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Abstract

In the absence of reliable systems for registering rare types of vital events large surveys are required to measure changes in
their rates. However some events such as maternal deaths are widely known about in the community. This study examined
the utility of asking respondents about events in their neighbourhood as an efficient method for measuring relative rates of
rare health events such as maternal and infant deaths. A survey was conducted in the health and demographic surveillance
system (HDSS) in Matlab, Bangladesh, which includes two areas with different health care regimes. Adult women were asked
about any maternal deaths; multiple births; infant deaths, live births and some other events they knew of in a small
specified area around their home. Agreement between HDSS records and survey responses was moderate or better
(kappa$0.44) for all the events and greatest for maternal deaths (kappa = 0.77) with 84% being reported. Most events were
more likely to be reported if they were recent (p,0.05). Infant mortality rate in one area was 0.56 times that in the other
which was well reflected by the ratio of survey results (0.53). Simulations were used to study the ability of the method to
detect differences in maternal mortality ratio. These suggested that a sample size around 5000 would give 80% power to
detect a 50% decrease from a baseline of 183 which compared well with an estimated sample size around 10 times larger
using the direct sisterhood method. The findings suggest that the Neighbourhood Method has potential for monitoring
relative differences between areas or changes over time in the rates of rare demographic events, requiring considerably
smaller sample sizes than traditional methods. This raises the possibility for interventions to demonstrate real effects on
outcomes such as maternal deaths where previously this was only feasible by indirect methods.
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Introduction

There is currently much interest in indicators of health,

particularly to measure national progress towards the Millennium

Development Goals [1–4] yet some of the targets such as a

reduction in maternal mortality represent a formidable challenge

to measurement [1,5]. For rare events such as maternal deaths the

difficulties arise not only from technical problems of avoiding bias

but also from the cost of carrying out sufficiently large surveys to

measure the rate per unit time or per birth with reasonable

precision. For individual projects the cost of measuring changes in

maternal mortality or other rare events, for example following an

intervention, is often prohibitively high.

There are a number of existing methods for estimating rates of

maternal deaths or the maternal mortality ratio (MMR) in

communities with no reliable system for registering vital events

[6]. These include reproductive age mortality studies (RAMOS)

[7], adding questions to a census [8,9], direct and indirect

sisterhood methods [10,11,12], and household surveys [12].

Estimates can also be derived from records kept for a restricted

area (e.g. a demographic surveillance system [13]) or from a

restricted section of the population (e.g. women giving birth in

health facilities [14]).

Whilst all existing methods for measuring MMR have their uses

they are all subject to potential biases to varying degrees.

However, a bigger limitation to their use is usually the cost and

difficulty of applying them in a large enough survey. Say and

Pattinson noted that because maternal deaths are a rare event,

even very large sample sizes produce estimates of maternal

mortality with wide confidence intervals making it difficult to

detect differences or changes [15] therefore evaluating an

intervention using the above methods is likely to cost hundreds

of thousands of US dollars. Costs of adding questions on maternal
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deaths to another survey (e.g. a census) can be considerably lower

but only very large surveys would be suitable so as a means of

evaluating an intervention this depends on fortuitous timing. One

of the largest maternal health surveys, the Bangladesh Maternal

Health and Mortality Survey 2001, obtained estimates of MMR

with a 95% confidence interval of around 615% using the direct

sisterhood method and 620% using a household deaths survey

despite using a sample size of approximately 100,000 households

[12,16]. Detecting a difference or change in MMR is even more

problematic because uncertainty in the magnitude of a difference

is almost equal to the sum of the uncertainties in the estimates

being compared. Thus the cost of making any direct observation of

a reduction in maternal deaths is prohibitively expensive for many

health programmes and often even for governments. In the

Bangladesh survey even an apparent 22% decline in maternal

mortality over a 10 year period was not statistically significant with

the sample size used. This led Hill et al. [12] to conclude that as a

monitoring strategy such surveys cannot be cost effective. The

need for more and better data on maternal deaths continues to be

stated [17,18] and there remains a general lack of affordable and

convenient methods for measuring changes in MMR or rates of

other rare health events such as one might wish to do after trying a

health intervention.

The lack of low cost methods for monitoring changes in

maternal deaths restricts the number of situations or occasions

when direct measurements are made. For this reason associated

measures (process indicators such as the rate of Caesarian sections

or percentage of births attended by skilled providers), have

sometimes been used [19,20]. However these do not clearly

demonstrate a change in maternal mortality and it has been

suggested that they should be seen as complementary rather than

substitutes where maternal mortality is the target outcome of

interest [1].

Some recent developments in the field of measuring maternal

mortality have focused on either improving the accuracy of

individual measurements using additional information about the

area or on using a set of measurements to establish trends [21–28]

and there has been further attention to refining and improving the

efficiency of the sisterhood method [29,30]. One potential means

to reduce the overall cost of measuring MMR is to reduce the cost

per interview. This has been investigated by the IMMPACT

project which developed a system of Sampling at Service Sites for

that purpose [1,4].

Several recent studies have also demonstrated the potential

value of using community knowledge as an efficient method of

collecting information. Maskey et al. in Nepal [31] obtained good

results eliciting information on maternal and infant deaths using

discussion groups comprised of recently delivered mothers and

Prata, Gerdts and Gessessew [32] found promising results in a

pilot study of a community level reporting system for maternal

deaths. Qomariyah et al. [33] used two cross-referenced networks

of key informants to identify pregnancy related deaths during the

previous 2 years and Barnett et al. [34] used a prospectively

established network of key informants to report on births and

deaths of women of reproductive age, both studies achieving good

estimates of the numbers of deaths. These results correspond with

the findings of an earlier study by Boerma and Mati [35] which

highlighted the extent to which knowledge of maternal deaths

spread within communities in Kenya.

Here we consider a method making use of community

knowledge of vital events but without the need to set up a system

of meetings and cross-referencing of reports as has been used in

other community knowledge based studies. Our method has much

in common with traditional survey methods such as direct

sisterhood or household surveys but reduces the number of

interviews required by increasing the amount of information

gathered per interview.

In this study we carried out a survey to test whether adult

women’s knowledge of nearby vital events in a rural area of

Bangladesh would reflect actual events as recorded in a health and

demographic surveillance system (HDSS) covering the same area.

The demographic surveillance area included two distinct areas

where historically the MMR in one area was around 1.6 times that

in the other. Although our main interest was in maternal deaths

we included other types of events such as child drowning deaths

and infant deaths to test the potential of the method. Whilst infant

deaths are considerably more common than maternal deaths the

cost of measuring the rate through a survey remains appreciable so

low cost methods would be useful, particularly to demonstrate the

effectiveness of interventions being tested in small scale trials.

