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ABSTRACT

Objective There are currently no metrics for measuring
population-level burden of emergency medical diseases
(EMDs). This study presents an analysis of the burden of
EMDs using two metrics: the emergency disease mortality
rate (EDMR) and the emergency disease burden (EDB) per
1000 population at the national, regional and global levels.
Methods We used the 1990 and 2015 Global Burden of
Disease Study for morbidity and mortality data on 249
medical conditions in 195 countries. Thirty-one diseases
were classified as ‘emergency medical diseases’ based
on earlier published work. We developed two indicators,
one focused on mortality (EDMR) and the other on burden
(EDB). We compared the EDMR and EDB across countries,
regions and income groups and compared these metrics
from 1990 to 2015.

Results In 2015, globally, there were 28.3 million deaths
due to EMDs. EMDs contributed to 50.7% of mortality and
41.5% of all burden of diseases. The EDB in low-income
countries is 4.4 times that of high-income countries.

The EDB in the African region is 273 disability-adjusted
life years (DALYs) per 1000 compared with 100 DALYs
per 1000 in the European region. There has been a

6% increase in overall mortality due to EMDs from

1990 to 2015. Globally, injuries (22%), ischaemic heart
disease (17%), lower respiratory infections (11%) and
haemorrhagic strokes (7%) made up about 60% of EMDs
in 2015.

Conclusion Globally, EMDs contributed to more than
half of all years of life lost. There is a significant disparity
between the EDMR and EDB between regions and
socioeconomic groups at the global level.

INTRODUCTION

The emergency medical system is responsible
for providing critical, time-sensitive medical
care to improve the chances of disability-free
survival. The emergency medical system
consists of a unique set of steps focusing on
the care of patients and making decisions
which are initiated at home or the scene of

Key questions

What is already known?

» Care of patients with sudden-onset emergency med-
ical diseases is a key function of any health system.

» The burden of diseases attributable to these emer-
gency medical diseases is unknown for some
high-income countries.

What are the new findings?

» We present two indicators for uniform measurement
of the burden of emergency care at the national, re-
gional and global level.

» We found that the burden of emergency medical
diseases is two to three times as high in low-in-
come countries of Africa and Asia as in high-income
countries.

What do the new findings imply?

» This manuscript presents, for the first time, a sum-
mary statistic capturing the global, regional and na-
tional figures for emergency medical diseases and
could significantly impact future policies on emer-
gency health system especially in countries with
high burden of such diseases.

illness/injury, continued during transport to
the appropriate (often not the nearest) health
facility, and provision of life-saving emergency
care at the hospital within seconds, minutes
and hours of the onset of symptoms. Globally,
there is an increasing focus on strengthening
emergency medical systems.'™ This focus
is often driven by individual diseases such
as trauma, maternal mortality and cardiac
arrests, or due to concern for large-scale emer-
gencies and disasters. The underlying system
of response to emergency medical diseases
(EMDs) remains the same, and hence invest-
ments in emergency care are likely to benefit
alarge number of diseases.”* We define EMDs
as those where interventions within minutes
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to hours are required to improve health outcomes. There
is limited knowledge regarding the public health burden
of EMDs, which can be addressed through strengthening
of emergency medical systems.

There is currently no universally accepted indicator for
the burden of EMDs at the population level. The emer-
gency care literature describes emergency care services
largely either through measures of service utilisation or
through measures of system capacity. Examples of the
service utilisation measures include the number of emer-
gency department visits and the number of ambulance
transports, while measures of system capacity are often
presented as the number of ambulances or the number
of emergency department beds.”** The population-based
burden of EMDs at country and regional levels is
unknown. One study reported aggregate data from 2010
Global Burden of Disease (GBD) Study to describe the
burden of emergency care at a global level in the context
of healthcare utilisation. However, the subanalysis of indi-
vidual countries was focused on 40 countries mostly from
high-income groups and did not include countries from
low-income and middle-income group.’

