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Abstract

Objective: To highlight the current global trends in mortality for cardiovascular disease and cancer.
Methods: The World Health Organization and the World Bank DataBank databases were used to analyze
mortality rates for cancer and cardiovascular disease by calculating age-standardized mortality rates (ASRs)
from 2000 to 2015 for high-income, upper-middle-income, and lower-middle-income countries. Data for
cancer mortality and population for 43 countries representing 5 of the 7 continents (except Australia and
Antarctica) were analyzed.

Results: From 2000 to 2015, there was an increase in the ASR for cancer for both men and women
irrespective of a country’s income status, representing an overall 7% increase in cancer ASR (Pearson
r, +0.99; P<.00001). We report a higher ASR for cancer in high-income countries than in upper-middle-
income and lower-middle-income countries specifically; high-income countries saw a 3% increase in
cancer ASR vs +31% for upper-middle-income and +19% for lower-middle-income countries (P<.01).
There has been a decrease in the ASR for cardiovascular disease for the 15 years analyzed (P<.00001). In
addition, high-income countries had a higher ASR for cardiovascular disease than upper-middle-income
countries during the 15-year period (P<.05).

Conclusion: We suspect that because of early detection and targeted interventions, cardiovascular disease
mortality rates have decreased during the past decade. On the basis of our results, cancer mortality rates
continue to rise, with the projection of surpassing cardiovascular disease mortality rates in the near future.
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billion.'!  Moreover, both cancer and

O

‘ he Centers for Disease Control and
Prevention and the World Health Or-
ganization (WHO) have both recog-

nized cancer and cardiovascular disease as a

major global public health burden and the

leading causes of death both nationally and
internationally." Worldwide, cardiovascular
disease and cancer accounted for 26.7 million
deaths in 2015, with estimated health care cost
in billions of dollars every year.'” In 2009, it
was estimated that cancer cost the European

Union nearly €75 billion."” Tt estimated that

in 2020, health care cost for cancer in the

United States alone was upward of $150

http://creativecommons.org/licenses/by-nc-nd/4.0/,

cardiovascular disease are associated with
increased number of years lived with
disability, years of life lost, and disability-
adjusted life-years; thus, several billions of
dollars have been dedicated to research and
government policies to help understand the
causes of these diseases and to improve out-
comes for patients diagnosed with these con-
ditions."  Although cardiovascular ~disease
mortality rates were twice as high as cancer
mortality rates in 1970, cardiovascular
disease mortality rates have declined signifi-
cantly in the past 3 decades, whereas cancer
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mortality rates have been on the rise.'”'” This
could be due to improved early detection, pre-
vention, and treatment measures of cardiovas-
cular diseases, coupled with increasing
longevity of the general population, which
has led to high prevalence of cancer—a disease
of aging. Despite significant research on both
diseases, direct comparison between cardio-
vascular disease and cancer mortality rates
has received limited attention. Within the
United States, it has been noted that in low-
income countries, cardiovascular disease is
more likely to be the leading cause of death
compared with cancer. In addition, these
low-income countries have seen a substantially
smaller decrease in cardiovascular mortality
rates compared with high-income countries.
Another recent report from the United States
investigating cancer mortality rates of those
younger than 65 years suggests that states
that adopted Medicaid expansions saw a
29% decrease in cancer mortality rates be-
tween 2011-2013 and 2015-2017. These re-
sults highlight that even in high-income
countries, increased access to quality cancer
care is a key to reducing cancer mortality. '

In this article, we provide a direct compar-
ison between cardiovascular disease and can-
cer mortality rates using the comprehensive
WHO database and World Bank DataBank.
We calculated age-standardized mortality rates
(ASRs) from 2000 to 2015 for high-income,
upper-middle-income, and lower-middle-
income countries to assess recent trends in
cardiovascular disease and cancer prevalence.
We aimed to illuminate the current mortality
trends for these 2 diseases so current and
future leaders can examine strategies for the
prevention and control of these leading causes
of noncommunicable disease death in the
world.

