalities were larger for
DPT immunization (living standard CI = 0.0641; educa-
tion CI = 0.0539), which requires three doses, than for
BCG (living standard CI = 0.0164; education CI = 0.0121),
which only requires one. Care-seeking for pneumonia dis-
played greater inequalities (poor/rich ratio of 0.70 in 2006)
than care-seeking for diarrhea (0.89).
While using data from two different types of surveys

enabled the study of trends over a 10-year period, it is
also a source of some limitations of the study. Although
DHS and MICS are similar in key respects and measure
most of the same indicators for MNCH, and use the
same methodology to calculate the wealth index, there
are differences. In general, inequalities were found to be
larger in the two MICS surveys compared to the two
DHS surveys. For mortality this may be due to the fact
that two different methods to estimate mortality had to
be applied. The methods may suffer from different
errors, for example random errors in sample surveys or
systematic errors due to misreporting. However, we have
not been able to reach a conclusion as to why MICS
generally present larger inequalities for health and nutri-
tion outcomes and intervention coverage. There were
some differences in the definitions of the education, eth-
nicity and region variables. We explained in the methods
section how we addressed these differences.
Another limitation of this study is that the measure of

living standards - the wealth index - is correlated with
other stratifying variables, such as education, ethnicity,
and rural or urban place of residence, which raises an-
other important point of discussion. We believe that dif-
ferences in education, ethnicity, and residence have a
direct impact of inequalities in health and nutrition out-
comes and intervention coverage. However, one plaus-
ible alternative hypothesis is that the predominant
source of inequality is living standard status and that the
other stratifying variables are proxies for living stan-
dards. For example, inequality by ethnicity could be a re-
flection of the fact that ethnicity may proxy for being
poor, less educated, and living in environments less con-
ducive to good health outcomes.
Finally, in recent years there has been a growing rec-

ognition that there are potential problems with the CI as
a tool to measure inequality [44]. For example, one study
found that different rankings could be obtained if the



Table 4 Nutrition outcomes in Vietnam, 1997–2006

Percentage of
children under
five who are
under-weight

Percentage of
children under
five who are

stunted

Percentage of
children under
five who are

wasted

Percentage of
newborn with

low birth weight
(<2,500 g)

Percentage of
newborn with

low birth weight
(<2,500 g)

Percentage of
newborn with

low birth weight
(<2,500 g)

Percentage of
newborn with

low birth weight
(<2,500 g)

Year 2000 2000 2000 1997 2000 2002 2006

1. Total sample 32.4 35.9 5.6 8.9 5.7 7.0 6.2

2. Living standards

Poorest quintile 41.0 44.4 7.4 17.2 8.0 11.3 9.6

2nd quintile 35.7 41.8 4.8 12.4 6.3 6.9 6.6

Middle quintile 30.6 37.0 4.2 7.7 7.8 6.3 6.1

4th quintile 28.7 30.8 5.0 5.7 5.8 8.4 6.8

Richest quintile 17.0 16.1 5.0 4.0 1.6 3.5 3.7

Ratio poor/rich 2.41 2.75 1.49 4.26 5.01 3.21 2.58

Concentration Index −0.1067 −0.1216 −0.0967 −0.2810 −0.2081 −0.1584 −0.1236

p (CI = 0) p < 0.05 p < 0.05 p > 0.05 p < 0.05 p > 0.05 p < 0.05 p > 0.05

p (CI1997 = CI2006) N/a N/a N/a p > 0.05 p > 0.05 p > 0.05 p > 0.05

3. Education of mother

No education 46.5 55.5 5.2 14.2 6.9 17.7 6.4

Primary 36.8 40.1 6.4 10.0 6.5 6.9 5.6

Lower secondary 30.5 34.2 5.3 8.5 4.3 6.8 7.4

Upper secondary or higher 20.0 19.5 5.3 5.2 7.2 3.1 5.6

Ratio no education / upper
secondary or higher

2.32 2.84 0.97 2.74 0.96 5.70 1.15

Concentration
Index

−0.0816 −0.1254 −0.0336 −0.1063 0.1238 −0.1684 −0.0040

p (CI = 0) p < 0.05 p < 0.05 p > 0.05 p > 0.05 p > 0.05 p < 0.05 p > 0.05

p (CI1997 = CI2006) N/a N/a N/a p > 0.05 p > 0.05 p > 0.05 p > 0.05

4. Ethnicity

Majority 29.4 32.0 5.3 7.9 6.0 6.2 6.1

Minority 44.9 52.2 6.9 18.7 2.0 14.4 6.8

Ratio minority /
majority

1.53 1.63 1.31 2.36 0.33 2.35 1.11

5. Sex of child

Male 30.5 34.8 6.3 7.2 N/a 6.8 N/a

Female 34.3 37.1 4.8 10.7 N/a 7.2 N/a

1.12 1.07 0.75 1.49 N/a 1.06 N/a
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Table 4 Nutrition outcomes in Vietnam, 1997–2006 (Continued)

