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Abstract

Background: Although decreasing in trend, one-in-three children remain stunted in Nepal and its distribution is
unequal among different socioeconomic and geographical subgroups. Thus, it is crucial to assess inequalities in
stunting for designing equity focused interventions that target vulnerable groups with higher burden of stunting.
This study measures trends and predictors of socioeconomic inequalities in childhood stunting in Nepal.

Methods: Data from five rounds (1996–2016) of Nepal Demographic and Health Survey, nationally representative
cross-sectional surveys, were used. Levels and trends of absolute and relative disparity in stunting between the
poorest and the richest wealth quintiles, and among all quintiles were assessed by calculating absolute and relative
difference, concentration curve and index. Average marginal effects of predictors on stunting were calculated using
probit regression. The concentration index was subsequently decomposed into contributing factors.

Results: Even though stunting consistently declined in all wealth quintiles between 1996 and 2016, reduction was
relatively higher among the richer quintiles compared to poorer ones. The absolute difference between the poorest
and the richest quintile increased from 24.7 in 1996 (64.5% in poorest – 39.8% in richest) to 32.7 percentage points
in 2016 (49.2–16.5%). The relative disparity also increased; the ratio of stunting in the poorest to the richest quintile
was 1.6 in 1996 and 3.0 in 2016. The concentration index increased (in absolute value) from − 0.078 in 1996 to − 0.
147 in 2016 indicating that stunting was disproportionately concentrated in poorer households and socioeconomic
inequalities worsened from 1996 to 2016. Decomposition analysis revealed that in 1996, wealth (61%), caste/
ethnicity (12%), mother’s education (12%) and birth order (9%) were the major contributors to observed
socioeconomic inequalities in stunting; while in 2016, wealth (72%), mother’s BMI (12%) and birth order (9%) were
the major contributors.

Conclusions: Despite remarkable improvements in average stunting over the last two decades, substantial
socioeconomic inequalities in stunting exists and is determined not only by immediate factors but also by
underlying and contextual factors which emphasize the need for coherent actions across different sectors. In
addition to reducing inequalities in wealth, nutrition programming should be focused on most disadvantaged
subgroups which are prone to both stunting and relative poverty.
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Introduction
Under-nutrition is still a major barrier for child growth
and development in developing countries. Low
height-for-age or stunting is an important indicator for
assessing undernutrition among children. It represents
the devastated result of poor nutrition over a long
period, in children under-five years [1]. Stunting can
happen in the first 1000 days of child’s life after concep-
tion and is worsened by recurrent and chronic illnesses
[2, 3]. Coupled with micronutrient deficiencies, affected
children may suffer from irreversible brain damage, im-
peding their complete developmental potential. Even
survivors are more likely to lead diminished lives, have
compromised cognitive abilities, reduced school per-
formance, lowered economic productivity and are at a
greater risk of nutrition-related chronic diseases later in
life [2, 4].
Globally, 150 million children under-five were stunted

in 2017, of which, more than half (55%) were Asian [5].
Although undernutrition is decreasing globally, stunting
is declining relatively at a slower pace, threatening the
achievement of international commitments [6]. At 36%
in 2016, stunting is still unacceptability high in Nepal
with a slow rate of decline (57% in 1996 and 2001, 49%
in 2006, 41% in 2011) [7–11]. Masked by national aver-
age, stunting and severe stunting in some parts of the
country are even higher and wide variation between dif-
ferent socioeconomic and geographical subgroups is
worrisome. In 2016, stunting was higher in the mountain
region1 (47%) where access to health care and other ser-
vices is particularly poor, Karnali province2 (55%), chil-
dren born to mothers with no education (46%) and
children belonging to households in the poorest wealth
quintile (49%) [10].
Childhood stunting is considered to be the best overall

indicator of children’s well-being that reflects social in-
equalities [12]. It is associated with a multitude of demo-
graphic, socioeconomic and nutritional factors such as
child’s age, gender, dietary intake, household economic
status, mother’s education, mother’s age and household
food insecurity [2, 13]. Nevertheless, food insecurity,
mother’s education and household income were consid-
ered as the most important predictors [2, 14–16].
Whereas the major contributors to socioeconomic dis-
parities in stunting and their changes over time were
household economic status and sanitation, parental edu-
cation, utilization of health services (antenatal care, de-
livery at health facility), maternal short stature, child’s
age, birth order, duration of breastfeeding and ethnicity
[17–19].
The Government of Nepal is committed to achieving

the Sustainable Development Goals (SDG) 2030 prin-
cipled on ‘leaving no one behind’. These goals necessi-
tate disaggregation of data by multiple dimensions

including wealth [20]. With equity and access as one of
the strategic pillars; inclusion and disaggregated data
needs are recurring motifs in Nepal’s current health sec-
tor strategy 2015–2020 [21]. To provide momentum to-
wards universal health coverage as envisioned by the
sectoral strategy, an enriched understanding of who and
where the disadvantaged and vulnerable children are, is
thus important. To this end, efforts have been underway.
Nepal joined the ‘scaling up nutrition’ movement in
2011 to strengthen political commitment and account-
ability for ending malnutrition. Efforts have also been
seen in the form of nutrition specific and sensitive inter-
ventions through different sectors under the common
framework of Multi-Sector Nutrition Plan [22]. However,
these are still relatively recent and may not be wide-
spread enough to reach the most vulnerable and impo-
verished population [15].
Given that one-in-three children remain stunted and

its distribution is unequal among different population
subgroups, understanding inequalities in stunting is cru-
cial for designing equity focused interventions. In this
context, this study aims to assess the levels and trends
in childhood stunting by wealth quintile (a measure of
household economic status) in Nepal; use absolute and
relative measures including concentration index to cap-
ture inequality across all quintiles; and then ‘decompose’
these inequalities by quantifying the contributions attrib-
utable to each predictors and examine their changes
over time. To our knowledge this is the first study to in-
vestigate drivers of disparities in stunting and their
trends in Nepal.