The purpose of this study is to describe the burden
of EMDs at the national, regional and global level using
two novel indicators of the emergency care burden at
the population level. The first indicator describes the
mortality rates due to EMDs and is called emergency
disease mortality rate (EDMR). The second indicator,
emergency disease burden (EDB), describes the disabili-
ty-adjusted life years (DALYs) and years of life lost (YLLs)
due to EMDs. The two new indicators are based on
existing metrics that are used by the GBD Study. EDMR
is based on deaths caused by emergency condition, and
EDB is based on DALYs and YLLs. The study proposes
these new metrics to compare the aggregate burden of
EMDs across countries and regions and thus identify
the need to strengthen emergency medical system. We
present the analysis of these two indicators based on
regions, income levels, gender and age, as well as the
changes in these indicators over a 25-year period.

METHODS

We used the 1990 and 2015 GBD Study, which reports
mortality on 249 fatal conditions and morbidity based
on 315 non-fatal causes from 195 countries.”” Detailed
methods for the GBD data collection and estimates have
been described elsewhere and include data obtained
through a large number of data sources from coun-
tries and regions.” ” These data source include vital
registration, verbal autopsy studies, death surveillance
and other sources from 1980 to 2015. The GBD Study
uses a variety of analytics and data from many different
sources to develop reliable estimates of morbidity and
mortality across the world, and breaks them down by age,
sex, cause, year and geography. The data are published
online by the Institute for Health Metrics and Evaluation
in the Global Health Data Exchange (GHDx) (Ghdx.

healthdata.org/gbd-results-tool). The data were down-
loaded in January 2017. Briefly, based on the specific
disease category, either level 3 or 4 disease group from
GBD was used. Level 2 was used for ‘Injuries’ to include
all injuries as a single disease group. The choice of level 3
or 4 disease group was guided by the disease classification
from Chang et al.'

To identify diseases/conditions to be included in our
analysis, we used the earlier work by Chang et al,' who
had carried out a multistep process to divide the 249
medical conditions reported in the GBD into (1) EMDs,
(2) non-EMDs but with ‘trajectories that can involve acute
decompensation’ and (3) non-urgent diseases (online
supplementary table A). Of the 249 diseases, the authors
defined 31 diseases as those fulfilling the definition of
EMDs, thatis, ‘diseases which if not diagnosed and treated
within hours to days of onset, often led to serious phys-
ical or mental disability or death’. The classification of
diseases was carried out through a two-step process. The
first step involved classifying all 249 diseases into one of
the three categories through a modified Delphi method
involving four emergency physicians. This was followed
by an external validation process involving 25 physicians
involved in the provision of emergency care and repre-
sented various regions and income levels. Details of the
process are available elsewhere.! 7 To reduce the risk
of overestimating the EDB, we decided to include only
diseases that were defined as EMDs and did not include
conditions that were deemed to be non-emergencies but
could become emergency through decompensation.

We used death rates, DALYs and YLLs from 1995 and
2015 from all medical conditions reported in the GBD
Study. DALY is a measure of overall disease burden,
expressed as the number of years lost due to ill health,
disability or early death.® DALY per unit population
therefore combines the level of disability and mortality
due to each disease. The sum of DALYs across a popula-
tion indicates the difference between the ideal health of
a population and the current health of a population. YLL
provides a summary measure of premature mortality.
Potential YLL may be defined as the years of potential life
lost due to premature deaths. YLL per unit population
measures the incidence of lost years of life due to death
and gives greater weight to deaths at a younger age and
lower weight to deaths at an older age.

Data were downloaded from the GHDx website in
absolute numbers, as well as the rate of deaths, YLL and
DALYs (per 100 000 persons). We combined the rate of
death due to EMDs to calculate the EDMR. EDMR was
calculated by adding deaths due to EMDs divided by the
population and multiplied by 100. EDB was calculated
using DALYs lost due to EMDs. For our analysis, we calcu-
lated YLLs or DALYs per 1000 persons by dividing YLLs
or DALYs per 100 000 by 100.

