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A B S T R A C T   

Background: Temporal trends of the impact of social determinants on cardiovascular outcomes of cancer patients 
has not been previously studied. 
Objectives: This study examined social disparities in cardiovascular mortality of people with and without cancer 
in the US population between 1999 and 2019. 
Methods: Primary cardiovascular deaths were identified from the Multiple Cause of Death database and grouped 
by cancer status. The cancer cohort was subcategorized into breast, lung, prostate, colorectal, and haemato-
logical. The number of cardiovascular deaths, crude cardiovascular mortality rate, cardiovascular age-adjusted 
mortality rate (AAMR), and percentage change in cardiovascular AAMR were calculated by cancer status and 
cancer type, and stratified by sex, race, ethnicity, and urban-rural setting. 
Results: 17.9 million cardiovascular deaths were analysed. Of these, 572,222 occurred in patients with a record of 
cancer. The cancer cohort were older and included more men and White racial groups. Regardless of cancer 
status, cardiovascular AAMR was higher in men, rural settings, and Black or African American races. Cardio-
vascular AAMR declined over time, with greater reduction in those with cancer (− 51.6% vs − 38.3%); the 
greatest reductions were in colorectal (− 68.4%), prostate (− 60.0%), and breast (− 58.8%) cancers. Sex, race, and 
ethnic disparities reduced over time, with greater narrowing in the cancer cohort. There was increase in urban- 
rural disparities, which appeared greater in those with cancer. 
Conclusions: While most social disparities narrowed over time, urban-rural disparities widened, with greater 
increase in those with cancer. Healthcare plans should incorporate strategies for reduction of health inequality 
equitable access to cardio-oncology services.   

1. Introduction 

A large body of evidence highlights the role of social determinants in 

driving health inequalities [1]. The structure of societies leads to striking 
disparities in circumstances of daily life and inequalities in power, 
money, and resources within and across populations [2,3]. The social 
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gradient in health is a major problem across all societies [1]. 
Cardiovascular disease (CVD) and cancer are the two most important 

non-communicable causes of disability and ill health worldwide [4]. 
Social gradients determine prevention, diagnosis, and treatment of both 
conditions. The role of social determinants in driving poorer cardio-
vascular health is widely recognised in both historic [5] and contem-
porary literature [6,7]. In the context of cancer, social disadvantage and 
racial disparities have been previously recognised and related to dif-
ferential access to screening programmes, timely diagnosis, treatments, 
and specialist care [8]. In the United States of America (USA), Black 
racial groups have the highest death rate and shortest life expectancy of 
any racial group for most cancers [9]. Indeed, structural racism remains 
a fundamental cause of health disparities in the USA [10]. Furthermore, 
social gradients shape the distribution of risk factors such as obesity, 
diabetes, and hypertension [11], which have been shown to drive both 
CVD and cancer [12]. 

Recent reports highlight health disparities in the intersection of 
cancer and CVD. Existing work indicates greater baseline cardiovascular 
risk in patients with cancer from disadvantaged backgrounds [13], 
which contributes importantly to disparities in occurrence of cancer 
treatment-related cardiotoxicities [14,15]. Factors such as differential 
access to preventive therapies, cardiovascular screening, and 
cardio-oncology services are further drivers of these health inequalities. 
Whilst several reports have called for action on tackling inequalities in 
cardio-oncology [13,16] [13,16–18] [13,16–18], such disparities have 
not been characterised at a population level. There are little data on the 
temporal trends of the social determinants of health on cardiovascular 
outcomes of patients with cancer, and it is not known whether such 
disparities are magnified in this cohort compared to patients without 
cancer. This information is essential to guide future healthcare pro-
visions towards reducing health inequalities. 

We compared the distribution and burden of cardiovascular mor-
tality in patients with and without cancer in the US population between 
1999 and 2019, considering temporal trends and differential patterns by 
sex, race, ethnicity, and place of residence (urban vs rural). 

2. Methods 

The data underlying this article are available through the Centres for 
Disease Control and Prevention Wide-Ranging, Online Data for Epide-
miologic Research (CDC WONDER) resource [19], which may be 
accessed at: https://wonder.cdc.gov/mcd-icd10.html. The analysis uses 
anonymized data. Ethical approval was not required. 