Methods
Data
We used data from five rounds of Nepal Demographic
and Health Surveys (NDHS) conducted in Nepal in 1996
(originally called Nepal Family Health Survey, NFHS),
2001, 2006, 2011 and 2016. The datasets were down-
loaded with permission from the DHS program. NDHS
are nationally representative cross-sectional household
surveys that provide data for a wide range of indicators
in the areas of population, health and nutrition. They
use two-stage or three-stage, systematic cluster random
sampling design. Sample size and response rates are pre-
sented in Table 1. The NDHS reports can be referred to
for further detail [7–11].
The 1996 and 2001 surveys did not calculate the

wealth index factor scores in original datasets. These are
available as separate files. Similarly, the updated an-
thropometric z-scores based on 2006 World Health Or-
ganization’s (WHO) child growth standards [23] are also
available as separate files for these surveys.. Data from
these separate files were thus merged with the datasets
of 1996 and 2001.
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The 1996 survey collected anthropometric data for all
children under-three years of age born in the three years
before the survey to women interviewed. We used chil-
dren’s recode dataset for all calculations of 1996. Other sur-
veys collected anthropometric measurements for under-five
years’ de facto children – those who stayed in the house-
hold the night before the interview. So except for 1996 sur-
vey, we used household member recode datasets which
contain information for all children under-five in the
household for calculating the quintile specific trends, con-
centration curves, levels and trends in concentration indi-
ces and absolute and relative differences (Weighted N:
1996–3703; 2001–6442; 2006–5258; 2011–2485; 2016–
2421). For decomposition analysis of 1996 and 2016, we
used children recode dataset for characteristics of children
and their mother (Weighted N: 1996–2967; 2016–1588).

Outcome variable
Compared to underweight and wasting, both of which
reflect recent nutritional distress, stunting is a result of
chronic nutritional deprivation [24]. Although all three
indicators are equally important to measure nutritional
imbalance resulting in undernutrition, we analysed
stunting among children as outcome to better measure
inequalities in long term nutritional progress in Nepal.
Stunting was measured using height-for-age z-scores.
The WHO child growth standard [23] expresses a child’s
height in standard deviation units (z-scores) above or
below the median height of healthy children in the same
age group or in a reference group. Using this standard,
we classified children whose height-for-age z-score was
below minus two standard deviations (<− 2 SD) from the
median of the reference population as short for their age
(stunted) or chronically malnourished.

Conceptual framework
The WHO’s conceptual framework on childhood stunt-
ing [25] explains the context, causes and consequences

of stunting and underpins our analysis. The process of
stunting begins even before birth. Maternal factors such
as short maternal stature, intrauterine growth retard-
ation, short birth spacing and poor nutrition during
pre-conception, pregnancy and lactation contributes to
stunted growth and development of the child. After
birth, breastfeeding practices become important and
household factors such as inadequate sanitation affects
the risk of infection and morbidities that interfere with
growth. Wider contextual factors, among many others,
include wealth, education, socio-cultural factors such as
caste/ethnicity, and access to health care. Together with
wealth and education, caste/ethnicity determines the so-
cioeconomic position of populations placing certain
groups at an advantage in terms of access and use of re-
sources while marginalizing others.
Differences in exposure and vulnerability to poor

health outcomes are linked to people’s respective social
status [26]. In Nepal, significant disparities in access to
health care among people of different caste/ethnic
groups exist [27]. Food consumption patterns [28] in-
cluding complementary feeding practices [29] also vary
between different sociocultural groups affecting their
nutritional status. In health care access, antenatal care
(ANC) visits and delivery in health facility are usually
the first points of contact with the health system for
most pregnant women. These are critical windows of op-
portunity for health programs to provide evidence-based
interventions likely to prevent stunting in utero and
later.

Predictors of socioeconomic inequalities
We used the conceptual frame work and previously pub-
lished literatures [13, 19, 30–32] that have shown strong
association between either stunting or height-for-age
z-scores and socioeconomic, maternal, child and Water,
Sanitation and Hygiene (WASH) factors to guide the se-
lection of our predictor variables. Our selections were

Table 1 Number of households, response rate, number of children and time of field work by survey year

Survey year

1996 2001 2006 2011 2016

Total households (N) 8082 8602 8707 10,826 11,490

Response rate (%) 99.6 99.6 99.6 99.4 98.5

Total childrena (N) 3734 6367 5417 2430 2446

Total childrenb (weighted N) 3703 6442 5258 2485 2421

Total childrenc (weighted N) 2967 NA NA NA 1588

Time of field work Jan-Jun 1996 Jan-Jun 2001 Feb-Aug 2006 Jan-Jun 2011 Jun 2016 – Jan 2017
aIn 1996 anthropometric data were collected for under-three years old children; in 2001, 2006, 2011 and 2016 anthropometric data were collected for under-five
years old children
bSample size used for calculating the quintile specific trends, concentration curves, levels and trends in concentration indices and absolute and
relative differences
cSample size used for decomposition analysis to explain between-year changes in inequalities comparing 1996 and 2016
NA: Not applicable
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also restricted by what was available in the 1996 NDHS
dataset.
In socioeconomic factors, first we included household

wealth index. Income and wealth enables access to bet-
ter quality foods, health care and other factors that can
raise the nutritional status of children [33]. The NDHS
calculates wealth index (also called the asset index) com-
posed of a set of variables asked in household question-
naires that describe household assets and utilities. It is a
composite measure of a household’s cumulative living
standard and is used as a proxy for household welfare.
Households are given scores based on the number and
kinds of consumer goods they own, ranging from a tele-
vision to a bicycle or car, and housing characteristics
such as source of drinking water, toilet facilities, and
flooring materials [10]. Constructed using principal com-
ponent analysis, scores for the first principal component
gives the index and individual households are placed on
a continuous scale of relative wealth. The quintiles are
then constructed with each quintile containing 20% of
the population.
Second we included caste/ethnicity. The caste variable

