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Abstract
Objective-To examine the impact on mortality of

a child survival strategy, mostly based on preventive
interventions.
Design-Cross sectional comparison of cause

specific mortality in two communities differing in the
type, coverage, and quality of maternal and child
health and family planning services. In the interven-
tion area the services were mainly preventive,
community based, and home delivered.
Subjects-Neonates, infants, children, and

mothers in two contiguous areas ofrural Bangladesh.
Interventions-In the intervention area community

health workers provided advice on contraception
and on feeding and weaning babies; distributed oral
rehydration solution, vitamin A tablets for children
under 5, and ferrous fumarate and folic acid during
pregnancy; immunised children; trained birth atten-
dants in safe delivery and when to refer; treated
minor ailments; and referred seriously ill people and
malnourished children to a central clinic.
Main outcome measures-Overall and age and

cause specific death rates, obtained by a multiple
step "verbal autopsy" process.
Results-During the two years covered by the

study overali mortality was 17% lower among neo-
nates, 9% lower among infants aged 1-5 months, 30%
lower among children aged 6-35 months, and 19%
lower among women living in the study area than in
those living in the control area. These differences
were mainly due to fewer deaths from neonatal
tetanus, measles, persistent diarrhoea with severe
malnutrition among children, and fewer abortions
among women.
Conclusions-The programme was effective in

preventing some deaths. In addition to preventive
components such as tetanus and measles immunisa-
tion, health and nutrition education, and family
planning, curative services are needed to reduce
mortality further.

Introduction
Approaches towards defining priorities and estab-

lishing the balance between preventive and curative
services, particularly in developing countries, are still
debated.`17 Few data are available to allow approaches
to be compared, and strategies are often recommended
without adequate data to support the choices made. A
review of several primary health care projects in the
developing world showed that cause specific mortality
could not be used to evaluate the projects because the
sample populations were too small, the death rates
were too low, there was no control population, or thqre
was no precise assessment of the cause of death.5
Matlab, the field station of the International Centre for
Diarrhoeal Disease Research, Bangladesh, is well

equipped to overcome these problems. It has a popula-
tion of 196 000 under demographic surveillance, it
includes a control area, and the causes of death are
carefully documented. In this study cause specific
death rates among infants, children, and women in two
neighbouring areas receiving different levels of services
were compared and evaluated to help to define priorities
for future service development.

Subjects and methods
Matlab lies in the Ganges delta, 45 km south east of

Dhaka, the capital of Bangladesh. Most people live by
subsistence farming and travel by waterways. In 1986
the area had a population density of 700 per km2, an
adult literacy rate of 30%, a total fertility rate of 6 per
woman, and an infant mortality of 95/1000 live births.
Fewer than 5% of the children who died in the whole
study area during 1986-7 had sought care from a
hospital.
The research centre has operated a diarrhoea treat-

ment centre in the middle of the study area since 1963
and demographic surveillance since 1966: every
household is visited twice a month by one of 110 female
community health workers, who record births, deaths,
migrations and marriages.8

