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ABSTRACT

Introduction The majority of low-income and middle-
income countries (LMICs) have incomplete death
registration systems and so the proportion of deaths that
occur at home (ie, home death percentage) is generally
unknown. However, home death percentage is important
to estimate population-level causes of death from
integration of data of deaths at home (verbal autopsies)
and in hospitals (medical certification), and to monitor
completeness of death notification and verbal autopsy
data collection systems. This study proposes a method

to estimate home death percentage using data readily
available at the national and subnational level.

Methods Data on place of death from 152 country-years
in 49 countries from 2005 to 2019, predominantly from
vital registration systems, were used to model home death
percentage standardised for population age and cause
distribution. A national-level model was developed using
Bayesian model averaging to estimate national, regional
and global home death percentage. A subnational-level
model was also developed and assessed in populations
where alternative data on home death percentage were
available.

Results Globally, it is estimated that 53.4% (95%
uncertainty interval (Ul) 50.8%—55.9%) of deaths occur

at home, slightly higher (59.7%, 95% Ul 56.5%—62.7%)

in LMICs, substantially higher in low-income countries
(79.5%, 95% UI 77.3%—81.5%) and much lower (27.3%,
95% Ul 25.2%—29.6%) in high-income countries. Countries
with the highest home death percentage are mostly

found in South, East and Southeast Asia and sub-Saharan
Africa (above 90% in Ethiopia, Chad and South Sudan). As
expected, the national model has smaller error than the
subnational model.

Conclusion The study demonstrates substantial diversity
in the location of deaths in LMICs and fills a significant gap
in knowledge about where people die, given its importance
for health systems and policies. The high proportion of
deaths in LMICs that occur at home reinforces the need for
routine verbal autopsy to determine the causes of death.

INTRODUCTION

In most low-income and middle-income
countries (LMICs), reliable determination of
causes of death in the population is a major
challenge. There is often no or poor quality
cause of death data because the majority of
deaths occur in the home, often with minimal
or no contact with medical services." Those

WHAT IS ALREADY KNOWN?

= It has been reported that most of the deaths in low-
income and middle-income countries (LMICs) occur
at home.

= However, there is uncertainty about what percent-
age of deaths occur at home in most LMICs because
mortality data are incomplete and no previous study
has systematically estimated this for all countries.

WHAT ARE THE NEW FINDINGS?

= The study estimates that 60% of deaths in LMICs
occur at home, compared with 27% in high-income
countries.

= There is considerable variation in percentage of
deaths occurring at home in LMICs, being highest
in countries in South, East and Southeast Asia and
sub-Saharan Africa.

WHAT DO THE NEW FINDINGS IMPLY?

= The high proportion of deaths in LMICs that occur
at home highlights the importance of routine verbal
autopsy to determine the causes of death in these
settings.

= The subnational model presented in the study can
be used by analysts to estimate the percentage of
deaths in local populations that die at home.

= The estimates and models presented can aid moni-
toring of death notification and verbal autopsy inter-
ventions and enable estimation of population-level
causes of death using data for hospital and home
deaths, which can be used to track Sustainable
Development Goals.

deaths that occur in hospitals also commonly
have poor quality cause of death data due to
suboptimal quality medical certification prac-
tices.”? Recent interventions in civil registra-
tion and vital statistics (CRVS) systems have
focused on verbal autopsy (VA) methods to
estimate cause-specific mortality fractions
(CSMFs) for deaths that occur at home and
where ascertainment of the cause of death by
a physician using a medical certificate of cause
of death is not possible.1 In parallel, there has
been an increased focus on improving the
quality of medical certification of causes of
deaths in hospitals.”
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Recently, a method has been proposed to integrate
cause of death data from VA for home deaths and medical
certification for hospital deaths to estimate CSMFs for a
population and hence measure national and interna-
tional health indicators, including for the Sustainable
Development Goals.” This method relies on estimation of
the number and proportion of deaths that are estimated
to occur at home and in hospital, so that CSMFs for home
(ie, from VAs) and hospital (ie, from medical certifica-
tion) deaths can be appropriately weighted to produce
population cause of death estimates. However, knowledge
of the fact of death (ie, all-cause mortality) is challenging
because such data in LMICs are commonly incomplete
due to poor quality death notification and registration
within CRVS systems, for which several interventions have
been introduced to address.' > Where mortality reporting
is incomplete, methods exist to estimate the extent of
(in)completeness and hence the likely total number of
deaths that occur each year in the population.® Despite
this, incomplete mortality reporting greatly complicates
efforts to combine CSMFs from both VA and medical certi-
fication data to generate national mortality and cause of
death estimates, because the proportion of unreported
deaths that occurred in hospitals or at home is generally
unknown.* While some form of hospital death reporting
is operational in almost all countries, not all hospitals in
a given area will routinely report their inpatient deaths
to a central authority, or if they do, not all deaths may
be reported. For example, in Papua New Guinea, larger
hospitals do not report deaths to the Ministry of Health
District Health Information System every year, and
smaller health facilities commonly have dramatic fluctu-
ations in the number of deaths reported each year which
result from inconsistent reporting.” Hence, it is possible
or even likely that unreported deaths comprise deaths
that occurred both in hospitals and at home, but with
their composition unknown.

