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Progress towards the Millennium Development Goals (MDGs) has
been uneven. Inequalities in child health are large and effective
interventions rarely reach the most in need. Little is known about
how to reduce these inequalities. We describe and explain the equity
impact of a women’s group intervention in India that strongly
reduced the neonatal mortality rate (NMR) in a cluster-randomised
trial. We conducted secondary analyses of the trial data, obtained
through prospective surveillance of a population of 228 186. The
intervention effects were estimated separately, through random ef-
fects logistic regression, for the most and less socio-economically
marginalised groups. Among the most marginalised, the NMR was
59% lower in intervention than in control clusters in years 2 and 3
(70%, year 3); among the less marginalised, the NMR was 36% lower
(35%, year 3). The intervention effect was stronger among the most
than among the less marginalised (P-value for difference¼ 0.028,
years 2-3; P-value for difference¼ 0.009, year 3). The stronger
effect was concentrated in winter, particularly for early NMR.
There was no effect on the use of health-care services in either
group, and improvements in home care were comparable.
Participatory community interventions can substantially reduce
socio-economic inequalities in neonatal mortality and contribute to
an equitable achievement of the unfinished MDG agenda.

Introduction
Progress towards the Millennium Development Goals
(MDGs) has been uneven.1–5 Inequalities in maternal
and child health are especially large.6,7 Few of the
poorest women in developing countries receive
professional care during delivery, whereas most weal-
thier women do.8 The link between socio-economic
disadvantage and health disadvantage has serious

consequences: one third of global childhood deaths
are attributable to inequalities in socio-economic mor-
tality within countries.9 Effective interventions are
known,10,11 but rarely reach those who need them
most.12–19 Even ‘basic’ interventions that are thought
to favour the poor, such as oral rehydration therapy and
immunisation, tend to predominantly reach those who
are more economically comfortable.12–14 Little is known
about how to reduce socio-economic inequalities in
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mortality and how to support an equitable utilization of
interventions.20

Reducing neonatal mortality is becoming increasingly
important to achieve MDG4 (‘reduce child mortality’)
as its relative contribution to under-5 mortality rises.21

Although policy attention to newborn mortality has
until recently been scant,22 new initiatives for this
have begun to emerge.23 Community-based interven-
tions, including home-based newborn care by commu-
nity health workers and participatory women’s groups,
play an important role in strategies to improve neo-
natal survival, especially in South Asia, where about
50% of births happen at home without professional
care.24–30 Little is known about the equity impact of
community-based health interventions.31 Although
there are some accounts of reductions in inequality
in health-related behavior,32,33 there are also indica-
tions that they may reinforce existing social hierar-
chies,34–36 and there is no evidence about their effect
on equity with respect to neonatal mortality.

A cluster-randomised controlled trial of a participa-
tory women’s group intervention in India, the ‘Ekjut
trial’, provides a unique opportunity to assess the effect
of community interventions on equity through the use
of a ‘gold standard’ design. India is the site of a quar-
ter of global neonatal deaths37 and inequalities in mor-
tality in the country are large.38-40 The Ekjut trial
showed a strong effect of women’s groups on the neo-
natal mortality rate (NMR) in the population in whom
the trial was conducted (a 45% decline in years 2 and 3
of the intervention).28 Although the trial was con-
ducted in deprived rural areas, these communities
are, as in most low- and middle-income countries,
not homogenous. Literacy, economic status, land own-
ership, and tribal status/caste are important dimen-
sions of social stratification. Our study aimed to
describe and explain the equity impact of the Ekjut
intervention. In particular, we examined: (i) whether
the strong effects of the intervention on NMR were
also observed among lower socio-economic groups;
and (ii) whether there were differences in the effect
of the intervention on mortality in the most and less
socio-economically marginalised groups. We also
explored potential explanations for differences in the
effect of the intervention.

Methods
Setting
The study areas were located in three contiguous dis-
tricts in Orissa and Jharkhand, two of the poorest
Indian states, with large tribal (adivasi) populations,
of which the majority are classified as Scheduled
Tribes under the Indian constitution. Within these
districts, 36 poor clusters with a predominantly
tribal population were identified and randomly as-
signed to intervention or control. The intervention
arm of the trial received an intervention with partici-
patory women’s groups. The participatory groups met

on a monthly basis, guided by a facilitator, through-
out the 3-year study period. They used a participatory
learning and action cycle, in which maternal and
newborn health problems were identified and priori-
tized. Strategies to address these problems were
developed, implemented, and evaluated, with the sup-
port of the entire community. The trial has been
described elsewhere.28

Surveillance
All births and neonatal deaths in the study areas were
recorded through prospective surveillance. Local key
informants, covering about 200–250 households, iden-
tified all births, birth outcomes, and deaths to women
of reproductive age on an ongoing basis. Every
month, the informants reported the identified births
and deaths to full-time salaried interviewers, who
then verified all of the reported information. At
about 6 weeks post-partum, the interviewer adminis-
tered a questionnaire to the mother. The interview
covered socio-economic and socio-demographic back-
ground characteristics; home-care practices; use of
health-care services during pregnancy, delivery, and
the neonatal period; and condition of the mother
and baby, including the reported size at birth and
gestational age of the baby. In the event of a stillbirth,
neonatal death, or maternal death, a verbal autopsy
was done with the mother or a close caregiver. The
verbal autopsy consisted of a standard questionnaire
that also included free text for elaboration on the se-
quence of events before death. Clinicians assigned
cause of death on the basis of the information pro-
vided by the verbal autopsy. The surveillance system
has been extensively tested in trials over the past 10
years, and has been described in detail elsewhere.28,41