For comparison over time, we used the same diseases
for the two corresponding periods (1990 and 2015). The
only difference between the two years was the absence
of reported data on Ebola in 1990. The disease was,
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Figure 1

Percent of deaths in 2015 due to emergency and non-emergency medical diseases compared across the different

World Bank income groups (A) Emergency medical disease Burden by DALYS in 2015 due to emergency and non-emergency
medical diseases compared across the different World Bank income groups (B) EMDs, Emergency medical diseases; Non-
EMDs, Non-Emergency Medical Diseases. DALY, disability-adjusted life years.

therefore, excluded from our analysis of the differ-
ences between 1990 and 2015. The 95% CI reported
on GHDx was also reported as part of the analysis. The
absolute numbers were used to arrive at percentage esti-
mates for disease burden. Finally, the World Bank (WB)
income groups (online supplementary table B) and
WHO geographical groups (online supplementary table
C) were used to compare global data across geograph-
ical and income groups. Microsoft Excel and associated
graphing functions were used for analysis and charting.

RESULTS

In 2015, globally, 50.9% of mortality (95% CI 50.2% to
51.6%) and 42.0% of all DALYs (95% CI 39.0% to 45.1%)
were caused by EMDs (figure 1). Except in high-in-
come countries, where only 40% of deaths are caused
by EMDs, half or more deaths in upper-middle-income,
lower-middle-income and low-income countries are
caused by EMDs. Half of all DALYs in low-income and

low-middle-income groups are caused by EMDs (52%
and 47%, respectively).

Together low-income and low-middle-income coun-
tries, which comprise 49% of the world’s population,
contribute to 68% of DALYs and 70% of YLLs due to
EMDs. Table 1 presents the EDMR and EDB in terms
of DALYs and YLLs by WB income groups and WHO
regions. The EDB is 4.4 times (in DALYs) and 5.1 (in
YLLs) higher in low-income countries compared with
high-income countries (282.41 DALYs vs 64.69 DALYs
per 1000 and 267.68 YLLs vs 52.46 YLLs per 1000).
Overall, at the global level, the EDMR is slightly higher
than non-EDMR. The difference is highest again in
low-income and lower-middle-income countries, where
EDMR is 12% higher than non-EDMR for both groups.

The EDB remains higher than the non-EDB in low-in-
come countries (4.78 DALYs and 3.64 DALYs per 1000,
respectively). Among the WHO’s regions, the African
region has the highest EDB (275.59 DALYs per 1000),
followed by the Eastern Mediterranean region (180.90
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Table 1 EMD burden by mortality rate, DALYs and YLLs per 1000 persons by WB income groups and WHO regions
Mortality rate DALYs YLLs
Non-
Geographical region EMDs Non-EMDs EMDs Non-EMDs EMDs EMDs
Global 3.86 3.71 140.35 194.05 128.58 98.37
WB income groups
High-income 3.52 5.26 64.69 190.20 52.46 81.31
Upper-middle-income 3.52 3.56 96.10 177.94 86.46 84.26
Lower-middle-income 4.09 3.21 179.95 196.63 167.17 102.37
Low-income 4.78 3.64 282.41 254.21 267.68 169.48
WHO regions
Eastern Mediterranean region 4.52 3.63 180.90 172.56 166.42 83.52
African region 5.09 5.04 275.59 260.29 261.82 173.27
European region 2.88 3.97 101.46 199.18 87.69 91.35
Region of the Americas 3.99 3.45 79.40 181.60 69.65 79.77
South-East Asian region 3.31 3.67 163.35 196.10 150.84 98.49
Western Pacific region 3.31 3.64 83.35 168.26 74.27 77.10

DALYs, disability-adjusted life years; EMDs, emergency medical diseases; WB, World Bank; YLLs, years of life lost; non-EMDs, non-

emergency medical diseases.

