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ABSTRACT

Introduction The measurement of progress towards many
Sustainable Development Goals (SDG) and other health goals
requires accurate and timely all-cause and cause of death
(COD) data. However, existing guidance to countries to calculate
these indicators is inadequate for populations with incomplete
death registration and poor-quality COD data. We introduce a
replicable method to estimate national and subnational cause-
specific mortality rates (and hence many such indicators)
where death registration is incomplete by integrating data from
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and the community. Estimated deaths are calculated by
applying the empirical completeness method to incomplete
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death registration/reporting. The resultant cause-specific
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mortality rates are used to estimate SDG Indicator 23: mortality
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between ages 30 and 70 years from cardiovascular diseases,
cancers, chronic respiratory diseases and diabetes. We
demonstrate the method using nationally representative data in
Myanmar, comprising over 42 000 VAs and 7600 MCCODs.
Results In Myanmar in 2019, 89% of deaths were estimated
to occur in the community. VAs comprised an estimated 70%
of community deaths. Both the proportion of deaths in the
community and CSMFs for the four causes increased with older
age. We estimated that the probability of dying from any of
the four causes between 30 and 70 years was 0.265 for men
and 0.216 for women. This indicator is 50% higher if based on
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INTRODUCTION
All countries have committed to monitor
progress towards national and international
health goals, including the Sustainable Development Goals (SDGs) and the goals and





3

Key questions
What is already known?
►► Existing guidance to countries to calculate many

Sustainable Development Goals (SDGs) is inadequate for populations with incomplete death registration and poor-quality cause of death data.

What are the new findings?
►► We propose a method to calculate population-level

cause-specific mortality rates where there is incomplete death registration by integrating routine verbal autopsy (VA) and Medical Certificate of Cause of
Death (MCCOD) data.
►► The method is demonstrated to calculate SDG
Indicator 23 (the probability of dying between ages
30 and 70 years from cardiovascular diseases, cancers, chronic respiratory diseases and diabetes) in
Myanmar in 2019 using local VA and MCCOD data.

What do the new findings imply?
►► The method allows country authorities to use local

VA and MCCOD data to monitor progress with national and subnational health goals, rather than rely
on estimates made by external organisations.

