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BACKGROUND With improved cancer survival, death from noncancer etiologies, especially cardiovascular disease

(CVD) mortality, has come more into focus. Little is known about the racial and ethnic disparities in all-cause and CVD

mortality among U.S. cancer patients.

OBJECTIVES This study sought to investigate racial and ethnic disparities in all-cause and CVD mortality among adults

with cancer in the United States.

METHODS Using the Surveillance, Epidemiology, and End Results (SEER) database from years 2000 to 2018, all-cause

and CVD mortality among patients $18 years of age at the time of initial malignancy diagnosis were compared by race

and ethnicity groups. The 10 most prevalent cancers were included. Cox regression models were used to estimate

adjusted HRs for all-cause and CVD mortality using Fine and Gray’s method for competing risks, as applicable.

RESULTS Among a total of 3,674,511 participants included in our study, 1,644,067 (44.7%) died, with 231,386 (6.3%)

deaths as a result of CVD. After adjusting for sociodemographic and clinical characteristics, non-Hispanic (NH) Black

individuals had both higher all-cause (HR: 1.13; 95% CI: 1.13-1.14) and CVD (HR: 1.25; 95% CI: 1.24-1.27) mortality,

whereas Hispanic and NH Asian/Pacific Islander had lower mortality than NH White patients. Racial and ethnic disparities

were more prominent among patients 18 to 54 years of age and those with localized cancer.

CONCLUSIONS Significant racial and ethnic differences exist in both all-cause and CVD mortality among U.S. cancer

patients. Our findings underscore the vital roles of accessible cardiovascular interventions and strategies to identify high-

risk cancer populations who may benefit most from early and long-term survivorship care. (J Am Coll Cardiol CardioOnc

2023;5:55–66) © 2023 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

CVD = cardiovascular disease

SEER = Surveillance,

Epidemiology, and End Results

NH = non-Hispanic
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C ancer is the second most common
cause of death worldwide after car-
diovascular disease (CVD).1 While

short-term survival for cancer has improved
due to advances in screening and treatment,
cardiovascular care has become increasingly
important as more individuals are living
long term with cancer as well as other
comorbidities.
Cancer survivors may be more vulnerable to CVD
either due to common risk factors such as obesity,
smoking, and alcohol use,2 or from early or late car-
diotoxicity of cancer treatment.3 Compared with the
general U.S. population, cancer survivors had 4 times
the risk of dying from CVD within the first year after
cancer diagnosis, and CVD risk remained elevated
throughout survivorship.4

The disparity in CVD mortality may be further
amplified by structural racism, defined as legitimiza-
tion of systems and dynamics that routinely disad-
vantage historically marginalized groups.5 Prior
studies conducted in breast cancer survivors have
consistently reported a disproportionately increased
CVD mortality among racially and ethnically under-
served populations.6-9 Specifically, Berkman et al7

analyzed the National Cancer Institute’s Surveil-
lance, Epidemiology, and End Results (SEER) registry
data from 1990 to 2010 and found that Black women
50 to 59 years of age with in situ breast cancer were at
3.06 times the risk of all-cause mortality and 6.43
times the risk of CVD death compared with their
White counterparts.

Recent calls have been made to intensify research
efforts to identify and overcome determinants of
existing racial and ethnic disparities at the intersec-
tion between cancer and cardiology.10 Although prior
studies focused on specific cancer types and within a
limited scope of population,6,7,9-12 or compared only
between non-Hispanic (NH) White and NH Black in-
dividuals,6,7 there is limited information about the
race and ethnic disparities in all-cause and CVD
mortality among adult cancer patients in the United
States. To this end, the objective of this study was to
determine whether all-cause and CVD mortality differ
among race and ethnicity subgroups of adult cancer
survivors in the United States.

METHODS

STUDY POPULATION. The SEER program is a
network of U.S. population-based incident tumor
registries that collect data on patient demographics,
county-level socioeconomic status, primary tumor
site, stage at diagnosis, initial course of treatment,
follow-up time, and survival. From the SEER data, our
study identified individuals 18 years of age or older
and with 1 of the 10 most prevalent malignant cancers
(breast, prostate, lung and bronchus, colorectal,
melanoma of skin, non-Hodgkin lymphoma, kidney
and renal pelvis, corpus uteri, urinary bladder, lar-
ynx) diagnosed between 2000 and 2018. The SEER
18 registry dataset represents 28% of the U.S. popu-
lation based on yearly census data and captures
approximately 97% of incident cases within the reg-
istry area.13 Participants with stage of in situ, with
unknown race and ethnicity (<1%), or with unknown
survival time (<1%) were excluded.