2.1. Setting and study population 

The Multiple Cause of Death database comprises mortality causes 
and population counts for all US counties from 1999 to 2019. The data 
are based on death certificates for US residents. The cause of death in-
formation is extracted from the death certificate. Each death certificate 
contains a single underlying cause of death and up to 20 contributing 
causes, completed by physicians. The causes of death are classified in 
accordance with the International Classification of Disease, Tenth 
Revision (ICD-10) for deaths occurring in 1999 and beyond. This in-
formation is linked to basic demographic data. The number of deaths, 
crude mortality rates, age-adjusted mortality rates (AAMR), and 95% 
confidence intervals for mortality rates can be obtained by cause of 
death, place of residence, age, race, Hispanic ethnic origin, sex, and 
year. Age-adjusted mortality rates are weighted averages of the age- 
specific mortality rates, where the weights represent a fixed popula-
tion by age. They are used to compare relative mortality risk within 
groups and over time. An AAMR represents the mortality rate that would 
have existed had the age-specific rates of the particular year prevailed in 
a population whose age distribution was the same as that of the fixed 
population. The year "2000 U S. standard" is the default population se-
lection for the calculation of AAMRs in CDC WONDER. 

2.2. Analysis sample 

All primary cardiovascular deaths, defined as decedents with any 
cardiovascular disease entered as the underlying cause of death (ICD-10 
codes: I00–I99) were selected and grouped into those with and without 
cancer, based on record of any cancer (ICD-10 codes: C00–C97) as a 
contributory cause of death. Those with cancer were further sub-
categorized into the following groups: breast (ICD-10 codes: C50), lung 
(ICD-10 codes: C34), prostate (ICD-10 codes: C61), colorectal (ICD-10 
codes: C18–C20), and haematological (ICD-10 codes: C81–C96). These 
cancer categories were selected to capture the most prevalent cancers in 
the US population, as per latest national statistics [20]. 

2.3. Social determinants of health 

The following social determinants of health were considered: sex, 
race, ethnicity, and place of residence (a proxy for socio-economic sta-
tus). Sex was defined based on the label attached to the death certificate 
(two available categories: men, women). The CDC WONDER resource 
provides bridged-race population data within four racial categories: 
Asian or Pacific Islander, Black or African American, American Indian or 
Alaska Native, White. The estimates result from bridging the 31 race 
categories used in Census 2000, as indicated in the Office of Manage-
ment and Budget standards for the collection of data on race and 
ethnicity, to the four specific racial categories specified under the 1997 
Office of Management and Budget standards for the collection of data on 
race and ethnicity. This information is updated annually from the Na-
tional Center for Health Statistics bridged-race population estimates 
[21]. Data is also available on Hispanic ethnic origin (Hispanic or 
Latino, not Hispanic or Latino). In the CDC wonder database each death 
is associated with an urbanisation category based on the county of the 
person’s legal residence. Each county is classified as one of six categories 
(based on the 2013 National Center for Health Statistics Urban-Rural 
Scheme for Counties): Large Central Metro, Large Fringe Metro, Me-
dium Metro, Small Metro (Urban counties), Micropolitan, or Non-Core 
(Rural counties). 

2.4. Statistical analysis 

The total number of primary cardiovascular deaths, crude cardio-
vascular mortality rate, and cardiovascular AAMR was calculated for 
people without cancer, those with any cancer, and by cancer type. 
Cardiovascular mortality rates were stratified by cancer type and then 
by each of the social determinants of health: sex (men, women), race 
(Asian or Pacific Islander, Black or African American, American Indian 
or Alaska Native, White), Hispanic ethnic origin (Hispanic or Latino, not 
Hispanic or Latino), and place of residence (urban, rural). To examine 
temporal trends, percentage change in cardiovascular AAMR between 
1999 and 2019 was calculated. Percentage change is calculated as the 
difference between cardiovascular AAMR in 1999 and 2019 expressed as 
a percentage. Data was analysed using Microsoft Excel. 