targets set forth in the WHO’s Noncommunicable Diseases Global Monitoring Framework
(NCD GMF).1 2 Global and local goals and
targets are a key component of any health
and development strategy, providing vital
intelligence on the effectiveness of targeted
interventions and the outcomes of significant
investments in health systems. Many of these
health goals require accurate and timely
cause of death (COD) and all-cause mortality
data for the country, disaggregated by age
and sex.3 Indeed, 7 of the 17 SDGs, and 17 of
their corresponding indicators, require cause-
specific mortality data from a Civil Registration and Vital Statistics (CRVS) system for
their measurement.4 A good example is SDG
3.4 which aims, by 2030, to reduce premature
mortality from NCDs by one-third.1
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are not generally available for subnational populations
for the vast majority of countries. Recent research has
suggested methods to estimate population-level CODs
by extrapolating from in-hospital cause patterns, but it is
unclear how widely applicable this approach might be.15
For many, if not most, LMICs, complete death registration and widespread use of medical certification to
ascertain CODs are unlikely to be achieved in the foreseeable future, in part because there is limited experience and knowledge about cost-effective ways to notify
community deaths to official authorities and typically
low physician to population ratios.16 17 Increasingly, VA
is being used or trialled in LMICs to ascertain the cause
of community deaths in rural populations, together
with more effective data management practices with the
potential to integrate them into routine death registration and reporting systems.10 VA predicts the probable
COD based on an interview of family members of the
deceased using a standardised questionnaire about the
signs and symptoms experienced by the deceased prior
to death; these responses are then applied to automated
diagnostic algorithms or reviewed by a physician, to
ascertain the probable COD. For example, in Myanmar,
since 2018 VAs have been collected from 42 townships
that comprise a representative sample of the national
population.10 Routinely collected VA data on all, or a
sample of, community deaths, diagnosed using an established, validated diagnostic method, together with COD
data from hospitals ascertained using MCCOD, can, in
principle, lead to more policy-
relevant, representative
COD statistics than either source alone. Yet, there has
been relatively little scientific debate about issues in the
integration of the two data sources, despite the fact that
this process has significant potential to fill key data gaps
that currently exist in many LMICs and enable countries
to more reliably monitor progress with health goals.
This integration is not straightforward, however, and
needs to consider not only the number of reported VAs
and hospital deaths from each cause, but also the extent
to which the reporting of the fact of death is incomplete
in hospitals and the community, by age and sex. As a
result, there have been few attempts to integrate VA and
MCCOD data; previous studies to generate national cause-
specific mortality rates by integrating VA and MCCOD
data have been conducted in Malaysia and Thailand but
have relied on complete or close to complete death registration systems where there is reasonable certainty about
the true numbers of deaths by age and sex.18 19
To our knowledge, there are no published studies,
with replicable methods, on the use of incomplete death
reporting and the integration of VA and MCCOD data to
calculate national cause-specific mortality rates, despite
the policy utility of this information. National Statistics
Offices and Ministries of Health should be empowered to
calculate these indicators themselves using available data,
in order to be able to continuously assess progress towards
national and subnational health goals. In this paper, we
propose a method for local analysts to apply to estimate
Adair T, et al. BMJ Global Health 2021;6:e005387. doi:10.1136/bmjgh-2021-005387
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The COD data to measure progress with these goals
should ideally come from a complete and timely CRVS
system where the cause of every death is ascertained using
the International Medical Certificate of Cause of Death
(MCCOD) completed by a physician, adhering to the
certification and coding rules of the International Classification of Diseases Revision in force (currently ICD-10).5
However, the ability of national governments to reliably
measure indicators for these, and other health goals, is
affected by incomplete death registration and often poor-
quality COD data. Only about two in three deaths worldwide are registered, while close to 70% of the world’s
population live in a country where less than 90% of deaths
are registered or otherwise known to health authorities,
overwhelmingly low/middle-income countries (LMICs)
where the burden of premature mortality is greatest.6
Reliable COD data are even less available for policy and
planning.7 In many countries, the only available COD
data are from hospitals, but these are often misdiagnosed
or otherwise of poor quality and are unrepresentative of
national COD patterns because they are biased towards
younger ages at death and acute diseases.8 9 Data on
community (ie, non-
hospital) deaths, which comprise
the majority of deaths in LMICs, are commonly either
unavailable or contain vague or ill-defined diagnoses due
to poor-quality data collection and diagnostic practices.10
Typically, the guidance offered to countries to assist
them to compute national values of these indicators does
not adequately specify what methods to apply when faced
with incomplete or suboptimal quality data. For example,
SDG Indicator 23 (pertaining to SDG 3.4 mentioned
above) measures the probability of dying between exact
ages 30 and 70 years from either a cardiovascular disease,
cancer, diabetes or chronic respiratory disease. The SDG
guidance states that the most reliable data source for
this indicator should be based on death certificates and
administrative data from health facilities, but without any
mention of the intrinsic biases in health facility data.11
The guidance offered goes on to state that where coverage
of death certification is poor, household surveys can be
used to measure NCD mortality, but without any specific
guidance on potential quality issues or biases commonly
associated with survey data on CODs, nor on the feasibility of using this source, or how to use them to calculate
the indicator.11 Similarly, the WHO’s NCD GMF specifies
that, for the same indicator, the preferred data source is
CRVS systems of sufficient completeness to calculate all-
cause mortality rates, with other possible sources being
sample registration systems and verbal autopsy (VA).2
Again, there is no guidance about the potential limitations of these data nor how to use or interpret them. For
many countries, these challenges in calculating mortality-
based indicators mean there is a heavy reliance on estimates produced by the Global Burden of Disease (GBD)
Study and other international efforts using complex
statistical models, often largely based on other countries’
COD data, with very little direct evidence on the local
epidemiological situation.12–14 Further, these estimates
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METHODS
Method to integrate VA and MCCOD data
The integration of COD data requires data on cause-
specific mortality fractions (CSMFs; the fraction of all
deaths that are due to a specific cause) that are available
from both MCCODs and VAs, with a clear distinction
between the two sources. The vast majority of MCCOD
data on CODs in a country would have an ICD-10 code
attributed as the underlying COD and would reflect
deaths that occur in hospital. A small fraction might also
contain attempted diagnoses for ‘dead on arrival cases’
where the patient died before or soon after arrival at a
hospital, or deaths subject to coronial enquiry. VA deaths
typically would cover deaths at home or in the community (ie, non-hospital deaths) where it was not possible
for a physician to provide a MCCOD. In such cases, VA is
the only viable alternative to ascertain a probable COD.
Integration of the CSMFs derived from MCCOD and
VA data to produce population-level CSMFs is reliant on
a reliable estimate of the number of deaths that occurs
in hospitals (for MCCODs) and in the community (for
VAs). Given that vastly more deaths generally occur in the
community than in hospitals in most LMICs, failure to
account for the relative number of deaths that occurs in
each setting would result in biased cause estimates.
We define:
	