METHODS

Data Source

Data were obtained from the WHO Mortality
Database and the World Bank DataBank.'’*
The WHO Mortality Database collects mortal-
ity data broken down by age, sex, and cause of
death from individual countries across the
world. The WHO has collected mortality
data annually since 1979. However, not every
country has consistently reported their data.

The World Bank DataBank contains popula-
tion data by country and sex from 1960 to
2017. Data were collected from 2000 to
2015 for select countries, which were chosen
on the basis of the availability of complete
data from both databases for the years covered
in the study (see details in Inclusion Criteria).
Raw mortality data were abstracted by sex
(male, female, or unknown), International
Classification of Diseases, Tenth Revision
(ICD-10) code for cardiovascular disease
(1I00-09, 111, 113, and 120-51) and cancer
(C00-C97),'%' and age. Because of a lack of
data from many countries before 2000, we
restricted the data range from 2000 to 2015;
the Cause of Death Query Online tool was
used to draw data from 2000 to 2015. The
ICD-10 codes C0O0-C97 (cancer) and 100-09,
111, 113, and 120-51 (cardiovascular disease)
were extracted.'™'” Because this study used
publicly available deidentified data, the study
was determined to be exempt from Institu-
tional Review Board review.

Inclusion Criteria

Countries were chosen on the basis of data
availability; 43 countries (in alphabetical or-
der: Argentina, Aruba, Belgium, Belize,
Bermuda, Brazil, Chile, Colombia, Croatia,
Czech Republic, Denmark, Ecuador, Arab Re-
public of Egypt, Estonia, Finland, Germany,
Hungary, Iceland, Israel, Japan, Kyrgyz Re-
public, Latvia, Lithuania, Luxembourg, Malta,
Mexico, Moldova, Netherlands, Nicaragua,
Norway, Panama, Peru, Poland, Puerto Rico,
Republic of Korea, Romania, Serbia, Slovenia,
South Africa, Spain, Sweden, Switzerland,
United States of America) had data from
2000 to 2015 in both the WHO Mortality
Database with ICD-10 coding and the World
Bank DataBank (Supplemental Table, available
online at http:/mepiqojournal.org).  We
defined cancer and cardiovascular disease on
the basis of the Centers for Disease Control
and Prevention and WHO standards.'’ ™!
Mortality counts were grouped by age (O to
20 years, 20 to 64 years, 654 years, or un-
known), sex (male, female, or unknown),
country, and cause of death (ICD-10 codes).
Countries were classified using the World
Bank Atlas method, which groups country
economies on the basis of gross national in-
come (GNI) per capita (high income, upper
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middle income, lower middle income, low in-
come; Supplemental Table).'” However,
because of the unavailability of data, our anal-
ysis did not include any low-income countries.

Variables

Based on data from the WHO database and
the World Bank DataBank, we calculated the
ASR stratified by a country’s income status,
sex, and time (per year) per 100,000 persons.
The ASR per 100,000 persons calculated in a
standardized population and by a country’s in-
come status was grouped into high (>$12,056
GNI per capita), upper middle ($3896-
$12,055 GNI per capita), and lower middle
($996-$3895 GNI per capita). 18 Sex was clas-
sified as male or female; deaths due to cardio-
vascular disease or cancer of individuals with
unknown sex were included only in the total
mortality counts.

Statistical Analyses

The ASRs per 100,000 persons were calculated
using the WHO mortality data and the World
Bank DataBank population data. The rates
were standardized to 5-year interval age
groups using the world standard population
adapted from the WHO. Rates were calculated
by year, sex (male or female), and age (0 to 20
years, 20 to 64 years, 65+ years). Linear
regression analyses with Pearson correlation
were performed to study mortality trends
from 2000 to 2015. Additional bivariate statis-
tical analyses that included Wilcoxon test and
analysis of variance testing were performed to
determine differences between income status
groups and sexes.

RESULTS

Standard mortality rates instead of counts
were analyzed among 43 countries to account
for differences in population sizes across coun-
tries and across different time periods. Howev-
er, because mortality counts are easier to
comprehend, we present both the raw count
data and the standardized age-adjusted rates.
Breakdown of countries by income status is
presented in the Supplemental Table. Data
for cancer and cardiovascular disease mortality
and population for 43 countries representing 5
of the 7 continents (except Australia and
Antarctica) were analyzed.