3. Results 

3.1. Overall population characteristics 

The analysis sample included 17.9 million primary cardiovascular 
deaths, of these 3.2% (n = 572,222) occurred in patients with cancer 
recorded as a contributing cause of death (Table 1). The age distribution 
was broadly similar in those with and without a record of cancer, with 
most deaths occurring in the oldest age group; however, there was a 
greater skew towards older ages in those with record of cancer. The male 
to female split was near equal amongst those without cancer, with slight 
preponderance of women (51.5%). The reverse was observed in the 
cancer group with men comprising 58.0% of deaths. There was a slightly 
greater proportion of White racial groups and individuals who were “not 
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Hispanic or Latino” ethnicity in those with (vs without) cancer. Across 
both the cancer and non-cancer groups, a greater proportion of deaths 
was recorded in urban compared to rural settings. 

The crude cardiovascular mortality rate attributed to patients with 
cancer was 8.9 per 100,000 population and 269.5 per 100,000 in those 
without cancer (Table 1). Among the cancer categories, the highest 
crude cardiovascular mortality rate was related to those with prostate 
(1.6 per 100,000 population) and haematological (1.3 per 100,000 
population) cancers (Supplementary Table 1). 

3.2. Cardiovascular AAMR by cancer status 

Between 1999 and 2019, there was a declining trend of cardiovas-
cular AAMR across the whole sample, with a notably greater decline in 
those with a record of any cancer (− 51.6%) compared to those without 
cancer (− 38.8%). Across cancer types, the greatest percentage declines 
in cardiovascular AAMR were attributed to colorectal (− 68.4%), pros-
tate (− 60.0%), and breast (− 58.8%) cancer (Table 2). The greater 
temporal reduction in cardiovascular AAMR related to cancer was 
consistent across all social determinants of health considered. That is, 
across all strata (sex, race, ethnicity, place of residence) those with 
cancer had greater percentage decline in cardiovascular AAMR than 
those without cancer. 

3.3. Cardiovascular AAMR by cancer status and race 

Black or African American racial groups had the highest cardiovas-
cular AAMR regardless of cancer status throughout the entire study 

period (Table 2). The only exception was in cases with haematological 
cancer, where cardiovascular AAMR was similar between White and 
Black or African American races. Asian and Pacific Islander race had the 
lowest cardiovascular AAMR of all racial groups regardless of cancer 
status or type. 

There was a declining trend of cardiovascular AAMR consistent 
across those with and without cancer, all cancer types considered, and 
among all racial groups (Table 2, Fig. 1, Fig. 2). 

Over the study period, racial disparities in cardiovascular mortality 
narrowed in both cancer and non-cancer groups. Racial disparities 
reduced to a greater extent in those with cancer, largely driven by 
greater reduction in cardiovascular AAMR of Black or African American 
races with cancer (− 54.1%) vs those without cancer (− 37.8%). The 
narrowing of racial disparities was most marked in colorectal cancer 
(Supplementary Figure 1); within this subset, cardiovascular AAMR of 
Black or African American races reduced from 2.2 to 0.7 per 100,000 
population (Table 2). Similarly, there was notable narrowing of racial 
disparities in those with prostate cancer with marked reduction of car-
diovascular AAMR in Black or African American races in this group 
(4.1–1.7 per 100,000 population). 

In terms of percentage change in cardiovascular AAMR, Black or 
African American races without cancer had the lowest percentage 
reduction (− 37.8%) of all the racial groups considered (Table 2). Among 
the cancer group, Native American and Alaska Natives had the lowest 
percentage reduction in cardiovascular AAMR (− 48.0%) while Asian 
and Pacific Islander races had the greatest percentage decline (− 61.3%). 

Table 1 
Baseline characteristics and crude cardiovascular mortality in patients with and without record of cancer between 1999 and 2019.   

