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ABSTRACT
Background Few previous studies have examined non-
wealth-based inequalities in child mortality within
developing countries. This study estimates changes in
under-5-year-olds and neonatal mortality in Nepal
across a range of subnational levels, which allows us to
assess the degree of equity in Nepal’s progress towards
Millennium Development Goal 4.
Methods Direct estimates of under-5-year-olds and
neonatal death rates were generated for 1990–2005
using three Demographic and Health Surveys and two
Living Standards Surveys by the following levels:
national, rural/urban location, ecological region,
development region, ethnicity and wealth. Absolute and
relative inequalities were measured by rate differences
and rate ratios, respectively. Additionally, wealth-related
inequality was calculated using slope and relative
indexes of inequality and concentration indices.
Results Estimates suggest that while most rates of
under-5-year-olds and neonatal mortality have declined
across the different equity markers, leading to a
downward trend in absolute inequalities, relative
inequalities appear to have remained stable over time.
The decline in absolute inequalities is strongest for
under-5-year-olds’ mortality, with no statistically
significant trend in either relative or absolute inequalities
found for neonatal mortality. A possible increase in
inequalities, at least in relative terms, was found across
development regions, where death rates remain high in
the mid-western region.
Conclusions By 2015, our estimates suggest that more
than 65% of deaths of under-5-year-olds will occur in
the neonatal period, with stable trends in neonatal
mortality inequalities. These findings along with the fact
that health outcomes for neonates are more highly
dependent on health systems, suggest further equitable
reductions in under-5-year-olds mortality will require
broad health-system strengthening, with a focus on the
improvement of healthcare services provided for mothers
and newborns. Other inequities suggest continued
special attention for vulnerable subpopulations is
warranted, particularly to overcome social exclusion and
financial barriers to care in urban areas.

INTRODUCTION
Nepal has been consistently praised by the inter-
national community for its achievements in improv-
ing maternal and child health outcomes. Despite
10 years of civil conflict, the country is almost
certain to reach Millennium Development Goal
(MDG) 4, and many studies have suggested that it
is on track to meet the MDG 5.1–3 Consequently,

Nepal received the Achievement Award for its pro-
gress in reducing maternal mortality at the United
Nations 2010 MDG Summit. Recent reforms dem-
onstrate Nepal’s commitment to improve maternal
and child health. Key features since the ceasefire in
2006 include: the introduction of free essential
health services and drugs for the entire population;
free healthcare for the very poor; an incentive pro-
gramme for mothers to deliver at facilities; and free
maternity care at all government facilities.3 4

Questions remain, however, regarding the extent
to which Nepal’s progress has been equitable.
Previous studies have shown that rough topography,
combined with vast differences in economic develop-
ment, infrastructure and service availability, contrib-
ute heavily to economic and social exclusion, and
have important implications for the delivery of health
services and outcomes.5–8 Regional disparities in
poverty are immense, mainly due to unbalanced
development in the past.9 Most doctors and health
facilities are concentrated in urban areas and in the
relatively developed central and western development
regions, as opposed to the mid- and far western
regions, which were the most affected during the
conflict.6 10 The use of skilled birth attendants is
higher in the hills and plains than in the mountains,
and higher in the central than in the mid- and far
western regions.1 11 12 Urban children also appear to
have a better chance of survival than rural children,13

while urban mothers have better access to antenatal
care and are more likely to deliver in a health
facility.14

Social and ethnic inequalities may also relate to
restricted access to basic economic opportunities
and services for lower-caste groups. The Dalits,
Muslims, and Terai Madhesis have long faced mar-
ginalisation, as shown by the concentration of
poverty and poor health, education and empower-
ment outcomes.15–18 The gap in economic wealth
between different ethnic groups is also large and
persistent.16 19 Previous studies suggest that the
Newars, the Hill and Madhesi Brahmans are doing
well economically, while the Dalits are clustered in
the bottom wealth group.15

In this paper, we focus on absolute and relative
inequalities in child health. We examined levels and
distributions of under-5-year-olds and neonatal
death rates (NDR), and trends in measures of
inequality across a range of equity markers. Very
little evidence exists on whether substantial progress
of health outcomes at a national level masks substan-
tial inequalities across subpopulations. Studies, to
date, have primarily emphasised wealth-based
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inequality.20–23 However, such focus may lead to an incomplete
picture of the degree and source of inequalities. In Nepal, there
are many inter-related factors which potentially influence service
utilisation rates and health outcomes, including economic, loca-
tion, cultural, religious and social beliefs and norms (eg,
entrenched ethnicity-based hierarchies).16 We therefore expand
the measurement of inequality to various markers that have been
acknowledged as important divisions of the Nepalese society
and, more generally, in developing countries. To our knowledge,
no previous study has provided a comprehensive nationally rep-
resentative analysis of equitable progress in health outcomes.
Such an examination is important for two reasons. First, persist-
ent within-country inequity reduces the effectiveness of national
objectives of improving livelihoods. Second, disaggregated moni-
toring will help strengthen evidence-based management and
improve targeting of health services to counter exclusion.