DALYs per 1000). The difference between emergency
disease and non-emergency disease mortality is highest
in the Eastern Mediterranean region, followed by the
African region and South-East Asian regions (difference:
+56%, +22% and +15%, respectively).

Figure 2 presents the changes in the EDMR and the
EDB over the 25-year period. Globally there has been a
6% increase in emergency disease mortality during that
period and is most significant in low-income countries

(12%). The EDB, however, has shown a reduction across
all income groups over the past 25 years, with the most
significant reductions in upper-middle-income countries.

Figure 3A shows that globally, among WB income
groups, four diseases—injuries, ischaemic heart disease
(IHD), lower respiratory infections (LRIs) and haemor-
rhagic strokes—made up about 57% of all

YLLs in 2015. Neonatal diseases were another big
contributor to EMDs and together account for 14% of

02 1

Percent Change Between 1990 and 2015

O Global B High Income B Upper Middle Income BLower Middle Income BLow Income

Figure 2 Change in absolute numbers of Deaths, DALYs And YLLs due to Emergency Medical Diseases from 1990 to 2015.

DALYs, Disability Adjusted Life Years; YLL, Years of Life Lost.
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all EMDs. The top 9 EMDs account for about 88% of all
YLLs due to EMDs globally. When the countries are sepa-
rated by income groups, the trends in high-income and
upper-middle-income countries are markedly different
from those in low-middle-income and low-income coun-
tries. Only four diseases (injuries, IHD, LRIs and haem-
orrhagic strokes) made up 84% and 79% of all EMDs

in high-income and upper-middle-income countries,
respectively. The four diseases also made up a significant
proportion of YLLs due to EMDs in lower-middle-income
(49%) and low-income (39%) countries. However, other
diseases such as neonatal diseases, diarrhoeal diseases
and malaria become increasingly dominant in these
income groups. In low-income regions, neonatal diseases
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Figure 4 Gender (A) and Age (B) Distribution for total YLL to Emergency Medical Diseases by WB Income Group for the year
2015. EMDs, Emergency Medical Diseases; YLL, years of life lost.

made up a higher percentage of YLLs than IHDs, and
haemorrhagic and ischaemic strokes combined (14% for
neonatal diseases vs 8% for others).

The distribution of EMDs in the different WHO
regions varies significantly, as illustrated in figure 3B. In
the Western Pacific region, the region of the Americas
and the European region, injuries, IHD, LRIs and haem-
orrhagic strokes made up 79%, 79% and 83% of YLLs,
respectively. In contrast, the African region has one of
the lowest contributions to EDB from these diseases at
just 34%. Unlike the developed regions, neonatal and
diarrhoeal diseases made up a significant proportion of
the YLLs in the African, South-East Asian and Eastern
Mediterranean regions. Finally, malaria is an outlier
that seems to cause more morbidity and mortality in the
African region than anywhere else in the world.

Figure 4A, B represents EDB for income groups by
gender and age. Online supplementary tables 1 and 2A,
B show the comprehensive country-level and region-
level EDB by DALYs and YLLs by gender and age. EMDs
affect males much more than females (DALYs for M:F

of 1.43, range: 0.96-2.73). Only one country, the Demo-
cratic Republic of the Congo, had higher female victims
of EMDs than male. Half of all EDBs were seen in people
<45 years of age. In high-income countries, 17% of EDB
was in patients 44 or younger. By comparison, in low-in-
come countries, 28% of EDB was in those 44 or younger.
The primary difference that accounted for the age distri-
bution of EMDs was driven by children 1-4 years old,
followed by children 5-19 years old.