Number of deaths Crude mortality ratea 

Whole sample No cancer Any cancer Whole sample No cancer Any cancer 

Overall 17,855,050 % 17,282,828 % 572,222 % 278.4 269.5 8.9 
Age 
Under 55 1,388,193 7.8 1,371,569 7.9 16,624 2.9 28.8 28.5 0.3 
55–74 4,655,596 26.1 4,501,100 26.0 154,496 27.0 387.3 374.4 12.9 
75+ 11,810,351 66.1 11,409,258 66.0 401,093 70.1 2990.7 2846.0 144.7 
Sex 
Men 8,716,264 48.8 8,384,266 48.5 331,998 58.0 276.3 265.8 10.5 
Women 9,138,786 51.2 8,898,562 51.5 240,224 42.0 280.2 272.8 7.4 
Place of residence 
Urban 14,355,191 80.4 13,893,650 80.4 461,541 80.7 263.1 254.6 8.5 
Rural 3,499,859 19.6 3,389,178 19.6 110,681 19.3 364.2 352.7 11.5 
Race 
White 15,271,788 85.5 14,772,766 85.5 499,022 87.2 298.7 288.9 9.8 
Black 2,133,918 12.0 2,073,293 12.0 60,625 10.6 244.8 237.8 7.0 
Native 80,632 0.5 78,565 0.5 2067 0.4 96.9 94.4 2.5 
Asian 368,712 2.1 358,204 2.1 10,508 1.8 105.5 102.5 3.0 
Hispanic origin    0.0  0.0    
Hispanic or Latino 898,419 5.0 876,290 5.1 22,129 3.9 88.4 86.2 2.2 
Not Hispanic or Latino 16,906,440 94.7 16,357,790 94.6 548,650 95.9 313.0 302.8 10.2  

a Per 100,000 population. 

Table 2 
Age-adjusted cardiovascular disease mortality stratified by cancer site and race.   

Whole sample White Black Native Asian 

1999 2019 % 
change 

1999 2019 % 
change 

1999 2019 % 
change 

1999 2019 % 
change 

1999 2019 % 
change 

Overall 350.8 214.6 − 38.8% 343.3 211.7 − 38.3% 450.0 277.3 − 38.4% 263.7 142.0 − 46.2% 225.0 123.7 − 45.0% 
No Cancer 338.0 208.4 − 38.3% 330.6 205.4 − 37.9% 434.3 270.1 − 37.8% 256.2 138.1 − 46.1% 217.0 120.6 − 44.4% 
Any cancer 12.8 6.2 − 51.6% 12.7 6.3 − 50.4% 15.7 7.2 − 54.1% 7.5 3.9 − 48.0% 8.0 3.1 − 61.3% 
Breast 1.7 0.7 − 58.8% 1.7 0.7 − 58.8% 1.9 1.0 − 47.4% N/A N/A N/A 0.8 0.3 − 62.5% 
Lung 1.7 0.9 − 47.1% 1.8 0.9 − 50% 1.9 1.0 − 47.4% N/A 0.6 N/A 1.0 0.5 − 50.0% 
Colorectal 1.9 0.6 − 68.4% 1.9 0.6 − 68.4% 2.2 0.7 − 68.2% N/A 0.7 N/A 1.0 0.3 − 70.0% 
Haematological 1.7 1.0 − 41.2% 1.7 1.0 − 41.2% 1.6 1.0 − 37.5% N/A 0.6 N/A 0.9 0.6 − 33.3% 
Prostate 2.5 1.0 − 60.0% 2.4 1.0 − 58.3% 4.1 1.7 − 58.5% N/A N/A N/A 1.5 0.4 − 73.3% 

Table 2 footnote*per 100,000 population. 
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3.4. Cardiovascular AAMR by cancer status and Hispanic ethnicity 

Throughout the study period, the “not Hispanic or Latino” ethnic 
group had higher cardiovascular AAMR than the “Hispanic or Latino” 
ethnic group, across both cancer and non-cancer groups (Table 3). There 

was temporal decline in cardiovascular AAMR in both ethnic groups 
regardless of cancer status (Table 3, Figs. 1, Figure 3). There was nar-
rowing of ethnic disparities in cardiovascular AAMR in the cancer and 
non-cancer groups, with greater narrowing in those with cancer. 

The narrowing of ethnic disparities in the cancer groups was mostly 

Fig. 1. Percentage change in cardiovascular AAMR by cancer status and social determinants of health, between 1999 and 2019 
Fig. 1 footnote. AAMR: age adjusted mortality rate. *Inadequate data for American Indian or Alaska Native racial groups. 