We included all live births (singletons and twins/trip-
lets) among residents of the study area during the
9-month baseline and 3-year study periods. Mothers
who had permanently emigrated from the study areas
were excluded from the final study population. Loss
to follow-up from migration or refusal of interview
was low (< 2%).28

Primary outcome
We evaluated the equity impact of the intervention in
terms of NMR (number of deaths during the first 28
days of life per 1000 live births; the primary outcome
of the original trial) among lower and higher
socio-economic groups. The trial paper reported the
strongest impact on NMR as occurring in the last
two study years, probably because of a lag-time in
effect of 9–12 months.42 Because we were interested
in how these strong effects were distributed across
socio-economic groups, and because the statistical
power requirements of equity impact analyses are
higher than for the testing of overall effects, we per-
formed our main analyses on years 2 and 3 combined.
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Socio-economic groups
The equity impact of the intervention was examined
for those dimensions of social stratification that are
important in the rural Indian context of the study:
caste/tribal status (comparing Scheduled Tribes and
Scheduled Castes, both of which are historically
disadvantaged and recognised as such by the Indian
constitution, with the rest of the study population),
land ownership, literacy, and asset ownership. In con-
junction with local collaborators, we constructed lower
and higher socio-economic categories that were mean-
ingful in the context of the study. Asset ownership
was measured with an index constructed using prin-
cipal component analysis (PCA) which was applied to
all durable consumer items in the questionnaire (elec-
tricity generator, battery, tape, electric fan, television,
refrigerator, motor, radio, bicycle). PCA was done on a
data set including all years of the intervention. Further
analysis showed that the poorest category owned
nothing or only a bicycle. Because the study areas
were socio-economically deprived, the distribution of
socio-economic position was skewed, with 60–80% of
live births occurring among women in the lowest cate-
gories (Table 1). Although it is important to examine
whether the intervention benefited not only the ‘elite’
20–40% of the study population, substantial effects of
intervention are expected in lower socio-economic
groups, given the strong overall effects of the interven-
tion and that most of the population belongs to these
groups. We therefore went one step further and exam-
ined whether the intervention benefited the most
socio-economically marginalised persons in the popula-
tion, consisting of those who were illiterate, and very
poor, and had little or no land, and belonged to
Schedule Tribes or Scheduled Castes, thereby explicitly
considering the multi-dimensional aspect of social
stratification in the context of the study. About 30%
of the study population belong to the most socio-
economically marginalised groups, with the remainder
belonging to those less marginalised.

Analyses
First, we obtained cluster-adjusted estimates of
the NMR for the total population and for each
socio-economic category, year, and study arm (as pre-
sented in Table 2), using random-effects logistic re-
gression (Equation 1). Separate models were made for
each dimension of social stratification. For individual
j in cluster i, the logarithm of the odds of neonatal
death (NND) is:

log odds NND ¼ �þ �1 YearL ið Þ þ �2 YearL cð Þ

þ �3 YearH ið Þ þ �4 YearH cð Þ þ �5 Contintð Þ þ �6 SEPð Þ

þ �7 Contint�SEPð Þ þ �8 STRATAð Þ þ ui þ "j

ð1Þ

where YearL_i, YearL_c, YearH_i, and YearH_c are the
differences in NMR between consecutive intervention

years (with year as categorical variable) and the base-
line year for the low (L) and high (H) socio-economic
groups in the intervention and control arms, respect-
ively. Contint represents the difference in NMR
between the intervention- and control-arms at base-
line; SEP the effect of socio-economic position at
baseline in the control arm; Contint*SEP the differ-
ence in effect of socio-economic position between the
intervention and control arms; STRATA the adjust-
ment for the stratified sampling design; and u the
random-effect term, i.e. the difference for each cluster
i vs. the baseline a.

We then estimated linear trends in NMR between
baseline and year 3 for each socio-economic category
and study arm by defining year as the interval vari-
able in Equation 1. Next, we replicated the trial ana-
lysis by comparing the NMR in intervention and
control areas for the total study population for years
2 and 3 combined, using a random-effects logistic
regression model. We expanded this using Equation
2 to estimate the effects of intervention for lower and
higher socio-economic groups separately (Table 3).
For individual j in cluster i:

log odds NND ¼ �þ �1 INT Lð Þ þ �2 INT Hð Þ

þ �3 SEPð Þ þ �4 STRATAð Þ þ ui þ "j

ð2Þ

where INT_L and INT_H are the differences between
the intervention and control arms among low- and
high socio-economic groups respectively, and SEP is
the effect of low socio-economic position in the con-
trol arm.

Lastly, we tested the difference in the effect of inter-
vention in lower vs. higher socio-economic groups,
using a different parameterisation of Equation 2
(Equation 3; see also Table 3).

log odds NND ¼ �þ �1 INT Hð Þ þ �2 SEPð Þ

þ �3 SEP � INT Hð Þ þ �4 STRATAð Þ þ ui þ "j

ð3Þ

where SEP*INT_H is the difference in intervention
effect between lower and higher socio-economic
groups.