METHODS
Data
The analyses are based on data from two survey series: the
Nepal Demographic and Health Surveys (NDHS 1996, 2001
and 2006), and the Nepal Living Standards Surveys (NLSS I
1995–96 and II 2003–04). Both series utilised a two-stage strati-
fied sampling scheme and provided nationally representative
population descriptions. Full details are available elsewhere, and
notably, civil conflict did not pose any important disruption to
sampling.1 12 24–26 The NLSS I and NLSS II sampled 3373
(4789) and 5072 (5375) households (women aged 15–49 years)
from 274 and 421 primary sampling units (PSU), respectively.
The PSUs were subward, ward or a group of wards in the rural
areas, and subward or ward in the urban areas. A total number
of 235, 257 and 260 PSUs were sampled in the 1996, 2001 and
2006 waves of the NDHS, respectively. The corresponding
households (women aged 15–49 years) samples were 8082
(8429); 8602 (8726); and 8707 (10 793), respectively.

Both the NLSS and the NDHS collect data relating to demo-
graphic and socioeconomic indicators. As the input for the mor-
tality estimation, both series included complete birth history
(CBH) modules, in which female respondents are asked about
every child they have ever borne. In the absence of a vital regis-
tration system, complete birth histories are the preferred
method to monitor trends in child mortality.27 The combined
dataset contained 107 446 children ever borne, under the age of
five years.

Mortality estimates
Following the methods of Rajaratnam et al,27 death rates were
estimated directly using CBH. Mortality among children aged
5 years and younger was estimated biennially due to the relative
rarity of deaths in that age group in Nepal. The estimation pro-
cedure is identical at both national and subnational levels.

The 2-year estimates were created by pooling all the data from
all the surveys. The child death rate was then estimated by detail-
ing the life or death in each month of the first 5 years of each
child’s life, denoted person-months. Six age groups (0–1 month,
1–11 months, 12–23 months, 24–35 months, 36–47 months and
48–59 months) were created for the calculation of survival rates.
For each age group, the mean survival probability was estimated
by dividing the total number of person-months where children
were alive by the total number of person-months, accounting for
sample weights. Under-5-year-olds (U5DR) and NDR were then
derived by subtracting the amalgamation of the survival rates of
the associated age groups from 1.

Confidence intervals were constructed following the proced-
ure employed by Rajaratnam et al.27 For each time-period/
age-group, 1000 simulations of the survival probability were
generated by assuming a binomial distribution where the prob-
ability equals the mean survival probability, and sample size is
the number of person-months observed in the time-period/age-
category. The death rate was then calculated for each time-
period in each simulation. The lower and upper confidence
bounds on the estimates for each time-period were extracted
from the percentiles 2.5 and 97.5. To produce a continuous
series, Loess regression was applied, using a smoothing param-
eter of 0.5.28 The prediction toward 2015 uses the last set of
parameter estimates for the Loess regression and standard
methods to capture uncertainty in the forecast.29

Equity markers and measures of inequalities
We selected five equity markers for which data were available,
and that best represented the diversity of the country. We inves-
tigated inequalities by rural/urban location; by ecological region:
mountain, hill or terai (ie, plains); and by development region:
central, eastern, western, mid-western, or far western. In add-
ition, following the categorisation in the literature,7 15 16 we
grouped all castes/ethnic groups into six broad categories:
Brahmans/Chhetris, Terai Madhesis, Dalits, Newars, Janajatis,
Muslims and others (ie, Marwaris, Bengalis, Jains, Punjabis/
Sikhs and unidentified others).

The fifth equity marker examined was wealth. Given that
income and expenditure data are absent in both survey series,
we constructed a wealth index, using principal components ana-
lysis.30 The assets used for the wealth index include housing
materials, ownership of durable goods and access to improved
water and sanitation facilities. We constructed separate wealth
indices for each survey and tested the extent to which the classi-
fications of households according to their wealth indices were
influenced by the choice of assets and the choice of sample. The
test results (not reported) suggest that the individual-survey
wealth indices were robust; the ranking and classification of
households did not change greatly from one index to the next,
and the indices are highly correlated. Thus, for each survey, we
created a wealth index using all the households in the sample,
of which the average range is between −2.5 and 13.5. The
wealth index is then used to rank households from poorest to
richest, and to divide the sample into five wealth quintiles.

Given the importance of both absolute and relative measures
of inequalities, we computed rate difference (RD) and the slope
index of inequality (SII) as well as rate ratio (RR) and the rela-
tive index of inequality (RII).31–33 The advantages of the RIIs
and SIIs over the RDs and RRs are well known.33 The RII and
SII are computed via weighted linear regression of the death
rates on the midpoint of the cumulative population distribution
ranked by a socioeconomic indicator.34 Unfortunately, the need
for ordinal social groups to rank the population implies that the
RIIs and SIIs can only feasibly be computed using the wealth
equity marker. For the non-wealth equity markers, RDs and
RRs are computed for each subpopulation in reference to a base
group. In each case, the group with the lowest average
under-5-year-olds’ death rate over the sample period is chosen
as the referent. confidence intervals for the RIIs and SIIs were
calculated using standard methods discussed by Hayes and
Berry35; and for the RDs and RRs, were computed using the
simulation process utilised for the mortality estimates described
in the previous subsection.