Fig. 2. Temporal trends of cardiovascular AAMR in the cancer and non-cancer groups stratified by racial group between 1999 and 2019 
Fig. 2 footnote. AAMR: age adjusted mortality rate. *Inadequate data for American Indian or Alaska Native racial groups. 
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due to decline in cardiovascular AAMR in the “not Hispanic or Latino” 
group. Across all cancer types, there was greater rate of temporal decline 
in cardiovascular AAMR in the “not Hispanic or Latino” group compared 
to “Hispanic or Latino” ethnicities (− 50.0% vs − 48.0%). The greatest 
disparity in degree of cardiovascular AAMR decline was in those with 
breast cancer, with 52.9% reduction in the “not Hispanic or Latino” 
group compared to 28.6% in those of “Hispanic or Latino” ethnicities 
(Table 3, Supplementary Figure 2). There were similarly greater re-
ductions in cardiovascular AAMR in the “not Hispanic or Latino” eth-
nicities in those with a record of colorectal (− 70.0% vs − 55.6%) and 
lung (− 50.0% vs − 42.9%) cancer. 

3.5. Cardiovascular AAMR by cancer status and sex 

Throughout the study period, regardless of cancer status or type, men 
had higher cardiovascular AAMR than women (Table 4). There was a 
declining temporal trend of cardiovascular AAMR for both men and 
women, consistent in those with and without cancer and across all 
cancer types considered (Table 4, Figs. 1, Figure 4, Supplementary 
Figure 3). 

Over the study period, sex disparities in cardiovascular AAMR 
reduced in both the cancer and non-cancer groups (Table 4). The nar-
rowing of sex disparities in the cancer group was almost entirely due to 
greater rate of cardiovascular AAMR reduction in men compared to 
women, which was most marked in the case of lung (− 60.7% vs 
− 45.5%) cancer. 

Table 3 
Age-adjusted cardiovascular disease mortality stratified by cancer site and Hispanic ethnic origin.   

Whole sample Hispanic or Latino Not Hispanic or Latino  

1999 2019 % change 1999 2019 % change 1999 2019 % change 

Overall 350.8 214.6 − 38.8% 269.0 157.2 − 41.6% 353.7 220.5 − 37.7% 
No cancer 338.0 208.4 − 38.3% 261.5 153.3 − 41.4% 340.7 214.1 − 37.2% 
Any cancer 12.8 6.2 − 51.6% 7.5 3.9 − 48.0% 13.0 6.4 − 50.0% 
Breast 1.7 0.7 − 58.8% 0.7 0.5 − 28.6% 1.7 0.8 − 52.9% 
Lung 1.7 0.9 − 47.1% 0.7 0.4 − 42.9% 1.8 0.9 − 50.0% 
Colorectal 1.9 0.6 − 68.4% 0.9 0.4 − 55.6% 2.0 0.6 − 70.0% 
Haematological 1.7 1.0 − 41.2% 1.0 0.6 − 40.0% 1.7 1.0 − 41.2% 
Prostate 2.5 1.0 − 60.0% 1.7 0.7 − 58.8% 2.5 1.1 − 56.0% 

Table 3 footnote*per 100,000 population. 

Fig. 3. Temporal trends of cardiovascular AAMR in the cancer and non-cancer groups stratified by Hispanic or Latino ethnic group between 1999 to 2019 
Fig. 3 footnote. AAMR: age adjusted mortality rate. 

Table 4 
Age-adjusted cardiovascular disease mortality stratified by cancer site and sex.   

Whole sample Men Women 

1999 2019 % change 1999 2019 % change 1999 2019 % change 

Overall 350.8 214.6 − 38.8% 420.5 260.4 − 38.1% 297.9 176.4 − 40.8% 
No cancer 338.0 208.4 − 38.3% 401.0 251.5 − 37.3% 289.0 172.2 − 40.4% 
Any cancer 12.8 6.2 − 51.6% 19.5 8.9 − 54.4% 8.9 4.2 − 52.8% 
Breast 1.7 0.7 − 58.8% <0.1 <0.1 N/A 2.6 1.3 − 50.0% 
Lung 1.7 0.9 − 47.1% 2.8 1.1 − 60.7% 1.1 0.6 − 45.5% 
Colorectal 1.9 0.6 − 68.4% 2.6 0.8 − 69.2% 1.5 0.4 − 73.3% 
Haematological 1.7 1.0 − 41.2% 2.3 1.5 − 34.8% 1.2 0.7 − 41.7% 
Prostate 2.5 1.0 − 60.0% 7.2 2.6 − 63.9% N/A N/A N/A 