To increase the policy value of incomplete mortality
data sets, it is important to know reliably the propor-
tion of deaths that occur in hospitals as well as at home.
This would increase confidence in the interpretation of
statistics derived from application of the method to inte-
grate CSMFs from both VA and hospital mortality data
to produce population-level cause of death estimates
required for monitoring progress with health goals. Addi-
tionally, this information could also be used to monitor
and improve the completeness of death notification
and VA data collection systems (ie, the proportion of
home deaths for which a death has been notified or a
VA has been conducted) which in turn would increase
the policy value of CRVS and VA data.* Furthermore,
knowledge of where people die is, of itself, valuable
information for policymakers to understand the interac-
tion of people with health facilities immediately before
death. Somewhat surprisingly, very little is known, or at
least published, about the proportion of deaths in LMICs
that occur at home. Typically, it has been reported that
‘most’ of the deaths in LMICs occur at home, but with

no further information on the precise fraction, nor the
distribution by age, sex and cause.® Previous studies have
focused on high-income countries, where only a minority
of deaths occur in the home.*™"!

To address this critical information gap, this study
proposes a method to estimate the percentage of deaths
in a population that occur at home (ie, home death
percentage), using data readily available at the national
and subnational level, thus enabling countries to better
understand the distribution of the place of occurrence
of deaths in their population. The applicability of the
method at the subnational level is validated against
observed data. The method is also applied to all coun-
tries to provide a comprehensive estimate of the fraction
of deaths that occur at home for each country, globally
and by broad income group.

METHODS
Data on place of death from 49 countries from 2005 to
2019, of which 28 are classified as LMICs by the World
Bank, were identified from a search of country national
statistical office and ministry of health websites and
academic literature and compiled into a database.'” The
database only comprises countries reporting at least
75% of deaths which are estimated to have occurred in
a given year and which report the place of each death,
determined using the empirical method for assessing
death registration completeness.” The 75% completeness
threshold was chosen as a compromise between ensuring
the representation of LMICs, which commonly do not
report all deaths, and the expectation that completeness
below this level would result in place of death data that
are biased due to significant under-reporting. As a result,
data for the majority of LMICs could not be included in
the model development. Data sources mostly comprise
vital registration or, for many high-income countries,
figures reported by Broad et al (online supplemental file:
Data sources).” Other sources of data included house-
hold surveys in Mozambique and Nepal and, in Papua
New Guinea, estimates of the percentage of deaths
occurring in facilities and total deaths from a separate
study.'™™ Sources that only report mortality from hospi-
tals and not from other locations were not used, because
there is no reliable means of estimating completeness of
these data sets, unlike for national death registration or
reporting systems for which such methods are available.
A maximum of byears of data per country was used (the
five most recent years available) to ensure countries with
large number of years of data do not disproportionately
affect results. This resulted in 152 country-years of data.
Countries for which data were included in the database
are listed in table 1, grouped into World Bank Income
groups and Global Burden of Disease (GBD) regions
(online supplemental file: GBD region classification).'*'®
The quantity of interest to estimate is home death
percentage, which is defined as the number of deaths occur-
ring at home (excluding deaths in residential aged care
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Table 1 Countries and years in database, by World Bank income group and region

Country Region Years Country Region Years
Low-income and middle-income countries
Argentina Southern LA 2017 Mexico* Central LA 2013-2017
Botswana Sub-Saharan Africa 2018 Mongolia East Asiat 2019
Brazilt Tropical LA 2014-2018 Mozambiquezt Sub-Saharan Africa 2007
China East Asia 2014-2018 Nepalf South Asia 2015
Colombia* Central LA 2014-2018 Nicaragua Central LA 2015-2017
Costa Rica Central LA 2015-2018 Papua New Guinea Oceania 2011
Cuba Caribbean 2014-2018 Paraguay Tropical LA 2014-2018
Ecuadort Andean LA 2013-2017 Perut Andean LA 2018-2019
Egypt MENA 2015-2019 Philippinest Southeast Asia 2014-2018
El Salvador Central LA 2016 South Africa Sub-Saharan Africa  2012-2016
Guatemalat  Central LA 2013-2017 Sri Lankaf South Asiat 2010-2014
Irant MENA 2013-2017 Thailandt Southeast Asia 2013-2017
Iraq MENA 2019 Trinidad and Tobagot Caribbean 2014-2018
Malaysia Southeast Asia 2013 Tunisia MENA 2007-2011
High-income countries
Australia High-income Asia-Pacific 2019 Japan High-income Asia- 2008
Pacific
Austria Europe 2010 Kuwait MENA 2013-2017
Belgium Europe 2005-2007 Latvia Europe 2013-2017
Chile* Southern LA 2008, 2013-2016 Malta Europe 2005
Croatia Europe 2013-2017 New Zealand High-income Asia- 2005
Pacific
Cyprus Europe 2008 Norway Europe 2010
Czechia Europe 2009 Panama Central LA 2013-2017
England Europe 2006, 2008 Singapore High-income Asia- 2016-2018
Pacific
Estonia Europe 2009 South Korea High-income Asia- 2009
Pacific
France Europe 2005 Uruguay™* Southern LA 2014-2018
Ireland Europe 2012-2016

*Age-specific and cause-specific home death percentage data available.