In 1978 a maternal and child health and family plan-
ning services programme was introduced in half of the
area.9Most ofthe services were preventive and delivered at
home by the community health workers. They were
implemented gradually and included: (a) a wide range
ofcontraceptive methods, accompanied by measures to
encourage motivation and take care of side effects; this
service resulted in a contraceptive use rate among
married couples of48% in 1986-7; (b) an oral rehydration
therapy programme, including the placement of stocks
of oral rehydration solution packets in every cluster of
households, resulting in a 90% coverage rate; (c) an
immunisation programme, resulting in coverage rates
of 82% for measles, 58% for three doses of diphtheria-
tetanus-pertussis-polio, and 88% for two doses of
tetanus toxoid among married women in 1986-7; (d)
distribution of ferrous fumarate and folic acid tablets
during the last four months ofpregnancy; (e) training of
traditional birth attendants to use safe delivery kits and
to refer complicated deliveries; (f) nutritional advice
about usingcolostrum, early introduction ofenergy rich
weaning foods, the need for green leafy vegetables, and
the need to breast feed beyond the age of 6 months,
particularly during illnesses; (g) treatment of minor
ailments such as helminthiasis and skin problems by
female paramedics in four decentralised maternal and
child health clinics; (h) six monthly distribution of vita-
minA capsules to children aged under 5 (96% coverage);
and (i) referral of severely ill people and malnourished
children to a central clinic staffed by twowomen doctors
with a 10 bed nutrition rehabilitation unit.
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In the other half of the area, the comparison area, the
population was served by understaffed government
clinics, lacking in supplies and supervision, and grossly
underused. Fewer than 3% of the children and mothers
were immunised, fewer than 20% of couples used
contraceptives, and referral to health centres was
minimal. Coverage for oral rehydration solution
packets and vitamin A, however, was comparable to
that in the study area because these were distributed by
the same community health workers, and people were
offered the same referral facilities as in the study area
for diarrhoea treatment and nutritional rehabilitation
at the Matlab hospital.

This study reports the deaths of children aged under
3 years and women aged 15-44, which occurred in both
areas from January 1986 to December 1987. The cause
of death was assessed by a multiple step procedure
known as "verbal autopsy." Deaths were detected by
community health workers during their biweekly
home visits. A health assistant interviewed the family
within six weeks to collect sociodemographic infor-
mation and record the symptoms preceding death.
This history, collected in a semistructured mode, was
written in the local language, preserving local idioms.
The information was reviewed independently by three
doctors, who assigned the most likely primary and
underlying causes of death. The final cause was then

assessed on a majority rule and coded according to a
classification derived from the World Health Organisa-
tion's recommended classification.'0 In case ofcomplete
disagreement additional information requested by the
doctors was collected. Additional structured question-
naires were taken by a specially trained female inter-
viewer to the houses where neonates or women had
died to investigate better some difficult histories such
as neonatal disorders, obstetric problems, abortion, or
violence.

In some cases it was not possible to use the death
categories recommended by the World Health
Organisation. No causal information on diarrhoeal
diseases was available, so they were classified according
to the clinical type of diarrhoea: acute watery, acute
non-watery (combining bloody and mucoid diarrhoea),
persistent, and persistent with severe malnutrition.

Given that the total population under 5 years was
around 30000, it was impossible to get an objective
measure of the degree of malnutrition before death."
Hence the diagnosis of severe malnutrition was applied
when parents or relatives of the dead child had noted a
rapid or recent wastage of the child's tissues before
death or the recent appearance of tibial oedema. In a
subsample of 253 cases in which the mid upper arm
circumference had been measured within a month of
death the degree of agreement between the assessment

TABLE i-Cause ofdeath among neonates (<31 days) in study and comparison areas ofMatlab 1986-7 (rates per 1000 live births)

Study area (6663 live births) Comparison area (7677 live births) Difference
between

Cause of death No Rate % No Rate % rates

Complicationsofsmallsizeatbirth 132 19 8 44-1 144 18 8 34-8 1-0
Birth trauma 43 6-5 14 4 44 5-7 10-6 0-8
Neonatal tetanus 20 3 0 6-7 85 11 1 20 5 -8l1***
Neonatal pneumonia 30 4-5 10 0 42 5 5 10-1 -1-0
Acutewaterydiarrhoea 1 0-2 0-3 3 0 4 0-7 -0-2
Acute non-watery diarrhoea 0 0 0 0 0 3 0 4 0 7 -0-4
Persistent diarrhoea 1 0-2 0 3 0 0.0 0 0 0-2
Otherneonatalinfections 32 4-8 10-7 36 4-7 8-7 0-1
Otherneonataldisorders 7 1.1 2-3 9 1-2 2-2 -0 1
Impossibletospecify 33 5-0 11-0 48 6-3 11-6 -1-3

All causes 299 44-9 100-0 414 53 9 100 0 -9 0*

*p<005; ***p<0o001. Some totals do not add up because of rounding.