Ratio female /
male

6. Place of
residence

Urban 21.1 19.2 6.0 4.3 1.7 4.0 3.5

Rural 35.0 39.8 5.5 10.2 7.1 7.8 7.2

Ratio rural/urban 1.66 2.08 0.91 2.36 4.18 1.96 2.02

7. Region

Red River Delta 27.5 34.4 4.7 6.5 3.8 5.0 7.8

Northern Uplands 37.1 48.0 3.6 5.3 1.0 8.0 6.3

North Central Coast 38.4 44.8 6.4 11.2 12.2 3.6 5.0

South Central Coast 30.2 31.5 5.1 9.0 7.0 7.1 5.0

Central Highlands 43.8 43.2 6.6 3.2 3.7 21.0 6.1

Southeast 26.8 25.8 5.0 8.7 7.2 7.6 4.7

Mekong River Delta 28.6 25.4 8.2 13.1 6.6 7.1 6.8

Notes:
1. N/a = not applicable or data not available.
2. p (CI = 0) = probability of concentration index being equal to zero (if p < 0.05, then there is a statistically significant difference between a concentration index of zero, indicating perfect equality, and the obtained
concentration index; such a result indicates inequality).
3. p (CI1997 = CI2006) = probability of concentration index for 1997 being equal to concentration index for 2006 (if p < 0.05, then there is a statistically significant difference between the concentration index in 1997 and
the concentration index in 2006; such a result indicates a change in inequality over time).
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Table 5 Prevalence of child illness in Vietnam in the two weeks preceding the survey, 1997–2006

Percentage of children less than five
years of age with suspected acute

respiratory infection

Percentage of children
less than five years of
age with diarrhea

Year 1997 2000 2002 2006 1997 2000 2002 2006

1. Total sample 14.2 9.3 19.6 6.5 10.1 11.3 11.4 6.8

2. Living standards

Poorest quintile 14.0 11.9 23.8 4.9 10.2 17.5 18.3 9.5

2nd quintile 18.2 11.5 21.6 6.3 11.2 11.0 12.5 6.7

Middle quintile 15.9 7.7 19.8 9.2 12.0 9.3 12.1 6.8

4th quintile 9.8 7.9 16.9 9.0 9.5 7.9 7.3 6.9

Richest quintile 10.2 4.1 14.0 3.1 6.2 5.5 3.8 4.4

Poor/rich ratio 1.38 2.88 1.70 1.59 1.65 3.19 4.81 2.19

Concentration Index −0.0794 −0.1680 −0.1111 −0.0231 −0.0604 −0.2235 −0.2577 −0.1414

p (CI = 0) p < 0.05 p < 0.05 p < 0.05 p > 0.05 p > 0.05 p < 0.05 p < 0.05 p < 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

3. Education of
mother

No education 15.6 8.4 15.5 6.1 12.5 21.0 16.1 8.2

Primary 12.9 12.0 21.3 6.0 11.9 13.1 11.9 7.8

Lower secondary 15.2 9.8 22.0 8.3 8.9 10.1 11.8 5.7

Upper secondary or
higher

13.1 4.5 12.1 5.2 8.1 4.8 6.1 5.3

Ratio no education /
upper secondary or
higher

1.19 1.84 1.28 1.19 1.54 4.41 2.63 1.54

Concentration Index −0.0045 −0.0958 −0.0638 0.0418 −0.0764 −0.1904 −0.1061 −0.0722

p (CI = 0) p > 0.05 p < 0.05 p > 0.05 p > 0.05 p > 0.05 p < 0.05 p < 0.05 p > 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