	

Cisx,v =

Disx,v
Dsx,v 

Cisx,g =

Disx,g
Dsx,g 

	

D̂isx,c = Cisx,v ∗ D̂sx,c 

	

D̂isx,h = Cisx,g ∗ D̂sx,h 

	

D̂isx,t = D̂isx,c + D̂isx,h 

	

Cisx,t =

D̂isx,t
D̂sx,t 

where C is the CSMF, D is reported death,  D̂ is estimated
deaths, and where the subscript i is cause, s is sex, x is age
group, v is VA, g is MCCOD, c is community, h is hospital
and t is total deaths (hospital and community). In the
integration, MCCOD and VA CSMFs are multiplied
by the estimated number of hospital and community
deaths, respectively, to estimate the number of hospital
and community deaths from each cause. The estimated
Adair T, et al. BMJ Global Health 2021;6:e005387. doi:10.1136/bmjgh-2021-005387

total number of deaths from each cause is then calculated, from which the final CSMFs are computed. Each
of these calculations is conducted for each sex and 5-year
age group separately to improve the accuracy of results
and to enable calculation of all relevant SDGs and other
health goals. Where the (low) numbers of deaths would
imply too much uncertainty in CSMFs calculated for
specific age groups, CSMFs of a broader age group can
be calculated and applied instead (eg, use the CSMF for
the broader age groups 45–64 years for each 5-year age
group between ages 45 and 64 years).20
The ‘estimated’ number of deaths needs to be determined for populations where death reporting is incomplete (the principles are also relevant in cases where
death reporting is thought to be complete; in that case,
the number of ‘reported’ rather than ‘estimated’ deaths
would be used.). The number of age-specific and sex-
specific deaths in the community and in hospitals also
needs to be estimated. The estimated total number of
deaths in the population can be calculated as follows:
D +D

D̂s,t = s,vEs s,g 
	
where E is all-age completeness of total reported deaths
(as a fraction). Completeness of death reporting can be
calculated using the empirical completeness method,
which requires limited data inputs and can be reliably
applied at the subnational level.21 A model life table can
then be used to estimate deaths by age (D̂isx,t );
 further,
completeness of death reporting is likely to be lower for
child deaths compared with adult deaths (alternatively,
total deaths by age and sex can be obtained from estimates made by an established source such as the GBD, UN
World Population Prospects or National Statistics Office,
if available; at the very least, these sources can be used
to assess the plausibility of the estimated level and age
pattern of mortality.).21–23 If hospital death reporting is
complete, estimated community deaths can be calculated
as total estimated deaths minus total reported hospital
deaths (by age and sex). However, if not all hospital
deaths are reported, then this calculation will overestimate community deaths. If that is the case, hospital
deaths can be estimated (ie, adjusted upwards) based
on local knowledge of hospital reporting completeness,
and community deaths recalculated. Whichever way the
number of community deaths is calculated, the resultant
percentage of total deaths that occur in the community
should be assessed for plausibility by local health officials
with knowledge of the hospital reporting system.

Preparing for data integration
Before integrating the VA and MCCOD data, the characteristics and quality of these data sources need to
be assessed in terms of the age pattern of hospital and
community deaths, the completeness of VA reporting
(ie, the proportion of community deaths for which a
VA was conducted), and the quality of VA and MCCOD
CSMFs, using available tools (see online supplemental
file 1 for more information on assessing the hospital and
3
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national and subnational cause-specific mortality rates
for populations where both MCCOD and VA data are
available, and where death registration or reporting is
incomplete. We then provide an example of the application and interpretation of the method to calculate
SDG Indicator 23, the probability of dying between exact
ages 30 and 70 years from any of cardiovascular disease,
cancer, diabetes and chronic respiratory disease, for a
nationally representative population of Myanmar.
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Calculation of premature mortality (SDG Indicator 23)
The integration of VA and MCCOD data produces the
required data from which, among other uses, one can
calculate SDG Indicator 23. There may be differences
between the ICD codes for the four causes specified by
the WHO for this indicator and those pertaining to the
VA cause list used. The WHO specifies the following ICD
codes: cardiovascular disease I00–I99, cancers C00–C97,
diabetes E10–E14 and chronic respiratory diseases J30–
J98. The SmartVA causes for cardiovascular diseases and
diabetes are mapped to the same ICD codes. However,
chronic respiratory diseases are limited to J40–J46
(comprising bronchitis, emphysema and asthma—the
major causes of chronic respiratory mortality), and
cancers to C00–D48 (codes C98–D48 are uncommonly
used for cancer mortality). MCCOD hospital mortality
data for chronic respiratory diseases in particular should
be assessed as to the concordance between the WHO and
SmartVA cause lists (ie, percentage of deaths in J30–J98
that are in J40–J46).
The equations below describe the calculation of the
premature mortality indicator for a calendar year, using
life table techniques2:
∗m