recoded3 by NDHS was adapted for analysis into follow-
ing groups: Brahmin/Chhetri, Dalit, Janajati, Muslim,
Newar, other terai caste and others. The category
‘others’ was later omitted during model fitting to
minimize errors. Maternal and parental factors included
education level of mother and her husband/partner,
height (cm), body mass index (BMI), ANC visits and de-
livery in a health facility. Child characteristics consisted
of age (months), birth order, status of breastfeeding and
perceived size of baby at birth. WASH factors comprised
availability of toilet facilities in household. We used
these predictor variables in decomposition analysis to
explain between-year changes in inequalities comparing
1996 and 2016.

Measurement of socioeconomic inequalities
We started with comparison of stunting across different
wealth quintiles. We then used both absolute and rela-
tive measures of inequality for comprehensive assess-
ment of household economic disparities in stunting, as
using either one only can lead to dissimilar inferences
about the magnitude and changes [34]. We calculated
one absolute (the difference between stunting in the
poorest/first and richest/fifth quintiles) and two relative
indicators of inequality (the ratio of stunting in the poor-
est quintile to the richest quintile and the concentration
curve/index).
The concentration curve and index captures inequality

across all wealth quintiles. The concentration curve plots
the cumulative proportion of stunting against the cumu-
lative proportion of children, ranked by wealth index,
beginning with the poorest, and ending with the richest

(x-axis). We constructed concentration curves for 1996
and 2016 to illustrate changes in inequality in stunting
between these survey periods and also applied statistical
test of dominance [35] between the concentration curves
to assess whether differences between curves are
significant.
To quantify the degree of socioeconomic inequality in

stunting we calculated the concentration index which is
defined as twice the area between the stunting concen-
tration curve and the line of equality (the diagonal or
45-degree line; see Fig. 2) [35]. The index is expressed in
a scale ranging from − 1 to 1; a value of zero represents
perfect equality, whereas a value of 1 to − 1 indicates
that only the richest or the poorest household bear the
burden of stunting. It is negative (positive) when the
curve lies above (below) the line of equality, indicating a
higher relative burden of stunting among the poor (rich).
When we multiply the value of concentration index by
75 we get an estimation of the percentage of stunting to
be redistributed from the richer half to the poorer half, in
order to reach a distribution of perfect equality and to ob-
tain an index value of zero [36]. In our analysis, since the
outcome variable is dichotomous, the bounds of the con-
centration index are not − 1 and 1 but depend on the mean
of the variable. To ensure robustness, we further normal-
ized the standard index estimates by dividing through by 1
minus the mean [37] and presented the results.
The concentration index can be written in terms of

the covariance between the outcome variable (stunting)
and the fractional rank in the socioeconomic distribu-
tion (wealth index) as follows:

C ¼ 2
μ
COVw yi;Rið Þ ð1Þ

Here, yi refers to the outcome of the ith individual, Ri

is the fractional rank of the ith ranked individual in the
socioeconomic distribution, while μ is the weighted
mean of y, and COVw denotes the weighted covariance.

Decomposition of inequalities
To identify the contribution of each of the predictors to
the observed socioeconomic inequality in stunting we
decomposed the concentration index of stunting to re-
flect the proportional contributions of predictors, to-
gether with an unexplained residual component (ε). For
any linear additive regression model explaining outcome
(y), with a set of predictors (k), their regression coeffi-
cients (βk), the intercept (α), the relative contributions of
Xk predictors and error term (ε) [35, 38] such as

y ¼ αþ
X

k
βkXk þ ε ð2Þ

the concentration index for y (i.e. C) can be written as
follows:
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C ¼
X

k

βkXk

μ

� �
Ck þ GCε

μ
ð3Þ

Equation (3) shows that the overall inequality in out-
come has two components, a deterministic or ‘explained’
component and an ‘unexplained’ component; one which
cannot be explained by systematic variation in the pre-
dictors across wealth groups. In the deterministic com-
ponent βk is the coefficient from a regression of
outcome on predictor k, Xk is the mean of predictor Xk,
μ is the mean of y and Ck is the concentration index for
predictor Xk (defined analogously to C). In the unex-
plained component, GCε is the generalized concentra-
tion index for the error term (ε). Using the explained
component, we can calculate the contribution of each
predictor to inequality by multiplying the outcome elas-
ticity (impact each predictor has on the outcome) with
respect to that predictor and its concentration index

(degree of unequal distribution) i.e. ðβkXk

μ ÞCk .

Even if the contribution of a predictor is large, it will
not have a large contribution to inequality, if it is equally
distributed between the rich and the poor. Predictors
that are more concentrated among the poor and associ-
ated with a higher probability of stunting, or those that
are more prevalent among the rich and associated with a
lower probability of stunting would lead to inequality.
Thus, both the impact of the predictor on the outcome,
as well as its distribution by economic status (given by
concentration index) determines the contribution of pre-
dictors to total inequality. Next, the percentage contri-
bution of each predictor can be estimated by dividing its
absolute contribution by the concentration index of the

outcome i.e. ðβkXk

μ ÞCk=C.