4. Ethnicity

Majority 13.3 9.3 17.5 6.8 9.8 9.5 9.0 5.9

Minority 17.3 9.2 28.4 5.2 11.1 19.0 21.2 11.0

Ratio minority/ majority 1.30 0.99 1.62 0.77 1.13 1.99 2.36 1.85

5. Sex of child

Male 16.9 9.1 21.9 6.5 11.7 12.5 12.7 7.5

Female 11.3 9.4 17.0 6.4 8.4 10.1 9.9 6.1

Ratio female/ male 0.67 1.04 0.78 0.98 0.71 0.81 0.78 0.81

6. Place of residence

Urban 11.1 5.2 14.0 4.3 5.8 6.3 3.5 4.2

Rural 14.7 10.2 20.8 7.2 10.8 12.5 13.0 7.7

Ratio rural/ urban 1.33 1.96 1.48 1.68 1.86 2.00 3.75 1.84

7. Region

Red River Delta 19.7 6.5 18.2 10.0 10.3 6.8 7.5 8.9

Northern Uplands 18.0 10.8 28.8 4.8 11.2 15.9 17.7 6.8

North Central Coast 10.8 14.0 16.7 8.6 10.6 12.2 8.9 5.4

South Central Coast 8.3 10.7 21.8 6.3 11.2 11.8 18.6 6.4

Central Highlands 11.1 7.6 21.0 7.3 8.1 14.7 15.3 10.1
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Table 5 Prevalence of child illness in Vietnam in the two weeks preceding the survey, 1997–2006 (Continued)

Southeast 10.3 4.9 13.4 4.6 4.1 6.7 5.2 6.3

Mekong River Delta 14.7 9.4 16.1 4.6 11.8 12.2 8.5 5.7

Notes:
1. p (CI = 0) = probability of concentration index being equal to zero (if p < 0.05, then there is a statistically significant difference between a concentration index of
zero, indicating perfect equality, and the obtained concentration index; such a result indicates inequality).
2. p (CI1997 = CI2006) = probability of concentration index for 1997 being equal to concentration index for 2006 (if p < 0.05, then there is a statistically significant
difference between the concentration index in 1997 and the concentration index in 2006; such a result indicates a change in inequality over time).
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measure of inequality is inversed, for example if inequal-
ities in ill health are measured rather than inequalities in
health (sometimes referred to as the “mirror problem”)
[45]. This would be a particular problem if analysis of
the development of the CI over time would show differ-
ent trends depending on which of the two indicators
would be used. We have tested our data for this possibil-
ity, and have not observed any differences in trends.

Discussion
The findings of this study confirm Vietnam’s impressive
progress in reducing child deaths; the mean IMR and
U5MR decreased by more than 40% in 1997–2006. The
findings also suggest that the distribution of RMNCH
and nutrition outcomes and intervention coverage
among different population groups is inequitable. Des-
pite some progress, inequalities in health outcomes per-
sisted between 1997 and 2006; the CI for IMR and
U5MR became slightly more inequitable. Inequalities in
coverage of health interventions decreased between
1997 and 2006, which due to time lags of effects of cer-
tain interventions, such as immunization, on health out-
comes may result in reduced inequalities in infant and
U5MR in subsequent surveys. Increasing inequalities in
health outcomes despite decreasing inequalities in health
service coverage may also suggest that other factors
related to Vietnam’s rapid socioeconomic development,
for example transportation and living environments,
may drive inequalities in health outcomes.
Generally we found larger inequalities by living stan-

dards compared to inequalities by education of mother,
ethnicity, region, urban versus rural residence, and sex
of child. An implication of this finding is that govern-
ment policies aimed at reducing inequalities - such as
free health insurance cards for the poor, ethnic minor-
ities and children under six - may benefit from a
complimentary policy instrument that also increases in-
come, such as conditional cash transfers. This policy in-
strument provides a cash payment to households
conditional upon carrying out actions such as attending
growth monitoring sessions, receiving immunizations
and getting regular health check-ups [46].
Inequalities in child nutrition were larger for under-

weight and stunting, which signal long-term nutritional
deficiencies, compared to wasting, which is usually a re-
sult of a sudden, short-term reduction in nutritional
intake. Given that we only had data on these three out-
comes for 2000, we were not able to study trends over
time.
The determinants of birth weight are multi-factorial,

but it is well known that malnutrition of the mother plays
an important role, not just during pregnancy but in her
whole life leading up to pregnancy. There was a large de-
crease in inequalities in low birth weight over time (the CI
in 2006 was less than half of what it was in 1997), which
suggests that the nutritional status of pregnant women in
the poorer quintiles of the population is catching up with
that of those in the richer quintiles, but it is not clear from
this analysis why that may be the case.
Our study found that inequalities were greater for inter-

ventions that require more than one service contact, such
as DPT immunization, which needs to be taken in three
doses to be fully effective, and antenatal care, which
should ideally be provided at least four times during preg-
nancy, or at least three times as recommended by the
Ministry of Health of Vietnam [47]. This suggests that in-
equalities can be reduced by strengthening outreach by
frontline workers such as community health workers and
village health workers, particularly in rural and remote
areas, to facilitate antenatal care visits for pregnant
women, follow-up visits for mothers who have recently
delivered, and health check-ups and growth monitoring
sessions for children. It also suggests that addressing fi-
nancial and other access barriers needs to complement
targeted investments in the health system. Such demand-
side barriers include distance to health facilities, transpor-
tation network, opportunity costs for the patients and
care-takers, and cultural factors [48].
Inequalities were also larger for interventions that re-