TRegion classification differs to that of the GBD.
FAge-specific home death percentage data available.

GBD, Global Burden of Disease; LA, Latin America; MENA, Middle East and North Africa.

or nursing homes) divided by the total number of deaths.
While the vast majority of deaths in all populations occur
either in hospitals/health facilities or at home, a small
percentage of deaths occur elsewhere, primarily in public
locations, mostly due to road traffic accidents and homi-
cides. These deaths were excluded from home deaths
because these cases are typically subjected to separate
medico-judicial enquires rather than a VA. In the data-
base, the country with the largest percentage of deaths
occurring in public places was Ecuador (with place of
death reported as ‘other’ for 7% of deaths); other coun-
tries with high public location fractions, primarily due
to homicides, include Brazil (5%) and Colombia (4%).

Four countries only report hospital and non-hospital
deaths (Sri Lanka, Panama, Thailand and Botswana)—
in the absence of any other information, all non-hospital
deaths were assumed to be home deaths.

Differences in the percentage of home deaths between
countries are likely to be biased by differences in the age
and cause composition of deaths. Hence, it was required
to standardise the home death percentage by age and
cause (online supplemental file: Further description of
models). The predictors of the logit of the age-cause-
standardised home death percentage were modelled at
the national level using Bayesian model averaging (BMA),
using the bma command in Stata/SE V.16.0."7 ' BMA
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involves estimation of a regression model that accounts
for uncertainty in selection of covariates. The final coef-
ficients based on BMA are estimated as the average of
estimates based on all possible models, weighted by
the strength of each model in predicting home death
percentage. This circumvents a key issue with conven-
tional regression models of having to choose one model
with specific covariates. This method is particularly
suitable for this study, given there are several possible
covariates, representing health system, geographical
and socio-economic characteristics, that are expected to
affect the national home death percentage. The health
system covariates used were the log of health expenditure
per capita (current, 5-year and 10-year average)," the
GBD’s Universal Healthcare (UHC) effective coverage
index,” and the percentage of births that occur at home
(current and average of last two reported figures).”™**
The socio-economic covariates used were the GBD’s
Socio-Demographic Index (SDI)** and the United
Nation’s Human Development Index education index
(as a measure of mean years of schooling) and income
index, and the geometric mean of these two indexes.”
The geographical covariates used were the percentage
of the population living in urban areas®® and the region
in which the country is located (see table 1). Further
detail of the covariates and their inclusion in the BMA is
provided in the online supplemental file: Covariates used
in the models.

Model performance was only assessed using the esti-
mated home death percentage in LMICs, and not in
high-income countries as well, since these are the loca-
tions where the models are most likely to be applied.
Using this model, the home death percentage was esti-
mated for every country in 2019 (including 95% uncer-
tainty intervals (Uls)), except for those countries in the
database for which the most recent year was 2010 or later
(and for which 95% Uls were calculated assuming a bino-
mial distribution). When using the models to predict
home death percentage in North America and Central
Asia, the coefficient for Europe was used because those
regions were not represented in the models. The home
death percentage (and 95% Uls) was estimated for each
level of the World Bank’s income groupings, each region
and also globally.

A subnational model was also developed to predict
variations in home death percentage within countries,
recognising the limited covariates commonly avail-
able at the subnational level across different countries.
Subnational applications of estimated home deaths are
likely to be particularly useful in monitoring the success
of death notification and VA data collection strategies,
particularly in rural and remote areas. To do so, the
logit of the age-standardised home death percentage
was modelled (online supplemental file: Further descrip-
tion of models). Only covariates commonly available
at the subnational level could be included, such as the
percentage of births that occur at home and urbanisa-
tion. Also included was the national level variable of log

health expenditure per capita (10-year average), as well
as the region the country is located in. BMA was not used
for this model because only one of the auxiliary covari-
ates was included at the national level. This subnational
model was developed using the same national database
as before.

To assess the performance of the subnational model
against observed data, home death percentage was esti-
mated for 100 subnational areas of 13 countries (online
supplemental file: Data sources). For nine subnational
areas in seven countries, estimates are compared with
data from health and demographic surveillance system
(HDSS) sites and a Sample Vital Registration with Verbal
Autopsy study, where death reporting is assumed to be
close to complete, and that are located in sub-Saharan
Africa, which is underrepresented in the database, and
Bangladesh. The remaining 91 subnational areas in
six countries are subnational data of countries in the
database.