TABLE II-Cause ofdeath among infants aged 1-5 months in study and comparison areas ofMatlab 1986-7 (rates per 1000 live births)

Study area (6663) Comparison area (7677) Difference
between

Cause of death No Rate % No Rate % rates

Acutewaterydiarrhoea 13 2-0 7-8 25 3-3 11-7 -1-3
Acutenon-waterydiarrhoea 5 0-8 3-0 11 1-4 5 2 -0-6
Persistent diarrhoea 9 1-4 5-4 3 0 4 1-4 1-0
Persistent diarrhoea with severe malnutrition 4 0-6 2-4 11 1-4 5-2 -0-8

Total diarrhoeal diseases 31 4-7 18 6 50 6 5 23 5 -1 8

Acute lower respiratory infection 54 8-1 32-3 77 10 0 36-2 -1 9
Acute lower respiratory infection with severe malnutrition 9 1-4 5-4 6 0-8 2-8 0-6
Whooping cough 2 0-3 1-2 3 0 4 1-4 -0-1

Total acute respiratory infection 65 9 8 38 9 86 11-2 40 4 -1-4

Skin and subcutaneous infection 1 0-2 0-6 2 0 3 0 9 -0-1
Feverofunknownorigin 6 0 9 3-6 7 0 9 3-3 0.0
Other infectious diseases 7 1.1 4-2 12 1-6 5 6 -0-5

Total other infectious diseases 14 2 1 8-4 21 2-7 9 9 -0 6

Other severe malnutrition 22 3-3 13 2 21 2 7 9-9 0 6

Drowning 1 0-2 0-6 0 0 0 0 0 0-2
Other accidents 13 2-0 7-8 7 0 9 3.3 1 1

Total injuries, accidents 14 2-1 8-4 7 0 9 3-3 1 2

Other causes 5 0-8 3-0 4 0 5 1-9 0 3
Impossibletospecify 16 2-4 9-6 24 3-1 11-3 -0-7

All causes 167 25 1 100 0 213 27-7 100 0 -2-6

Some totals do not add up because of rounding.
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TABLE II-Cause ofdeath among children aged 6 to 35 months in study and comparison areas ofMatlab 1986-7 (rates per 1000 children aged 6 to
35 months)

Study area (n= 14 551) Comparison area (n= 16 276) Difference
between

Cause of death No Rate % No Rate % rates

Acutewaterydiarrhoea 22 1-5 8-8 23 1-4 5-6 0-1
Acute non-waterv diarrhoea 29 2-0 11-6 32 2-0 7-8 0-0
Post measles diarrhoea 2 0-1 0-8 34 2-1 8-3 -2-0***
Persistentdiarrhoea 21 1-4 8-4 25 1-5 6-1 -0-1
Persistent diarrhoea with severe malnutrition 56 3-8 22-4 108 6-6 26-2 -2 8***

Total diarrhoeal diseases 130 8-9 52-0 222 13-6 53 9 -4.7***

Acute lowerrespiratory infection 25 1-7 10-0 48 2-9 11-7 -1-2*
Acute lower respiratory infection with severe malnutrition 3 0-2 1-2 9 0-6 2-2 -0-4
Post measles pneumonia 1 0-1 0-4 10 0-6 2-4 -0-5*
Whooping cough 2 0-1 0-8 6 0-4 1-5 -0-3

Total acute respiratoty infection 31 2-1 12-4 73 4-5 17 7 -2 4***

MNteasles 0 0-0 0-0 3 0-2 0-7 -0-2
Tetanus 1 0-1 0-4 3 0-2 0-7 -0-1
Skin and subcutaneousinfection 2 0-1 0-8 3 0-2 0-7 -0*1
Feverofunknownorigin 6 0-4 2-4 11 0-7 2-7 -0-3
Otherinfectiousdiseases 3 0-2 1-2 5 0-3 1-2 -0-1