We also utilised the concentration index (CI) to further assess
the degree of relative wealth-related inequalities using
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microdata.36 The higher the absolute value of a CI, the higher
the inequality between the rich and the poor and a negative CI
indicates that children from households with higher socio-
economic status have better health outcomes (ie, less mortality)
than children from the least-advantaged households. Given that
the outcome variable is binary, the CI is bounded by the preva-
lence of mortality.37

Finally, to gauge changes in disparities over time we compared
the death rates and measures of inequalities—and corresponding
95% confidence intervals—over the sample period and com-
puted tests of the statistical significance of a linear trend in these
estimates.33 In the cases of RRs and RIIs, we used the natural
logarithm of these measures in the regressions. In the tables, for
RDs, SIIs and CI, we report the trend coefficient and corre-
sponding p values. These statistics can be interpreted as the
average absolute change per period in the inequality measures
over the sample. In the cases of RRs and RIIs, we report the
exponentiated trend coefficients, and these statistics can be
interpreted as the average ratio change in RR or RII per period.

All statistical analyses were conducted using the two software
programs, Stata and R.

RESULTS
Our analysis confirms Nepal’s progress towards achieving
MDG 4. Figure 1 presents national estimates of the U5DR and
NDR, and for rural and urban location. The full set of 2-year
results for all equity makers is presented in the online appendix.
Figure 1 demonstrates that death rates have continuously fallen
since 1990. The U5DR has fallen from 121 (95% CI 113 to 129)
deaths per 1000 live births in 1990–1991 to 61 (95% CI 47 to
74) in 2004–2005. This implies an average annual rate of reduc-
tion of approximately 5.2%. If this trend continues, U5DR is pre-
dicted to drop to approximately 31 (95% CI 21 to 45) by 2015,
which is well below the set target. The rates of reduction in the
NDR were lower, with an average of 3.7% reduction per year.
Were this reduction rate to continue, NDR would decline to
approximately 20 (95% CI 10 to 31) by 2015. Accordingly, by
that year, more than 65% of under-5-year-olds’ deaths will be
among neonates.

The death rates for urban children are generally lower than
their rural counterparts; however, the difference between the
two groups appears to have reduced markedly. By 2004–2005,
the urban U5DR was estimated to be 50 (95% CI 20 to 88)
compared with the rural U5DR of 64 (95% CI 45 to 73).
Projections suggest that the urban-rural gap will be negligible by
2015. For both U5DRs and NDRs, the diminishing absolute dis-
parity between two populations appears to be due to faster pro-
gress in rural areas, and stagnation within the urban population
since the late 1990s.

To confirm these observations and to assess relative changes,
table 1 presents measures of absolute (ie, RD) and relative (ie,
RR) inequalities across the non-wealth equity markers. For
U5DR, across most groups within each of the non-wealth equity
markers, a consistent pattern of narrowing absolute inequalities,
and no clear evidence of a change in relative inequalities over
time is observed. For instance, when comparing U5DR with
urban and rural populations, the RDs dropped from 40.4 (95%
CI 19.3 to 59.3) in 1990–1991 to 13.8 (95% CI −20.4 to 42.8)
in 2004–2005, while the RRs changed little from 1.48 (95% CI
1.19 to 1.88) to 1.27 (95% CI 0.74 to 2.52) over the same
period. Only the RDs show a significant downward trajectory at
conventional levels. While this pattern is generally observed
with respect to NDRs, the trends in either relative or absolute
inequalities are not significant at conventional levels, which is

expected given the lower reduction in neonatal rates over the
sample period. The only exception is the statistically significant
reduction in neonatal RDs in the rural Terai.

Reductions in RDs are evident for ecological regions, particu-
larly when regional estimates are disaggregated by urban/rural
residence. Figure 2 shows that the absolute difference in U5DRs
has narrowed, yet the mortality profile for the urban Terai was
unique. In this region, the U5DR has increased in the three
periods since a low of 57.8 (95% CI 36.8 to 81) in 1998–1999.
Consequently, it is the only ecological region that has not
experienced a statistically significant reduction in RDs over the
sample period. By contrast, the other rural ecological regions
have shown consistent declines in U5DR, while some increases
in U5DR have been observed in the urban Hill region in 2002–
2003 and 2004–2005. In addition, a spike in the NDR is
observed in the urban Terai in 2002–2003.