RESULTS
National model
Table 2 presents the final estimates of coefficients from
the BMA modelling. Urbanisation, a stronger health
system and higher socio-economic status (overall) predict
a lower home death percentage, as might be expected.
Of the health system variables, both average and current
home birth delivery percentage are positively related
with home death percentage, with the latter having a
larger coefficient. Each of the three measures of health
expenditure per capita and UHC are negatively related
with home death percentage, with stronger coefficients
for average expenditure than current expenditure and
UHC. SDI, income, education and the geometric mean
of income and education are also negatively related with
home death percentage. Of the regions, compared with
Andean Latin America, Tropical Latin America, South
Asia, sub-Saharan Africa and Oceania predict lower
home death percentage while East Asia and Southern
Latin America predict higher home death percentage.
Estimates of the home death percentage for LMICs in
the data set are presented in table 3, and for all country-
years (online supplemental table 1). The root mean
squared error (RMSE) of the final estimates in LMICs is
6.2% points, with a mean absolute error (MAE) of 4.6%
points. For 64% of country-years the prediction error
around the estimate was less than 5% points, and in 88%
of countries the error was less than 10% points. Notably,
there is relatively high divergence of the estimated from
observed all-age home death percentage in countries
where the estimated figure is between 25% and 40%.
These countries include Argentina and Colombia (where
the model overestimates home death percentage) and
Botswana, Mexico and Malaysia (model underestimates).
At the highest levels of observed home death percentage,
where there is lowest representation of countries in the
data set, the model appears to be relatively accurate
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Table 2 National model of age-cause standardised home death percentage

Variable Coef. SE t PIP
Constant 4.189 0.536 7.69 1
Region (Ref.: Andean LA)
Southern LA 0.481 0.143 3.36 1
Tropical LA -0.712 0.143 -4.98 1
Central LA -0.154 0.127 -1.22 1
Caribbean -0.058 0.153 -0.38 1
MENA 0.222 0.129 1.72 1
South Asia -0.796 0.190 -4.20 1
Southeast Asia -0.119 0.150 -0.80 1
East Asia 0.775 0.165 4.71 1
Sub-Saharan Africa -0.399 0.160 -2.49 1
HIAP 0.066 0.189 0.35 1
Europe -0.056 0.156 -0.36 1
Oceania -0.887 0.360 -2.47 1
Urbanisation -0.011 0.003 -4.40 1
Home birth delivery (average) 0.003 0.007 0.42 0.35
Home birth delivery (current) 0.012 0.010 1.24 0.71
Log health expenditure per capita (average 10 years) -0.170 0.217 -0.78 0.46
Log health expenditure per capita (average 5 years) -0.179 0.235 -0.76 0.46
Log health expenditure per capita (current year) -0.039 0.155 -0.25 0.19
UHC -0.001 0.003 -0.27 0.13
SDI -0.487 0.820 -0.59 0.34
Income and education (geometric mean) -0.915 1.237 -0.74 0.54
Income -0.160 0.542 -0.29 0.21
Education -0.133 0.572 -0.23 0.19

Coef., Coefficient; HIAP, high-income Asia-Pacific; LA, Latin America; MENA, Middle East and North Africa; N, 152; PIP, posterior inclusion
probability; SDI, Socio-Demographic Index; SE, Standard error; UHC, Universal Healthcare.

(Papua New Guinea, Nepal, China and Mozambique),
with an error within 5% points.

Next, the model was applied to estimate the home
death percentage in all countries. The results are given
in table 4 and online supplemental table 2, including the
observed figure for countries in the data set. Globally, it
is estimated that 53.4% (95% UI50.8%—-55.9%) of deaths
occur at home, slightly higher (59.7%, 95% UI 56.5%—
62.7%) in low LMICs and substantially lower (27.3%,
95% UI 25.2%-29.6%) in high-income countries. As
expected, the fraction of home deaths is much higher
(79.5%, 95% UI 77.3%-81.5%) in low-income countries.
Figure 1 shows that countries with the highest home
death percentage are mostly found in South, East and
Southeast Asia and more northern parts of sub-Saharan
Africa. Lower home death percentage is found in coun-
tries in Western Europe, South America (eg, Brazil and
Argentina), high-income Asia-Pacific and North America.

More than 90% of deaths are estimated to occur at
home in the sub-Saharan African nations of Ethiopia
(91.2%), Chad (92.3%) and South Sudan (90.7%), and

more than 80% in Niger, Sudan, Guinea, Eritrea, Mada-
gascar and Central African Republic. There are also
high levels of home death percentage in other regions,
estimated to exceed 80% in Myanmar (Southeast Asia),
Afghanistan (Middle East and North Africa), Yemen
(Middle East and North Africa) and Haiti (Caribbean).
Among countries with most deaths, India is estimated
to have 53.2% (95% UI 39.1%—-67.0%) of deaths occur-
ring at home, Indonesia 59.2% (95% Ul 45.6%-71.8%),
Nigeria 75.0% (95% UI 64.3%-83.8%) and Pakistan
61.2% (95% U1 48.3%-73.1%).