Online supplementary table 1 presents the EDB by
DALYs and YLLs compared across gender. The DALYs
per 1000 show marked variability across countries. Glob-
ally, the countries with the lowest burden of EMDs are
Bahrain, Israel and Kuwait (42, 42 and 44 DALYs per
1000, respectively), while Chad, Niger and Mali have
the highest EDB (498, 486 and 469 DALYs per 1000,
respectively). China, India and the USA, the three most
populous countries, have DALYs of 82, 182 and 68 per
1000s persons and are ranked globally at 64, 144 and 47,
respectively.
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DISCUSSION

EMDs contribute to about half of all deaths and almost
half of the burden of all diseases globally. This study
highlights the disparity of EDB between high-income
and low-income countries, as well as the significant
disparities across geographical regions. These findings
align with earlier studies that investigated the burden
in low-income and middle-income countries and deter-
mined high patient loads and mortality in emergency
care settings.” The data from prior studies were collected
from many different sources and based on a sample of
the population rather than the whole population. One
of the strengths of GBD data, and thus our study, is the
population-level analysis. The high percentage of YLLs
due to EMDs in lower-middle- and low-income countries
makes the case for strengthening the emergency medical
care systems in low-income and middle-income countries
as outlined in earlier studies.'” The exact interventions
needed will be dependent on the diseases contributing to
the burden; however, the study does highlight the impor-
tance of investing in acute care interventions.

While presented as an aggregate based on the acute-
ness of the illness and the urgency of diagnosis and treat-
ment, the findings are not surprising since key EMDs are
already known to be common among low-income and
low-middle-income countries. Identifying the disease
groups that make large contributions to the healthcare
system, however, allows for a health system-based response
to the EMDs instead of an approach that focuses on indi-
vidual diagnoses.

Analysis of the distribution of the EMDs points to varia-
tion in the quality of medical care available as well as the
health status of the population prior to the development
of emergent illness. The leading causes of morbidity due
to EMDs were consistent with earlier ﬁndings.l"4 Injuries,
IHD and cardiovascular diseases (CVDs) make up a large
percentage of YLLs in high-income and upper-middle-in-
come countries. In lower-middle and low-income coun-
tries, however, diseases such as diarrhoea, LRIs, neonatal
diseases and malaria make up a significant proportion of
YLLs. The disparity in the type of disease contributing to
EDB is significant. Interventions needed to prevent multi-
factorial diseases such as IHD, CVDs and injuries are often
costly.! '* They demand more than one type of inter-
vention in order to reduce morbidity and mortality. For
example, numerous preventative strategies for IHD are
available, but each one can cost between $1400 and $350
000 per year of life saved.'" Furthermore, one strategy is
unlikely to be enough. In addition to smoking cessation,
appropriate therapy for hyperlipidaemia and hyperten-
sion will also be needed to decrease the risk of THD."
By contrast, the cost of prevention of the major diseases
contributing to high mortality in lower-middle-income
and low-income countries is significantly lower. Strategies
for prevention of diarrhoea, for example, include water
chlorination, ceramic filtration, solar disinfection and
flocculation disinfection. The annual cost per person is in
the order of tens of dollars per year ($10-150/year)."* **

Therefore, a strategic investment of resources is needed
to appropriately tackle the high morbidity in lower-mid-
dle-income and low-income countries.

This study also investigated the demographic risk
factors for high EDB. Across all income groups, males
made up a larger percentage of EDB, likely driven by
injuries. Various biopsychosocial explanations can be put
forward for the gender differences in diseases burden.
Factors such as social support, gender identity, self-es-
teem, education, exposure to diseases, work responsibili-
ties and many others contribute to the gender differences
in morbidity."*'® Our analysis also showed that patients
45 and older contributed most to mortality due to EMDs.
In low-income countries, the proportion of younger
patients contributing to mortality is higher. Higher
mortality for younger patients in low-income countries,
due to poor control of modifiable risk factors and lack of
access to quality care, has been reported by earlier studies
that have analysed the GBD data.'™"

Upper-middle-income countries and regions have
shown significant improvements in the burden of EMDs.
This is likely due to many factors, but probably is related
to some extent on the specific attention to emergency
care at the population level in the 25-year period. There
are approximately 30 countries in the world where emer-
gency medicine is a specific specialty with formalised
residency training, and most of these are clustered in
upper-middle-income and high-income countries.