A noteworthy exception to the general pattern is the increase in
relative and absolute inequalities for some development regions.
Positive trends in RRs for under-5-year-olds and neonatal mortal-
ity are observed in a majority of the regions, and corresponding
RDs have increased the mid-western and western regions, consist-
ent with increasing inequality. However, one should note that only
the trend in RRs for U5DRs in the mid-western region is signifi-
cant at conventional levels. Accordingly, as displayed in figure 3,
relatively high levels of under-5-year-olds’ and neonatal mortality
are experienced in the mid-western region, particularly since
2000–2001. In addition, the western region has experienced some
increases in neonatal mortality since the same period, which is
confirmed by the close to statistically significant positive trend in
neonatal RDs in this region. There is some evidence to suggest
that relative inequalities in ethnic neonatal morality have
increased; however, these results are somewhat unstable due to
statistical imprecision.

The full gambit of wealth-related inequality measures are pre-
sented in table 2. The estimates again suggest that absolute
inequalities in under-5-year-olds’ mortality have possibly
decreased, while relative inequalities have stabilised. A similar
pattern is observed for neonatal mortality; however, none of the
trends are significant at conventional levels.

DISCUSSION
Our findings show that, regardless of continued substantial
reductions in national U5DRs and NDRs, inequalities across
Nepal’s subpopulations remain, at least in relative terms.
Consequently, a country’s successes at a national level, while
important, should, nevertheless, be assessed in combination
with subnational performance.

We found that national U5DRs and NDRs were declining
since 1990, at a mean rate of decline of 5.2% and 3.7% per
year, respectively, which exceeds the required rate to meet the
MDG 4 target. Our estimates are lower than some previous
reports38 but are consistent with others that use comparable
methods.27 39 The slower reduction in the NDR compared with
the U5DR is to be expected. In general, preventive public health
measures, such as immunisation and community management of
diarrhoea and acute respiratory infections, are likely to have
greater efficacy against the usual causes of death in older chil-
dren compared with newborns. Ghimire et al40 have described
the national scale-up of community-based case management of
diarrhoea and acute respiratory infections, and of prevention
strategies in Nepal over our study period. Further reductions in
U5DR would require broad health-system strengthening for
integrated improvement in care during pregnancy, childbirth
and the neonatal period. This is arguably a more challenging
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task, given that coverage remains relatively low in key interven-
tions relevant to neonatal health, such as facility-based child-
birth, skilled attendance at birth and postnatal care.1 11 12

The description of variable progress according to ecological and
development regions—with least progress in the mountains and in
the mid-western and western regions, respectively—suggest that
progress is not evenly shared. The mountain ecological region is
home to just 7% of the population, and providing clinical services
to remote areas is difficult due to both the costs involved and the
challenge of retaining staff. Until 2009, there were no comprehen-
sive obstetrics services in any of the mountain districts.
Consequently, there remain enormous challenges to provide for
mountain communities. Of related interest is the increased trend
in inequalities across development regions (which each include
mountain, hill and terai ecologies); most especially in relative
terms. Potential explanations for this—not testable by this analysis
—may lie in these settings’ greater poverty, poorer access to health
services, the civil conflict that was greatest in the far and mid-
western regions, and outward migration.

Even in cases where absolute inequalities appear to be declin-
ing, such as between rural and urban populations, a number of
concerning trends persist. First, while U5DRs and NDRs have
rapidly declined in rural areas from a high mortality baseline,
this most likely represents the result of easily achievable gains
obtained through the scale-up of community- and population-
based services, such as preventive care, including immunisation,
which the urban population had already achieved.40 The
minimal gains in the NDR of the urban population since the
late 1990s, together with the possible narrowing of the absolute
rural/urban disparity in NDR, suggest that the rural population
might be approaching the end of this opportune period.

Second, the stagnation of urban death rate reductions, both at
an aggregate level and within the terai and hill regions, coin-
cides with a number of reports,41 which have noted the increas-
ing problems in urban slums. Poor housing and urban
planning,42 weak transportation systems, limited access to care43

and overcrowding can all worsen health outcomes,44 45 which
can be exacerbated by political instability in rural areas that, in

turn, lead to a rapid influx of migrants into urban areas.46 The
growth in the urban population has not been matched by
increased health services, and the government, up until 2010,
had no programmes to deliver routine or acute care services to
slum dwellers.47

While inequalities in under-5-year-olds’ mortality have
declined, disparities in neonatal mortality between ethnic
groups appear to be persistent, with all ethnic groups showing
signs of a possible increase in relative inequalities compared
with the Newars. The Dalits and Terai Madhesi groupings con-
tinue to experience higher relative levels of neonatal mortality.
While this finding has been previously observed,7 15 16 our ana-
lyses suggest that past programmes targeting ethnicity-based
inequality have not been effective. Other studies have shown
that these groups consistently have the lowest coverage across
most maternal and child health interventions.1 11 12 One should
note, however, that due to the constant evolution in the defin-
ition of each caste group over the study period, caution is
required when interpreting trends over time.

NDHS 2006 data suggest that more than 98% of Terai
Madhesis, and approximately 50% of Dalits live in the terai.1 2

This corresponds with our other findings regarding disadvantage
in the terai; where, given the flatter topography and better
roads, infrastructure and service provision should be physically
easier than in the hill and mountain regions. The population
increase in the terai without parallel increase in health facilities
may, in part, explain the persistent disadvantage. It is clearly not
sufficient to simply live close to services; it is likely that cultural
or social factors other than location determine the utilisation of
health interventions and, consequently, the mortality outcomes
(especially neonatal) of the Dalits and Terai Madhesis.