	5

x

=

Deaths from any of the four NCD causes between exact ages x to x + 5
Midyear population between exact ages x to x + 5

∗q
5

	
∗

x

=

∗m ∗ 5
5 x
1+(∗5 mx ∗ 2.5) 

q =1−

40 30

65 (
∏

1 −∗5 qx

)

x=30

	
where ∗5 mx is the age-specific death rate of the four NCD
causes between exact ages x to x+5, ∗5 qx is the probability

4

of dying from any of the four NCD causes between exact
ages x to x+5, ∗40 q30is the probability of dying from any of
the four NCD causes between exact ages 30 and 70 years
(independent of other causes and assuming current
specific
mortality conditions).2 In summary, age cause-
death rates are calculated for each age group, converted
to age-specific probabilities of dying from each of the
causes, and the indicator calculated as one minus the
product of the age-specific probabilities of not dying from
one of the four causes.
Myanmar example
In this manuscript, we demonstrate the integration of VA
and MCCOD data and calculation of SDG Indicator 23
using data from a nationally representative sample of 42
townships in Myanmar (comprising at least two townships
from each state and region in the country) with a population of 8.4 million, or 15% of the national population.
Myanmar has incomplete death registration, with the only
routine COD data arising from hospital deaths, which are
estimated to be about 16% of all deaths in the country.10
To improve evidence about the CODs that occur outside
of hospitals, the government of Myanmar partnered with
the Bloomberg Philanthropies Data for Health Initiative
in 2016 to introduce routine-automated VA for community deaths in the 42 townships. In 2019, over 42 000 VAs
were conducted in these townships, complementing the
7600 hospital deaths that occurred in this population
during that year. Routine VA fills a major data gap for
Myanmar, and by providing age-specific and sex-specific
CSMFs can enable integration of VA and MCCOD data
and provide nationally representative COD data. The
assessment of the completeness of the Myanmar data was
conducted using the empirical completeness method.21
The estimate of the under-5 mortality rate for the 42 townships was calculated from state-level estimates from the
2014 Population Census and 2015–2016 Demographic
and Health Survey and scaled to the United Nations
Inter-agency Group for Child Mortality Estimation estimates, while the population data were sourced from the
2014 census population projections from the Department
of Population.26–28 The 42 townships have a very similar
under-5 mortality rate to the national population (45.4
per 1000 compared with 44.6 per 1000 nationally) and
a very similar population age structure (6.1% were aged
65 years and over, compared with 6.4% nationally), and
hence are sufficiently representative of the provinces and
regions to draw reasonable conclusions about the likely
COD pattern nationwide.26–28
RESULTS
In Myanmar, completeness of VA reporting was estimated
to be 70% in 2019, being substantially higher in males than
females (81% males, 63% females). This was assessed as
being sufficient to proceed with integration of the data,
recognising that about one-third of community deaths
do not have a cause, more so for females. This analysis
Adair T, et al. BMJ Global Health 2021;6:e005387. doi:10.1136/bmjgh-2021-005387
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community datasets prior to integration).20 24 The data
quality assessment of the two data sources may identify
that either or both sources are of such poor quality that
the integration should not proceed because it would
result in CSMFs that are significantly biased. Importantly,
the MCCOD and VA cause lists need to be mapped to
a common COD list. Given the interview-based process
for VA, there will be many more ICD-10 causes in the
MCCOD data than would be possible from a VA interview
where time and complexity of symptom questions are a
major consideration. As a result, VA can generally only
identify a limited number of CODs, although these are
of greatest public health importance. Consequently, the
MCCOD causes should be mapped to the VA cause list.
This simply involves careful aggregation of the MCCOD
deaths into the ICD-10 codes that define each VA cause.
However, the detailed MCCOD causes should still be
used to understand hospital cause patterns within the
larger VA cause groupings. For purposes of illustration,
we confine the method to one automated diagnostic
algorithm, namely SmartVA, although the principles of
integration proposed here could be applied to any VA
diagnostic method.25 The SmartVA and ICD-10 cause
mapping is provided in online supplemental table S1.