The specific objectives of this study were to assess (a) whether

adult women know about maternal deaths, infant deaths and other

vital events in recent years amongst a wide circle of neighbours,

and (b) whether relative differences in the MMR and other event rates

between the two areas of the HDSS would be accurately reflected

in the relative differences calculated from the survey data, even if

the reports were not accurate enough to estimate the absolute

rates. This should be the case if appreciable over or under-

reporting of events was present but consistent for the two areas

being compared. Data collection proved to be quite straightfor-

ward with village women participating willingly in the interviews

and the survey results showed useful associations with actual events

recorded by the HDSS.

Methods

Ethics statement
Residents of the HDSS area are asked to give written informed

consent each year to take part in the data collection activities of the

surveillance system which specifically includes collecting informa-

tion on births and deaths. In addition, for this survey interviews

began with the interviewer introducing the objectives and

obtaining oral consent from the respondents to participate. The

survey was approved by the Ethical Review Committee of the

International Centre for Diarrhoeal Disease Research, Bangladesh

(ICDDR,B). Considering the nature and context of the study and

the fact that the questions do not invade privacy, the committee

approved the option of taking oral consent instead of written

consent for this survey. Interviewers were instructed not to collect

any information unless respondents gave consent therefore

completion of a questionnaire was taken as evidence that oral

consent was obtained.

Description of the survey area
The survey was conducted between November 2008 and

February 2009 in the Matlab Health and Demographic Surveil-

lance System (HDSS) area in a rural part of Bangladesh about

55 km southeast of Dhaka. There are 142 villages within the study

area and within these households are grouped in baris sharing a

common area with a distinct boundary wall or fence. Baris contain

typically around 8 households (inter-quartile range (IQR) 5 to 12

households). The area was chosen for the study because it has a

large population under surveillance and a long established, high

quality recording system which includes identification of maternal

deaths. It is divided into two halves, the Government area which

receives standard government health care and the ICDDR,B area

which receives an enhanced level of services [36]. In most years

MMR and infant mortality rate (IMR) have been lower in the
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ICDDR,B area. In 2007, the year before the survey, the MMR

(per 100,000 live births) was 156 in the ICDDR,B area and 197 in

the Government area whilst IMR (per 1000 live births) was 27.7 in

the ICDDR,B area and 39.3 in the Government area [36]. We

therefore expected there would be differences in MMR and IMR

between the two areas over the study’s reference period that we

could use to validate the usefulness of our new survey method.

For routine data collection the HDSS is divided into clusters,

each consisting of around 35 nearby households (grouped into

baris) that are visited by one community health research worker

(CHRW) in one day during each round of data collection to record

vital events and limited child health information. There are 1349

HDSS clusters in total (672 in the ICDDR,B area and 677 in the

Government area) with a total population of approximately

224,000. The mean population of a cluster is therefore approx-

imately 166 people, of which around 45 (27%) are reproductive

aged women (15–49 years) [36].

Study Design
A short questionnaire was prepared and the CHRWs were

given a half day’s training in a group which included discussion of

the questions followed by field testing in the same day to finalize

the questionnaire. CHRWs were experienced fieldworkers and

were told not to let their own knowledge of the area influence the

responses. During a normal round of data collection for the HDSS

each CHRW visits one cluster each day for 42 days before

beginning the cycle again. During one of these rounds CHRWs

conducted interviews for this survey in two randomly selected baris

of each cluster that they visited. Only baris with four or more

households were selected. Smaller baris were excluded as they

tend to have little communication with neighbours and the

motivation of the project was to develop and test an efficient

method of capturing data about events in the community.

In each of the selected baris after routine updating of the HDSS

register the CHRW introduced the survey to some of the women

and invited any women present in the bari to join in. After those

interested had assembled the CHRWs carefully explained the

boundaries of the cluster then asked if the women knew of any

events of specified types within their cluster during a given

reference period. The events asked about in the survey were: any

women they knew of who had died whilst they were pregnant,

giving birth, or within 6 weeks of a pregnancy ending during the

last 3 years; any other women aged 15–49 years who died during

the last 3 years; any women who gave birth to twins or triplets

during the last 3 years (whether or not the babies survived); any

deaths of children aged 10 years or under caused by drowning

during the last 3 years; any deaths of infants (aged ,1 year) during

the last 12 months; and any babies born alive during the last 2

months. Where the respondents answered that they knew of such

an event, they were asked to say how many such events they knew

of. The reference periods were chosen so that respondents would

typically only be trying to recall none, one or two events of each

type.

The women present were allowed to discuss the answers

between themselves (median 5 women present, IQR 4 – 6) so this

approach allowed all interested women present in the bari to take

part. A self-appointed spokeswoman, who had to be a married

woman aged 18 years or over, coordinated the discussion and was

considered as the main respondent for that bari. It was not our

intention to test the knowledge of individual women or whether all

women knew of events equally well so this was considered to be an

efficient way to collect whatever knowledge of local events existed

in that community.

All 1349 clusters of the HDSS were included in the survey with

two baris selected per cluster and one interview carried out in each

of these (total 2698 interviews). This approach achieved a sample

of typical village women residents well dispersed throughout the

study area. One thousand three hundred and fifty four interviews

were carried out in the Government (standard health care) area

and 1344 in the ICDDR,B (enhanced health care) area.

Data Analysis
Data from all 2698 respondents were included as independent

reports in the analyses except for the time of events analysis as

noted below. The analysis aimed to examine whether reported

events corresponded with actual events and also whether relative

rates of events reported in the ICDDR,B vs. Government areas

reflected relative differences in the rates recorded in the HDSS,

even if the counts themselves were not accurate.

Agreement between reported and HDSS numbers of

events. All events asked about in the interviews were also

recorded in the routine data collection of the HDSS although in

the case of maternal deaths the definition differed. The HDSS

records true maternal deaths identified through detailed verbal

autopsies whereas, in common with many surveys, we used a time-

based definition. Respondents in our survey were asked to report

any deaths of women who were pregnant or had been pregnant

within 6 weeks of dying. They might therefore have additionally

included some accidental or incidental deaths of pregnant or

recently pregnant women. For the purposes of the analysis we

compared our survey results with the maternal deaths recorded in

the HDSS. The implications of this are discussed.

Accuracy of individual reports by respondents was assessed by

comparing numbers of events reported in each of the interviews

with actual events as recorded by the HDSS in the same cluster.

Total numbers of events reported were compared with two times

the number of events in the HDSS as there were two respondents

within each cluster of the HDSS. We considered events to be

correctly reported if there was a corresponding event(s) in the

respondent’s cluster during the reference period according to

HDSS data, under-reported if there was an event(s) in the HDSS

that was not included in the response and over-reported if events

were mentioned in the response but there was no corresponding

event in the HDSS.