Data for this study were assembled using SEER*-
Stat software (version 8.3.9.2).14 As determined by
our Institutional Review Board, this study was
exempt from Institutional Review Board review, as
the dataset is publicly available and de-identified.

KEY VARIABLES. The primary exposure was race and
ethnicity group, categorized as the following
5 groups: NH White, NH Black, Hispanic, NH Asian/
Pacific Islander, and NH American Indian/Alaskan
Native. In the SEER registries, race was determined
by a combination of sources, including medical re-
cords, fact sheets, physician and nursing notes, pho-
tographs, and any other sources. Ethnicity was
determined by the North American Association of
Central Cancer Registries Hispanic Identification Al-
gorithm that uses a combination of variables
including surname, birthplace, and county attri-
butes.15 Prior studies have found the accuracy of
SEER data elements to be high, with a reportedly
almost perfect agreement between self-reported race
and ethnicity and registry documentation.16

The outcomes of interest were all-cause and CVD
mortality. Vital status and underlying cause of death
were obtained from the SEER registry that links to
both state vital records and the National Death Index
annually. CVD death was defined by the International
Classification of Diseases–Tenth Revision codes and is
described in Supplemental Table 1.

Covariates were selected a priori based on avail-
ability in the SEER registry dataset and medical rele-
vancy. Specifically, we included sex, age at diagnosis,
marital status, cancer site, extent of cancer at pre-
sentation (ie, stage), year of cancer diagnosis, county-
level median income, urban/rural residence, and the
initial course of treatment in the multivariable
models. Age at diagnosis was categorized into
5 groups (18-39 years, 40-54 years, 55-64 years, 65-74
years, and 75 years and over). Marital status was
defined as married (including common-law marriage
as defined in SEER) or unmarried. County median
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income level was dichotomized into 2 groups
(<$60,000, $$60,000) based on the SEER-linked
county-level data regarding the median household
income in the past 12 months using 2019 inflation-
adjusted dollars.17 Residence was classified as urban
for counties in metropolitan areas or rural for other
counties, defined by the Rural-Urban Continuum Code
developed by the U.S. Department of Agriculture.18

The extent of cancer was categorized as local (no
nodal or metastatic disease), regional (nodal disease),
or distant (anymetastatic disease). The initial course of
treatment was determined based on whether patients
received surgery (yes, no), chemotherapy (yes, no/
unknown), or radiation therapy (yes, no/unknown).
Chemotherapy and radiation therapywere categorized
as “yes—treatment received” or “no/unknown”
according to the SEER registry. The latter classification
combined “no” and “unknown” in the original
dataset and may include a mixture of participants who
did and did not receive the specific treatment modal-
ity. A secondary analysis was conducted among par-
ticipants who had received either treatment.

STATISTICAL ANALYSIS. Categorical data are pre-
sented using counts with percentages and compared
using the chi-square test. Differences in survival rates
across racial and ethnic groups were estimated and
compared using the Kaplan-Meier method and log-
rank test, respectively. Cox proportional hazards
regression models were used to estimate HR and 95%
CIs for the associations of racial and ethnic groups
with all-cause mortality while adjusting for pre-
specified covariates. The proportional hazards
assumption was confirmed by graphical inspection of
the log-log survival curves in the fully adjusted model
(Supplemental Figure 1). For CVD mortality, we used
the Fine and Gray’s19 competing risk method to ac-
count for non-CVD mortality as a competing event,
with the same set of covariates adjusted, including
sex, age at diagnosis, marital status, cancer site,
extent of cancer at presentation, year of cancer
diagnosis, county-level median income, urban/rural
residence, and the initial course of treatment.

To explore the effect of race and ethnicity on
mortality within distinct patient subgroups, subgroup
analyses were carried out by sex (male, female), age
at diagnosis (18-54 years, 55þ years), and extent of
cancer at presentation (localized, regional, distant).
The presence of a subgroup interaction was evaluated
by the significance level of the interaction terms (ie,
race � sex, race � age, race � stage) in the overall
model. Secondary analyses were conducted among
those who survived 5 years and those who received
surgery, radiation, or chemotherapy as treatment.
Effects of race and ethnicity on mortality for patients
diagnosed with specific cancer (breast, prostate, lung
and bronchus, colorectal, melanoma of skin, non-
Hodgkin lymphoma, kidney and renal pelvis, corpus
uteri, urinary bladder, larynx) were also explored.

Analyses were conducted using SAS version 9.4
(SAS Institute Inc) and RStudio version 1.4.1106)
(RStudio Inc). All statistical tests were 2-sided, with
the significance level set at a P value of <0.05.