Cancer Mortality Rate Trends

From the period between 2000 and 2015, there
was an increase in cancer ASR irrespective of
sex or country income status (Figures 1 and
2; Table). Overall, there was an approximately
7% increase in mortality rates for cancer
(Figure 1; Table). During the 15-year study
period, the average annual percentage change
(a measure of the standard annual change in
mortality rate) was an increase of 1.2% in can-
cer deaths. There was a strong positive trend in
cancer mortality rates during the study period
(Pearson 1, +0.99; P<.00001). The trend was
similar for both men and women; male deaths
due to cancer increased by 7%, and female
deaths increased by 6%. There were differences
in cancer mortality trends according to a coun-
try’s income classification; high-income coun-
tries saw a 3% increase in cancer mortality
rates compared with 31% for upper-middle-
income and 19% for lower-middle-income
countries (Table; Figures 2 and 3). In terms
of raw counts, high-income countries experi-
enced the smallest increase in cancer mortality
deaths (14.1%), upper-middle-income coun-
tries had a 51.8% increase, and lower-middle-
income countries had a 45.8% increase.

Cardiovascular Disease Trends

During the study period (2000 to 2015), the
overall cardiovascular mortality rate fell by
4% (Table). Globally, for men, the ASR for
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FIGURE 1. Death counts for cancer and heart disease from 2000 to 2015
are displayed. All deaths are displayed regardless of age and sex.
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FIGURE 2. Trends in the age-standardized death rate (ASR) per 100,000 from 2000 to 2015 for cancer
and heart disease broken down by income status.

cardiovascular disease fell by 4% compared
with 10% for women. There was a strong nega-
tive trend in cardiovascular disease ASR during
the study period (Pearson r, —0.91;
P<.00001), indicating a generally decreasing
mortality across time. The decreasing trend in
cardiovascular disease was not as strong in
men as in women but still achieved statistical
significance in men (Pearson r, —0.82;
P<.00001; data not shown). Cardiovascular

disease ASR, however, decreased by 10% in
high-income countries, increased by 10% in
upper-middle-income countries, and increased
by 50% in lower-middle-income countries
(Table; Figure 2).

DISCUSSION

In this observational comparative analysis of
the worldwide mortality trends of cancer and
cardiovascular disease during a 15-year
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TABLE. Age-Standardized Mortality Rates Globally and by Income Group

Upper middle Lower middle
Globally High income income income
Year Heart Cancer Heart Cancer Heart Cancer Heart Cancer
2000 175.5 162.5 199.0 1934 137.5 102.5 84.6 66.0
2001 1737 162.8 195.7 193.1 1365 103.8 92.6 68.3
2002 173.6 164.0 194.5 193.6 138.1 1064 96.8 71.6
2003 173.6 |64.6 193.5 193.7 139.7 108.5 1004 72.8
2004 167.6 165.0 184.2 193.7 139.1 104 107.0 72.8
2005 169.3 165.8 186.0 194.0 139.8 ['13.1 109.7 729
2006 166.9 |66.1 181.4 193.8 141.9 ['15.0 ['15.0 730
2007 166.5 166.8 180.5 194.3 141.3 ['16.6 1185 735
2008 165.7 167.8 178.5 194.8 143.3 [19.3 1202 75.1
2009 163.5 168.1 175.6 194.4 142.6 121.0 120.0 762
2010 164.3 [70.1 176.0 196.4 |44.9 1232 [19.9 779
2011 161.8 1705 174.8 196.8 143.1 124.5 106.7 77.1
2012 163.7 172.1 176.5 198.0 143.1 127.3 [13.7 78.6
2013 1629 1724 1757 198.0 [43.1 1282 [11.5 80.0
2014 1624 1734 172.6 198.5 146.2 [31.1 122.7 80.1
2015 168.2 174.6 1789 199.5 150.7 1342 1273 789
2223

period, our observations indicate that cancer-
related mortality rate increased by 6%,
whereas cardiovascular disease mortality rate
decreased by 4%. In 2000, the 43 countries
analyzed experienced more than 1.9 million
cancer-related deaths, and despite improve-
ments in therapies and detection systems,
this number rose to 2.3 million deaths
in 2015.