Agreement between the numbers of events reported by

respondents and the numbers recorded in the HDSS for their

cluster and also agreement between the two respondents within

the same cluster was assessed using weighted kappa (k) scores.

Agreement can be rated as slight if k score ranges from 0 to 0.2;

fair if k score ranges from 0.21 to 0.40; moderate if k score ranges

0.41 to 0.60; substantial if k score ranges from 0.61 to 0.80; and

almost perfect if k ranges from 0.81 to 1.00.

Ability to recall recent or older events. In clusters with

exactly one event of a specific type according to the HDSS we

investigated whether women’s ability to remember the event was

affected by how long ago it had occurred. HDSS records were

used to calculate the interval between the date of the interview and

the date on which an actual event had occurred in that cluster. We

assumed for this analysis that if an event was reported it was the

same event that was recorded in the HDSS. Clusters with more

than one event of the specified type were not included in this

analysis because it would not have been possible to tell which event

was being reported and hence how long ago it had occurred. The

proportion of events correctly mentioned in respondents’ answers

was calculated for events occurring during different intervals

before the survey. Events were grouped into whole years before

the survey for maternal deaths, other adult female deaths, child
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drowning deaths and multiple births, 4 month periods for infant

deaths and 20 day periods for live births. Logistic regression was

used to test for an association between time since an event in years

(calculated to the nearest day) and the odds of it being reported.

The analysis was carried out separately for each type of event

(maternal deaths, infant deaths, etc.), in each case including all

clusters with exactly one event of that type.

Estimates of MMR and IMR. Although it was not the main

aim of the study the reported numbers of maternal deaths and

infant deaths together with multiple births or live births could, in

principle, be used to estimate absolute values of MMR and IMR if

deaths and births were equally well remembered over the

reference periods. To investigate this possibility we calculated

MMR using two different assumptions for the number of births in

the last 3 years: (i) 18 x reported number of births in the last 2

months, or (ii) reported number of multiple births in the last 3

years/rate of multiple deliveries (irrespective of whether the babies

survived). The rate of multiple deliveries per live birth was taken as

0.0102 which was calculated from HDSS records for 2006–2008.

Infant mortality rate per 1000 live births (IMR) was calculated

similarly except that the survey collected information about infant

deaths only in the last 1 year, therefore the numbers of births were

one third of those in (i) and (ii) above. Confidence intervals (CIs)

for MMR and IMR were calculated using a first-order Taylor

series expansion treating the respondents as a random sample

from the area, adjusting for similarities between responses within

clusters using robust standard errors. MMR and IMR calculated

from the survey were compared with the equivalent figures

calculated from HDSS data for the same reference periods.

Relative rates of events in the ICDDR,B vs Government

areas. The main aim of the study was to determine whether the

neighbourhood method could be used to detect relative differences

or changes in the rates of vital events and in particular in MMR

and IMR, comparing two areas with similar sociodemographic

characteristics or one area at two different times; a scenario typical

of evaluating an intervention. We describe the approach taken in

terms of MMR although the same principles could be applied to

IMR or some other health events.

The neighbourhood method benefits from the fact that each

respondent is providing information about maternal deaths

amongst a relatively large number women (rather than just family

or household members as in traditional survey methods) so in

principle information is gathered very efficiently. However,

calculation of absolute values of MMR from our survey data

requires assumptions that (i) the net rate of over- or under-

reporting is nil or at least the same for both deaths and births, and

(ii) that births in the last 2 months or multiple births over the last 3

years are a known fraction of the total live births over the reference

period. In practice these assumptions may not be valid and there

will usually be no way to check them.

Although it may be difficult to calculate absolute values of

MMR reliably with this method we sought to test whether we

could use the data collected in the survey to calculate an index

which would respond directly to MMR. Using this it should be

possible to harness the potential efficiency of the method to

compare relative MMRs in two areas, even if the MMRs

themselves could not be determined.

We proposed an index which we have called the ‘‘neighbour-

hood index’’ (I).

Neighbourhood Index (I) ~

Total number of maternal deaths reported

Total number of multiple births reported

The notion behind this index is that for the area covered by the

respondents’ neighbourhoods the total number of maternal deaths

reported will respond directly to the mean number of maternal

deaths per unit area whilst the denominator is expected to respond

directly to the mean number of multiple births per unit area. This

in turn is expected to be directly related to the mean number of

live births per unit area. The index as a whole should therefore be

proportional to the number of maternal deaths per unit area

divided by the number of live births per unit area, which is the

MMR. The exact relationship between the index and MMR will

depend on (i) the ratio of live births to multiple births, and (ii) the

relative error rates for reporting maternal deaths compared to

reporting of multiple births. If it is reasonable to assume that these

parameters are the same in two areas then it would then be

possible to compare their relative MMRs by comparing the two

neighbourhood indices even if the MMRs themselves cannot

reliably be determined. Further details of the derivation of the

neighbourhood index and the assumptions required to use it for

measuring relative differences in MMR are given in Appendix S1.

Neighbourhood indices for maternal mortality and infant

mortality were calculated separately for the Government and

ICDDR,B areas using our survey data and the above formula. The

ratios of neighbourhood indices in these two areas were then

compared with the equivalent ratios of MMRs and IMRs

calculated from the HDSS data for the same reference periods.

If the neighbourhood index for maternal mortality is directly

proportional to MMR, as we proposed, the ratio of the indices

should be the same as the ratio of the MMRs and similarly for

infant mortality.

Simulations. In previous years the MMR and IMR had

generally been higher in the Government area of the Matlab

HDSS and hence we had chosen this as a suitable area for our

study to test whether we could detect differences. However, we did

not know the actual MMRs over our reference period at the time

of conducting the survey because verbal autopsies identifying

maternal deaths in the HDSS are carried out some months

retrospectively so the total for the last year had not yet been

recorded. In the event there was an appreciable difference

between the IMRs in the two areas, as in previous years, but the

number of maternal deaths over the last 3 years was identical in

the two areas so the MMRs were almost the same. Consequently it

was not possible to test our hypothesis that the relative difference

in MMRs would be reflected by a relative difference in

neighbourhood indices. We therefore decided to use simulations

based on the data from the HDSS and our survey responses to try

to examine the potential ability of the method to detect differences

in MMR.