Table 4 footnote*per 100,000 population. 
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3.6. Cardiovascular AAMR by cancer status and place of residence 

In 1999, cardiovascular AAMR was higher in rural compared to 
urban (358.8 vs 333.2 per 100,000 population) settings in those without 
record of cancer as a contributing cause of death. In those with a record 
of cancer, there was no urban-rural difference in cardiovascular AAMR 
(12.8 per 100,000 population in both settings) at that time. Between 
1999 and 2019, cardiovascular AAMR declined in both urban and rural 
settings, consistent amongst those with and without cancer (Table 5, 
Figs. 1 and 5). Over the study period, urban-rural disparities widened 
across both cancer and non-cancer groups, with greater increase in those 
with cancer (Table 5). Urban-rural disparities were most marked in 
those with lung and colorectal cancer (Table 5, Supplementary 
Figure 4). 

4. Discussion 

In this large nationally representative sample of 17.9 million primary 
cardiovascular deaths recorded between 1999 and 2019, differential 
mortality distributions by cancer status and social determinants of 
health were identified. Compared to those without a record of cancer, 
the cancer group were older, included more men, White racial groups, 
and individuals who were not of Hispanic or Latino ethnic origin. 
Regardless of cancer status, higher cardiovascular AAMR was observed 
in Black or African American racial groups (vs all other racial groups), 
men (vs women), and in rural (vs urban) settings. 

We observed a declining temporal trend of cardiovascular mortality 
over the period of study across those with and without cancer, all cancer 
types, and all social determinant stratifications considered. Those with 

record of cancer had a greater narrowing in the cardiovascular mortality 
gap amongst the different social determinants of health than those 
without cancer. Among the cancer subcategories, the greatest cardio-
vascular mortality declines were in those with colorectal, prostate, and 
breast cancer; individuals with haematological cancer had the lowest 
decline. 

Disparities by sex, race, and ethnicity narrowed over the study period 
in both the non-cancer and cancer groups, but with greater narrowing in 
the cancer group. On the other hand, there was increase in urban-rural 
disparities, which appeared greater in those with cancer. These findings 
corroborate those of a recent analysis of the Surveillance, Epidemiology, 
and End Results (SEERS) database [22], and provides additional insight 
by including a wider range of potential social determinants of health. 

We observed older ages among cardiovascular deaths in individuals 
with record of cancer compared to those without cancer. This is likely 
foremost due to lower occurrence of cancer in younger people and 
second, because non-cardiac causes of death are more common in 
younger cancer patients. Living with cancer to older ages where car-
diovascular death may occur is, in some ways, a positive prognostic 
indicator with regards cancer survival. That is, it is during cancer sur-
vivorship where CVD may overtake cancer as the cause of death in pa-
tients with past cancer [23]. We found a slightly disproportionately 
higher number of White racial and ethnic individuals in the cancer 
group. This may reflect poorer cancer outcomes in other racial and 
ethnic groups [8], who do not survive long enough to experience car-
diovascular disease as a primary cause of death. This may also be 
augmented by delayed or unrecognised cancer diagnosis in other racial 
and ethnic groups due to poorer access to the health system. In our 
analysis, Black and African American individuals had the highest 

Fig. 4. Temporal trends of cardiovascular AAMR in the cancer and non-cancer groups stratified by sex between 1999 and 2019 
Fig. 4 footnote. AAMR: age adjusted mortality rate. 

Table 5 
Age-adjusted cardiovascular disease mortality stratified by cancer site and urban/rural place of residence.   

Whole sample Urban Rural  

1999 2019 % change 1999 2019 % change 1999 2019 % change 
Overall 350.8 214.6 − 38.8% 346.0 208.8 − 39.7% 371.6 245.8 − 33.9% 
No cancer 338.0 208.4 − 38.3% 333.2 202.8 − 39.1% 358.8 238.6 − 33.5% 
Any cancer 12.8 6.2 − 51.6% 12.8 6.0 − 53.1% 12.8 7.2 − 43.8% 
Breast 1.7 0.7 − 58.8% 1.7 0.7 − 58.8% 1.5 0.8 − 46.7% 
Lung 1.7 0.9 − 47.1% 1.7 0.8 − 52.9% 1.8 1.1 − 38.9% 
Colorectal 1.9 0.6 − 68.4% 1.9 0.5 − 73.7% 1.9 0.7 − 63.2% 
Haematological 1.7 1.0 − 41.2% 1.7 1.0 − 41.2% 1.6 1.1 − 31.3% 
Prostate 2.5 1.0 − 60.0% 2.5 1.0 − 60.0% 2.6 1.1 − 57.7% 