The decomposition method was first introduced for
use with linear prediction models [38]. However, in our
study the outcome variable is binary and thus requires
non-linear statistical techniques. Of the two popular
choices – the logit and the probit model that yield prob-
abilities in the range (0,1) and are fitted by maximum
likelihood; we used the probit model which has also
been used in another study [19]. Because the normal
and logistic distributions are similar, the choice between
a probit or a logit specification is not important in most
cases [35].

hi ¼ αm þ
X

k
βmk Xki þ ui ð4Þ

In a probit model, using marginal or partial effects
(dh/dx), which gives the change in predicted probability
associated with unit change in predictor variable, allows
for dealing with discrete changes from 0 to 1. Thus, this
approximation of non-linear relationship using marginal

effects restores the mechanism of the decomposition
framework in eqs. (2) through (4) [39]. Equation (4)
gives the linear approximation of the non-linear estima-
tions, where ui indicates the error generated by the lin-
ear approximation used to obtain the marginal effects.
This method has been used previously in analysis of
health sector inequalities [40, 41]. We calculated average
marginal effects from predictions of probit model and a
two-tailed P value < 0.05 was considered statistically sig-
nificant. All the estimates take sampling weights into
consideration. We used Stata 15.1® for statistical
analyses.

Results
Socioeconomic inequalities
Stunting has consistently declined in all wealth quintiles
between 1996 and 2016. However, the reduction was
relatively higher among the richer quintiles compared to
the poorer ones. In 1996, stunting was 64.5% (95% CI:
61.4 to 67.7) in the poorest (first) quintile and 39.8%
(35.5 to 44.0) in the richest (fifth) quintile (Table 2,
Fig. 1). By 2016, stunting dropped in Nepal to 49.2%
(44.8 to 53.6) in the poorest quintile, 16.5% (11.7 to
21.3) in the richest quintile, and in between these out-
comes in the middle quintiles. The average decline per
year during this period was 0.8 percentage points in the
poorest quintile compared to 1.2 percentage points in
the richest quintile which was the highest rate of reduc-
tion among all wealth groups.
The largest absolute decline in stunting prevalence be-

tween 1996 and 2016 occurred in the richest quintile
with 23.3 percentage points. The corresponding percent-
age decline between 1996 and 2016 was 58.5% which
took place at the rate of 4.3% per year (Table 2). As a re-
sult of the greater absolute decline in stunting in the
richest quintile than in the poorest quintile, the differ-
ence between these quintiles increased from 24.7 in
1996 to 32.7 in 2016 (Table 2, Fig. 1). The relative dis-
parity between the poorest and the richest groups has
also increased; the ratio of stunting in the first quintile
to fifth quintile was 1.6 in 1996 and 3.0 in 2016.
Figure 2 presents concentration curves for stunting in

1996 and 2016. In 1996, the concentration curve was
consistently above the line of equality, which means
stunting was disproportionately concentrated in poorer
households. In 2016, the curve has shifted even further
away from the line of equality, showing increase in de-
gree of inequality over the years. In order to obtain zero
inequality, it is necessary to redistribute 5.9% stunting
(not stunted) in 1996 and 11% in 2016 from the richer
to the poorer half of the population. Here, we can reject
the null of non-dominance at the five percentage level of
significance using the less strict option within the test
described in O’Donnell et al. [35]. This means the 2016
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concentration curve dominates (lies above) that of 1996
but the two curves overlap toward the bottom of the
wealth distribution.
In addition, the concentration index increased (in ab-

solute value) from − 0.078 (95% CI: -0.094 to − 0.061) in
1996 to − 0.164 (− 0.194 to − 0.134) in 2011 (Table 2,
Fig. 3). It decreased slightly from 2011 to 2016 (− 0.147,
95% CI: -0.179 to − 0.114). The negative values indicate
that stunting was disproportionately concentrated in
poorer households. We find that socioeconomic inequal-
ities in stunting, as measured by concentration index,
worsened from 1996 to 2011, however improved some-
what in 2016. The ‘normalized’ concentration indices
show even stronger evidence of the burden of stunting
being more concentrated among the poor (Table 2).

Marginal effects of predictors
In mothers having a higher BMI the chances of stunting
were significantly reduced in 2016 (Normal, P = 0.042
and Overweight/Obese, P = 0.003). Results were similar
in 1996, but statistically non-significant (Table 3).
Mothers with ‘secondary and above’ education had

significantly lower probability (P = 0.020) of stunting in
1996. Although results were similar in 2016 i.e. higher
education decreasing the chances of stunting, it was not
statistically significant. Mothers with short height (< 145
cm) were significantly more likely (P < 0.001) to have
stunted children both in 1996 and 2016 with higher ef-
fect in 2016.
Children aged 25–59months had significantly higher

chances (P < 0.001) of stunting and it did not change over
the study period (Table 3). Likewise, in 1996 (P < 0.001) as
well as 2016 (P = 0.007), higher birth order was signifi-
cantly associated with increased probability of stunting; ef-
fects were similar and were largest for children born fifth
or later. Small (perceived) size of baby at birth had signifi-
cantly higher probability of stunting in 1996 (P < 0.001) as
well as 2016 (P = 0.039). Those of Janajati (P < 0.001),
Newar (P < 0.001) and Brahmin/Chhetri (P = 0.002) origin
were significantly less likely to be stunted in 1996, the ef-
fect being largest in Newar. In contrast, such effects were
not significant in 2016. The upper two wealth quintiles
had significant negative associations with probability of
stunting in 1996 (Fourth, P < 0.001 and Fifth, P = 0.001);

Table 2 Trends and estimates for quintile-specific stunting in 1996, 2001, 2006, 2011 and 2016

Stunting (95% confidence intervals) Absolute decline in stunting
(percent points)

Percentage decline
in stunting (%)

Average
decline per
year

Total
decline

Average
decline
per year

Total
decline

1996 2001 2006 2011 2016 1996–2016 1996–2016 1996–2016 1996–2016

First quintile
(poorest)

64.5
(61.4 to 67.7)

67.6
(65.2 to 70.1)

61.6
(58.7 to 64.5)

56
(51.7 to 60.2)

49.2
(44.8 to 53.6)

0.8 15.3 1.3 23.7

Second quintile 61
(57.3 to 64.7)