Total other infectious diseases 12 0-8 4-8 25 1 5 6-1 -0-7

Other severe malnutrition 17 1-2 6-8 20 1-2 4-9 -0-0

Drowning 40 2-7 16-0 38 2-3 9-2 0-4
Extended burns 2 0-1 0-8 3 0-2 0-7 0-1
Other accidents 3 0-2 1-2 2 0-1 0-5 0-1

Total injuries, accidents 45 3-1 18-0 43 2-6 10-4 0-5

Other causes 4 0-3 1-6 12 0-7 2-9 -0-4
Impossibletospecifv 11 0-8 4-4 17 1-0 4-1 -0-2

All causes 250 17-2 100-0 412 25-3 100-0 -8l1***

*p<005; ***p<0 001. Some totals do not add up because of rounding.

of severe malnutrition by verbal autopsy and by arm
circumference measurement before death (<110 mm)
was 86%. Similarly, the category of "complications of
small size at birth" was not supported by anthropo-
metry but by a statement that the newborn was
unusually small at birth. This would have included
babies with a short gestation and small for dates babies
and probably underestimated low birth weight in this
area, where half of the newborn infants weigh less than
2500 g (unpublished observations).
Two cause specific mortality indicators are pre-

sented: age specific rates and percentage distributions.
The statistical significance of the differences between
the study and comparison areas was tested by compar-
ing incidence density rates.2 Percentage distributions
were used to rank the causes of death and assess their
relative importance in both areas. The findings of two
years were combined in this analysis to reduce the
effect of possible annual variations in causes of
death.
The age categories were selected functionally: neo-

nates are at risk of complications of low birth weight
and delivery related problems, infants aged 1-5 months
of severe acute lower respiratory tract infections, and
children aged 6-35 months of malnutrition and compli-
cations of measles.

Results
Among neonates complications of small size at birth

were the leading cause of death, followed by neonatal
tetanus, complications of birth trauma, respiratory
infections, and a group of other neonatal infections
(table I). Neonatal mortality in the study area was
significantly lower than in the comparison area, and
90% of the difference was due to neonatal tetanus. The
relative risk of dying from neonatal tetanus in the
comparison area was 3-7 (95% confidence interval 2 4
to 58).

Among infants aged 1 to 5 months acute lower
respiratory tract infection was the leading cause of
death, accounting for one third of the total (table II).
Other important causes of death were severe mal-
nutrition (usually due to lack of breastfeeding), acute
watery diarrhoea, and accidents, including sudden
infant deaths. The overall mortality was lower, but not
significantly, in the study area than in the comparison
area.
Among children aged 6 to 35 months the main causes

of death were persistent diarrhoea associated with
severe malnutrition, followed by acute lower respira-
tory infection, acute non-watery diarrhoea, and
drowning (table III). Overall mortality was 30% lower
in the study area, and one third of the difference was
the result of a 93% lower measles related mortality: the
relative risk of dying from measles or its complication
in the comparison area relative to the study area was
13 9 (95% confidence interval 5 7 to 33 8). Mortality
rates associated with persistent diarrhoea and severe
malnutrition and, to a lesser extent, those associated
with acute lower respiratory infection were also signi-
ficantly lower, with relative risks of 1-7 (1-3 to 2 4) and
2 - ( -4 to 3 2) respectively.

Finally, women aged 15 to 44 years experienced a
slightly lower overall mortality in the study area (table
IV), with a significantly lower mortality from direct
obstetric causes (relative risk 1-73 (1 02 to 2-93)), and
particularly from abortion related deaths (relative risk
2 7(1 1 to 67)).