quire support from the health system, such as skilled birth
attendance, compared to interventions that can be deliv-
ered with less support from the health system through
campaigns, such as certain immunizations and Vitamin A
supplementations. A similar pattern was found by a
World Bank study of inequalities in health in 56 countries
[11], the Countdown to 2015 equity analyses [22,28,49]
and a study of equity in MNCH in Thailand [50]. This
suggests that policies aiming to reduce inequalities should
invest in health system strengthening, particularly in areas
that are disproportionately inhabited by the poor and
other vulnerable groups, such as ethnic minorities.
Current investment in Vietnam favors urban areas and



Table 6 Concentration index for coverage of MNCH interventions in Vietnam, 1997–2006

Intervention Wealth
score

Maternal
education

1997 2000 2002 2006 1997 2000 2002 2006

1. Family planning

% of women using any type of family planning method 0.0384 0.0432 0.0249 −0.0054 0.0335 0.0487 0.0315 0.0123

p (CI = 0) p < 0.05 p < 0.05 p < 0.05 p > 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

p (CI1997 = CI2006) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

% of women using modern type of family planning method 0.022 0.0074 −0.0066 −0.0348 0.0209 0.0437 0.0075 −0.0004

p (CI = 0) p < 0.05 p > 0.05 p > 0.05 p < 0.05 p < 0.05 p < 0.05 p > 0.05 p > 0.05

p (CI1997 = CI2006) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

2. Maternal and newborn health

% of pregnant women attended at least once during pregnancy by
skilled health personnel

0.2833 0.1652 0.0776 0.0587 0.0765 0.1428 0.0523 0.0463

p (CI = 0) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

p (CI1997 = CI2006) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

% of pregnant women attended at least 4 times during pregnancy
by skilled health personnel

0.4296 N/a 0.3170 N/a 0.2101 N/a 0.1741 N/a

p (CI = 0) p < 0.05 N/a p < 0.05 N/a p < 0.05 N/a p < 0.05 N/a

p (CI1997 = CI2006) N/a N/a N/a N/a N/a N/a N/a N/a

% of women who received at least two tetanus toxoid doses during
last pregnancy

0.1373 0.1119 0.0952 0.0745 0.0690 0.1238 0.0536 0.0487

p (CI = 0) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

p (CI1997 = CI2006) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

% of births delivered in health facilities 0.1964 N/a 0.1324 0.1182 0.0561 N/a 0.0721 0.0669

p (CI = 0) p < 0.05 N/a p < 0.05 p < 0.05 p < 0.05 N/a p < 0.05 p < 0.05

p (CI1997 = CI2006) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

% of deliveries attended by skilled health personnel 0.1407 0.1760 0.1247 0.1025 0.0570 0.1490 0.0771 0.0612

p (CI = 0) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

p (CI1997 = CI2006) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

% of children born in the last 12 months who were breastfed within
one hour of birth

0.0218 N/a −0.0075 −0.0244 0.0383 N/a 0.0286 0.0227

p (CI = 0) p > 0.05 N/a p > 0.05 p > 0.05 p < 0.05 N/a p < 0.05 p > 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

% of infants under 6 months exclusively breastfed −0.0599 N/a −0.1062 −0.1472 0.0345 N/a 0.0460 −0.1151

p (CI = 0) p > 0.05 N/a p < 0.05 p < 0.05 p < 0.05 N/a p > 0.05 p < 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

% of infants aged 6–9 months who are breastfed and receive
complementary food

−0.0160 −0.0352 −0.0377 −0.0063 0.0194 −0.0271 −0.0663 −0.0503

p (CI = 0) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p < 0.05 p > 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

3. Child health

% of children aged 0–59 months who are immunized against
measles

0.0698 0.0775 0.0718 0.0341 0.0575 0.0778 0.0394 0.0211

p (CI = 0) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

p (CI1997 = CI2006) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

% of children aged 0–59 months who received BCG vaccine 0.0513 0.0685 0.0432 0.0164 0.0184 0.0580 0.0244 0.0121

p (CI = 0) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

p (CI1997 = CI2006) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05
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Table 6 Concentration index for coverage of MNCH interventions in Vietnam, 1997–2006 (Continued)

% of children aged 0–59 months who received 3 doses of DPT
vaccine

0.0844 0.1334 0.1051 0.0641 0.0587 0.1164 0.0602 0.0539

p (CI = 0) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

% of children aged 0–59 months receiving one dose of Vitamin A in
the past 6 months