To explain our findings, we explored whether differ-
ences in effect between the most and less margina-
lised groups were concentrated in the early (days 1–7)
or late (days 8–28) neonatal period. Furthermore,
given the strong seasonality in NMR in our popula-
tion, we examined whether differences in effect were
seasonal. Additionally, using the equations given
above, we explored whether the use of health care
(particularly ante-natal, delivery, and post-natal
care, and medical care-seeking in case of an infant
illness), home-care practices (particularly practices
related to prematurity, hypothermia, and infections),
and attendance at the women’s groups would explain
our findings.

We examined whether baseline differences could
explain our findings using Equation 1. Where baseline

522 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY



T
a

b
le

1
D

is
tr

ib
u

ti
o

n
o

f
li

ve
b

ir
th

s
(l

b
ir

th
)

a
n

d
n

eo
n

a
ta

l
d

ea
th

s
(n

n
d

)
b

y
so

ci
o

-e
co

n
o

m
ic

p
o

si
ti

o
n

a
n

d
ye

a
r,

in
in

te
rv

en
ti

o
n

a
n

d
co

n
tr

o
l

a
re

a
s

In
te

rv
e

n
ti

o
n

C
o

n
tr

o
l

In
te

rv
e

n
ti

o
n

a
n

d
C

o
n

tr
o

l

S
o

ci
o

-e
co

n
o

m
ic

p
o

si
ti

o
n

b
a
se

li
n

e
Y

ea
r

1
Y

ea
r

2
Y

ea
r

3
b

a
se

li
n

e
Y

ea
r

1
Y

ea
r

2
Y

ea
r

3
T

o
ta

l

lb
ir

th
(%

)
n

n
d

lb
ir

th
(%

)
n

n
d

lb
ir

th
(%

)
n

n
d

lb
ir

th
(%

)
n

n
d

lb
ir

th
(%

)
n

n
d

lb
ir

th
(%

)
n

n
d

lb
ir

th
(%

)
n

n
d

lb
ir

th
(%

)
n

n
d

lb
ir

th
(%

)
n

n
d

T
o

ta
l

2
3

4
7

1
0

0
%

1
4

5
3

0
5

0
1

0
0

%
1

6
7

3
2

6
4

1
0

0
%

1
2

1
3

0
7

4
1

0
0

%
1

0
9

2
1

6
2

1
0

0
%

1
1

6
2

9
1

7
1

0
0

%
1

5
3

2
9

7
3

1
0

0
%

1
7

7
2

9
2

9
1

0
0

%
1

8
8

2
2

7
1

6
1

0
0

%
1

1
7

6

M
a

rg
in

a
li

sa
ti

o
n

a

M
o

st
m

a
rg

in
a
li

se
d

8
2

3
3

5
%

5
8

1
0

5
8

3
5

%
6

6
1

0
2

1
3

1
%

3
1

8
8

9
2

9
%

2
0

5
9

4
2

8
%

3
9

9
1

6
3

1
%

6
2

8
4

3
2

8
%

4
6

7
9

5
2

7
%

5
7

6
9

3
9

3
1

%
3

7
9

L
es

s
m

a
rg

in
a
li

se
d

1
5

2
4

6
5

%
8

7
1

9
9

2
6

5
%

1
0

1
2

2
4

3
6

9
%

9
0

2
1

8
5

7
1

%
8

9
1

5
6

8
7

2
%

7
7

2
0

0
1

6
9

%
9

1
2

1
3

0
7

2
%

1
3

1
2

1
3

4
7

3
%

1
3

1
1

5
7

7
7

6
9

%
7

9
7

L
it

e
ra

cy

C
a
n

n
o

t
re

a
d

1
8

1
3

7
8

%
1

2
5

2
3

2
1

7
6

%
1

2
9

2
5

0
6

7
7

%
9

3
2

2
9

2
7

5
%

8
2

1
4

8
9

7
0

%
8

5
2

0
8

4
7

1
%

1
1

8
2

0
0

9
6

8
%

1
2

5
2

0
1

6
6

9
%

1
3

4
1

6
5

3
0

7
3

%
8

9
1

C
a
n

re
a
d

(e
a
si

ly
o

r
w

it
h

d
if

fi
cu

lt
y)