Discussion
There were no known socioeconomic differences

between populations in the two study areas. By
applying the mortality rates of the comparison area to
the population of the study area, we estimated that 60
deaths were prevented among neonates in the study
area, 18 among infants aged 1-5 months, 117 among
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TABLE Iv-Cause ofdeath among women aged 1544 years in study and comparison areas ofMatlab (rates per 10000 women 1544 years)

Study area (n=44 317) Comparison area (n=40 675) Difference
between

Cause of death No Rate ¾ No Rate °h rates

Acutewatervdiarrhoea 3 0-7 2-9 4 1.0 3 5 -0-3
Acute non-watery diarrhoea 3 0-7 2-9 2 0 5 1 7 0-2
Persistent diarrhoea 6 1-4 5-9 4 1.0 3 5 0-4
Acuterespiratoryinfection 1 0-2 1 0 1 0-2 0 9 0.0
Chronic respiratory infection 6 1-4 5-9 7 1 7 6-1 -0-3
Otherinfectiousdiseases 16 3-6 15 7 18 4-4 15 7 -0-8

Total infectious diseases (excluding obstetric sepsis) 35 7 9 34-3 36 8 9 31 3 -1 0

Abortion 6 1-4 5-9 15 3-7 13-0 -2-3*
Postpartum sepsis 1 0-2 1 0 2 0-5 1-7 -0 3
Postpartum haemorrhage 7 1-6 6-9 4 1 0 3 5 0-6
Eclampsia 4 0 9 3-9 5 1-2 4 3 -0-3
Obstructed labour 1 0-2 1 0 2 0-5 1-7 -0Q3
Otherobstetric 3 0.7 2-9 7 1-7 6-1 -1 0

7otal obstetric causes 22 5 0 21 6 35 8 6 30 4 -3.6*

Accidents 7 1-6 6-9 5 1-2 4-3 0-4
Suicide 10 2-3 9 8 7 1-7 6-1 0-6
Homicide 1 0-2 1 0 1 0-2 0 9 0 0

Total injuries 18 4 1 17 6 13 3-2 11 3 0 9

Non-infectious diseases (acute and chronic) 9 2-0 8-8 14 3-4 12 2 -1-4
Other causes 13 2-9 12 7 12 3 0 10-4 0 1
Impossible to specify 5 1.1 4.9 5 1-2 4-3 -0 1

All causes 102 23-0 100 0 115 28 3 100 0 -5.3

*p<0 05. Some totals do not add up because of rounding.

children aged 6-35 months, and 23 among women aged
15-44 years.
Owing to the frequency of home visits and the

intensive supervision ofcommunity health workers the
numbers of deaths recorded as well as the denominators
used to calculate mortality were likely to be accurate.
Data on cause of death, however, should be interpreted
with caution. In areas such as Matlab, where more than
95% of all deaths occur without medical attendance
and necropsies are impossible, a carefully conducted
verbal autopsy is the only alternative for assessing
cause specific mortality. Some underlying causes of
death, such as malnutrition, measles, or abortion,
may, however, go unrecognised.
The data suggest that a few preventive components

of the maternal and child health and family planning
programme were effective in reducing mortality from
neonatal tetanus, measles, persistent diarrhoea with
severe or recent wasting, and complications of preg-
nancy. This impact seemed largely attributable to
measles and tetanus immunisation, and, to a lesser
extent, to family planning.
The effectiveness of tetanus toxoid immunisation of

all women of childbearing age has already been shown
in Matlab.'3 14 The difference in measles mortality
between the two areas, although probably under-
estimated because of the underreporting of late measles
related deaths, is consistent with the findings of other
studies done in the same area."5 16 These results suggest
that in areas with scarce resources and weak immunisa-
tion coverage a selective programme of immunisation
limited to measles and tetanus could be a practical
interim strategy to achieve significant reductions in
mortality.
The reason for the lower mortality associated with

persistent diarrhoea and severe malnutrition observed
in the study area is not as clear: the death rates
associated with either "persistent diarrhoea alone" or
"other severe malnutrition" were not different. The
nutrition rehabilitation unit at Matlab admits mainly
children referred by the community health workers
from the study area, but its efficacy in preventing
deaths is uncertain. The family planning programme
may also have contributed to this difference by allow-
ing a longer duration of breast feeding, which has been

shown to reduce the risk of dying in severely mal-
nourished children. 17
Among women of reproductive age family planning

is likely to explain both the lower abortion related
death rate, a result offewer unwanted pregnancies, and
the lower direct obstetric related death rate, a result of
fewer pregnancies. "
The effects of distributing oral rehydration packets

and vitamin A capsules could not be determined
because they were distributed in both areas.