There are several limitations to this analysis. First, the
analysis relies on the data obtained from the GBD.

The limitations of the GBD data have been described
in detail as part of the initial publication of the GBD
results.”” These emerged from differences in the sources
and quality of data especially those from countries with
limited hospital and death registration systems.

Second, categorising diagnoses defined by the GBD
study into emergency and non-EMDs is difficult given
the fact that many emergency diseases result in chronic
sequelae and many chronic diseases can decompensate
into emergencies. Despite this limitation, we feel our
analysis is valid due to four reasons. First, we have based
our categorisation on an earlier published work that
used consensus of expert emergency medicine clinicians
who represented different clinical settings across the
globe. Second, the methodology of the GBD is careful
in identifying and recording the ‘underlying’ cause of
death instead of the proximate cause. Thus, diseases that
initiate a series of events leading to death are captured
in the diagnoses, and in the absence of that underlying
disease patients would not have died.”” For example, the
diagnosis of IHD includes fatal conditions such as cardiac
arrest and myocardial infarction, as well as non-fatal yet
symptomatic conditions such as ischaemic heart failure
and angina. Non-ischaemic causes of heart failure such
as hypertension, valvular or rheumatic heart disease are
excluded based on available data and through modelled
and extrapolated data when actual data are not avail-
able. Third, we decided to only focus on ‘emergency’
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diseases and excluded those categorised as diseases with
a high likelihood of decompensating into a medical
emergency.”’ * This was done to avoid overestimating
the burden. Finally, and perhaps most importantly, the
purpose of our study is not to capture the ‘total’ burden
of EMDs but rather to present a uniform method and
language, with all the known limitations, so that compari-
sons across time and region can begin. We feel that more
refinements will be made as more accurate data are avail-
able through sources such as the GBD Study.

The findings of this study have several policy implica-
tions. This study presents, perhaps for the first time in
peer-reviewed literature, indicators to quantify the burden
of EMDs across all countries and regions of the world.
Characterising the burden of EMDs with a single metric
that is comparable across countries and regions would
allow for prioritising emergency care and measuring
the effectiveness of investments over time.’” # In addi-
tion, it will provide unified language to the governments,
international agencies and specialty societies. Prior work
that described population-based burden of emergency
care has either been limited in scope or did not use stan-
dardised indices. Earlier work on the burden of EMDs
has been presented for a limited number of countries
and primarily focused on the utilisation of resources,
covering many high-income countries with few low-in-
come and middle-income countries.'

Our findings are not meant to prove attribution of the
EDB to the quality of or access to emergency medical
care. Higher burden of EMDs perhaps would benefit
from public health approaches to preventing emergen-
cies such as road traffic injuries and violence, as well
as focusing on emergency care system. Decreasing the
burden of EMDs requires interventions at all levels of
the healthcare system, from improving preventive care
services to increasing patient literacy regarding medical
compliance, to optimising delivery of care in emergent
situations. Our data do not suggest that improving emer-
gency services alone, during transportation or at the
healthcare facility, would resultin saving lives and averting
the disabilities due to EMDs. Governments and ministries
of health need to carefully assess their system’s ability to
respond to the growing need for emergency care, while
specialty societies, academic entities and funding agen-
cies, particularly those with a focus on low-income and
lower-middle-income countries, need to increase their
attention and investment to further research in this area.
Finally, training programmes in healthcare at all levels
need to constantly prepare future human resources to
respond appropriately to the population needs.

CONCLUSION

In summary, this study characterised the burden of EMDs
across the globe and provided two universal metrics to
compare the mortality and the burden of EMDs across
countries, regions and income groups. We identified
significant disparities. The high mortality due to EMDs

makes the case for evidence-based strengthening of
the healthcare system, including community-based
emergency care, transportation, training communica-
tion systems and treatment facilities, as well as focus on
upstream modifiable risk factors and downstream acute
and rehabilitation services.
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