5
2

6
2

2
%

1
9

7
2

9
2

4
%

3
8

7
5

8
2

3
%

2
8

7
8

2
2

5
%

2
7

6
5

3
3

0
%

2
9

8
3

3
2

9
%

3
5

9
6

4
3

2
%

5
2

9
1

3
3

1
%

5
4

6
1

5
8

2
7

%
2

8
2

A
ss

e
t

o
w

n
e

rs
h

ip

P
o

o
re

st
1

6
9

2
7

2
%

1
1

3
2

1
8

3
7

2
%

1
1

8
2

3
3

1
7

1
%

9
7

2
1

3
6

6
9

%
7

2
1

2
9

9
6

0
%

7
3

1
7

4
2

6
0

%
1

0
1

1
7

2
1

5
8

%
1

0
6

1
6

5
1

5
6

%
1

2
2

1
4

7
5

5
6

5
%

8
0

2

L
es

s
p

o
o

r
6

5
4

2
8

%
3

2
8

6
7

2
8

%
4

9
9

3
3

2
9

%
2

4
9

3
8

3
1

%
3

7
8

6
3

4
0

%
4

3
1

1
7

5
4

0
%

5
2

1
2

5
2

4
2

%
7

1
1

2
7

8
4

4
%

6
6

7
9

6
0

3
5

%
3

7
4

L
a

n
d

o
w

n
e

rs
h

ip

L
a
n

d
le

ss
o

r
<

2
b

ig
h

a
s

1
4

3
1

6
2

%
8

8
1

8
5

6
6

1
%

1
1

0
1

8
2

5
5

6
%

5
7

1
6

1
3

5
3

%
5

2
1

2
8

2
6

0
%

8
1

1
8

1
2

6
2

%
1

0
5

1
8

2
5

6
2

%
1

0
6

1
7

9
2

6
1

%
1

2
0

1
3

4
3

6
6

0
%

7
1

9

O
w

n
s

2
o

r
m

o
re

b
ig

h
a
s

8
9

1
3

8
%

5
3

1
1

7
2

3
9

%
5

6
1

4
2

6
4

4
%

6
3

1
4

5
6

4
7

%
5

7
8

5
7

4
0

%
3

5
1

0
8

8
3

8
%

4
6

1
1

2
1

3
8

%
6

8
1

1
2

9
3

9
%

6
8

9
1

4
0

4
0

%
4

4
6

C
a

st
e

/t
ri

b
e

S
ch

ed
u

le
d

T
ri

b
e

o
r

S
ch

ed
u

le
d

C
a
st

e
1

8
4

9
7

9
%

1
1

8
2

4
4

7
8

0
%

1
4

1
2

6
2

2
8

0
%

1
0

1
2

4
5

0
8

0
%

8
4

1
5

7
0

7
3

%
9

0
2

2
3

0
7

6
%

1
2

3
2

1
7

3
7

3
%

1
4

0
2

1
0

2
7

2
%

1
3

3
1

7
4

4
3

7
7

%
9

3
0

O
th

er
B

a
ck

w
a
rd

C
la

ss
o

r
o

th
er

4
9

8
2

1
%

2
7

6
0

3
2

0
%

2
6

6
4

2
2

0
%

2
0

6
2

4
2

0
%

2
5

5
9

2
2

7
%

2
6

6
8

7
2

4
%

3
0

8
0

0
2

7
%

3
7

8
2

7
2

8
%

5
5

5
2

7
3

2
3

%
2

4
6

T
h

e
n

u
m

b
er

o
f

m
is

si
n

g
va

lu
es

d
if

fe
rs

a
cr

o
ss

th
e

so
ci

o
-e

co
n

o
m

ic
va

ri
a
b

le
s.

T
h

er
e

w
er

e
1

0
8

p
a
ir

s
o

f
tw

in
s

a
n

d
1

p
a
ir

o
f

tr
ip

le
ts

in
th

e
in

te
rv

en
ti

o
n

a
re

a
s

a
n

d
1

1
6

p
a
ir

s
o

f
tw

in
s

in
th

e
co

n
tr

o
l

a
re

a
s.

a
M

o
st

m
a
rg

in
a
li

se
d

:
il

li
te

ra
te

a
n

d
p

o
o

re
st

a
n

d
la

n
d

le
ss

o
r

<
2

b
ig

h
a
’s

a
n

d
S

ch
ed

u
le

d
C

a
st

e
o

r
S

ch
ed

u
le

d
T

ri
b

e.
L

es
s

m
a
rg

in
a
li

se
d

:
ca

n
re

a
d

ea
si

ly
o

r
w

it
h

d
if

fi
cu

lt
y

a
n

d
/o

r
le

ss
p

o
o

r
a
n

d
/o

r
o

w
n

s
5

2
b

ig
h

a
’s

la
n

d
a
n

d
/o

r
O

th
er

B
a
ck

w
a
rd

C
la

ss
/o

th
er

.

THE EQUITY IMPACT OF PARTICIPATORY WOMEN 523



T
a

b
le

2
T

re
n

d
s

in
n

eo
n

a
ta

l
m

o
rt

a
li

ty
a
cc

o
rd

in
g

to
so

ci
o

-e
co

n
o

m
ic

p
o

si
ti

o
n

fo
r

in
te

rv
en

ti
o

n
a
n

d
co

n
tr

o
l

a
re

a
s,

a
d

ju
st

ed
fo

r
cl

u
st

er
in

g

In
te

rv
e

n
ti

o
n

C
o

n
tr

o
l

P
-v

a
lu

e
fo

r
d

if
fe

re
n

ce
in

tr
e

n
d

b
e

tw
e

e
n

in
te

rv
e

n
ti

o
n

a
n

d
co

n
tr

o
lc

N
M

R
(p

er
1

0
0

0
li

ve
b

ir
th

s)
N

M
R

(p
er

1
0

0
0

li
ve

b
ir

th
s)