Trends by Income Status

Our observations showed that the mortality
trends for both cancer and cardiovascular dis-
eases varied by a country’s income status.
High-income countries have seen a small in-
crease in cancer mortality rates and a decrease
in cardiovascular disease mortality rates.
Comparatively, upper-middle-income and
lower-middle-income countries saw large in-
creases in both cancer- and cardiovascular
disease—related mortality (Figure 3). These dif-
ferences might be due to differences in interven-
tions and early detection programs between the
income groups. In addition, these differences
have been largely theorized to be due to stage
of epidemiologic transition of the countries
(Figure 4) 92225 Epidemiologic transition is
the process by which countries *“advance”
through stages on the basis of the types of

diseases most affecting their population.
The transition is broken down into 4 stages:
pestilence and famine, receding pandemics,
degenerative and man-made diseases, and
delayed degenerative diseases.””*’

High-Income Countries

High-income countries are increasingly transi-
tioning from degenerative and man-made dis-
eases (such as cardiovascular disease) to
delayed degenerative diseases (such as cancer).
This fairly can explain why high-income coun-
tries have seen a decrease in cardiovascular dis-
ease but a relatively slower rise in cancer death
rates.”” This observation should be interpreted
with caution as cardiovascular disease has been
the focus of research and funding for a longer
period than cancer has, and through preventive
and life-prolonging interventions created during
the last 20 years, we have seen a decline in age-
standardized cardiovascular ~disease—related
deaths.*'"**?% A study by Carrion Donderis
et al”" in 2016 in Panama, a high-income coun-
try, found similar results of reduced cardiovas-
cular disease mortality due to improved
treatment, lower tobacco consumption, and
reduction of comorbidities. Within cancer
research, there have been notably fewer curative
developments for the most advanced cancers
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FIGURE 3. World map showing the cancer age-standardized death rate (ASR) per 100,000 in 2015 broken down by income status.

Global cancer age standardized death rates and income trends in 2015
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and the cancer types that contribute the most to
mortality. This, in part, could explain why can-
cer mortality trends still demonstrate a slight up-
ward slope, | 810121427

Upper-Middle-Income and Lower-Middle-
Income Countries

We observed a drastic increase in cardiovascular
mortality trends (up nearly 50% during the last
20 years) in lower-middle-income countries,
whereas  upper-middle-income  countries
showed a 10% increase. This observation must
be explained with care as during the last 15
years, lower-middle-income and upper-
middle-income countries have been transition-
ing through the epidemiology stages from
pestilence and famine and receding pandemics
to degenerative and man-made diseases and
delayed degenerative diseases.'”*"*" As part of
this transition, we expect a rise in cardiovascular

disease and cancer mortality rates in lower-
middle-income and  upper-middle-income
countries.'"?*2>2% In addition, there is a
difference in research and funding for cardiovas-
cular disease in these countries compared with
high-income countries.'”***%**! The rise in
cancer and cardiovascular disease mortality in
upper-middle-income  and  lower-middle-
income countries might be due to increased
screening and identification of patients. As a
result, this may increase the likelihood that the
primary cause of death is recognized as cancer
or cardiovascular disease.'”

Cardiovascular vs Cancer Mortality

Despite large increases in cardiovascular
disease mortality trends in upper-middle-
income and lower-middle-income countries,
cardiovascular disease—related mortality has
shown a decline globally. This can be
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Enabling steps
in epidemiologic transitions

Political instability
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FIGURE 4. Enabling steps in epidemiologic transitions. Schematic representing transitions of countries
through 4 stages of pestilence and famine, receding pandemics, degenerative and man-made disease, and
delayed degenerative disease and the key changes required for each transition.