Subnational model

The predictions from the subnational model were
compared with the observed home death percentages for
subnational areas of 13 countries for which meaningful
data were available (table 5, model coefficients in online
supplemental table 3). The model itself is, as expected,
slightly weaker than the national model as measured by
the RMSE and MAE (online supplemental table 3). The
MAE when applied to these subnational areas was 7.3%
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Table 3 Estimated and observed all-age home death percentage, low-income and middle-income countries, most recent

year in the data set

Country Year Observed Estimated Difference Region
Ecuador 2017 46.9 43.8 -3.1 Andean LA
Peru 2019 36.2 44.2 +8.0 Andean LA
Brazil 2018 19.5 18.5 -1.0 Tropical LA
Paraguay 2018 29.2 29.8 +0.6 Tropical LA
Argentina 2017 22.6 40.2 +17.6 Southern LA
Colombia 2018 25.0 34.7 +9.7 Central LA
Costa Rica 2018 37.1 32.4 -4.7 Central LA

El Salvador 2016 48.2 46.3 -1.9 Central LA
Guatemala 2017 65.1 58.9 -6.2 Central LA
Mexico 2017 45.8 33.2 -12.6 Central LA
Nicaragua 2017 50.1 53.7 +3.6 Central LA
Cuba 2018 39.9 33.4 -6.5 Caribbean
Trinidad and Tobago 2018 29.8 33.6 +3.8 Caribbean
Egypt 2019 65.8 58.7 -7.1 MENA

Iran 2017 36.6 40.2 +3.6 MENA

Tunisia 2011 57.1 53.0 -4.1 MENA

Iraq 2019 48.2 51.9 +3.7 MENA

Nepal 2015 72.0 74.0 +2.0 South Asia

Sri Lanka 2014 43.9 43.7 -0.2 South Asia
China 2018 73.4 68.4 -5.0 East Asia
Mongolia 2019 60.9 61.0 +0.1 East Asia
Malaysia 2013 48.0 34.8 -13.2 Southeast Asia
Philippines 2018 53.2 58.3 +5.1 Southeast Asia
Thailand 2017 49.5 471 -2.4 Southeast Asia
Mozambique 2007 75.0 78.7 +3.7 SSA

South Africa 2016 28.8 26.8 -2.0 SSA

Botswana 2018 47.9 24.6 -23.3 SSA

Papua New Guinea 2010 74.9 76.1 +1.2 Oceania

LA, Latin America; MENA, Middle East and North Africa; SSA, sub-Saharan Africa.

points. The MAE was higher in the nine subnational
areas without national data in the database (9.3% points)
than in those with national data (7.1), where the MAE
was over double that of the national estimates (3.3). This
is to be expected given that the available covariates at the
subnational level are unlikely to capture the impact of all
relevant deterministic factors, nor how they vary subna-
tionally. Thirty-three of 100 subnational locations have an
error at least 10% points. Among the nine subnational
locations where there are no national data in the data-
base, the model overestimates home death percentage
in all but one location, by more than 15% points in
Kilifi HDSS, Kenya and Dande HDSS, Angola, and less
than 2% points in Korogwe HDSS, Tanzania and Kilite-
Awlaelo HDSS, Kenya. The model performed poorest in
Guatemala, where the MAE is 9.2% points, with the error
reaching 22.9% points in Jalapa department. The lowest
MAE is found in Papua New Guinea (5.2% points). Full
results are shown in online supplemental table 4.

DISCUSSION

Understanding how the fraction of deaths that occur
at home varies across and within countries can be of
enormous relevance for tracking the implementation of
health system and health information system initiatives,
including the introduction of death notification and VA
initiatives to improve cause of death information, particu-
larly for rural populations, as well as for generating
population-level cause of death statistics that combine VA
and hospital data and can be used to measure national
and international indicators, including for the Sustain-
able Development Goals. In this study models have been
developed for estimating the national and subnational
home death percentage for countries where there is
incomplete death reporting or where the place of death
is not available for all deaths. It is estimated that about
60% of deaths in LMICs occur in the home, ranging from
80% in low-income countries to 56% in upper-middle
income countries. The highest levels of home death
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Table 4 Estimated and observed home death percentage by income group and country*, 2019

Home death percentage
(95% UlI)

Estimated deathst

Income group

Gilobal 53.4 (50.8-55.9) 55700544
High-income 27.3 (25.2-29.6) 10831490
Low-income and middle- 59.7 (56.5-62.7) 44869052
income
Upper-middle income 56.4 (54.9-58.0) 20857954
Lower-middle income 59.1 (52.1-65.8) 19843188
Low-income 79.5 (77.3-81.5) 4167912
Country Home death percentage Estimated deathst Income group Region

(95% UlI)
China 73.4 (73.4-73.4)% 10653448 Upper-middle East Asia
India 53.2 (39.1-67.0) 9391549 Lower-middle South Asia
Russian Federation 30.9 (20.3-44.3) 1788286 Upper-middle Europe
Indonesia 59.2 (45.6-71.8) 1705895 Upper-middle Southeast Asia
Nigeria 75.0 (64.3-83.8) 1593180 Lower-middle SSA
Pakistan 61.2 (48.3-73.1) 1499878 Lower-middle South Asia
Brazil 19.5 (19.4-19.6)F 1411016 Upper-middle Tropical LA
Bangladesh 73.0 (59.3-83.4) 849561 Lower-middle South Asia
Mexico 45.8 (45.7-45.9) 738425 Upper-middle Central LA
Ukraine 52.2 (37.3-67.1) 698663 Lower-middle Europe
Philippines 53.2 (63.1-53.3) 638801 Lower-middle Southeast Asia
Vietnam 59.8 (45.4-72.9) 631818 Lower-middle Southeast Asia
Democratic Republic of the 75.4 (63.5-84.7) 564091 Low SSA
Congo
Egypt 65.8 (65.7-65.9) 561556 Lower-middle MENA
Ethiopia 91.2 (85.2-95.0) 559997 Low SSA
South Africa 28.0 (27.9-28.1)% 521802 Upper-middle SSA
Thailand 49.5 (49.4-49.6)F 497502 Upper-middle Southeast Asia
Turkey 42.6 (29.5-57.1) 454742 Upper-middle MENA
Myanmar 82.3 (72.5-89.2) 420932 Lower-middle Southeast Asia