BMJ Global Health
(because many of these deaths would likely be in codes
J40–J46 if correctly certified). Almost all (95%) hospital
deaths included in the SmartVA’s cancer codes (C00–
D48) were within the WHO’s codes for this cause group
(C00–C97).
Table 1 summarises the data inputs and outputs in the
integration of the two data sources. As expected, a higher
proportion of younger adult deaths occurred in hospitals compared with older adults. The CSMF of the four
causes combined increased with age and was consistently
higher in community than hospital deaths. For all (ie,
total) deaths, the CSMF of the four causes combined was
comparatively high, as expected, being 0.676 for men and
0.749 for women in the age group of 65–69 years. When
the four causes were calculated as age-specific death rates
and probabilities of dying, they were higher among men
than women, especially in younger age groups. The final
result shows that the probability of dying of any of cardiovascular disease, cancer, diabetes or chronic respiratory
disease between ages 30 and 70 years in 2019 was 0.265
for men and 0.216 for women, independent of other
causes and assuming current mortality conditions.
Online supplemental table S2 presents the CSMFs for
each of the four causes by age group and sex. Cardiovascular diseases were the most common of the four causes,

Table 1 Calculation of probability of dying between exact ages 30 and 70 years from any of cardiovascular disease, cancer,
diabetes or chronic respiratory disease, by sex, 42 townships, Myanmar, 2019
CSMF (4 causes combined)
Age group

% deaths in
hospitals

Hospital
(MCCOD)

Community (VA)

Total

Probability
of dying
Death rate of 4 from any of 4
causes (mx)
causes (qx)

Men
30–34

24

0.112

0.191

0.172

0.0009

0.0046

35–39

22

0.154

0.229

0.212

0.0017

0.0083

40–44

18

0.208

0.249

0.242

0.0022

0.0112

45–49

15

0.269

0.340

0.329

0.0037

0.0183

50–54

14

0.360

0.492

0.474

0.0062

0.0304

55–59

12

0.358

0.535

0.514

0.0088

0.0431

60–64

9

0.498

0.623

0.611

0.0144

0.0694

65–69

8

0.491

0.692

0.676

0.0237

0.1120

Probability of dying from any of 4 causes from ages 30 to 70 years

0.2653

Women
30–34

19

0.184

0.463

0.409

0.0006

0.0032

35–39

20

0.235

0.473

0.427

0.0008

0.0040

40–44

15

0.315

0.501

0.473

0.0013

0.0066

45–49

9

0.345

0.581

0.559

0.0025

0.0123

50–54

11

0.418

0.683

0.654

0.0042

0.0209

55–59

9

0.457

0.721

0.697

0.0068

0.0335

60–64

8

0.583

0.733

0.722

0.0119

0.0579

0.749

0.0203

0.0967
0.2155

65–69
5
0.547
0.760
Probability of dying from any of 4 causes from ages 30 to 70 years

CSMF, cause-specific mortality fraction; MCCOD, International Medical Certificate of Cause of Death; VA, verbal autopsy.
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resulted in a total of 67 426 estimated deaths at all ages
in 2019, of which 89% were estimated to have occurred
in the community; similar to GBD and UN World Population Prospects (WPP) estimates (according to the total
estimated deaths, the probability of dying from age 15 to
60 years in 2019 was 251 per 1000 for males and 134 per
1000 for females, compared with 226 for males and 128
for females as estimated by the GBD, and 246 for males
and 149 for females as estimated by the UN WPP).22 23
The percentage of VAs at ages 30–69 years for which the
COD could not be determined in 2019 was 12% for men
and 10% for women. The percentage of MCCODs at ages
30–69 years that were ill-defined (R00–R99) was 6% for
both men and women. In 2019, 22% of MCCODs had
unusable CODs (ie, of limited use for policy) at very
high, high or medium severity levels.29 Further analysis of
the quality of the VA data using the VIPER tool demonstrated that the CSMFs from VA were plausible, based on
a comparison with GBD 2019 data and an analysis of the
age–sex pattern of specific causes.20 For hospital deaths
coded to chronic respiratory diseases (J30–J98) in 2019,
49% used codes that mapped to chronic respiratory for
SmartVA (J40–J46); this figure was 61% if J96 ‘Respiratory
failure, not elsewhere classified’ and J98 ‘Other respiratory disorders’ were excluded from the denominator