A notable strength of our analysis is the availability of high-
quality, relatively large population-based datasets. Nonetheless,
three important limitations remain. First, due to the relatively
small sample size for each group, large confidence intervals are
associated with some wealth and ethnic death rates, especially
for the last biennial period. Accordingly, caution should be exer-
cised when asserting the degree of inequality. However, the

Figure 1 Under-5-year-old and NDR
(per 1000 live births) at the national
level and by rural and urban location:
actual 1990–2005; projected to 2015.
National estimates by source and using
the pooled data are displayed. The
solid and semibroken lines represent
the continuous mortality estimates
calculated from the 2-year estimates,
while the shaded area signifies the
corresponding 95% confidence
intervals.CI, confidence intervals; DHS,
Demographic Health Survey; NLSS,
Nepal Living Standards Surveys; NDR,
neonatal death rate; U5DR,
under-5-year-olds’ death rate. This
figure is only reproduced in colour in
the online version.
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Table 1 Inequalities in under-5-year-olds and neonatal mortality (per 1000 live births) by non-wealth equity markers for selected years, with
95% confidence intervals and p values for trend

U5DR NDR

Equity marker RR 95% CI RD 95% CI RR 95% CI RD 95% CI

Urban/rural (base=urban)
Rural

1990–1991 1.48 (1.19 to 1.88) 40.4 (19.3 to 59.3) 1.32 (0.96 to 1.92) 13.8 (−2.4 to 28.7)
1998–1999 1.58 (1.15 to 2.36) 31.3 (10.8 to 51.4) 1.50 (0.95 to 3.14) 13.8 (−2.0 to 28.7)
2004–2005 1.27 (0.74 to 2.52) 13.8 (−20.4 to 42.8) 1.59 (0.70 to 6.49) 12.3 (−12.2 to 33.9)

Trend (p value) 0.959 (0.119) −5.326 (0.011) 0.990 (0.801) −1.224 (0.316)
Ecological region (base=hill)
Mountain

1990–1991 1.80 (1.48 to 2.16) 82.7 (51.9 to 114.1) 1.44 (1.05 to 1.87) 20.6 (2.7 to 38.5)
1998–1999 1.69 (1.23 to 2.28) 48.3 (18.6 to 79.8) 1.20 (0.68 to 2.09) 7.2 (−13.6 to 28.9)
2004–2005 1.99 (1.03 to 3.66) 50.5 (1.5 to 102.0) 1.47 (0.43 to 3.61) 13.8 (−19.9 to 53.0)

Trend (p value) 1.020 (0.050) −4.424 (0.011) 0.993 (0.835) −1.185 (0.489)
Terai

1990–1991 1.22 (1.06 to 1.4) 22.8 (7.0 to 37.5) 1.30 (1.06 to 1.61) 14.2 (3.3 to 25.1)
1998–1999 1.27 (0.99 to 1.65) 18.9 (−0.7 to 37.5) 1.27 (0.86 to 2.03) 9.7 (−6.9 to 25.5)
2004–2005 1.34 (0.82 to 2.2) 17.5 (−10.7 to 45) 1.15 (0.58 to 2.36) 4.4 (−17.1 to 26.3)

Trend (p value) 1.020 (0.097) −0.106 (0.920) 0.984 (0.465) −1.179 (0.21)
Ecological region stratified by rurality (base=hill: urban)
Mountain: rural

1990–1991 2.81 (1.97 to 4.37) 123.4 (85.6 to 160.8) 2.00 (1.18 to 4.25) 35.4 (10.2 to 61.0)
1998–1999 2.27 (1.33 to 4.69) 65.7 (25.0 to 103.9) 1.23 (0.59 to 3.7) 8.3 (−23.1 to 36.0)
2004–2005 1.50 (0.67 to 3.88) 32.8 (−33.7 to 95.0) 1.46 (0.41 to 8.78) 12.9 (−29.4 to 56.5)

Trend (p value) 0.930 (0.093) −12.612 (0.002) 0.952 (0.507) −3.603 (0.231)
Hill: rural

1990–1991 1.58 (1.14 to 2.43) 39.6 (12.1 to 66.0) 1.37 (0.83 to 2.89) 12.9 (−9.9 to 32.9)
1998–1999 2.31 (0.61 to 5.8) 67.6 (−24.3 to 190.7) 2.34 (0.01 to 9.59) 47.6 (−48.2 to 169.0)
2004–2005 0.84 (0.39 to 2.11) −10.7 (−67.3 to 34.1) 1.04 (0.35 to 6.35) 1.2 (−35.9 to 32.6)

Trend (p value) 0.927 (0.162) −6.546 (0.089) 0.986 (0.771) −0.780 (0.738)