The Matlab HDSS was treated as a reference area and the

intention of the simulations was to create a series of comparison

areas with varying MMRs but otherwise similar characteristics. In

each run neighbourhood type surveys were simulated in both the

reference and comparison areas. The ratio of neighbourhood

indices derived from these simulated surveys was then calculated

to see whether it reflected the relative difference in MMRs

The Neighbourhood Method
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between the two areas, as we proposed. The process and rationale

for the simulations is described in detail in Appendix S2 and

summarized below.

As there was almost no difference in MMR between the

Government and ICDDR,B areas over our 3 year reference

period the whole of the HDSS was treated as the reference area for

all of the simulations. This was divided into 1349 clusters, (as used

in the HDSS), 28 of which included a maternal death in the last 3

years. The MMR for the reference area was calculated from the

HDSS data for the reference period used in our study and was 183

per 100,000 live births. We refer to this here as the ‘‘true’’ MMR

for the reference area as it is based on HDSS records and to

distinguish it from results calculated using our survey responses

which we refer to as ‘‘observed’’ results.

Each simulation began be creating a new comparison area by

randomly selecting 1349 clusters with replacement from the

HDSS. This allowed HDSS clusters to be included once, more

than once or not at all in the comparison area. In this way each

comparison area included a different set of clusters and it was

possible to include varying numbers of clusters with a maternal

death. Hence comparison areas with differing MMRs could be

simulated. In each simulation the ‘‘true’’ MMR for the compar-

ison area was calculated from the HDSS records for those clusters

which had been included. If clusters were included more than once

the data for these clusters was included the corresponding number

of times. A series of 750 simulations were carried out with varying

numbers of maternal deaths included in the comparison areas to

obtain ratios of MMR (comparison area/reference area) ranging

from 0.03 to 2.7.

For the 1349 clusters included in each area we also had 2698

corresponding survey responses from our study (2 per cluster). For

any of the HDSS clusters included more than once in a

comparison area the corresponding survey responses were

included the same number of times. Consequently if a simulated

comparison area included more clusters with maternal deaths then

correspondingly more of the survey responses were also from

clusters with a maternal death. The set of 2698 survey responses in

each area was considered to represent the distribution of potential

survey responses for women living in that area.

In each simulation we then simulated neighbourhood type

surveys in the reference and comparison areas by drawing random

samples, with replacement, of 2500 of these potential responses

from each area. These were intended to represent plausible results

from carrying out neighbourhood type surveys in the reference

and comparison areas as these results retain the actual extent of

over- and under-reporting found in our real survey and are

independent of the HDSS data. The 2500 selected responses were

then used to calculate the ‘‘observed’’ neighbourhood index for

each area in each simulation run.

In summary, each simulation run therefore generated a ‘‘true’’

MMR for the reference area (always 183), and a ‘‘true’’ MMR for

the comparison area – these were calculated from HDSS data for

the clusters included in each area. Each run also generated

‘‘observed’’ neighbourhood indices for both the reference and

comparison areas calculated from samples of our actual survey

responses collected in the corresponding clusters. The ratio of

‘‘observed’’ neighbourhood indices (comparison area/reference

area) from each simulation was plotted against the corresponding

ratio of ‘‘true’’ MMRs on a scatter graph. The statistical

significance of the difference in neighbourhood indices between

the reference and comparison areas was calculated for each

simulation using standard formulae and these were used to

estimate the limit of detection for a difference in MMRs with 80%

power (Appendix S2).

The method of drawing samples of survey responses with

replacement also allowed us to simulate larger samples with the

same realistic distributions to examine the effect of sample size on

detectable ratios of MMR. Further series of simulations were

carried out using samples with 5000, 10,000, 20,000 and 40,000

respondents per area. For comparison the relative differences in

MMR detectable using a direct sisterhood type questionnaire in

the same area were also estimated. The number of sisters of

reproductive age per respondent was assumed to be 2 (the

approximate number found in the Bangladesh Maternal Death

survey 2001 [16]). General fertility rate (GFR) was assumed to be

83 per 1000 women aged 15–49 per year [36] and we assumed

that perfect information on years of exposure and sisters’ deaths

was obtained from independent, randomly selected respondents

for a three year reference period. Detectable ratios of MMR with

80% power for both the neighbourhood and direct sisterhood type

surveys were plotted against sample size to compare the sensitivity

of the two techniques.

Analyses were carried out using Stata v12 (Stata Corp., TX).

Results

Agreement between reported and HDSS numbers of
events

The proportion of reported events that corresponded with

actual events in the HDSS varied from 48% for infant deaths to

74% for live births in the last 2 months (maternal deaths = 71%)

(Table 1). Between 16% (maternal deaths) and 55% (non-maternal

15–49 year old female deaths) of HDSS events went unreported.

Over-reporting (reporting of events with no corresponding event

in the HDSS) ranged from 26% of reported events for live births to

52% for infant deaths. Overall 1942 (60%) out of a possible 3238

events of various types were correctly reported and 68% of events

that were reported corresponded with events in the HDSS. The

weighted kappa score for agreement between reports and HDSS

totals was at least 0.44 (moderate agreement) for all of the types of

vital events and was substantial for maternal deaths and drowning

deaths. For all of the types of events the correspondence between

reports and HDSS records was significantly better than chance

(p,0.001). The 1296 events that were missed were largely

balanced by 896 reported events that did not correspond with

events in the HDSS records (over-reports), making the overall

number of events reported only 12% below that in the HDSS. For

individual types of events the overall totals reported ranged from

68% of the HDSS total for non-maternal 15–49 year old female

deaths to 118% of the HDSS total for maternal deaths.

Agreement between the two responses per cluster was approx-

imately the same or better than agreement between the survey

responses and the HDSS records (Table 1).

Ability to recall recent or older events
The time since an event occurred was negatively associated with

the odds of it being reported for other 15–49 year old female

deaths, child drowning deaths, infant deaths and multiple births

(p,0.05) (Table 2). The odds of an infant death being reported fell

most rapidly with time (OR 0.42 per year) although this had less

effect on our survey results as the reference period was only one

year compared with other 15–49 year old female deaths which fell

from 64% being reported if the event occurred in the last year to

28% if it occurred between 2 and 3 years previously (OR 0.49 per

year). Although the highest rate of reporting of maternal deaths

was for events that occurred in the year preceding the survey there

was no clear trend with time with over 80% being reported even if

they had occurred 2 to 3 years previously. Reporting of live births
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Table 1. Accuracy of reporting of events in the respondents’ own clusters and agreement with HDSS records and other
respondents in the same cluster.