RESULTS

PARTICIPANT CHARACTERISTICS. A total of 3,674,511
patients were included, and 73.6% were NH White,
11.0% were NH Black, 9.0% were Hispanic, 6.1% were
NH Asian/Pacific Islander, and 0.4% were NH Amer-
ican Indian/Alaska Native. Table 1 shows the distri-
bution of participant characteristics by race and
ethnicity. Overall, race and ethnicity subgroups had
significantly different distributions of sex, age,
marital status, income and rural/urban residence.
Compared with NH White patients, NH Black, His-
panic, NH Asian/Pacific Islander, and NH American
Indian/Alaskan Native patients were more likely to
have regional and distant cancer at diagnosis. While
about 63.1% of all study participants received sur-
gery, it was least frequently reported in NH Black
patients (54.0%). The proportions of radiation re-
cipients were similar between NH White (32.2%),
Hispanic (30.5%), NH Asian/Pacific Islander (33.9%),
and NH American Indian/Alaska Native (32.3%) in-
dividuals, but higher in NH Black individuals (36.0%).
Chemotherapy was least common among NH White
(26.1%) individuals, and most frequently reported in
NH Asian/Pacific Islander (34.0%) individuals. The
time trends in covariates were plotted in
Supplemental Figure 2.

ALL-CAUSE MORTALITY. Among participants included
in our study, a total of 1,644,067 (crude rate: 44.7%)
died. The overall median survival time was 4.8
(range: 0-19; IQR: 1.6-9.8) years, with NH White in-
dividuals surviving the longest (4.9 years), followed
by NH Asian/Pacific Islander individuals (4.6 years),
Hispanic individuals (4.5 years), and NH Black and
NH American Indian/Alaska Native individuals hav-
ing the lowest (both 4.2 years) (Table 2). Risk of death
from any cause was significantly different among race
and ethnicity subgroups (P < 0.001) (Figure 1).

After adjusting for demographic and clinical char-
acteristics, all-cause mortality was significantly
different among race and ethnicity subgroups.
Compared with NH White individuals, NH Black and
NH American Indian/Alaska Native individuals had a
15.0% and 10.0% increased risk of all-cause death,
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TABLE 1 Participant Characteristics by Race and Ethnicity From the 2000 to 2018 SEER 18 Registries Database

NH White
(n ¼ 2,702,870)

NH Black
(n ¼ 403,355)

Hispanic
(n ¼ 329,600)

NH Asian/
Pacific Islander
(n ¼ 224,358)

NH American Indian/
Alaska Native
(n ¼ 14,328)

Overall
(N ¼ 3,674,511) P Value

Sex <0.001

Female 1,326,282 (49.1) 181,960 (45.1) 173,242 (52.6) 125,769 (56.1) 7,708 (53.8) 1,814,961 (49.4)

Male 1,376,588 (50.9) 221,395 (54.9) 156,358 (47.4) 98,589 (43.9) 6,620 (46.2) 1,859,550 (50.6)

Age <0.001

18-39 y 81,700 (3.0) 14,664 (3.6) 21,659 (6.6) 10,443 (4.7) 761 (5.3) 129,227 (3.5)

40-54 y 460,934 (17.1) 90,307 (22.4) 81,890 (24.8) 50,432 (22.5) 3,335 (23.3) 686,898 (18.7)

55-64 y 708,995 (26.2) 126,410 (31.3) 86,010 (26.1) 56,244 (25.1) 4,098 (28.6) 981,757 (26.7)

65-74 y 782,970 (29.0) 108,606 (26.9) 83,294 (25.3) 59,140 (26.4) 3,836 (26.8) 1,037,846 (28.2)

$75 y 668,271 (24.7) 63,368 (15.7) 56,747 (17.2) 48,099 (21.4) 2,298 (16.0) 838,783 (22.8)

Marital status <0.001

Married 1,582,170 (58.5) 164,588 (40.8) 185,889 (56.4) 149,135 (66.5) 6,825 (47.6) 2,088,607 (56.8)

Unmarried 913,765 (33.8) 209,126 (51.8) 120,142 (36.5) 63,414 (28.3) 6,221 (43.4) 1,312,668 (35.7)

Unknown 206,935 (7.7) 29,641 (7.3) 23,569 (7.2) 11,809 (5.3) 1,282 (8.9) 273,236 (7.4)

Cancer Stage <0.001

Localized 1,586,373 (58.7) 221,136 (54.8) 184,188 (55.9) 120,555 (53.7) 7,727 (53.9) 2,119,979 (57.7)