61.3
(58.4 to 64.1)

54.9
(51.3 to 58.4)

45.7
(40.4 to 51.0)

38.7
(34.0 to 43.3)

1.1 22.3 2.2 36.6

Third quintile 58.1
(54.3 to 62.0)

54.3
(51.3 to 57.3)

50.4
(46.6 to 54.1)

34.5
(29.4 to 39.7)

35.7
(31.1 to 40.3)

1.1 22.4 2.4 38.6

Fourth quintile 52.2
(48.4 to 55.9)

53.1
(50.0 to 56.1)

39.8
(36.1 to 43.4)

30.5
(24.7 to 36.3)

32.4
(27.5 to 37.4)

1.0 19.8 2.4 37.9

Fifth quintile
(richest)

39.8
(35.5 to 44.0)

42.1
(38.9 to 45.4)

30.9
(26.9 to 35.1)

25.8
(20.1 to 31.5)

16.5
(11.7 to 21.3)

1.2 23.3 4.3 58.5

Total stunting 56.6
(54.9 to 58.2)

57.2
(55.9 to 58.5)

49.3
(47.7 to 50.9)

40.5
(38.1 to 42.9)

35.8 (33.7 to
38.0)

1.0 20.8 2.3 36.7

Ratio of first to fifth
quintile stunting

1.6 1.6 2.0 2.2 3.0

Difference in first
and fifth quintile
stunting

24.7 25.5 30.7 30.2 32.7

Concentration index
(95% confidence
intervals)

−0.078
(− 0.094
to − 0.061)

− 0.083
(− 0.095
to − 0.070)

− 0.125
(− 0.143
to − 0.108)

− 0.164
(− 0.194
to − 0.134)

− 0.147
(− 0.179
to − 0.114)

Standard error of
concentration index

0.008 0.006 0.009 0.015 0.017

Normalized
concentration indexa

− 0.178 − 0.193 − 0.247 − 0.276 − 0.228

Weighted N 3703 6442 5258 2485 2421
aNormalization of concentration index involves dividing the concentration index by (1 – proportion stunted)
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additionally, in 2016, the middle/third quintile also
showed significant negative association (P = 0.002). In
both years, largest effects were seen in the richest quintile.

Decomposition of inequalities
In Table 3 which presents decomposition analysis, the
concentration index for stunting was − 0.082 in 1996

A

B

C

Fig. 1 Quintile-specific trends in stunting from 1996 to 2016. (a) Stunting prevalence (b) Absolute difference (Q1-Q5) (c) Relative difference (Q1/
Q5). The first quintile (Q1) is the 20% poorest quintile and the fifth quintile (Q5) is the 20% richest. (Weighted N: - 1996: 3703; 2001: 6442; 2006:
5258; 2011: 2485; 2016: 2421)
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Fig. 2 Concentration curve for stunting, 1996 and 2016 (Weighted N: - 1996: 3703; 2016: 2421)

Fig. 3 Trend in concentration index of stunting with 95% confidence intervals. Curve illustrates point estimates. Shaded areas are 95% confidence
intervals. (Weighted N: - 1996: 3703; 2001: 6442; 2006: 5258; 2011: 2485; 2016: 2421)
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and − 0.138 in 2016 (Weighted N: 1996–2967; 2016–
1588), indicating that stunting was concentrated
amongst the poor, more in 2016 than in 1996. The abso-
lute contribution of each predictor was obtained by
multiplying its marginal effect by its mean and concen-
tration index, then dividing by the mean of stunting
(0.553 in 1996 and 0.337 in 2016). For example, the con-
tribution of being in the richest wealth quintile in 1996
can be computed as: Marginal effect (− 0.145) *Mean
(0.148) *Concentration Index (0.852) divided by
weighted mean of stunting (0.553) = − 0.0330. Likewise,
for 2016, (− 0.200) *(0.144) *(0.856)/ (0.337) = − 0.0732.
Positive (negative) contributions of predictors indicate
that the total inequality would, ceteris paribus, be lower
(higher) if that predictor had no impact on stunting (in-
stead of that reflected in marginal effects) or was equally
distributed across the socioeconomic spectrum (instead
of concentrated, as mirrored in the concentration indi-
ces of predictors) [41]. The corresponding percentage
contributions can be calculated by dividing the contribu-
tion of each predictor by the total (sum contribution)
explained portion of the concentration index (− 0.0797
in 1996 and − 0.1305 in 2016), which is = − 0.0330/−
0.0797 = 41.4% in 1996 and − 0.0732/− 0.1305 = 56.1% in
2016. Therefore, being in the richest wealth quintile con-
tributed to 41.4% of the inequalities in stunting in 1996,
which is lower than the contribution of 56.1% in 2016.

Similarly, in Table 3, where overall stunting is con-
centrated amongst the poor (negative concentration
index) we can interpret the contributions of individual
predictors to the overall inequality as follows. Children
born fifth or later (birth order) had an above average
probability of stunting (positive marginal effect), were
disproportionately concentrated in lower income
groups (negative concentration index), and thus con-
tributed − 0.0077 or 9.7% in 1996 and − 0.0101 or 7.7%
in 2016 to the total observed inequality in stunting; a
decrease in contribution of two percentage points.
Since these contributions have the same sign as the
overall concentration index, which indicates that stunt-
ing was concentrated amongst the poor, these indicate
that children born fifth or later were a major pool of
poor people with stunting. In perceived size of baby at
birth, the 3.6% contribution of babies born small in
2016 was lower than the 7.3% contribution estimated in
1996; a decrease in contribution of 3.7 percentage
points. In the same way we can compare contributions
across categories of a predictor. For example, in 2016
the contribution of babies born 2nd – 4th in order was
only 0.8%; lower than that contributed by those born
5th or later (7.7%).
We can interpret a contribution with opposite sign

to that on the overall concentration index in the fol-
lowing way. In 1996, children aged 25–59 months had