b
a
se

li
n

e
Y

1
Y

2
Y

3
ch

a
n

g
e

(%
)a

P
-v

a
lu

eb
b

a
se

li
n

e
Y

1
Y

2
Y

3
ch

a
n

g
e

(%
)a

P
-v

a
lu

eb

T
o

ta
l

6
0

5
3

3
6

3
5

�
4

8
0

.0
0

0
5

2
5

1
5

8
6

3
2

6
0

.0
4

6
0

.0
0

0

M
a

rg
in

a
li

sa
ti

o
n

M
o

st
m

a
rg

in
a
li

se
d

6
8

6
0

2
9

2
2

�
7

1
0

.0
0

0
6

3
6

5
5

3
7

0
4

0
.8

4
4

0
.0

0
0

L
es

s
m

a
rg

in
a
li

se
d

5
6

5
0

4
0

4
0

�
3

3
0

.0
0

7
4

8
4

5
6

0
6

0
3

7
0

.0
2

2
0

.0
0

0

L
it

e
ra

cy

C
a
n

n
o

t
re

a
d

6
7

5
4

3
6

3
5

�
5

4
0

.0
0

0
5

5
5

5
6

0
6

4
2

1
0

.1
6

1
0

.0
0

0

C
a
n

re
a
d

(e
a
si

ly
o

r
w

it
h

d
if

fi
cu

lt
y)

3
6

5
1

3
7

3
4

�
1

8
0

.4
5

4
4

4
4

2
5

4
5

9
4

6
0

.0
9

1
0

.0
9

8

A
ss

e
t

o
w

n
e

rs
h

ip

P
o

o
re

st
6

5
5

2
4

0
3

3
�

5
2

0
.0

0
0

5
5

5
6

6
0

7
2

3
5

0
.0

3
8

0
.0

0
0

L
es

s
p

o
o

r
4

9
5

7
2

6
4

0
�

3
7

0
.0

5
4

4
9

4
4

5
6

5
1

1
4

0
.4

9
9

0
.0

5
4

L
a

n
d

o
w

n
e

rs
h

ip

L
a
n

d
le

ss
o

r
<

2
b

ig
h

a
s

6
0

5
8

3
1

3
2

�
5

6
0

.0
0

0
6

2
5

6
5

7
6

6
9

0
.5

5
9

0
.0

0
0

O
w

n
s

2
o

r
m

o
re

b
ig

h
a
s

5
9

4
7

4
3

3
8

�
3

5
0

.0
2

1
4

0
4

2
6

0
5

9
6

2
0

.0
1

4
0

.0
0

1

C
a

st
e

/t
ri

b
e

S
ch

ed
u

le
d

T
ri

b
e

o
r

S
ch

ed
u

le
d

C
a
st

e
6

2
5

5
3

7
3

3
�

5
1

0
.0

0
0

5
6

5
4

6
3

6
2

1
7

0
.2

2
3

0
.0

0
0

O
th

er
B

a
ck

w
a
rd

C
la

ss
o

r
o

th
er

5
5

4
4

3
2

4
0

�
3

3
0

.1
5

6
4

3
4

3
4

5
6

5
5

9
0

.0
5

0
.0

1
9

a
E

st
im

a
te

d
%

ch
a
n

g
e

in
N

M
R

b
et

w
ee

n
b

a
se

li
n

e
a
n

d
ye

a
r

3
a
ss

u
m

in
g

a
li

n
ea

r
tr

en
d

b
P

-v
a
lu

e
fo

r
ch

a
n

g
e

in
N

M
R

c P
-v

a
lu

e
fo

r
d

if
fe

re
n

ce
in

tr
en

d
b

et
w

ee
n

in
te

rv
en

ti
o

n
a
n

d
co

n
tr

o
l

fo
r

ea
ch

p
o

p
u

la
ti

o
n

g
ro

u
p

524 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY



differences could explain the observed intervention
effects, we have reported this in the text.

The quadrature approximation of the random-effects
estimators was checked for all models. The Stata 10
software system (Stata, College Station, TX, USA) was
used for all analyses. Ethics approval for the trial was
received from an independent ethics committee
(chaired by Dr A.K. Debdas) on the 14 June 2005
and from the Research Ethics Committee at the UCL
Institute of Child Health.

Results
Description
In the intervention arm of the study, the NMR
declined by more than 50% between baseline and
year 3 among lower socio-economic groups, and by
71% among the most socio-economically marginalised
groups (Table 2). Among higher socio-economic
groups in the intervention arm, the NMR also
declined, but less strongly. The difference in mortality
trend between the most and less marginalised in the
intervention areas was such that the mortality disad-
vantage of the most marginalised disappeared, and

even reversed in year 3 (OR for the most/less margin-
alised in year 3: 0.54 (95% CI: 0.33, 0.90), results not
shown). In the control areas, the NMR remained
stable or increased among all social groups.

In a replication of the trial analysis, a large interven-
tion effect was observed among lower socio-economic
groups, and even among the most marginalised groups
in the study (Table 3). Moreover, the effect was stron-
ger among the most as compared with the less margin-
alised groups, with an estimated 59% effect in years 2
and 3 (70% in year 3) among the most marginalised
as compared with an estimated 36% effect (35% in
year 3) among the less marginalised (P-value for dif-
ference: 0.028 for years 2–3; 0.009 for year 3). The
stronger effects among the most compared with the
less marginalised are slightly inflated by baseline dif-
ferences, but only to a small extent (Figure 1). Also for
the other dimensions of stratification, effects were con-
sistently stronger among lower strata, though the con-
trasts were less stark, and there was no power to
detect these smaller differences.