N/a 0.0765 N/a 0.0436 N/a 0.0559 N/a 0.0393

p (CI = 0) N/a p < 0.05 N/a p < 0.05 N/a p < 0.05 N/a p < 0.05

p (CI1997 = CI2006) N/a N/a N/a N/a N/a N/a N/a N/a

% of children aged 0–59 months with diarrhea in the last 2 weeks
who were brought to an appropriate health provider

0.0119 0.0796 0.0884 0.0101 −0.0612 0.0749 0.0736 0.0685

p (CI = 0) p > 0.05 p < 0.05 p < 0.05 p > 0.05 p > 0.05 p < 0.05 p > 0.05 p < 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

% of children aged 0–59 months with diarrhea in the last 2 weeks
who received ORT and continued feeding

0.1887 0.0059 0.1088 −0.0526 −0.0042 0.0425 −0.0215 −0.0193

p (CI = 0) p < 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

p (CI1997 = CI2006) p < 0.05 p < 0.05 p < 0.05 p < 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

% of children aged 0–59 months with suspected ARI in the last 2
weeks who were brought to an appropriate health provider

0.0619 0.0755 0.0161 0.0579 0.0393 0.0931 0.0532 0.0780

p (CI = 0) p < 0.05 p < 0.05 p > 0.05 p < 0.05 p > 0.05 p < 0.05 p < 0.05 p < 0.05

p (CI1997 = CI2006) p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

% of children aged 0–59 months with suspected ARI receiving
antibiotics

N/a N/a N/a 0.0135 N/a N/a N/a 0.0088

p (CI = 0) N/a N/a N/a p > 0.05 N/a N/a N/a p > 0.05

p (CI1997 = CI2006) N/a N/a N/a N/a N/a N/a N/a N/a

Notes:
1. N/a = not applicable or data not available.
2. p (CI = 0) = probability of concentration index being equal to zero (if p < 0.05, then there is a statistically significant difference between a concentration index of
zero, indicating perfect equality, and the obtained concentration index; such a result indicates inequality).
3. p (CI1997 = CI2006) = probability of concentration index for 1997 being equal to concentration index for 2006 (if p < 0.05, then there is a statistically significant
difference between the concentration index in 1997 and the concentration index in 2006; such a result indicates a change in inequality over time).
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higher levels of the health system, such as tertiary hospi-
tals, at the expense of investments in primary care [51].
The two indicators related to breastfeeding displayed a

pro-poor distribution of inequalities. Further study is
required to shed light on the reasons behind this result,
but possible reasons may include changing social norms
and behaviors among the growing number of more afflu-
ent households, cultural beliefs, lack of means by the poor
to seek alternative nutrition intake sources for their infants
should they wish to do so (even if not desirable from a
health point of view), and marketing of infant formula -
often next to schools - in affluent urban areas of Vietnam.

Conclusions
Three main policy implications emerge from this study.
First, persistent inequalities suggest the need to address
financial and other access barriers, for example by sub-
sidizing health care for the poor and ethnic minorities
and by support from other sectors, for example in
strengthening transportation networks. This should be
complemented by careful monitoring and evaluation of
current program design and implementation to ensure
effective and efficient use of resources. Second, greater
inequalities for interventions that require multiple ser-
vice contacts imply that inequalities could be reduced by
strengthening information and service provision by com-
munity and village health workers to promote and sus-
tain timely care-seeking. Finally, larger inequalities for
interventions that require a fully functioning health sys-
tem suggest that investments in health facilities and
human resources, particularly in areas that are dispro-
portionately inhabited by the poor and ethnic minorities,
may contribute to reducing inequalities.
To shed further light on inequalities in RMNCH in

Viet Nam, future research could benefit from a tech-
nique called “decomposing” the CI to analyze what spe-
cific factors drive its size (O’Donnell et al., 2008).
Another pertinent topic for further study is to explore
how income inequalities changed in 1997–2006 and to
what degree such changes were associated with changes
in inequalities in RMNCH and nutrition outcomes and
intervention coverage.
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Endnote
aThe concentration curve displays the share of health

accounted for by cumulative proportions of individuals
in the population ranked from poorest to richest or from
lowest to highest education level. The concentration
curve plots the cumulative percentage of the health vari-
able on the y-axis and the cumulative percentage of the
population by living standards (or education) on the
x-axis. If the distribution of a health outcome or
intervention coverage is perfectly equal, the concentration
curve will be a straight 45-degree line, sometime referred
to as the line of equality.
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