Table 5 footnote*per 100,000 population. 
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cardiovascular AAMR of all racial group considered across both cancer 
and non-cancer groups; this observation is consistent with existing re-
ports of racial disparities in overall cardiovascular mortality in the US 
population [24]. Men had greater cardiovascular AAMR than women, 
regardless of cancer status and consistent across all cancer categories 
(except breast cancer). Adding to the well-established reports on higher 
cardiovascular mortality rate in men within the general population [25], 
our results indicate that these sex-differential pattens extend to in-
dividuals with cancer. 

We observed declining trend of cardiovascular mortality across 
cancer and non-cancer groups. Similar trends have been reported in 
recent analyses of overall cardiovascular mortality in US [24] and Eu-
ropean [25] populations. Our findings add to existing work by demon-
strating declining cardiovascular mortality in those with cancer as a 
contributory cause, which was substantially greater than the decline in 
the non-cancer group. The greater reduction in cardiovascular mortality 
in those with cancer may reflect greater awareness of the cardiovascular 
healthcare needs of this group and the emergence of dedicated services 
to monitor and treat these patients. Furthermore, patients with cancer 
are more likely to have regular contact with healthcare professionals 
with greater opportunity for optimising preventive strategies and early 
disease detection. Whilst there have been advances in general cardio-
vascular care, the introduction of cardio-oncology services represents a 
step change in the quality of care and attention dedicated to patients 
with cancer [26]. 

Over the study period, sex, race, and ethnic disparities in cardio-
vascular mortality narrowed in both those with and without cancer, 
with greater reduction of disparities in the cancer group. This may 
reflect success of cardiovascular care pathways in those who have reg-
ular medical contact as part of a cancer diagnosis. Greater attention to 
risk factor control, early diagnosis, and treatment of cardiovascular 
disease as part of such programmes is likely to importantly alter car-
diovascular mortality risk of patients with cancer, which, at least to 
some extent, counteracts healthcare disparities that would occur 
otherwise. 

An important observation from our study was urban-rural disparities 
in cardiovascular mortality, which were observed across cancer and 
non-cancer groups. Such disparities have been previously described in 
the US population with regards cardiovascular mortality [27] and 
disease-specific cardiovascular outcomes [28]. Our analysis confirms 
these previous observations in an up-to-date analysis. Importantly, we 

present new information in demonstrating that urban-rural disparities in 
cardiovascular mortality are increased in people with cancer. Further-
more, we observed widening of urban-rural disparities, which was also 
more marked in the cancer group. These disparities likely reflect dif-
ferential healthcare access in urban and rural settings. The augmented 
urban-rural disparities in the cancer group highlights the importance of 
access to specialist services for these patients. Currently cardio-oncology 
services are limited to large quaternary centres, to which most patients 
in a rural setting would have limited access. Our results support efforts 
towards more equitable access to cardio-oncology. 

The greatest temporal cardiovascular mortality decline was observed 
among colorectal cancer patients. This may indicate both greater 
improvement in survival from colorectal cancer and better recognition 
and treatment of cardiotoxicity of related therapies (e.g., 5-flurouracil). 
Breast cancer deaths also declined substantially (third greatest decline), 
which may reflect greater awareness of anthracycline induced cardio-
myopathy and the introduction of screening programmes for detection 
of trastuzumab cardiotoxicity [26]. Notably, among those with breast 
cancer, Black and African American individuals had the smallest car-
diovascular AAMR decline of all racial groups considered. This is in 
keeping with poorer cardiovascular outcomes highlighted in Black 
populations [24], which are augmented in Black women [29], and have 
also been reported in small clinical groups in the context of breast cancer 
[15]. Our analysis adds to these observations by demonstrating similar 
trends in a large national sample. Among the racial groups considered 
within the cancer group, the smallest temporal decline in cardiovascular 
AAMR was in American Indian and Native Alaska racial groups; these 
individuals are historically underserved and adverse cardiovascular 
outcomes in this group have been highlighted in recent reports [30]. Our 
results suggest that these disparities extend into cardio-oncology out-
comes, supporting dedicated strategies to reach these communities in 
this context. 