Explanation
The stronger effect of the intervention among the
most marginalised groups in the study was, in the

Table 3 Effects of intervention for total population and for lower and higher socio-economic groups, adjusted for clustering

NMR Intervention NMR Control
OR (95% CI)a P-valuebY 2þ 3 Y 2þ 3

Total 36 61 0.57 (0.46; 0.69) 0.000

Marginalisation 0.028

Most marginalised 26 62 0.41 (0.28; 0.59)

Less marginalised 40 61 0.64 (0.51; 0.80)

Literacy 0.584

Cannot read 36 63 0.55 (0.44; 0.69)

Can read (easily or with difficulty) 35 56 0.61 (0.43; 0.87)

Asset ownership 0.569

Poorest 37 67 0.53 (0.43; 0.67)

Less poor 33 54 0.60 (0.43; 0.83)

Land ownership 0.079

Landless or < 2 bighas 31 62 0.49 (0.38; 0.63)

Owns 2 or more bighas 41 59 0.67 (0.51; 0.89)

Caste/tribe 0.638

Scheduled Tribe or Scheduled Caste 36 63 0.55 (0.44; 0.69)

Other Backward Class or other 35 56 0.61 (0.42; 0.89)

aOdds ratio for neonatal mortality in the intervention as compared with the control areas of the study.
bP-value for the test on difference in OR between the low and high socio-economic position categories. For the total population, the
table gives the P-value for the the difference between the intervention and control areas of the study.

THE EQUITY IMPACT OF PARTICIPATORY WOMEN 525



first instance, concentrated in early NMR (Figure 2a).
In year 3, this was complemented by an effect on the
late NMR. The stronger effects on the total and early
NMR were concentrated in winter (Figure 2b). Strong
seasonal fluctuations, in particular winter peaks, lar-
gely in early NMR, were observed in the control areas
of the study (results not shown). In the intervention
areas, by contrast, these winter peaks largely dis-
appeared over the course of the trial, especially
among the most marginalised groups. The stronger
effects of the intervention on late NMR in year 3
may have occurred in all seasons of the year, but
confidence intervals were wide. Among the three
major direct causes of neonatal death, prematurity
and asphyxia may have contributed most to the stron-
ger effect on early NMR in winter (Figure 2c)
and infections to the stronger effect on late NMR in
year 3.

The intervention may have influenced food intake
during pregnancy, thermal care (except wrapping),
and breastfeeding among the most and the less mar-
ginalised groups in the study areas, but confidence
intervals were very wide and included 1 (Table 4).
There was an effect on some hygienic practices for
home deliveries, especially hand washing with soap
by the birth attendant, and use of a plastic sheet, a
new or boiled blade to cut the umbilical cord, and a
boiled thread to tie the cord. These effects were com-
parable among the most and the less marginalised
groups. Only the proportion of home deliveries for

which all hygienic practices were used was higher
(P¼ 0.018) among the most marginalised groups, al-
though in absolute terms the differences in effect
were small and could have been due to multiple
testing.

There was no effect of the intervention on the
utilization of health care among the most and less
marginalised groups in the study. We cannot exclude
the possibility of increased use of health care in cases
of emergency situations, such as neonatal illness or
prolonged labour, but the confidence intervals were
wide.

Attendance at the women’s groups strongly
increased over time, but differences in attendance
between the most and less marginalised groups re-
mained small in absolute terms. Attendance increased
from 11% and 15% of deliveries among the most and
the less marginalised, respectively, in year 1, to 59%
and 52% among the most and the less marginalised,
respectively, in year 3 (results not shown).

Discussion
Our study shows that the women’s group intervention
strongly reduced the NMR among lower socio-
economic groups in the areas of India in which the
study was conducted. The effects were substantially
stronger among the most socio-economically margin-
alised groups. This is remarkable, given that interven-
tions often lead to increasing, rather than declining,
socio-economic inequalities in mortality.7,12,14,43,44

Our findings are important in view of the paucity of
evidence for specifically effective means for reducing
socio-economic inequalities in mortality. We show
that a low-cost45 participatory community interven-
tion can contribute to an equitable achievement of
MDG4.

Evaluation of data and methods
Measurement bias is unlikely to explain our findings.
Neonatal mortality rate was the primary outcome
measure of the original trial, and stringent measures
were taken to ensure completeness and reliability of
the data relating to this measure.41 Birth and new-
born death data in the trial were collected through
prospective surveillance,41 which constitutes an im-
portant advance over often-used retrospective surveys,
which rely on mothers’ recall.46–47

At baseline, the differences in NMR in the interven-
tion and control arms of the study were largely com-
parable among the most and less marginalised
groups. Although the stronger effect of intervention
among the most as compared with the less margin-
alised groups is probably slightly inflated by baseline
differences, this is so only to a small extent.