HDSS total Un-reported
Total
reported

Correct
reports Over-reports Weighted k score

n n % n % n % n %
Between HDSS
and survey

Between
respondents

Maternal deaths 56 9 (16) 66 (118) 47 (71) 19 (29) 0.77 0.75

Other adult female deaths 414 227 (55) 282 (68) 187 (66) 95 (34) 0.48 0.65

Drowning deaths 250 66 (26) 273 (109) 184 (67) 89 (33) 0.68 0.69

Infant deaths 294 150 (51) 297 (101) 144 (48) 153 (52) 0.44 0.47

Multiple births 314 128 (41) 306 (97) 186 (61) 120 (39) 0.55 0.66

Live births 1910 716 (37) 1614 (85) 1194 (74) 420 (26) 0.50 0.54

All events 3238 1296 (40) 2838 (88) 1942 (68) 896 (32)

HDSS total = number of events that should have been reported (number of events in the HDSS x 2 respondents per cluster).
Un-reported = events missed by respondents (% of HDSS total).
Total reported = number of events reported (% of HDSS total) (includes correct reports and over-reports).
Correct reports = events reported that corresponded with actual events (% of total reported).
Over-reports = events reported over and above the actual number of events in the respondents’ clusters (% of total reported).
All weighted k scores were highly significant (p,0.001).
doi:10.1371/journal.pone.0083590.t001

Table 2. Respondents reporting an event in clusters where exactly one event had taken place during the reference period.

Event OR (95% CI) p-value Time before survey n / N (%)

Maternal death 0.51 (0.22, 1.20) 0.124 ,1 year 26 / 28 (93%)

1 - ,2 years 11 / 16 (69%)

2 - ,3 years 10 / 12 (83%)

total 47 / 56 (84%)

Other 15–49 y old female death 0.49 (0.38, 0.64) ,0.001 ,1 year 73 / 114 (64%)

1 - ,2 years 58 / 114 (51%)

2 - ,3 years 34 / 122 (28%)

total 165 / 350 (47%)

Child (10 y or under) drowning death 0.60 (0.41, 0.89) 0.010 ,1 year 44 / 54 (81%)

1 - ,2 years 58 / 74 (78%)

2 - ,3 years 49 / 78 (63%)

total 151 / 206 (73%)

Infant (under 1 y) death 0.42 (0.18, 0.96) 0.040 ,4 months 52 / 98 (53%)

4 - ,8 months 37 / 80 (46%)

8 - ,12 months 33 / 80 (41%)

total 122 / 258 (47%)

Multiple birth 0.65 (0.49, 0.87) 0.004 ,1 year 57 / 82 (70%)

1 - ,2 years 83 / 134 (62%)

2 - ,3 years 30 / 60 (50%)

total 170 / 276 (62%)

Live birth 4.93 (0.29, 83.20) 0.268 ,20 days 176 / 307 (57%)

20 - ,40 days 194 / 279 (70%)

40 - ,60 days 174 / 278 (63%)

total 544 / 864 (63%)

OR = odds ratio (per year before the survey) for an event being reported (OR,1 means the event was less likely to be reported the greater the time it occurred before
the survey).
n = number of respondents correctly reporting the event.
N = number of clusters with exactly one event of this type during the reference interval (x 2 respondents).
% = % of potential reports included in responses.
doi:10.1371/journal.pone.0083590.t002
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according to time before the survey did not follow any obvious

pattern but the highest rate of reporting (70%) was for births 20 to

39 days before the survey.

Estimates of MMR and IMR and comparisons of areas
From the survey data estimates of MMR and IMR calculated

using reported multiple births were 220 (95% CI 140 – 300) and

29.7 (95% CI 24.0 – 35.4) and when calculated using live births in

the last 2 months the estimates were 227 (95% CI 151 – 304) and

30.7 (95% CI 25.7 – 35.6) respectively. These can be compared

with the equivalent figures calculated from the HDSS data for the

reference periods of our survey: MMR = 183 per 100,000 and

IMR = 29.1 per 1000 live births. In both cases the estimate using

multiple births was closer to the HDSS figure. Using a sample size

of 2698 MMR was estimated with a 95% CI of approximately

636% whilst IMR was estimated with a 95% CI of approximately

619%. Neither was significantly different from the figure

calculated using HDSS data.

The ratio of MMRs in the two areas according to the HDSS for

our reference period was close to one (0.96; ICDDR,B/

Government). In comparison the ratio of neighbourhood indices

calculated from our survey data for maternal deaths was 0.67. For

IMR the ratio of the two areas in the HDSS was 0.56 which

compared well with the ratio of neighbourhood indices we

calculated from our survey data for infant deaths of 0.53.

Simulations
The ‘‘observed’’ ratios of neighbourhood indices showed a clear

linear association with the ‘‘true’’ ratios of MMRs in the simulated

surveys (Figure 1A). For all sample sizes the slope of the graph was

slightly less than unity suggesting that the neighbourhood method

would be conservative in measuring the true relative change or

difference in MMR. This association between the ratio of

neighbourhood indices and the ratio of MMRs became stronger

as the sample size increased so that the detection limits became

narrower (Figure 1B). These compared well with the expected

limits for detecting differences using the direct sisterhood method

for the same area and sample sizes. The simulations suggested that

a sample size of around 5000 would be sufficient to detect a 50%

fall in MMR from a baseline value of 183 per 100,000 with 80%

power and we estimated that a sample size around 52,000 would

have been required to detect the same change in an area with

similar demographic characteristics using the direct sisterhood

method. For sample sizes of 10,000 and 20,000 the simulations

suggested that it would be possible to detect a 38% decrease or a

28% decrease in MMR respectively using the neighbourhood

method (with 80% power) in this setting.

Discussion

Our study was focused on developing an efficient survey method

for measuring relative differences in MMR or IMR or other rare

health events using respondents’ knowledge of events in their

neighbourhoods. All survey methods for measuring maternal and

other types of deaths suffer to some extent from omission of deaths

and dating errors [37] although it is likely that more events will be

missed when asking about deaths or births outside of a

respondent’s immediate family or household. In this study we

found that many vital events were well known about within the

community although there were also numerous over-reports. One

possibility is that some of the over-reports were real events that

occurred outside the time frame or area that the respondents were

asked to include. This might account for why weighted kappa

scores for agreement with other respondents in the same cluster

were greater than agreement with the HDSS data for non-

maternal 15-49 year old female deaths and multiple births.

Under-reporting was largely counterbalanced by over-reporting

in this survey and consequently absolute estimates of MMR and

IMR were not significantly different from the HDSS figures.

However, we have no reason to assume that these two influences

would be similar in other applications and therefore it would be

difficult to use this method for absolute measurements of rates or

ratios of maternal or other deaths without some evidence of the

extent of over- and under-reporting that had occurred.

Maternal deaths seemed to be particularly well known about;

only 9 out of a possible 56 reports (16%) were missed by

respondents. There were also 19 over-reports of maternal deaths.