BMJ Global Health

with the CSMFs for each increasing with age. The CSMFs
were higher for women in the younger ages because a
much higher proportion of men in these ages die from
external causes and cirrhosis. The CSMFs for diabetes
were consistently and significantly higher for women
across all age groups.
Figure 1 compares CSMFs for specific causes according
to whether the data were reported in hospitals only with
that resulting from the integration of data sources. For
each cause, the CSMF derived from the integration data
was higher than that in hospitals, with the largest differences among women. For all four NCDs combined, for
example, the CSMF for women based on the integrated
data was 65% vs 41% in hospitals, while the respective
figures for men were 43% and 28%. In other words,
NCDs are likely to be 50% higher based on integrating
data sources compared with hospital data alone. Other
large differences can be observed for cardiovascular
diseases (10 percentage points higher for women) and
cancers (8 percentage points higher).
DISCUSSION
The measurement of progress towards the attainment of
SDGs and other health goals assumes complete reporting
of deaths and reliable COD data, something that is, and
will continue to be challenging for many LMICs where
good quality mortality data are typically not available.
The introduction of routine VA in an increasing number
of LMICs to measure COD patterns in the community,
where the majority of deaths occur, should, in principle at
least, substantially improve countries’ ability to monitor
health goals and, more generally, generate evidence on
local COD patterns.
6