Programmes supported by the government of India,
such as the Integrated Child Development Service,
were present in the study area. Some such programs
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Figure 1 Neonatal mortality rate (adjusted for clustering)
among the most marginalised and less marginalised groups
in intervention and control areas per year. The arrows in-
dicate the intervention effect among the most and the less
marginalised groups in years 2 and 3 combined, taking into
account that differences at baseline are small
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a. Intervention effects (comparing intervention and control areas) on early and late neonatal mortality rate
 among the most and less marginalised groups in the study.

P-values are given for the difference in intervention effect between the most and less marginalised groups.
(Number of early neonatal deaths: 799; number of late neonatal deaths: 377). 

baseline year 1 year 2 year 3

Late NMR
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Early NMR

years 1-3: p=0.048
year 3: 
p = 0.015

baseline: 
p = 0.481

baseline:
p = 885

year 1: 
p = 0.419

year 2: 
p = 0.380

b. The intervention effect on total neonatal mortality rate and  early and late neonatal  mortality rate by season  

NMR Y1-3 
OR (95% CI) 

P-value for 
difference (*)

Early NMR Y1-3
OR (95% CI) 

P-value for 
difference (*)

Late NMR Y3
OR (95%CI)

P-value for 
difference (*)

Monsoon

Most marginalised 0.89 (0.57; 1.39) 0.73 (0.43; 1.23) 0.83 (0.19; 3.65)

Less marginalised 0.99 (0.72; 1.36) 0.674 1.00 (0.71; 1.40) 0.319 1.50 (0.62; 3.63) 0.479

Winter

Most marginalised 0.40 (0.25; 0.63) 0.24 (0.13; 0.45) 0.27 (0.05; 1.40)

Less marginalised 0.75 (0.55; 1.03) 0.013 0.65 (0.45; 0.94) 0.005 1.00 (0.44; 2.32) 0.151

Summer

Most marginalised 0.63 (0.40; 0.98) 0.67 (0.38; 1.16) 0.10 (0.01; 0.77)

Less marginalised 0.57 (0.42; 0.78) 0.732 0.53 (0.37; 0.75) 0.487 0.73 (0.28; 1.94) 0.083

c. The intervention effects (comparing intervention and control areas) on cause specific mortality, among the most and 
less marginalised groups.
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Early NMR, winter years 1-3

p = 0.027

p = 0.066

p = 0.029 p = 0.455

NA NA

P-values are given for the difference in intervention effect between most and less marginalised.  NA: Too few cases were
available to conduct analyses for asphyxia (0 deaths) and prematurity (7 deaths) in the late neonatal period.

*P-value for difference between the most and less marginalised. Monsoon: July–October, winter: November-February,
summer: March-June.  

Figure 2 Effects of intervention on the early and late neonatal mortality rate among the most and less marginalised groups
in the study by year, season, and cause of death
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even target the poor, such as the subsidised food
grains for people with Below Poverty Line cards.
These programmes were, however, similarly common
in both arms of the trial. More generally, because the
study used a randomised design, potential confoun-
ders are expected to be evenly distributed between the
study arms.

Mechanisms
Two complementary mechanisms may explain the
stronger intervention effect among the most margin-
alised groups in the study. First, the uptake of the
intervention (women’s group attendance, behavioural
improvements) was similar among the most and less
marginalised groups, whereas interventions normally
reach higher socio-economic groups to a greater
extent. The openness of the women’s groups in the
study to non-members, the accessible language used,
the picture cards employed to utilize visual literacy,
the use of games and stories that relate to the experi-
ences of the most marginalised groups, the locations
(hamlets instead of the main village), the dates and
timings (decided by the group members) of the meet-
ings, and the Scheduled Tribe background of many of
the facilitators probably made the intervention effect-
ively reach groups that are normally left out of health
interventions.48

Second, when their utilization is similar, then effect-
ive and appropriate interventions arguably have stron-
ger effects on mortality among high-risk groups.49

The fairly simple home-care practices discussed in
the women’s group meetings in the Ekjut trial prob-
ably addressed important causes of death among
groups with high rates of neonatal mortality.
Neonatal death often results from a combination of
and interaction between morbidities. Therefore, the
spin-off effects of addressing one risk factor on
other risk factors are arguably greater among the
more vulnerable.50 This has been reported for immun-
isation, refuting the replacement mortality hypoth-
esis.51–53 Similarly, addressing infection brings
greater survival benefits to babies of low birth
weight.50 Likewise, the observed improvements in hy-
gienic practices in the trial may have had stronger
effects on mortality among the most marginalised
groups.

If similar behavioural improvements have stronger
mortality effects among vulnerable groups, this is ar-
guably even more true for babies born in these groups
in the risky winter season, especially those who are
born too small or prematurely or both.50 A major
success of the intervention described here was its
strong effect on the NMR in winter among the most
marginalised groups. Winter in India is associated
with a much higher prevalence of newborn hypother-
mia than is the case in summer.54 Hypothermia, pre-
maturity, asphyxia and infection, are interacting
causes of neonatal death. Premature or small babies
are at a higher risk of hypothermia,54–55

infections,56–57 and asphyxia58 than are babies of
normal weight. The observed improvements in hy-
gienic practices, and perhaps thermal care, may have
had particularly strong effects on mortality among the
most marginalised groups during winter.