It is possible that some of these were other adult female deaths that

were thought to be maternal and we can also not rule out the

possibility that some were genuine maternal deaths that were not

identified by the HDSS (e.g. abortion related deaths that women

did not want to discuss with HDSS staff). Our survey used a time

related definition for the questions about maternal death – death

of a woman while pregnant or within 42 days of termination of

pregnancy, irrespective of the cause. These are more correctly

called pregnancy related deaths [1,15]. The HDSS system, conversely,

records true maternal deaths (i.e. excluding deaths from accidental

or incidental causes within the time frame). Hence some of the

apparent over-reporting may also be due to differences in

definition. It is estimated that about 15% of pregnancy related

deaths are not true maternal deaths [12,38]. We also noted that 12

of the 19 over-reports were recorded by just two of the 38

CHRWs. Both of these had worked in the Government area and

the over-reporting in their clusters resulted in an apparent

difference in neighbourhood indices between the two areas

although there was little difference in the real MMRs. These

over-reports might reflect the way that these two CHRWs were

asking the questions (e.g. inadvertently eliciting information about

events from nearby clusters) and highlights the need for careful

training and review for the method to be used successfully.

It is likely that the accuracy of reporting would be related to the

number of events respondents are being asked to recall which in

turn is related to the length of reference period. In our study the

reference periods were chosen so that we expected women would

be trying to recall none, one or two events of each type however

live births were so frequent that 4% of respondents were being

asked to report more than 2 events during the last 2 months.

Reducing the time frame to ,1 month would not necessarily have

helped as we found that the greatest proportion of births were

reported if they occurred 20–39 days before the survey. This may

reflect the time it takes for news to spread around a neighbour-

hood. In general though, more recent events were better reported

so there is scope to improve accuracy by using shorter reporting

periods. However, as with methods like the direct sisterhood and

household surveys reducing the length of reference period would

mean increasing the sample size required to cover the same

number of women years at risk and hence achieve the same

precision in the estimates.

The size of neighbourhoods and clarity of the boundaries may

also have an effect. The neighbourhoods used in this study were

chosen to coincide with units used in the routine HDSS data

collection and consisted of around 35 households (circa. 166

people). These were used so that we could verify the reports

against HDSS records. Different definitions of neighbourhoods

may be more appropriate in other settings (e.g. village) however, in

larger villages respondents may not know about the whole of the

village and the boundaries may be less clear. The use of a

‘‘neighbourhood index’’ to compare areas was conceived to try to
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Figure 1. Results of simulations. (A) Ratios of observed neighbourhood indices for a comparison area and the reference area (Icomp/Iref) compared
with ratios of true MMRs (MMRcomp/MMRref) for a sample size of 20,000 per area. Each point represents the results of one simulation. In each case the
MMR in the reference area was 183 per 100,000 live births. Ratios of neighbourhood indices which were significantly different (p,0.05) are shown in
blue (filled circles); non-significant results are shown in orange (open circles). 1:1 line is also shown. (B) Detectable differences – the lines show ratios
of MMRcomp/MMRref which could be detected with 80% power at the 5% significance level for a given sample size when MMRref = 183. The equivalent
curves using a direct sisterhood survey with reference period 3 years assuming 2 sisters per respondent, GFR = 83 and perfect information from
survey responses are also shown.
doi:10.1371/journal.pone.0083590.g001
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overcome this. This index relates the number of maternal (or

other) deaths reported in an area to the number of multiple births.

If knowledge of deaths diminishes at a similar rate to multiple

births with increasing distance, in principle it is not necessary to

use neighbourhoods with well-defined boundaries. Neighbour-

hoods can have a natural boundary which is the range of a

respondent’s knowledge of events. Totaled over all respondents the

ratio of deaths to multiple births reported should be the same

whether individual respondents have large neighbourhoods or

small, provided the neighbourhoods are contained within the area

of interest for the study. Although it is probably only feasible to ask

about pregnancy related deaths rather than true maternal deaths

this would also not affect the ratio of neighbourhood indices if the

proportion of accidental and incidental deaths can be assumed to

be the same in both areas. The ratio of two neighbourhood indices

(neighbourhood index = total deaths reported/total multiple births

reported) from sociodemographically similar areas should there-

fore be an estimate of the ratio of their MMRs or IMRs. Thus a

ratio significantly different from one would imply different MMRs

or IMRs.

Measuring both the numerator (maternal or infant deaths) and

denominator (multiple births) in the same survey adds a degree of

robustness to this method although certain assumptions are

needed. Asking respondents to remember any live births in the

last 3 years would be too difficult so it must be assumed that the

twinning rate is the same (or known) in the areas or times being

compared. This is probably reasonable, at least for the few years

over which one might want to measure the impact of an

intervention. Alam et al. [39] found the twinning rate (proportion

of deliveries that were multiple births) in Matlab had stayed

approximately constant at around 1% over the 27 year period

1975 – 2002. It must also be assumed that the percentage of over-

and under-reporting is the same in both areas (although not that

over- and under-reporting are themselves equal or that they are

the same for deaths and multiple births). In our survey although

51% of infant deaths went unreported and 52% of those that were

reported were over-reports, these effects were very similar in the

two areas so that the calculated ratio of neighbourhood indices

(0.53) was very close to the ratio of IMRs that we aimed to

represent (0.56). It was somewhat surprising that over-reporting of

maternal deaths was more common in one area than the other

since maternal deaths on the whole were reported quite

accurately. However, this may have been an issue of training of

survey staff as noted above. Using the same survey staff in both

areas might help to overcome any such possible biases.

Our study design, using two respondents per cluster, was chosen

so that an acceptable number of interviews could be carried out

within the HDSS area and had the advantage that we could

compare responses within clusters. In practice it would be

unnecessary and inefficient to interview respondents with over-

lapping neighbourhoods therefore sampling methods that

achieved a well dispersed set of respondents would be desirable.

This might be achieved by piggy-backing such a survey on to

another survey covering the area of interest or by using the

sampling at service sites approach to interview women coming

from a wide area to a market or health centre [1,4].

The fact that reports of maternal deaths, infant deaths, multiple

births, and other events corresponded with HDSS records to an

extent better than chance demonstrates that the method could

discriminate between areas with high and low MMR or other rates

if large enough sample sizes were used. However, our purpose in

testing the method was to develop a way of detecting changes or

differences in MMR and other vital rates with smaller samples

than existing survey methods. To estimate the detectable

difference that might be achieved using different sample sizes in

a similar setting we used simulations, treating the clusters of the

HDSS as a typical sample of ‘‘neighbourhoods’’ from such an area

and the responses from the survey as a typical set of reports that

would be obtained using this questionnaire. Simulations cannot

incorporate all of the influences that might occur in real life but the

results suggested that a survey of around 20,000 people would

have 80% power to detect a fall of 28% or an increase of 37% in

MMR from a base level of 183 which compared favourably with

expected detection limits of a 74% decrease or a 117% increase

using the same sample size with the direct sisterhood method.