Terai: rural
1990–1991 1.90 (1.37 to 2.91) 61.2 (33.4 to 88.4) 1.77 (1.09 to 3.83) 27.1 (4.7 to 49.3)
1998–1999 2.12 (1.22 to 4.34) 57.8 (18.4 to 96.7) 1.85 (0.83 to 5.7) 30.3 (−9.8 to 68.1)
2004–2005 1.05 (0.51 to 2.55) 3.5 (−58.2 to 49.4) 1.27 (0.48 to 7.02) 7.5 (−28.4 to 36.9)

Trend (p value) 0.933 (0.091) −7.466 (0.01) 0.953 (0.244) −2.716 (0.060)
Terai: urban

1990–1991 1.49 (0.98 to 2.45) 33.7 (−1.6 to 70.0) 1.45 (0.74 to 3.15) 15.7 (−12.8 to 43.8)
1998–1999 1.12 (0.58 to 2.43) 6.2 (−31.4 to 42.8) 0.51 (0.14 to 1.83) −17.3 (−47.1 to 10.7)
2004–2005 1.35 (0.48 to 3.72) 22.9 (−55.9 to 92.2) 0.84 (0.17 to 4.92) −4.4 (−36.3 to 32.1)

Trend (p value) 1.020 (0.654) 0.843 (0.772) 0.979 (0.820) −0.594 (0.842)
Development region (base=Eastern)
Mid-western

1990–1991 1.50 (1.24 to 1.86) 48.9 (24.8 to 74.2) 1.22 (0.86 to 1.73) 10.4 (−7.9 to 28.4)
1998–1999 1.40 (1.01 to 1.93) 27.3 (0.5 to 54.1) 1.00 (0.56 to 1.69) −0.01 (−19.5 to 22.6)
2004–2005 2.22 (1.16 to 4.18) 64.5 (10.8 to 116.8) 2.23 (0.88 to 5.77) 37.8 (−5.2 to 83.7)

Trend (p value) 1.056 (0.037) 1.836 (0.432) 1.073 (0.158) 3.059 (0.197)
Far western

1990–1991 1.56 (1.26 to 1.96) 54.0 (27.7 to 82.7) 1.51 (1.05 to 2.20) 24.4 (2.4 to 48.5)
1998–1999 1.54 (1.13 to 2.08) 36.8 (9.9 to 64.2) 1.27 (0.75 to 2.00) 10.3 (−10.6 to 31.4)
2004–2005 1.31 (0.70 to 2.47) 16.1 (−21.1 to 52.5) 0.42 (0.06 to 1.25) −17.8 (−42.1 to 3.9)

Trend (p value) 1.016 (0.584) −1.803 (0.546) 0.914 (0.211) −2.879 (0.277)
Western

1990–1991 1.09 (0.86 to 1.33) 8.8 (−14.6 to 28.7) 0.99 (0.71 to 1.39) −0.3 (−15.6 to 14.9)
1998–1999 1.11 (0.80 to 1.53) 7.5 (−15.3 to 31.1) 1.06 (0.63 to 1.65) 2.3 (−16.0 to 21.3)
2004–2005 1.38 (0.70 to 2.71) 20.3 (−20.5 to 61.3) 1.53 (0.56 to 3.8) 16.2 (−19.5 to 51.7)

Trend (p value) 1.024 (0.248) 1.355 (0.343) 1.056 (0.145) 2.069 (0.108)

Continued
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Table 1 Continued

U5DR NDR

Equity marker RR 95% CI RD 95% CI RR 95% CI RD 95% CI

Central
1990–1991 1.32 (1.09 to 1.61) 31.0 (9.6 to 51.7) 1.20 (0.89 to 1.62) 9.7 (−6.4 to 23.6)
1998–1999 1.33 (0.97 to 1.81) 22.4 (−2.3 to 47.1) 1.12 (0.67 to 1.86) 4.7 (−14.7 to 26.3)
2004–2005 0.96 (0.52 to 1.85) −2.2 (−33.3 to 29.3) 0.69 (0.23 to 1.86) −9.6 (−33.2 to 15.0)

Trend (p value) 0.971 (0.307) −2.994 (0.244) 0.946 (0.119) −1.874 (0.161)
Caste/ethnicity (base=Newar)
Dalits

1990–1991 2.19 (1.54 to 3.41) 85.9 (51.3 to 120.5) 2.29 (1.29 to 5.6) 37.3 (13.5 to 61.7)
1998–1999 1.67 (0.98 to 3.31) 42.7 (−1.6 to 81.2) 1.74 (0.76 to 7.77) 22.3 (−12.6 to 53.3)
2004–2005 1.30 (0.51 to 10.45) 24.6 (−83.5 to 107.6) 3.92 (0.48 to 56.21) 39.1 (−25.2 to 78)

Trend (p value) 0.922 (0.066) −9.384 (0.008) 1.102 (0.122) 0.467 (0.807)
Terai/Madhesi

1990–1991 2.33 (1.59 to 3.62) 95.8 (56.9 to 132.8) 3.04 (1.66 to 7.57) 59.1 (30.6 to 86.6)
1998–1999 1.42 (0.87 to 2.81) 26.8 (−12.8 to 62.9) 1.42 (0.63 to 6.27) 12.6 (−22.3 to 40.8)
2004–2005 1.21 (0.46 to 10.32) 17.3 (−93.9 to 107.9) 4.42 (0.67 to 68.34) 45.8 (−16.4 to 91.6)