Fig. 4 The percentage contribution of predictors to the total inequality in stunting in Nepal in 1996 compared to 2016. (Weighted N: - 1996:
2967; 2016: 1588)
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a higher probability of stunting than children aged 0–
24 months (the reference group) – a significant posi-
tive marginal effect of 0.172. However, since they were
disproportionately concentrated in the higher income
group (positive concentration index of 0.005), their
contribution of 0.0004 was in the opposite direction to
the overall inequality observed.
Analysing caste/ethnicity in 1996 we find that there is

negative association between being a Newar and stunt-
ing (negative marginal effect); and with Newar being a
rich group (positive concentration index) results in being
of Newar origin contributing − 0.0089, or 11.1%, to the
total inequality; which is higher than the contribution of
just 0.6% in 2016; a decrease of 10.5 percentage points.
In mother’s education, a negative association between
those with secondary level and above education and
stunting (negative marginal effect) and their concentra-
tion among the richer households (positive concentra-
tion index), has led to higher education level of mothers
contributing − 0.0087, or 11.0%, to the total inequality.
In 2016, this contribution decreased by 6.3 percentage
points and was just 4.7%.
Maternal short stature was positively associated with

stunting (positive marginal effect), and as those with short
height were disproportionately poor (negative concentration
index) they contributed − 0.0002, or 0.3%, in 1996 and−
0.0077, or 5.9%, in 2016; an increase in contribution of 5.6
percentage points to the total inequality. A higher mother’s
BMI was negatively associated with stunting (negative mar-
ginal effect), and since those who were overweight/obese
were disproportionately rich (positive concentration index)
they contributed − 0.0007, or 0.9%, in 1996 and − 0.0221, or
16.9%, in 2016; an increase in contribution of 16 percentage
points to the total inequality. In the same way we can inter-
pret other decomposition results.
We can also compare the overall contribution of a par-

ticular predictor by summing up contributions across its
categories (reflected in sub-total, Table 3 and Fig. 4). In
1996, the major contributors to the observed socioeco-
nomic inequalities in stunting were: wealth (60.7%),
mother’s education (12.2%), caste/ethnicity (12.1%) and
birth order (9.1%). ANC visits, maternal short stature
and mother’s BMI played a less important role in terms
of inequalities. In 2016, wealth (72.3%), mother’s BMI
(12.3%) and birth order (8.6%) were the major contribu-
tors while mother’s education, delivery in health facility
and ANC visits did not contribute considerably. Wealth
was the biggest contributor to inequality in stunting and
its contribution has increased by 11.6 percentage points
between 1996 and 2016. The contribution of caste/ethni-
city and mother’s education has decreased, while that of
mother’s BMI has increased. The contribution of birth
order to the total inequality in stunting has more or less
remained constant.

Discussion
From 1996 to 2016, Nepal’s political and economic cli-
mate was marred by an armed conflict, unstable govern-
ments, a massive earthquake with subsequent economic
blockade by its neighbour, and transition to a new fed-
eral governance structure. In spite of such adversities,
on an average, Nepal made remarkable ground in mater-
nal and child nutrition indicators [30, 32]. However, with
national averages we cannot identify those who are being
left behind. Thus, using data from periodic surveys con-
ducted during the 20-year time period, we analysed
trends and predictors of inequalities in chronic malnutri-
tion, stunting. Our analysis revealed widening disparity
in stunting between the poorest and richest households
both in absolute and relative terms. The better off have
experienced larger and faster decline in stunting com-
pared to the least affluent. Household economic status
was the biggest contributor to inequality in stunting and
its contribution has increased.
Although stunting has decreased in all wealth quin-

tiles, the absolute gap between the poorest and richest
households has increased, with consistently lower
(higher) prevalence in richest (poorest) group. The abso-
lute decline in stunting in the richest households was
nearly 50% higher than those in the poorest households.
Usually, as coverage of health interventions increase, the
rich selectively benefit first, then only the poorest will
lag behind all other groups [42, 43]. This was evident in
our study where absolute disparities were smaller when
stunting prevalence was high – possibly because most of
the population, including the richest households, had in-
adequate access to nutrition interventions. But as stunting
declined over time, largely driven by the faster decline
among the richest households, stunting persisted in the
poor with relatively lower rates of decline. Likewise, the
relative difference between the poorest and richest stunt-
ing prevalence has also increased. By 2016 three times
more children were stunted in the poorest quintile as
compared with those in the richest quintile. This is ex-
pected when prevalence at the national level is decreasing.
As stunting decline among the poor is outpaced by that in
the rich, the absolute differences become higher which
leads to higher ratios or relative inequalities.
The concentration curve and index analyses also re-

vealed pro-rich improvements which have become more
pronounced over time. Other studies from the region
show similar patterns where stunting is declining on one
hand while socioeconomic inequality is increasing on
the other [18, 19, 44]. A lack of association between the
rate of decline in stunting and improvement in equity
was also reported in a multi-country analysis of survey
data [45]. This unwanted trend in light of the govern-
ment’s explicit commitment to enhance equity [21,
22, 46] questions the strategies and also the