Even a sample size of 5000 was sufficient to detect a 50% decrease

in MMR using the neighbourhood method (compared with

around ten times larger using the direct sisterhood method). In

areas with a higher baseline MMR it can be expected that smaller

sample sizes would be needed to detect the same relative increase

or decrease.

Despite imperfect information this gain in efficiency results from

the considerably greater number of women years at risk covered

by each interview when using the neighbourhood method.

Increasing the sample size to 40,000 for the neighbourhood

survey did not reduce the detection limits much further. There is

probably a practical limit to the difference that could be detected

with this method which would depend on the extent of random

errors in the reports themselves. In the simulations the probability

of a death or birth being reported in a cluster where none had

occurred was constant and equal to that found in our actual

survey. In a real survey the rate of over-reporting might be

proportional to the rate that events were occurring in the

community in general in which case the number of over-reports

would be reduced in areas with lower MMR. This would have the

effect of making the technique more sensitive for detecting changes

or differences in MMR than we found in these simulations.

The need for good quality data to drive decision making has

been stated many times [1,40,41] although Horton [42] noted that

lack of reliable data continues to hamper country efforts to address

problems of maternal mortality with a third of the necessary data

either lacking or unusable. He therefore urged that it should be a

funding priority to support country-led continuous monitoring of

health programmes. Graham et al. highlighted the increased

difficulty when measuring changes in rates of maternal deaths [1].

In a review of 109 studies of interventions aimed at reducing

maternal deaths in low-income countries, maternal death was

measured in only 48 studies and almost all sample sizes were too

small to detect significant differences [20].

The method we describe here does not aim to compete with

established methods for measuring maternal mortality or other

vital events but rather to supplement the range of methods

available and may be particularly useful for demonstrating a

change in MMR or IMR. For projects with a limited budget it

may provide a viable option where none previously existed and

could, for example be used alongside process indicators to provide

a demonstration that an intervention has had a real impact on

maternal deaths. In principle the neighbourhood method requires

only two questions to measure differences in maternal mortality or

infant mortality – ‘‘how many deaths can you recall?’’ and ‘‘how

many multiple births can you recall?’’ – for a stated area and

reference period. The questions could therefore easily be added to

another survey as even modest sample sizes could give useful

estimates of change.

The main assumption in the neighbourhood method for

detecting differences in MMR, IMR or other health outcomes is

that the error rates amongst reports of the events of interest would

be the same in the two areas or two times being compared. This
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may not hold true if, for example, a publicity campaign was

launched concerning maternal deaths. However, it would usually

be possible to predict the direction of any such bias (e.g. it seems

likely in this case that the estimate of any reduction in MMR

would be conservative because there would be proportionately

more reporting of maternal deaths in the intervention area). So far

we have only been able to test the method thoroughly in one

setting and this may have been atypical in some respects.

Respondents were part of the HDSS and therefore accustomed

to answering health related questions. Furthermore the survey staff

were familiar with the respondents and with many of the actual

events. Although they were told not to let their own knowledge

influence the responses we cannot rule out this possibility. Finally

social structures determining the extent of knowledge of events in

the local community might be unique to this area. Further studies

are therefore needed to test whether this would be an effective

method in other settings.

Supporting Information

Appendix S1 Derivation of the Neighbourhood Index.
(DOC)

Appendix S2 Simulations to compare areas with differ-
ing MMR.
(DOC)

Acknowledgments

We gratefully acknowledge the residents in Matlab HDSS area for their

cooperation with this survey and HDSS field staff for their hard work.

Author Contributions

Conceived and designed the experiments: NA JT. Analyzed the data: NA

JT. Wrote the paper: NA JT. Organized collection of the data: NA.

Contributed to interpretation and discussion of the results: NA JT.

Approved the final version of the manuscript: NA JT.

References

1. Graham WJ, Foster LB Davidson L, Hauke E, Campbell OMR (2008)

Measuring progress in reducing maternal mortality. Best Pract Res Clin Obstet

Gynaecol 22: 425–445.

2. Bryce J, Terreri N, Victoria CG, Mason E, Daelmans B, et al. (2006) Coutdown

to 2015: tracking intervention coverage for child survival. Lancet 368: 1067–

1076.

3. Hill K, Thomas K, AbouZahr C, Walker N, Say L, et al. (2007) Estimates of

maternal mortality between 1990 and 2005: an assessment of available data.

Lancet 370: 1311–1319.

4. Graham WJ, Ahmed S, Stanton C, Abou-Zhar CL, Campbell OMR (2008)

Measuring maternal mortality: An overview of opportunities and options for

developing countries. BMC Med 6:12.

5. Yazback AS (2007) Comment: challenges in measuring maternal mortality.

Lancet 370: 1291–1292.

6. Wilmoth J, Mizoguchi N, Oestergaard M, Say L, Mathers C, et al. (2012) A new

method for deriving global estimates of maternal mortality: Supplemental report.

Available: http://www.who.int/reproductivehealth/publications/monitoring/

supplemental_rpt.pdf. Accessed 6 May 2013.

7. Measure Evaluation. Tool 20 - Reproductive age mortality survey (RAMOS).

Compendium of maternal and newborn health tools (2002). Available: http://

www.cpc.unc.edu/measure/publications/html/ms-02-09-tool20.html. Accessed

6 May 2013.

8. Stanton C, Hobcraft J, Hill K, Kodjogbe N, Mapeta WT, et al. (2001) Every

death counts: measurement of maternal mortality via a census. Bull World

Health Organ 79: 657–664.

9. Hill K, Stanton C (2011) Measuring maternal mortality through the census:

rapier or bludgeon? J Popul Res 28:31–47.

10. Graham W, Brass W, Snow RW (1989) Estimating maternal mortality: The

sisterhood method. Stud Fam Plann 20:125–135.

11. Stanton C, Abderrahin N, Hill K (2000) An assessment of DHS maternal

mortality indicators. Stud Fam Plann 31:111–123.

12. Hill K, El Arifeen S, Koenig M, Al-Sabir A, Jamil K, et al. (2006) How should

we measure maternal mortality in the developing world? A comparison of

household deaths and sibling history approaches. Bull World Health Organ 84:

173–180.