Trend (p value) 0.930 (0.096) −8.993 (0.028) 1.095 (0.373) −0.496 (0.888)
Brahman/Chhetri

1990–1991 1.54 (1.09 to 2.37) 39.0 (8.6 to 66.6) 1.87 (1.05 to 4.50) 25.3 (2.3 to 44.8)
1998–1999 1.21 (0.73 to 2.35) 13.1 (−27.4 to 45.8) 1.08 (0.47 to 4.62) 2.3 (−31.2 to 26.4)
2004–2005 0.64 (0.25 to 5.25) −29.7 (−134.1 to 51.9) 1.89 (0.25 to 25.29) 12.0 (−46.7 to 40.4)

Trend (p value) 0.921 (0.128) −6.866 (0.058) 1.080 (0.298) 0.172 (0.924)
Janajati

1990–1991 1.63 (1.13 to 2.53) 45.2 (12.4 to 74.4) 1.75 (0.97 to 4.29) 21.7 (−1.4 to 42.1)
1998–1999 1.30 (0.80 to 2.63) 19.1 (−19.3 to 54.5) 1.37 (0.61 to 5.65) 11.0 (−22.3 to 37.9)
2004–2005 0.60 (0.22 to 5.28) −32.7 (−137.1 to 49.3) 1.33 (0.15 to 21.83) 4.4 (−54.7 to 27.6)

Trend (p value) 0.899 (0.108) −9.155 (0.056) 1.029 (0.692) −1.091 (0.559)
Muslim

1990–1991 2.06 (1.36 to 3.29) 76.0 (31.9 to 119.0) 2.34 (1.17 to 5.84) 38.8 (7.7 to 67.9)
1998–1999 1.44 (0.79 to 2.89) 28.2 (−18.4 to 70.5) 1.61 (0.59 to 7.16) 18.4 (−19.7 to 52.5)

2004–2005 1.84 (0.58 to 16.47) 69.7 (−64.5 to 204.0) 6.25 (0.62 to 83.63) 70.4 (−16.0 to 148.0)
Trend (p value) 0.955 (0.300) −4.317 (0.301) 1.104 (0.187) 2.133 (0.524)

See the web appendix file for full results. The small number of observations and possible non-linear relationships implies that the trend estimates should be treated with caution.
CI, confidence interval; NDR, neonatal death rate; RR, rate ratio; RD, rate difference; U5DR, under-5-year-olds’ death rate.

Figure 2 Under-5-year-olds and NDR
(per 1000 live births) by ecological
region stratified by rural-urban location
for selected 2-year periods, with 95%
confidence intervals.See the web
appendix file for full results. Estimates
of the urban mountain region are not
possible due to insufficient
observations. NDR, neonatal death
rate; U5DR, under-5-year-olds’ death
rate. This figure is only reproduced in
colour in the online version.
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consistency in trends suggests that, even if the precise measure-
ment of inequality is uncertain, the pattern of inequality is
likely to be valid. Nonetheless, it should also be noted that the
statistical power of significance tests for a linear trend are insuf-
ficient to detect small changes given the limited number of data
points. Second, in addition to well-known measurement errors
in survey data, our methodology does not directly deal with the
potential influence of recall bias. Pooling data from multiple
surveys, however, helps mitigate the recall bias to some extent

where surveys overlap. Finally, possible changes achieved in the
projected time period via increased efforts to reduce child mor-
tality are not included in our forecasts, which are based on
recent time trends only.

CONCLUSION
Nepal has achieved a consistent reduction in under-5-year-olds’
mortality since 1990, with some gains in equity, at least in abso-
lute terms. However, a number of communities have been left

Table 2 Inequalities in under-5-year-olds and neonatal mortality (per 1000 live births) by wealth quintiles for all years, with 95% confidence
interval and p values for trend