5. Clinical and public health implications 

This analysis demonstrates health disparities at the intersection of 
cancer and cardiology care. Our results support existing international 
calls for addressing health inequalities at a population level [31,32]. 
Whilst the presented analysis focuses on cardiovascular mortality of 
cancer patients, it is clear that our results represent a fraction of the 
picture which has led to this endpoint. In order to make meaningful 

Fig. 5. Temporal trends of cardiovascular AAMR in the cancer and non-cancer groups stratified by urban-rural setting between 1999 and 2019 
Fig. 5 footnote. AAMR: age adjusted mortality rate. 
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change in the state of health of populations, it is important to appreciate 
the lifecourse impact of social determinants of health which culminate 
in adverse health outcomes. As healthcare providers we should actively 
advocate public health policies which address the root causes, “the 
causes of the causes”, of ill health. In this way, we may alleviate the 
population burden of both cancer and cardiovascular disease. At an in-
dividual patient level, we should be mindful of the disparities high-
lighted in our study at all stages of cardio-oncology care and adopt 
strategies to communicate, engage, and treat diverse communities. 

A key finding from our analysis is augmented and widening urban- 
rural disparities in cardiovascular mortality among individuals with 
cancer compared to those without cancer. This likely reflects differential 
access to healthcare services, in particular those with cardio-oncology 
expertise. Other disparities observed in our study may also be 
explained, at least in part, by inequal access to appropriate specialist 
healthcare. These observations may be viewed as a testament to the 
clinical value of cardio-oncology care. Going forward, promoting equi-
table access to cardio-oncology services should be a priority for the 
cardiology community. This will include development of practical and 
cost-effective models to establish and maintain high quality cardio- 
oncology programmes in different settings and with different levels of 
resources. The publication of cardio-oncology clinical practice guide-
lines goes some way in addressing standardisation of care in this setting 
[33]. Other factors such as introduction and/or expansion of 
cardio-oncology fellowship programmes to provide appropriate training 
and innovative approaches to care delivery (e.g., virtual clinics) should 
be explored as strategies to improve access to high quality care [34]. 

6. Conclusions 

In this large nationally representative dataset, we examined cardio-
vascular mortality in people with and without record of cancer and 
described differential patterns by key social determinants of health. 
Integrated whole system approaches should be taken to tackle clinical 
and social inequalities driving differential cardiovascular outcomes of 
cancer patients. There is need for concerted multidisciplinary efforts to 
reach socially disadvantaged groups and to establish high quality cardio- 
oncology care across different settings. 
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Strengths and limitations 

As we used death certification data, there was near complete capture 
of data from US residents over the study period. We cannot comment on 
non-residents (e.g. non-resident aliens and nationals living abroad); 
these individuals may be particularly disadvantaged in terms of life 
circumstances and access to healthcare who were not captured in our 
dataset. The standardised recording of causes of death according to ICD- 
10 codes permitted comparisons across groups and time. Whilst the 
capture of cardiovascular disease as the underlying cause of death is 
likely to be reliable, cancer as a contributory cause may be omitted, 
particularly in those with historic cancers, leading to underestimation of 
cardiovascular deaths related to cancer. We selected cardiovascular 
mortality as representing a hard cardiovascular outcome. A wider look 
at cardiovascular disease burden, access to cardiovascular care, and 
service utilisation may present a more complete picture of health in-
equalities and actionable areas. Furthermore, while we select key de-
terminants of health (sex, race, ethnicity, place of residence), these are 

not exhaustive and many environmental, behavioural, and socio- 
political factors are not included in our analysis. The four racial 
groups in our analysis are created by bridging 31 racial groups extracted 
from census records. Our analysis cannot capture variations within these 
broad racial categories. The study does not assess several important 
social determinants such as income, education, occupation. Finally, we 
present a descriptive epidemiologic study, which serves to identify 
patterns, but cannot definitively explain observed phenomena. 
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