Finally, the lower overall mortality of women and
young children in the study area may have resulted
from a better access to curative services and better
quality care, particularly for infectious diseases. The
lower mortality due to respiratory tract infections
among children aged 6-35 months, for example, may
have been due to easier access to antibiotics at the
decentralised clinics in the study area. The small size of
this differential, however, suggests that curative
services in the study area were still insufficiently used.
This is particularly true for women and infants, who
rarely seek care outside their homes because of cultural
constraints.

TOWARDS A MORE BALANCED STRATEGY

Our data suggest that in addition to preventive
services provided at home, specific curative services
have the potential to reduce mortality further in this
area if they address the health priorities identified and
if they are also delivered in the home.

Firstly, a maternity care programme that includes
antenatal care, attendance at deliveries by qualified
midwives, systematic postpartum home visits, and an
effective referral system could reduce both maternal
mortality and early neonatal mortality. Secondly, a
programme for controlling acute lower respiratory
infections, including case detection and appropriate
antibiotic treatment by village health workers, could
also reduce mortality among infants aged 1-5 months.19
Thirdly, although the contribution of shigellosis could
not be assessed in this study, another study in rural
Bangladesh indicated that at least half of all cases of
diarrhoea with blood were due to Shigella Spp.2( A
community based dysentery control programme,
including case detection and appropriate antibiotic
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treatment, could reduce deaths among children aged
6-35 months.
Even assuming a good individual efficacy, the impact

of such interventions on infant and child mortality
may be less than the sum of their isolated effects.'
Children in areas with a high mortality are exposed to
many risks, concurrent and sequential. We must also
be concerned with issues of equitable distribution,
cost, and operational constraints. The conditions of the
experiment in The Gambia, which indicated an im-
pressive impact of curative services on infant and
maternal mortality, cannot be replicated here.2' While
we do not ignore the potential of socioeconomic
progress and environmental changes to reduce infant
and maternal mortality, we have deliberately focused
on health services because they seem less difficult to
implement in the short term than socioeconomic
reforms.

Although our conclusions apply only to the area in
which this study was done, we believe that the
approach used, despite its exclusive focus on mortality,
can help to define the required balance between
preventive and curative interventions.
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Letter from Bombay

On editing a book in India

Sunil K Pandya

As one of the two historians to the Neurological Society
of India-hereafter referred to as the society-I had
accepted, in 1987, the task of producing a volume
containing analytical essays on Indian contributions to
the neurosciences. This was to be published in time for
the three world congresses (neurosurgery, epilepsy,
and neurology) in New Delhi in 1989. I knew that this
was a unique learning experience. I had underestimated
just how much I would learn.
With the unanimous backing of the society and in

consultation with senior neuroscientists throughout
the country potential authors were identified. My first
letter to each of them outlined the entire project and
described the essay we wished him or her to write over
the next 12 months. We provided detailed guidelines
and offered all possible help. As advised by one of them
each author was provided with the entire table of
contents and the names and addresses of other authors
so that they could discuss between themselves how best
to cover the entire range of subjects without overlap

and duplication. Two of those approached initially
declined to write on account of heavy schedules but
reconsidered their decisions on request and eventually
provided excellent texts. Three of those who had
readily promised to help renegued despite several
reminders. One gave up as a key collaborator would
not cooperate.

Lackadaisical response
Just four of the 33 authors needed help in the form of

xerox prints of texts not available to them locally. All
33 carried out exhaustive searches of the literature and
most sent out detailed questionnaires to their peers
throughout the country. It is a sad fact that the
responses to these queries were lackadaisical. "In spite
of my personal requests and a subsequent general
circular to all heads of departments of [the subject] at
various centres, only two persons have, so far, sent
information and even this is scanty. Unless I get

KEM Hospital, Parel,
Bombay 400 012, India
Sunil K Pandya, MS,
neurosurgeon
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