*19 LMICs with at least 400000 estimated deaths, comprising 63% of estimated global deaths.

tTAccording to GBD, 2019.
FObserved home death percentage for year 2010 or later.

GBD, Global Burden of Disease; LA, Latin America; LMICs, low-income and middle-income countries; MENA, Middle East and North Africa;

SSA, sub-Saharan Africa; Ul, uncertainty interval.

percentage are found in countries in the northern areas
of sub-Saharan Africa and in South, East and Southeast
Asia. For individual countries, it ranges from 20% in
Brazil to over 90% in Chad, Ethiopia and South Sudan,
demonstrating the enormous diversity in the location of
deaths among LMICs. This is the first study to systemati-
cally estimate home death percentage using comparable
methods, filling a significant gap in knowledge about
where people die, given the importance of this informa-
tion for health systems and policies.

The model to estimate the national home death
percentage is likely to be sufficiently reliable in most

countries, based on validation metrics, for what in many
cases would be its two primary purposes: to inform the
amalgamation of hospital and home death CSMFs to
generate population-level CSMFs for the whole country
and to monitor the completeness of VA death reporting.
The performance characteristics of the model, with
a MAE of 4.6% points, 88% of country-years with an
error of less than 10% points and national estimates
for countries outside the data set having 95% Uls of an
average +12% points, are all likely to be sufficiently accu-
rate for guiding programme implementation. The vari-
ables most closely associated with age-cause-standardised
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Figure 1

Map of home death percentage* by country, 2019. *Based on estimated and observed home death percentage

in online supplemental table 2. In some locations home death percentage could not be estimated because data were not
available for all covariates in the model. Map created using mapchart.net.

home death percentage include the percentage of births
that are delivered at home and urbanisation, as expected,
reflecting the accessibility of hospitals for the population.
Health expenditure per capita is particularly strongly
correlated with home death percentage; this variable
reflects the ‘supply’ of hospitals, although it is imperfect
because health spending can be directed to many areas,
which may vary between countries. The data published by
the WHO on hospital density were also investigated but
were not included in the models since they are not avail-
able for many recent country-years and basic analysis of
the data set revealed that this metric is poorly correlated
with home death percentage.”” A significant advantage
of this model is that it standardises for any biases intro-
duced by age and cause composition of deaths on the
home death percentage.

The subnational model is weaker than the national
model due to the limited availability of data at the subna-
tional level with which to develop such a model and the
need to use national home deaths percentage. When
applied to available subnational place of death data, it

Table 5 Mean absolute error (MAE) of estimated home
death percentage at the subnational level, 13 countries

MAE (percentage points)
Subnational locations (N) National Subnational
All - 7.3
With national data (91) 83 71
Without national data (9) - 9.3

N, Number of subnational locations.

resulted in a MAE just over double that at the national
level. The average error was slightly higher again for the
nine subnational areas in countries whose national figure
was not included in the database, which are predomi-
nantly in sub-Saharan Africa; however, this average error
was still less than 10% points. Application of this model
can be especially important for populations such as in
sub-Saharan Africa with a very high percentage of deaths
occurring at home and very low death registration.

A particular challenge in developing a model for
home deaths for global application is the role of
cultural preferences about where death occurs. For
example, in Myanmar, as is undoubtedly the case
in many other LMICs, a significant proportion of
hospital inpatients leave the hospital to return home
to die.”® The strong positive coefficient for the East
Asia region suggests a cultural preference for dying
at home in those countries, including China, after
controlling for other variables included in the model.
Similarly, there are strong negative coefficients in
South Asia and Tropical Latin America, indicating
a relatively low likelihood for home deaths in these
locations, after adjusting for other factors. Even
within Latin America there is significant variation in
the regional coefficients, and within regions there
are large differences, demonstrated by the greater
than 10% points difference between the observed
and estimated home death percentage in Argentina,
Colombia and Mexico. The impact of cultural pref-
erences on location of death requires further inves-
tigation, but as the results demonstrate, are likely to
be markedly divergent in only a handful of countries.