Similarly, newborn deaths often result from a com-
bination of omissions and commissions, rather than
from one isolated behaviour. In other words, multiple
component causes together constitute a sufficient
cause of death.59 Many different combinations of be-
haviours can constitute a sufficient cause of death.
Small behavioural improvements, in the right combin-
ations, in a small group of vulnerable babies, may not
be easily discernible in population data. Even in rural
India, where neonatal mortality is an important prob-
lem, most newborns do survive. Perhaps, through the
women’s groups in the Ekjut trial, the most margin-
alised populations have become more pro-active
and more alert, reacting more quickly to problems
such as cold weather or a small baby (Box 1). Thus,
small changes in a range of behaviors, or component
causes, in a vulnerable group may lead to large de-
creases in newborn mortality, even without
population-wide behavioural improvements.

Although a reduction in mortality from asphyxia,
especially in winter, is not implausible, given the
focus of the intervention on the perinatal period,
with discourse about the cleaning of newborn infants’
airways, the uncertainty surrounding a single
cause-of-death is large. Clinical presentations of pre-
maturity, hypothermia, infection, and asphyxia can
overlap and be difficult to distinguish with verbal aut-
opsy data.60 Neonates with sepsis, for example, may
present with respiratory distress,60 and asphyxiated
infants can present with hypothermia.54

Caution is also needed when interpreting behav-
ioural data. The behaviours in the present trial were
measured at 6 weeks post-partum and depended on
maternal recall; in particular, differential misclassifi-
cation may occur between the mothers of surviving
newborns and of newborns that die. Unmeasured be-
haviours, such as the quality of wrapping of an infant,
which is important to prevent hypothermia, may also
have played a role in the effect of the trial.

Box 1
Minka, a young mother, stated that ‘‘My child was
delivered at home. She had a low birth weight, as
she was born before her due month. The group
members, who assisted me during my delivery,
told me that the baby had a low birth weight
and had to be kept warm, with her body covered.
I was to exclusively breastfeed my baby and was
advised not to bathe her till she had gained weight.
I exclusively breastfed her and protected her from
cold by keeping her covered. I maintained cleanli-
ness. Now she is healthy.’’
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Additionally, unmeasured behavioural restrictions,
e.g. relating to a ritual understanding of pollution
among the members of Other Backward Classes
and other castes in the trial, may have tempered the
decline in mortality among the less marginalised
groups.

Implications
This study shows that socio-economic inequalities in
neonatal mortality can be reduced through
community-based participatory intervention. We
argue that effective interventions, given equal cover-
age, can have stronger effects on newborns at high
risk for mortality, especially if they are triply vulner-
able: socio-economically (the most marginalised), sea-
sonally (born in winter), and physically (born
premature/small and/or at risk of developing asphyxia
because of a lack of skilled birth attendance). The
challenge in reducing inequalities in newborn mortal-
ity therefore lies in ensuring an equitable uptake of
effective interventions.14,61 Villages are not mono-
lithic. The challenge is to make institutions and ini-
tiatives, like self-help groups and community
health-worker schemes, inclusive. Ekjut’s strategy
seems to work well, with the use of regional targeting
(selecting underserved areas in poor districts in poor
states), combined with a universal strategy at the
community level48 (ensuring that no person is
omitted and that social cohesion is not disrupted by
overt-targeting or by inclusion or exclusion criteria),
while ensuring that the messages and activities of the
intervention are understandable for and refer to those
who need them most. Arguably, equity is a design
issue, with universal coverage combined with ‘soft’
targeting20 (targeting by fitting the intervention
design to the target group rather than by applying
strict inclusion and exclusion criteria) contributing
to equitable outcomes. Obviously, the intervention
needs to be effective in the first place, and of suffi-
cient duration and intensity to ensure an effect on
mortality, explaining the divergence between an
equitable intervention uptake and the lack of an
equitable effect on mortality in some studies.32

Our study shows that reducing the NMR and
inequalities in NMRs is feasible in high-mortality con-
texts, even without improvements in routine health
care. The trial achieved substantial reductions in
mortality, and even in rates of early neonatal mortal-
ity, with rates of institutional delivery that remained
extremely low, especially among the most margina-
lised groups in the study. We cannot exclude the
possibility that the utilization of health care in emer-
gency situations, such as newborn illness, contributed
to this. However, use of such care remained much
lower among the most as compared with the less
marginalised groups, and therefore is not the full ex-
planation for the results of the study. Clearly, improv-
ing access to and quality of health care is vital.
However, our findings show that there is no need to
wait for this in high-mortality contexts.

Little is known about how to reach lower socio-
economic groups and reduce socio-economic inequal-
ities in health. The Commission on Social
Determinants of Health recommends that the equity
impacts of interventions be monitored to help fill the
deficiency in evidence on how this might be accom-
plished.62 Our study suggests that universal coverage
of effective interventions combined with their ‘soft
targeting’ of high-risk groups can have very substan-
tial and equitable effects on mortality.
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KEY MESSAGES

� The effects of the women’s group intervention on NMR were substantially stronger among the most
socio-economically marginalised than among less marginalised groups in the Ekjut trial.

� Socio-economic inequalities in neonatal mortality can be substantially reduced through a low-cost
participatory community intervention.

� Universal coverage combined with ‘soft targeting’ of high-risk groups with effective interventions can
have very substantial and equitable effects on mortality.
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