Angdembe et al. International Journal for Equity in Health           (2019) 18:42 Page 12 of 17



effectiveness of nutrition interventions. While govern-
ment policies and programs are pro-poor and
pro-inclusive, these results provide a strong case that
stunting is distributed unequally across different so-
cioeconomic subgroups in the population.
From decomposition analysis it is clear that most of

the inequality was due to household economic status
both in 1996 and 2016. In Nepal, improved access to
healthcare, improvements in sanitation mainly use of
toilets, improvements in (mother’s) education and par-
ticularly wealth accumulation have been identified as the
key drivers of reduction in undernutrition [30, 32]. It is
fair to say that nutrition sensitive interventions that ad-
dress the underlying determinants of nutrition, including
poverty and that draw on complementary sectors such
as agriculture, health, social protection, early child devel-
opment, education, and water and sanitation [47, 48] are
more important for addressing inequities in stunting. So-
cial safety nets that raise income among vulnerable
groups and make them resilient to economic shocks are
needed [48]. By redistributing income to the poorest and
most vulnerable, they not only have an immediate im-
pact on poverty and inequality [49] but also increase use
of health and education services [50]. In this regard,
there is much to learn from Bangladesh where pro-poor
and women-focused investments in health and social de-
velopment have contributed to equity gains in child sur-
vival [51]. One intervention that stands out is women’s
microcredit that aimed to reduce poverty by providing
poor families with access to small collateral-free loans.
They targeted the ultra-poor women, encouraging eco-
nomic and social empowerment and has had various
positive effect on health outcomes [51]. Nevertheless,
given the limited health system capacity, we need to first
better understand the cost effectiveness and desirability
of social safety net programs in Nepal, as in the past
they have been found to have unintended negative con-
sequences [52].
Similar studies in the region have noted mother’s edu-

cation to be a prime contributor to inequalities in stunt-
ing [18, 19, 53]. Better education will not only
contribute to higher household income but may also re-
sult in improved health knowledge, greater access to and
use of health services, healthier feeding habits and en-
hanced decision making power within the household
[54, 55]. In Nepal, more girls are getting education than
ever before. The ratio of girls to boys in primary educa-
tion increased from 0.56 in 1990 to 1.09 in 2015 [56].
This is a result of efforts to increase public expend-
iture in education. It started in the early 1990s and
was provided further momentum in 2001 when the
education for all national plan of action was adopted
that brought gender equality and social inclusion to
the forefront [30]. As a result, not only rich but poor

women may also be getting educated, thus reducing
the contribution of mother’s education to overall
inequality.
With 125 caste/ethnic groups [57], Nepal’s population

is diverse in caste/ethnicity. The contribution of caste/
ethnicity to inequality in stunting has decreased, largely
due to reduction in contribution of Newar. Stunting in
Newar has become lesser pro-rich in 2016 compared to
1996, which means inequality has decreased. In general,
Newar have a better health status compared to others.
In 2016, they had the highest levels of institutional deliv-
ery, demand satisfied for family planning and children
fully immunized; and lowest prevalence of anaemia and
thinness (BMI < 18.5) among women. They also had the
lowest rates of under-five and neonatal mortality rate
and total fertility rate. In contrast, Muslim, other Terai
caste and Dalit had relatively lower levels of service
utilization and poorer health outcomes [58]. During the
period of notable poverty reduction in Nepal between
1995 and 2010 when national poverty rates fell from 64
to 25% [59]; among all caste/ethnic groups, Newar con-
sistently had lowest poverty rates, while Dalit stood on
the bottommost end of the spectrum [60, 61].
The contribution of mother’s BMI to inequality has in-

creased, owing to bigger contribution of overweight/
obese mothers to inequality. Both in 1996 and 2016,
stunting among children of overweight/obese mothers
was disproportionately concentrated in richer house-
holds. In fact, a previous study has shown that compared
to poorest households, the odds of being overweight and
obese were higher among adult women belonging to the
richest households [62]. However, compared to 1996,
not only there was significant negative association be-
tween overweight/obese mothers with probability of
stunting but also the proportion of mothers who were
overweight/obese increased from just 1.8 to 17.6% in
2016. Other studies based on DHS data also show in-
creasing prevalence of overweight and obesity among
women of reproductive age [63, 64]. The rich poor dif-
ferentials and growing prevalence of overweight/obesity
has made mother’s BMI a major contributor to inequal-
ity. These are indications of changing lifestyle and high-
lights the need to adjust the existing strategies so that
multiple forms of malnutrition can be addressed.
Similar to our results, a previous study reported sig-

nificant association between higher birth order and
stunting among children in Nepal [13]. Additionally,
height-for-age z-scores, was also found to have signifi-
cant negative association with higher fertility [65]. As
opposed to 1996, the proportion of children born fifth
or later has decreased in 2016, from 25.4 to 9.3% in our
analysis; but this effect has been nullified by the increase
in inequality – stunting concentration becoming even
higher among the poor. In Nepal, even though women
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are having fewer children than before, the decline in
total fertility rate in the poorer households is relatively
slower compared to that in the richer households. In
2016, the total fertility rate was highest in the poorest
wealth quintile at 3.2 compared to 1.6 in the richest
quintile [10], which explains the negative shift of the
concentration index in 2016 with regards to birth order.
This is possibly the reason why contributions of birth
order to inequality has remained similar over the years.
A higher fertility not only has adverse consequences on
mother’s health, but also affects the child’s birth weight
and the mother’s ability to feed and care for her child
[18], which are possible pathways to stunting. This high-
lights the need to further improve family planning prac-
tices among the poor.
Maternal short stature has intergenerational effects as

measured by height of the mother on stunting [66]. A
shorter height may lead to intrauterine growth retard-
ation [67] and low birth weight [68], causing mortality
and impaired child growth [2]. With higher positive ef-
fect and pro poor distribution, the contribution of ma-
ternal short stature to inequality has increased. Similarly,
the concentration of small size of the baby at birth (per-
ceived) has increased among the poor but due to its re-
duced positive effect on stunting as well as reduced
prevalence, its overall contribution to inequality has de-
creased. A generation of poor women who were stunted
as children may have given birth to children with similar
impaired growth. Thus, it is crucial to formulate strat-
egies that incorporate a life cycle approach to address
nutrition issues during critical periods from conception
to adulthood. Integration of nutrition counselling across
maternal and child health and family planning interven-
tions is also equally important. However, any new inter-
ventions and/or changes will need to be reflected at all
levels of the government, especially at the local level,
where services are delivered.
Improvements in availability of health care services

have been identified to be among the key drivers of re-
duction in undernutrition in Nepal [30, 32, 65]. We ex-
amined the contributions of ANC visits and institutional
deliveries which have reduced overtime and together
accounted for only 3.5% of inequality in 2016. Utilization
of these services has improved remarkably over the
years. But what is even more noteworthy is the reduc-
tion in stunting inequality in these groups of mothers as
indicated by the large shift of concentration index to-
wards the null. Yet still the quality of ANC services is a
concern that threatens these gains made. Only 17% of
health facilities in Nepal offered high quality ANC ser-
vices in 2015 [69]. Poor-quality care is now a bigger bar-
rier than insufficient access in countries like Nepal
where multi stakeholder commitment is critical for qual-
ity improvements [70].