Adair T. BMJ Global Health 2021;6:¢006766. doi:10.1136/bmjgh-2021-006766


https://dx.doi.org/10.1136/bmjgh-2021-006766

8 BMJ Global Health

The estimates of home death percentage for LMICs
are dominated by China and India, which comprise
almost half of these deaths. While place of death
data are available for China, they are not for India.
However, the Indian Sample Registration System
(SRS) does report that 52% of deaths in 2018 did
not receive medical attention at a hospital (private or
government) prior to death.” If the vast majority of
deaths in India not receiving hospital-based medical
attention do occur at home (with other deaths occur-
ring in public), and if there is no significant level of
people leaving hospital to die at home, then there
would be approximately one-half of deaths in India
that occur at home. This closely aligns to the 53%
of deaths occurring in the home as estimated by the
model. Application of the model to earlier years of
SRS also shows quite close concordance (2011: SRS
66% non-hospital, model 70% home; 2006: SRS 72%
non-hospital, model 75% home).*

A key limitation of the models is that, as mentioned,
there is no accurate measure of proximity to hospi-
tals, and rely on urbanisation as an indirect measure
of what has been repeatedly shown to be an important
determinant of hospital use.” While place of birth
delivery is an important predictor of home death
percentage, many non-home births may occur in
maternity clinics, the availability of which may not
correlate with hospital availability. However, not all
place of birth data reported the percentage of births
occurring in such facilities. Finally, only 49 countries
were able to be included in the database, even fewer
from LMICs. Countries typically do not publish such
data but this could also reflect the fact that most
LMICs have death registration completeness that is
too low to allow for such data to be reliably reported.

CONCLUSION

Despite these limitations, the models presented in this
study yield reasonably reliable national and subna-
tional estimates of the fraction of deaths that occur in
the home, which will be of much benefit in enabling
countries to integrate home and hospital cause of
death fractions for national health monitoring and
to measure key mortality indicators, including for
Sustainable Development Goals, to plan and monitor
the success of efforts to implement verbal autopsy
methods to measure causes of death for those who
die outside of hospitals, and to more generally under-
stand their burden of disease by more appropriately
weighting information on deaths by location. Signif-
icant and sustained efforts are necessary in many
LMICs to strengthen CRVS systems to enable the
production of more reliable evidence on patterns of
place of death. However, in the interim, the results
provided in this study provide valuable insights into
where people die and how it varies across the world.
By showing that most deaths in LMICs occur outside

of hospitals, the study reinforces the high proportion
of deaths that would require routine verbal autopsy
to determine the cause of death. Additionally, the
subnational model can be used by local analysts to
estimate the number of deaths occurring both within
and outside hospital and to understand the complete-
ness of reporting of causes of death in each location.

Acknowledgements Surender Pandey provided assistance in searching and
compiling the data used in this study.

Contributors TA is the sole author.

Funding This study was funded under an award from Bloomberg Philanthropies
and the Australian Department of Foreign Affairs and Trade to the University of
Melbourne to support the Data for Health Initiative.

Disclaimer The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographical or locational reference, does not imply
the expression of any opinion whatsoever on the part of BMJ concerning the legal
status of any country, territory, jurisdiction or area or of its authorities. Any such
expression remains solely that of the relevant source and is not endorsed by BMJ.
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access
repository. Data used in the study are located here: https://figshare.com/s/
e18acdff54a23858181f Code used to generate the findings are located here:
https:/figshare.com/s/8cf7aéebb84c3af4bc33

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Tim Adair http://orcid.org/0000-0002-1562-4452

REFERENCES

1 Adair T, Rajasekhar M, Bo KS, et al. Where there is no hospital:
improving the notification of community deaths. BMC Med
2020;18:65.

2 Hart JD, Sorchik R, Bo KS, et al. Improving medical certification
of cause of death: effective strategies and approaches based
on experiences from the data for health Initiative. BMC Med
2020;18:74.

3 Rampatige R, Mikkelsen L, Hernandez B, et al. Hospital cause-of-
death statistics: what should we make of them? Bull World Health
Organ 2014;92:3-3A.

4 Adair T, Firth S, Phyo TPP, et al. Monitoring progress with national
and subnational health goals by integrating verbal autopsy
and medically certified cause of death data. BMJ Glob Health
2021;6:e005387.

5 Mikkelsen L, Phillips DE, AbouZahr C, et al. A global assessment of
civil registration and vital statistics systems: monitoring data quality
and progress. Lancet 2015;386:1395-406.

Adair T. BMJ Global Health 2021;6:6006766. doi:10.1136/bmjgh-2021-006766


https://figshare.com/s/e18acdff54a23858181f
https://figshare.com/s/e18acdff54a23858181f
https://figshare.com/s/8cf7a6ebb84c3af4bc33
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1562-4452
http://dx.doi.org/10.1186/s12916-020-01524-x
http://dx.doi.org/10.1186/s12916-020-01519-8
http://dx.doi.org/10.2471/BLT.13.134106
http://dx.doi.org/10.2471/BLT.13.134106
http://dx.doi.org/10.1136/bmjgh-2021-005387
http://dx.doi.org/10.1016/S0140-6736(15)60171-4

BMJ Global Health

10

11

12

13

14

15

16

17

18

Adair T, Lopez AD. Estimating the completeness of death
registration: an empirical method. PLoS One 2018;13:e0197047.
Kitur U, Adair T, Lopez AD. Patterns of all-cause mortality in Papua
New Guinea, 2011. Asia Pac J Public Health 2019;31:315-24.
Gomes M, Begum R, Sati P, et al. Nationwide mortality studies to
quantify causes of death: relevant lessons from India's million death
study. Health Aff 2017;36:1887-95.