This manuscript has described and demonstrated the
use of a practical method to estimate summary cause-
specific health indicators based on the integration of
MCCOD for hospital deaths with routine VA data for
community deaths, taking into account the common situation of incomplete reporting of the fact of death. We
demonstrate the applicability of the method in a nationally representative sample of 42 townships in Myanmar
to produce estimates of the SDG premature mortality
indicator pertaining to NCDs. The higher CSMFs for
these causes based on the integrated data, compared
with what is suggested from hospital data alone (which
only comprise a minority of all deaths in the country),
demonstrate the importance of collecting routine VA
data to ascertain the causes of community deaths and
the policy benefits of integrating community CSMFs
with hospital CSMFs; otherwise, using just hospital data
would underestimate the magnitude of premature NCD
mortality in the country. The resultant estimates of the
probability of dying from any of the four NCDs included
in the SDG indicator between the ages of 30 and 70 years
in 2019 of 0.265 for men and 0.216 for women are similar
to those made by the WHO for 2016 for Myanmar of 0.27
for men and 0.21 for women, but lower than the 0.304
for men and higher than the 0.199 for women calculated
using GBD mortality and COD estimates.22 30 31 Importantly, rather than relying on indirect estimates using the
complex methods of the GBD or WHO, largely based
on covariates with little or no local data, the method is
straightforward enough to enable local authorities to use
the country’s own data to monitor progress with national,
and crucially, subnational health goals. The method also
overcomes the vague and generally unhelpful guidance
Adair T, et al. BMJ Global Health 2021;6:e005387. doi:10.1136/bmjgh-2021-005387
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Figure 1 CSMFs between exact ages 30 and 70 years in hospitals and integrated data, by sex, 42 townships, Myanmar,
2019. Chron. resp., chronic respiratory diseases; CSFMs, cause-specific mortality fractions; CVDs, cardiovascular diseases;
NCDs, non-communicable diseases.
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employed in VA. As in the case of the Myanmar example,
the ICD codes suggested by the WHO for use in the
calculation of the premature mortality indicator do not
directly map to the VA cause list; however, analysts can
use their hospital data to gauge what impact this will have
on calculation of this indicator. Despite the fact that integration with a lower number of causes from the VA will
necessarily reduce the list of causes for which mortality
can be monitored, current VA tools can identify COD
from the major conditions likely to be of highest policy
relevance for LMICs, some more reliably than others.32 33
CONCLUSION
To fully realise the benefits of the integration of VA and
MCCOD data to calculate national and international
health indicators, there is an urgent need to strengthen
capacity in National Statistics Offices and Ministries of
Health to apply these methods confidently and competently. Analysts in Myanmar from the Central Statistical Organization and Ministry of Health and Sport
have been trained remotely in these methods and have
successfully estimated nationally representative CSMFs
that have recently been published in their Statistical Yearbook.34 This demonstrates the feasibility of widespread
application of this integration method by country staff,
thus reducing reliance on the indirect GBD or WHO estimates, enabling subnational estimation, building local
analytical capacity and enhancing national ownership of
the estimates. Such multisource integration methods also
demonstrate the need and benefits of investing in nationally representative routine-automated VA systems, especially in populations with a high proportion of deaths
in the community, and for strengthened practices to
correctly certify and code deaths that occur in hospitals.
These strategies will yield more reliable mortality and
COD information which in turn will enable countries to
measure progress towards health goals and the avoidance
of major causes of premature death.
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currently available for countries about how to estimate
indicators required for monitoring progress with global
health and development goals.
A strength of the integration method is that it is appropriate for countries where there is incomplete death
reporting, because it employs the empirical completeness method to reliably estimate the extent of incompleteness. In many LMICs, incomplete death reporting
is unfortunately likely to be the reality for the foreseeable future, and hence the ability to reliably estimate
the volume of mortality both in and outside hospitals is
key to facilitating the integration of COD estimates from
different sources, in particular VA for home deaths. In
the case of Myanmar, cost-
effective approaches using
automated VA have been demonstrated to work well in
a nationally representative sample of the population,
yielding important information on community CODs
that did not exist before.10 It is important though that
users of the integration method are able to understand
the quality and plausibility of the COD data that result
using the ANACONDA and VIPER tools, and when data
quality and completeness is too poor for the integration to proceed.20 24 For example, in Myanmar VA diagnoses of the COD are available for an estimated 70% of
community deaths; if the cause pattern for the 30% of
deaths without a VA is significantly different, this will bias
community cause patterns. Similarly, if the completeness
of VA reporting is below about 50%, or if the fraction
of undetermined (ill-defined) CODs exceeds about 20%,
then the integration should probably not proceed. Users
should also be careful about making inferences about
national level cause patterns if the data used for the integration are not from a nationally representative sample.
There are some limitations of the integration method
presented here, many of which are related to the quality
of the available data. Where the reporting of the fact of
death is incomplete then, despite the use of a reliable
method to estimate completeness, there will still be some
residual uncertainty about the total number of deaths
and how they are distributed by age and sex, and also
between hospitals and the community. Local knowledge
of the quality of hospital reporting and plausibility of
the proportion of total deaths that occur in hospitals is
important to identify any clear errors in estimates. In the
example of Myanmar, the low proportion of deaths that
occur in hospitals implies that any error in the estimation
of this number would likely only have a small impact on
the resultant COD estimates. That would not be the case
for errors in the levels and cause structure of community deaths, however. Incomplete death reporting or
high levels of ill-defined or undetermined causes can also
bias the quality of COD estimates, and in particular will
affect the representativeness of results if these data issues
are more acute for certain subpopulations of a country.
Additionally, small numbers of deaths may create uncertainty about results, which is particularly relevant when
applied to subnational populations. Another limitation
of any integration is that it will be reliant on the cause list
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ASSESSING THE CHARACTERISTICS AND QUALITY OF MCCOD AND VA DATA
The percentage of hospital and community deaths occurring in each age group needs to be assessed
for the extent to which it follows the expected pattern of hospital deaths comprising a higher
proportion of deaths at younger ages (e.g. neonatal deaths) than community deaths, which
commonly comprise more older deaths.
The quality of each data source can be assessed using existing tools to identify weaknesses in the
data that may bias CSMFs and which can inform remedial actions. For VA data derived using the
SmartVA tool, this assessment can be undertaken using the Verbal Autopsy Interpretation,
Performance and Evaluation Resource (VIPER) tool, which comprises a step-by-step approach that
assesses different types of data quality.1 For other VA outputs the assessment can be done by
following the steps in the associated Guidelines document.2 VIPER measures the completeness of VA
reporting (i.e. the proportion of community deaths for which a VA was conducted) by using the
empirical completeness method.3 The lower the completeness of VA reporting, then the less
accurate that CSMFs will be because CSMFs of unreported deaths are likely to be different from
reported deaths, especially if there are socio-economic or geographic differences in the two groups
of deaths. A previous study found that at 70% completeness of death reporting, the accuracy of
CSMFs is 77%; this declines to 57% where completeness is 50%.4 Where completeness of VA death
reporting is below 50%, then the bias will be too great and the integration should not proceed.
Another data quality issue identified by VIPER is the proportion of VAs for which there are
‘undetermined’ causes of death (where there is insufficient information in the VA interview
responses to reliably estimate a cause of death). The higher the proportion of VAs with
undetermined causes, the greater the bias in CSMFs; where more than approximately 20% of VAs
have an undetermined cause, the data are likely to be too poor for the integration to proceed.
Finally, VIPER also helps understand the plausibility of VA CSMFs and how they differ from expected
levels and patterns given the demographic and epidemiological characteristics of the population.
The quality of MCCOD data can be assessed using the ANAlysis of Causes of National Deaths for
Action (ANACONDA) tool.5 This will identify the level of “unusable or insufficiently specified’ causes
(known as “garbage codes”), including the proportion that are of each level of severity, and the
specific causes they comprise.6 For the purposes of the integration exercise, the percentage of
MCCODs with a garbage code that is in either severity levels very high, high or medium should be
assessed. One type of garbage code is R00-R99 (symptoms, signs and ill-defined conditions) in the
ICD-10 classification; these are mapped to undetermined causes in SmartVA and not to any specific
causes. Where a high proportion of MCCODs have a cause of death of poor quality, then the CSMFs
will be biased. Where deaths with ICD codes R00-R99 comprise 15% or more of deaths with a
MCCOD, then the integration should not proceed.
Whilst poor quality VA or MCCOD will compromise the quality of the data (and its use) when
integrated, this assessment can also be used to inform training to improve data quality. For instance,
a high proportion of undetermined causes in VA data may mean there are issues with the VA data