13. Byass P, Berhane Y, Emmelin A, Kebede D, Andersson T, et al. (2002) The role

of demographic surveillance systems (DSS) in assessing the health of

communities: An example from rural Ethiopia. Public Health: 116: 145–150

14. Mills S, Williams J, Wak G, Hodgson A (2008) Maternal Mortality Decline in

the Kassena-Nankana District of Northern Ghana. Matern Child Health J, 12:

577–585

15. Say L, Pattinson RC (2008) Maternal Mortality and Morbidity. In:

Heggenhougen K, editor. International Encyclopedia of Public Health. Oxford:

: Academic Press. pp. 222–236.

16. National Institute of Population Research and Training (NIPORT), ORC

Macro, Johns Hopkins University and ICDDR,B (2003) Bangladesh Maternal

Health Services and Maternal Mortality Survey 2001. DhakaBangladesh and

Calverton, Maryland (USA): NIPORT, ORC Macro, Johns Hopkins University,

and ICDDR,B. 237 p.

17. Byass P, Graham WJ (2011) Grappling with uncertainties along the MDG trail.

Lancet 378: 1119–1120.

18. van den Broek NR, Falconer AD (2011) Maternal mortality and Millenium

Development Goal 5. Br Med Bull 99:25–38.

19. Maine D, Wardlaw TM, Ward VM, McCarthy J, Birnbaum A, et al. (1997)

Guidelines for Monitoring the Availability and Use of Obstetric Services. New

York: UNICEF/WHO/UNFPA.

20. Burchett HE, Mayhew SH (2009) Maternal mortality in low-income countries:

what interventions have been evaluated and how should the evidence base be

developed further? Int J Gynaecol Obstet 105: 78–81.

21. Ahmed S, Hill K (2011) Maternal mortality estimation at the subnational level: a

model based method with an application to Bangladesh. Bull World Health

Organ 89:12–21.

22. Hogan MC, Foreman KJ, Naghavi M, Ahn SY, Wang M, et al. (2010) Maternal

mortality for 181 countries, 1980–2008: a systematic analysis of progress towards

Millenium Development Goal 5. Lancet 375: 1609–1623.

23. You D, Jones G, Hill K, Wardlaw T, Chopra M (2010) Levels and trends in

child mortality, 1990–2009. Lancet 376: 931–933.

24. Rajaratnam JK, Marcus JR, Flaxman AD, Wang H, Levin-Rector A, et al.

(2010) Neonatal, postnatal, childhood, and under-5 mortality for 187 countries,

1970–2010: a systematic analysis of progress towards Millennium Development

Goal 4. Lancet 375: 1988–2008.

25. Obermeyer Z, Rajaratnam JK, Park CH, Gakidou E, Hogan MC, et al. (2010)

Measuring adult mortality using sibling survival: A new analytical method and

new results for 44 countries, 1974–2006. PLoS Med 7(4): e1000260. doi:

10.1371/journal.pmed.1000260.

26. Rajaratnam JK, Tran LN, Lopez AD, Murray CJL (2010) Measuring under-five

mortality: Validation of new low-cost methods. PLoS Med 7(4): e1000253. doi:

10.1371/journal.pmed.1000253.

27. Chou D, Inoue M, Mathers C, Oestergaard M, Say L, et al. (2010) Trends in

maternal mortality: 1990 to 2008, Estimates developed by WHO, UNICEF,

UNFPA and The World Bank. Geneva: WHO. 55 p.

28. Lozano R, Wang H, Foreman KJ, Rajaratnam JK, Naghavi M, et al. (2011)

Progress towards Millennium Development Goals 4 and 5 on maternal and child

mortality: an updated systematic analysis. Lancet 378: 1139–1165.

29. Masquelier B (2013) Adult mortality from sibling survival data: a reappraisal of

selection biases. Demography 50(1): 207–228.

30. Merdad L, Hill K, Graham W (2013). Improving the Measurement of Maternal

Mortality: The Sisterhood Method Revisited. PloS One 8(4): e59834. doi:

10.1371/journal.pone.0059834.

31. Maskey MK, Baral KP, Shah R, Shrestha BD, Lang J, et al. (2011) Field test

results of the motherhood method to measure maternal mortality. Indian J Med

Res 133: 64–69.

32. Prata N, Gerdts C, Gessessew A (2012) An innovative approach to measuring

maternal mortality at the community level in low-resource settings using mid-

level providers: a feasibility study in Tigray, Ethiopia. Reprod Health Matters,

20(39): 196–204.

33. Qomariyah SR, Braunholtz D, Achadi EL, Witten KH, Pambudi ES, et al.

(2010) An option for measuring maternal mortality in developing countries: a

survey using community informants. BMC Pregnancy Childbirth 10:74.

34. Barnett S, Nair N, Tripathy P, Borghi J, Rath S, et al. (2008) A prospective key

informant surveillance system to measure maternal mortality – findings from

indigenous populations in Jharkhand and Orissa, India. BMC Pregnancy

Childbirth, 8:6.

35. Boerma JT, Mati JKG (1989) Identifying maternal mortality through

networking: results from coastal Kenya. Stud Fam Plann 20: 245–253.

36. ICDDR,B (2009) Health and Demographic Surveillance System – Matlab, v. 41.

Registration of health and demographic events 2007, Scientific Report No. 106.

Dhaka: ICDDR,B. 81 p.

37. Mathers C, Boerma T (2010) Mortality measurement matters: improving data

collection and estimation methods for child and adult mortality. PLoS Medicine

7(4): e1000265. doi: 10.1371/journal.pmed.1000265.

The Neighbourhood Method

PLOS ONE | www.plosone.org 10 January 2014 | Volume 9 | Issue 1 | e83590



38. Chou D, Inoue M, Mathers C, Moller A, Oestergaard M, et al. (2012) Trends in

maternal mortality: 1990 to 2010, WHO, UNICEF, UNFPA and The World
Bank estimates. Geneva: WHO. 70 p.

39. Alam N, Van Ginneken JK, Bosch AM (2007) Infant mortality among twins and

triplets in rural Bangladesh in 1975–2002. Trop Med Int Health 12: 1–9.
40. Shankar A, Bartlett L, Fauveau V, Islam M, Terreri N (2008) Delivery of MDG

5 by active management with data. Lancet 371: 1223–1224.

41. Countdown Coverage Writing Group (2008) Countdown to 2015 for maternal,

newborn, and child survival: the 2008 report on tracking coverage of

interventions. Lancet 371: 1247–1258.

42. Horton R (2008) A report card on maternal, newborn, and child survival. Lancet

371:1217–1219.

The Neighbourhood Method

PLOS ONE | www.plosone.org 11 January 2014 | Volume 9 | Issue 1 | e83590