Broad JB, Gott M, Kim H, et al. Where do people die? An
international comparison of the percentage of deaths occurring

in hospital and residential aged care settings in 45 populations,
using published and available statistics. Int J Public Health
2013;58:257-67.

Cohen J, Bilsen J, Miccinesi G, et al. Using death certificate data
to study place of death in 9 European countries: opportunities and
weaknesses. BMC Public Health 2007;7:283.

Cohen J, Pivodic L, Miccinesi G, et al. International study of the
place of death of people with cancer: a population-level comparison
of 14 countries across 4 continents using death certificate data. Br J
Cancer 2015;113:1397-404.

World Bank. World bank list of economies. Washington, DC: World
Bank, 2020.

Department of National ID and Civil Registration. National
Representative CRVS Survey Report 2073/74(2013/14-2015/16).
Kathmandu: Department of National ID and Civil Registration, 2020.
Kitur U, Adair T, Riley |, et al. Estimating the pattern of causes of
death in Papua New Guinea. BMC Public Health 2019;19:1322.
Mozambique National Institute of Statistics, U.S. Census Bureau,
MEASURE Evaluation. Mortality in Mozambique: results from

a 2007-2008 Post-Census mortality survey. Chapel Hill, NC:
MEASURE Evaluation, 2012.

Global Burden of Disease Collaborative Network. Global burden of
disease study 2019 (GBD 2019) results. Seattle, 2020.

Magnus JR, Powell O, Prifer P. A comparison of two model
averaging techniques with an application to growth empirics. J
Econom 2010;154:139-53.

Stata. Stata/SE 16.0 [program]. College Station TX: StataCorp LP,
2019.

20

21

22

24

25

26

27

28

29

30

31

3

World Health Organization. Who global health expenditure database.
Geneva: World Health Organization, 2019.

Global Burden of Disease Collaborative Network. Global Burden

of Disease Study 2019 (GBD 2019) UHC Effective Coverage Index
1990-2019. In: Insitute of health metrics and evaluation (IHME).
Seattle: Global Burden of Disease, 2020.

UNICEF. Global databases: birth registration. New York: UNICEF,
2020.

ICF. The DHS program STATcompiler. Rockville, MD: ICF, 2020.
UNICEF. UNICEF MICS Surveys New York, 2020. Available: https://
mics.unicef.org/surveys

Global Burden of Disease Collaborative Network. Global Burden of
Disease Study 2019 (GBD 2019) Socio-Demographic Index (SDI)
1950-2019. In: Insitute of health metrics and evaluation (IHME).
Seattle: Global Burden of Disease, 2020.

United Nations Development Programme. The 2020 human
development report. New York: United Nations Development
Programme, 2020.

United Nations Population Division. World urbanization prospects:
the 2018 revision. world urbanization prospects. New York: United
Nations, 2018.

World Health Organization. The Global Health Observatory: Hospital
beds (per 10 000 population). Geneva: World Health Organization,
2020.

Thu Zaw M. Generating complete and accurate mortality statistics
in Myanmar - a study on mortality information of signed and left
patients in three hospitals. Carlton: Bloomberg Philanthropies Data
for Health Initiative, University of Melbourne, 2020.

Office of the Registrar General India. Sample registration system,
statistical report, 2018. New Delhi: Office of the Registrar General
India, Ministry of Home Affairs, 2020.

Office of the Registrar General India. Sample registration system,
statistical report, 2011. New Delhi: Office of the Registrar General
India, Ministry of Home Affairs, 2013.

Williams GM, Riley ID, Hazard RH, et al. On the estimation of
population cause-specific mortality fractions from in-hospital deaths.
BMC Med 2019;17:29.

10

Adair T. BMJ Global Health 2021;6:¢006766. doi:10.1136/bmjgh-2021-006766


http://dx.doi.org/10.1371/journal.pone.0197047
http://dx.doi.org/10.1177/1010539519841492
http://dx.doi.org/10.1377/hlthaff.2017.0635
http://dx.doi.org/10.1007/s00038-012-0394-5
http://dx.doi.org/10.1186/1471-2458-7-283
http://dx.doi.org/10.1038/bjc.2015.312
http://dx.doi.org/10.1038/bjc.2015.312
http://dx.doi.org/10.1186/s12889-019-7620-5
http://dx.doi.org/10.1016/j.jeconom.2009.07.004
http://dx.doi.org/10.1016/j.jeconom.2009.07.004
https://mics.unicef.org/surveys
https://mics.unicef.org/surveys
http://dx.doi.org/10.1186/s12916-019-1267-z

	Who dies where? Estimating the percentage of deaths that occur at home
	Abstract
	Introduction﻿﻿
	Methods
	Results
	National model
	Subnational model

	Discussion
	Conclusion
	References