Relative inequalities Absolute inequalities

Wealth RR 95% CI RII 95% CI CI 95% CI RD 95% CI SII 95% CI

U5DR
1990–1991 2.19 (1.75 to 2.82) 2.37 (1.06 to 3.67) −0.162 (−0.197 to −0.127) 86.1 (61.4 to 110.5) 97.14 (43.52 to 150.76)
1992–1993 1.94 (1.52 to 2.53) 2.25 (0.89 to 3.60) −0.159 (−0.195 to −0.124) 61.6 (40.1 to 82.7) 80.64 (27.79 to 133.50)
1994–1995 1.71 (1.32 to 2.26) 1.99 (1.62 to 2.37) −0.138 (−0.180 to −0.097) 53.2 (29.5 to 75.7) 68.90 (51.65 to 86.15)
1996–1997 2.42 (1.69 to 3.64) 2.21 (−0.30 to 4.73) −0.160 (−0.212 to −0.109) 68.6 (42.3 to 92.8) 77.52 (−20.31 to 175.36)
1998–1999 2.01 (1.41 to 3.02) 1.91 (0.09 to 3.73) −0.117 (−0.170 to −0.064) 51.4 (25.8 to 77.0) 52.41 (−18.15 to 122.98)
2000–2001 3.56 (2.23 to 6.22) 4.31 (2.40 to 6.21) −0.170 (−0.240 to −0.101) 76.8 (52.7 to 101.3) 91.10 (72.46 to 109.75)
2002–2003 2.39 (1.39 to 4.83) 2.37 (1.14 to 3.61) −0.230 (−0.322 to −0.137) 48.0 (21.3 to 75.1) 52.51 (25.21 to 79.80)
2004–2005 0.75 (0.39 to 1.82) 0.76 (−0.06 to 1.57) −0.083 (−0.203 to 0.036) −17.9 (−68.0 to 27.8) −18.86 (−90.34 to 52.62)

Trend (p value) 0.948 (0.484) 0.936 (0.413) 0.002 (0.814) −8.845 (0.062) −10.848 (0.042)
NDR
1990–1991 1.81 (1.32 to 2.65) 1.77 (0.58 to 2.97) −0.066 (−0.109 to −0.023) 30.4 (14.1 to 47.5) 30.69 (−2.96 to 64.34)
1992–1993 1.37 (0.92 to 2.06) 1.44 (0.20 to 2.68) −0.077 (−0.124 to −0.031) 11.2 (−2.9 to 24.7) 15.34 (−20.31 to 50.99)
1994–1995 1.24 (0.84 to 1.96) 1.23 (1.00 to 1.47) −0.074 (−0.125 to −0.024) 9.5 (−8.2 to 26.4) 9.52 (0.82 to 18.22)
1996–1997 2.34 (1.36 to 4.55) 2.45 (1.30 to 3.6) −0.042 (−0.104 to 0.019) 33.5 (13.4 to 52.5) 36.94 (20.40 to 53.49)
1998–1999 1.73 (0.98 to 3.31) 1.49 (−0.76 to 3.73) −0.062 (−0.130 to 0.007) 20.1 (−0.6 to 40.1) 15.67 (−42.02 to 73.36)
2000–2001 4.30 (2.06 to 12.06) 4.25 (−1.08 to 9.59) −0.107 (−0.184 to −0.031) 36.1 (19.5 to 51.6) 43.18 (17.71 to 68.64)
2002–2003 2.23 (1.11 to 7.09) 1.89 (0.19 to 3.59) −0.153 (−0.244 to −0.061) 22.3 (3.6 to 42.0) 20.22 (−6.23 to 46.66)
2004–2005 0.39 (0.12 to 1.86) 0.58 (−1.21 to 2.37) −0.088 (−0.192 to 0.015) −23.6 (−59.7 to 7.8) −17.38 (−110.03 to 75.26)

Trend (p value) 0.944 (0.625) 0.962 (0.695) −0.008 (0.147) −3.055 (0.341) −2.767 (0.381)

The small number of observations and possible non-linear relationships implies that the trend estimates should be treated with caution. Additionally, since the bounds of the CI depend
on the mean of mortality, comparisons over time must be treated cautiously.
CI, concentration index; NDR, neonatal death rate; RD, rate difference; RII, relative index of inequality; RR, rate ratio; SII, slope index of inequality; U5DR, under-5-year-olds’ death rate.

Figure 3 Under-5-year-olds’ and
NDR (per 1000 live births) by
development regions for selected
2-year periods, with 95% confidence
intervals. See the web appendix file for
full results. NDR, neonatal death rate;
U5DR, under-5-year-olds’ death rate.
This figure is only reproduced in colour
in the online version.
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behind. The urban poor and the urban populations of the terai
are particularly at risk, and require attention to overcome finan-
cial and social barriers to care. Similarly, strategies that address
the social exclusion and poverty of rural populations are likely
to be essential to overcoming geographical isolation.
Importantly, to achieve further reductions in under-5-year-olds’
mortality, the policy emphasis will need to shift to address new-
borns’ survival. Among other things, this would mean a strong
focus on improving the care provided to all mothers and to all
newborns in the first 48 h of life, independent of ethnicity,
wealth or residential location.

What is already known on this subject

▸ Very little is known about patterns in child mortality at
subnational level in many developing countries. Despite
steady improvement in maternal and child health indicators
it is still uncertain whether the improved performance in
Nepal was equitable. Anecdotal evidence suggests that
inequality in access and utilisation of health services, and
ultimately health outcomes, exist at the subnational level.

What this study adds

▸ The quantitative analysis shows that disparities in
under-5-year-olds’ mortality by most equity markers have
decreased in absolute terms but have remained stable in
relative terms. A similar pattern is observed with respect to
neonatal inequalities, although no significant trend is found,
suggesting that such inequalities remain.

▸ In a number of cases, the reduction in absolute inequalities
is due to stagnating mortality in urban areas.

▸ Possible upward trends in inequalities across development
regions were found, at least in relative terms.
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