While interpreting results, the following caveats will
need to be considered. First, although decomposition of
concentration index helps identify factors that potentially
contribute to socioeconomic inequality, it should not be
interpreted as causal. Second, some important variables
deemed to have association with stunting but not mea-
sured during 1996 survey were omitted. Third, analysis of
dichotomous rather than continuous variables arguably
weakens the power of statistical tests [71] but in exchange
for easy interpretation and presentation of results we pre-
ferred the former. Besides, in case of stunting the cut off
points are standardized and recognized world over and
the sample sizes are large enough to greatly reduce this
concern. In a previous study, conclusions did not change
radically when height-for-age z-scores were used as out-
come instead of stunting [19]. Fourth, the use of wealth
indices for the measurement of socioeconomic position in
low income countries is criticized for being sensitive to
choice of assets and for not reflecting short term eco-
nomic shocks [72] and food affordability [31]. However, in
absence of direct measurements of household wealth,
such asset based index is a good proxy for household so-
cioeconomic status. Fifth, the design of the 1996 and 2016
NDHS may not match completely but since we did not
conduct pooled analysis, the estimates from respective
surveys stand on their own and proportions should be
comparable without much concern.
By applying standard analytical methods our results

shed much needed light on the unequal progress in
stunting decline in Nepal and has several implications.
Nutrition sensitive interventions delivered via a
multi-sectoral approach, including increasing overall in-
vestment in health and education is key. Increasing
coverage of nutrition specific interventions using a life
cycle approach in groups that are being left behind may
address intergenerational stunting. Although recent ef-
forts for policy coherence across the sectors [22] and
rolling out of community level nutrition programmes is
commendable; current strategies require targeted ap-
proach to address inequalities. By enhancing outreach
services and strengthening the community system of ser-
vice delivery with a focus on poor, disadvantaged and
marginalized groups, coverage could be improved across
all segments of the population. Efforts for poverty allevi-
ation should go hand in hand with direct investments
for reduction of undernutrition primarily in the poorest
segments of the population. It is necessary to tackle
structural factors that cause unequal wealth distribution
through social protection programmes. They can also
serve as a delivery platform for nutrition-specific inter-
ventions, potentially increasing their scale, coverage and
effectiveness.
With the current average annual rate of reduction

Nepal will not achieve the World Health Assembly’s
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target to reduce stunting to 24.3% by 2025 [22] which
will in turn offset its course towards SDG 2030 target as
well. Interventions should be targeted at the subnational
level where the factors causing inequalities are rife. The
mountain zone [73], Karnali province and Province 2
[74] not only have relatively higher rates of poverty but
also lower levels of education attainment among women
and higher total fertility rate [10]. Within these regions,
rural areas and communities that suffer higher levels of
deprivation should be prioritized to reduce inequalities
in stunting. In doing so, leadership of the local govern-
ments will be critical in the new federal governance
structure. The focus should be on community based pri-
mary care approaches using community health workers
and volunteers who in the past have successfully con-
tributed to reducing equity gaps and improving access
[75].

Conclusions
Despite remarkable improvements in average stunting
over the past two decades, substantial socioeconomic in-
equalities in stunting exists in Nepal. Not only health
system functions such as controlling fertility and im-
proving maternal health but also factors beyond the
scope of health authorities and care delivery system such
as asset-based wealth distribution and education are at
play in determining inequalities. In the past two decades,
the better off segments of the population have experi-
enced larger and faster decline in stunting compared to
the least affluent and contribution of household wealth
to inequalities has increased. Policy interventions that
are tailored to inequality patterns, which reach the most
disadvantaged and vulnerable groups, might help to
change these trends. Multi-sectoral efforts are needed to
target nutrition specific and nutrition sensitive programs
including social protection for the poor. Political com-
mitments need to be translated in to large scale pro-
grams. Nevertheless, for targeting priority populations,
subnational information might be needed, which is an
area for future studies to delve into.

Endnotes
1Topographically, Nepal is divided in to three distinct

ecological belts along a south-to-north transect: Terai
(or plains) constitutes 23%, Hill constitutes 42% and
Mountain constitutes 35% of total land. According to
the latest national population census [57], 50% of the
population live in the terai, about 42% live in the hills
and only about 7 % live in the mountains. Because of the
harsh terrain, transportation and communication facil-
ities are very limited in the mountain zone.

2The new constitution of Nepal which came into effect
on September 2015, restructured the country in to a fed-
eral democratic republic governed with three levels of

government: a federal level, seven provinces and 753
local governments. The seven provinces are (starting
from the East): Province 1, Province 2, Province 3, Gan-
daki Province, Province 5, Karnali Province and Sudur
Paschim Province. Province 1, 2, 3 and 5 are yet to be
named.

3Caste/Ethnicity groups as recoded by NDHS: Hill
Brahmin, Hill Chhetri, Terai Brahmin/Chhetri, Other
Terai caste, Hill Dalit, Terai Dalit, Newar, Hill Janajati,
Terai Janajati, Muslim, Other.
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