Adair T, et al. BMJ Global Health 2021; 6:e005387. doi: 10.1136/bmjgh-2021-005387

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJ Global Health

collection and the need for improved training and supervision of the data collection process. The
ANACONDA assessment can be used to inform training to improve physicians’ certification of causes
of death and the ICD coding of causes of death.
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Table S1: Mapping of SmartVA cause list to ICD-10 codes
Adult Cause
Diarrhea/Dysentery
TB
AIDS
Malaria
Other Infectious Diseases
Esophageal Cancer
Stomach Cancer
Colorectal Cancer
Lung Cancer
Breast Cancer
Cervical Cancer
Prostate Cancer
Leukemia/Lymphoma
Other Cancers
Diabetes
Other Cardiovascular Diseases
Ischaemic Heart Diseases
Stroke
Pneumonia
Chronic Respiratory diseases
(COPD/Asthma)
Cirrhosis
Chronic kidney
Maternal
Undetermined
Road Traffic
Falls
Drowning
Fires
Bite of Venomous Animal
Poisonings (accidental)
Suicide (intentional self-harm)
Homicide (assault)
Other Injuries
Other Non-communicable Diseases
Bold: Measured in SDG Indicator 23.

ICD-10 Code
A00-A09
A15-A19
B20-B24
B50-B54
A10-A14, A20-B19, B25-B49, B55-B99, U07.1
C15
C16
C18-C21
C34
C50
C53
C61
C81-C85; C91-C96
C00-C14, C17, C22-C33, C35-C49, C51-C52, C54-C60, C62-C80, C86C90, C97-D48
E10-E14
I00-I19 I26-I59, I70-I99
I20-I25
I60-I69
J10-J22,J85
J40-J46
K70-K76
N17-N19
O00-O99
R00-R99
V01-V89
W00-W19
W65-W74
X00-X19
X20-X29
X40-X49
X60-X84
X85-Y09
S00-T98, V90-V99, W20-W64, W75-W99, X30-X39, X50-X59, Y10-Y98
All other ICD-10 codes
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Table S2: Calculation of probability of dying between exact ages 30 and 70 from any of cardiovascular disease, cancer, diabetes, chronic respiratory
disease, by sex, 42 townships, Myanmar, 2019
VA CSMF
Age group
Males
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69

Cardiovascular
diseases

Number Cardiovascular
of VAs
diseases

MCCOD CSMF
Chronic
Cancers respiratory

Cancers

Chronic
respiratory

Diabetes

0.122
0.150
0.150
0.219
0.279
0.304
0.374
0.427

0.025
0.031
0.046
0.064
0.084
0.103
0.099
0.110

0.018
0.019
0.019
0.021
0.055
0.062
0.083
0.099

0.027
0.029
0.034
0.035
0.074
0.065
0.067
0.055

1,017
1,381
1,602
1,799
1,840
1,994
2,163
2,185

0.097
0.122
0.159
0.217
0.263
0.261
0.352
0.330

0.005
0.016
0.026
0.027
0.054
0.066
0.064
0.069

0.003
0.006
0.014
0.016
0.017
0.006
0.037
0.050

0.008
0.010
0.009
0.008
0.026
0.025
0.045
0.041

0.248
0.203
0.238
0.257
0.316
0.351
0.387
0.437

0.126
0.180
0.181
0.196
0.200
0.180
0.136
0.105

0.011
0.033
0.024
0.033
0.063
0.065
0.090
0.115

0.078
0.057
0.057
0.096
0.105
0.126
0.120
0.103

270
300
453
721
909
1,158
1,574
1,858

0.097
0.165
0.218
0.200
0.230
0.249
0.349
0.318

0.029
0.035
0.056
0.055
0.048
0.092
0.073
0.061

0.010
0.009
0.008
0.027
0.018
0.040
0.052
0.034

0.049
0.026
0.032
0.064
0.121
0.075
0.109
0.135

Diabetes

Number
of
MCCODs
393
492
428
368
350
318
267
218
Females
103
115
124
110
165
173
192
148
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