Hygiene, nutrition, sanitation

Receding
pandemics

explained through examination of the aggre-
gated ASR for each income group and under-
standing the population percentages. Whereas
cardiovascular disease rates increased by 50%
in lower-middle-income countries and by
10% in upper-middle-income countries, the
overall cardiovascular ASR decreased because
high-income countries saw a 10% decrease
and high-income countries make up nearly
70% of the countries examined. Next, cancer
mortality rates increased for all income sta-
tuses, and the total global cancer rates, again
because of population distributions, are
much closer to those of high-income countries
than to those of upper-middle-income or
lower-middle-income nations at nearly 174
deaths per 100,000.

In previous literature, the Global Burden of
Disease (GBD) group reported a 9.4 per
100,000 decrease in cancer ASR between
2006 and 2016." When examining data
extracted from the WHO Mortality Database

between 2000 and 2015, we saw an
approximate 6% cancer mortality increase cor-
responding to an approximate 10 per 100,000
rise in cancer ASR. This observation should be
interpreted with caution as the GBD group uses
the “GBD cause of death database,” a database
built and organized by their group, whereas
we used the publicly available WHO Mortality
Database.""'” This difference in findings high-
lights the importance of creating guidelines
and agencies to improve the accuracy of report-
ing and the quality of the data in global-level
mortality databases. We believe the differences
in our results and those of the GBD group
are 2-fold: difference in included countries
and difference in data availability and analysis
techniques. Specifically, the GBD group uses
statistical techniques to attempt to account for
missing data; however, the general public is
not privy to this information and therefore
cannot replicate the numbers. With this in
mind, we believe that as a community we
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must create a combined publicly available data-
base for all diseases, and we hope that with
such a database, differences between studies
should decrease and more accurate numbers
can be reported.

We must acknowledge limitations in our
analysis. First, high-income countries accounted
for 66% of the population analyzed; therefore,
rates in high-income countries had a higher
“weight.” The results might be skewed to favor
trends seen in high-income countries. Along
the same lines, no low-income countries were
included. However, countries were chosen on
the basis of data availability, which helps explain
why no low-income country data were available
and 66% of countries fell into the high-income
bracket; hence, this is the most “accurate” anal-
ysis possible currently. Data from China and In-
dia (which represent 37% of the world
population) were not included in this study
because of data unavailability. However, some
data from these 2 countries were available if 1
disease was reported using the ICD-10 code,
which we did not include in this study, but
that might be considered for future studies. An
additional limitation inherent in our analysis
was the assumption of a standardized popula-
tion; however, establishing age and sex distribu-
tions for each country for each year in the
analysis was not feasible because of data avail-
ability. Second, owing to improvements in data-
base and information-gathering technology,
reporting for cancer and cardiovascular disease
may have increased over time without an actual
increase in the incidence or prevalence of these
diseases. This finding should be interpreted
carefully as this might suggest that the cancer
rates have falsely increased because of the accu-
rate reporting and the quality of the data. How-
ever, these biases are likely to affect
cardiovascular disease and cancer in a similar
fashion, and we would expect to see an increase
in cardiovascular disease, which was not the
case. Increases in reporting would affect low-
income and upper-middle-income countries
more than high-income countries, which made
up 66% of our analysis; therefore, effects due
to reporting improvements would be partly
masked. Finally, databases such as the WHO
Mortality Database used in this study contain a
certain percentage of improperly recorded rea-
sons for mortality, and this varies by country
and time. These inherent inaccuracies might

skew trends and rates of cancer and heart dis-
ease, and unfortunately there is no way to ac-
count for these with the data currently
available. As databases improve in their trust-
worthiness over time, we hope these inaccura-
cies will be less impactful in future studies.

CONCLUSION

Cancer and cardiovascular disease are the 2
leading causes of noncommunicable disease
mortality worldwide. Our study, based on
the 2 databases used, observed that between
2000 and 2015, cardiovascular disease mortal-
ity rates have been declining, which may be
largely due to targeted interventions and early
detection programs. However, cancer mortal-
ity rates appear to be increasing steadily
despite similar interventions and early detec-
tion programs, partially from the demographic
changes of the population. Innovative ap-
proaches in early detection and treatment
would be helpful in attenuating the rate of in-
crease in deaths due to cancer, particularly in
high-income countries.
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