Regional 58,5411 (21.7) 92,629 (23.0) 82,367 (25.0) 55,849 (24.9) 3,469 (24.2) 819,725 (22.3)

Distant 531,086 (19.6) 89,590 (22.2) 63,045 (19.1) 47,954 (21.4) 3,132 (21.9) 734,807 (20.0)

Cancer site <0.001

Breast 615,453 (22.8) 92,768 (23.0) 91,528 (27.8) 69,072 (30.8) 3,554 (24.8) 872,375 (23.7)

Colorectal 235,166 (8.7) 39,693 (9.8) 36,348 (11.0) 30,236 (13.5) 1,648 (11.5) 343,091 (9.3)

Corpus uteri 123,831 (4.6) 16,586 (4.1) 20,039 (6.1) 13,828 (6.2) 958 (6.7) 175,242 (4.8)

Kidney and renal pelvis 121,038 (4.5) 19,378 (4.8) 24,315 (7.4) 9,146 (4.1) 1,299 (9.1) 175,176 (4.8)

Larynx 29,329 (1.1) 6,326 (1.6) 3,265 (1.0) 1,308 (0.6) 158 (1.1) 40,386 (1.1)

Lung and bronchus 500,141 (18.5) 74,163 (18.4) 36,693 (11.1) 39,558 (17.6) 2,335 (16.3) 652,890 (17.8)

Melanoma of the skin 229,274 (8.5) 1,108 (0.3) 8,071 (2.4) 1,590 (0.7) 514 (3.6) 240,557 (6.5)

Non-Hodgkin lymphoma 159,793 (5.9) 17,704 (4.4) 26,572 (8.1) 14,706 (6.6) 864 (6.0) 219,639 (6.0)

Prostate 601,607 (22.3) 128,454 (31.8) 75,837 (23.0) 40,306 (18.0) 2,666 (18.6) 848,870 (23.1)

Urinary bladder 87,238 (3.2) 7,175 (1.8) 6,932 (2.1) 4,608 (2.1) 332 (2.3) 106,285 (2.9)

Surgery <0.001

Yes 1,727,678 (63.9) 217,968 (54.0) 216,920 (65.8) 146,951 (65.5) 9,113 (63.6) 2,318,630 (63.1)

No 975,192 (36.1) 185,387 (46.0) 112,680 (34.2) 77,407 (34.5) 5,215 (36.4) 1,355,881 (36.9)

Radiation <0.001

Yes 871,158 (32.2) 145,279 (36.0) 100,444 (30.5) 76,049 (33.9) 4,628 (32.3) 1,197,558 (32.6)

No/unknown 1,831,712 (67.8) 258,076 (64.0) 229,156 (69.5) 148,309 (66.1) 9,700 (67.7) 2,476,953 (67.4)

Chemotherapy <0.001

Yes 704,469 (26.1) 116,886 (29.0) 103,070 (31.3) 76,358 (34.0) 4,570 (31.9) 1,005,353 (27.4)

No/unknown 1,998,401 (73.9) 286,469 (71.0) 226,530 (68.7) 148,000 (66.0) 9,758 (68.1) 2,669,158 (72.6)

Median income <0.001

<$60,000 818,558 (30.3) 170,058 (42.2) 68,620 (20.8) 13,380 (6.0) 6,792 (47.4) 1,077,408 (29.3)

$$60,000 1,884,312 (69.7) 233,297 (57.8) 260,980 (79.2) 210,978 (94.0) 7,536 (52.6) 2,597,103 (70.7)

Living in a metropolitan area <0.001

Yes 2,318,789 (85.8) 367,609 (91.1) 316,135 (95.9) 216,232 (96.4) 10,761 (75.1) 3,229,526 (87.9)

No 384,081 (14.2) 35,746 (8.9) 13,465 (4.1) 8,126 (3.6) 3,567 (24.9) 444,985 (12.1)

Values are n (%).

NH ¼ non-Hispanic; SEER ¼ Surveillance, Epidemiology, and End Results.
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respectively (for NH Black, HR: 1.15; 95% CI: 1.14-1.15;
NH American Indian/Alaska Native, HR: 1.10; 95% CI:
1.08-1.13). Conversely, Hispanic (HR: 0.98; 95% CI:
0.97-0.99) and NH Asian/Pacific Islander (HR 0.85;
95% CI: 0.84-0.85) patients had lower all-cause mor-
tality (Table 3).
The association between race and ethnicity group
and all-cause mortality differed between those 18 to
54 years of age and those 55 years of age and older
(Pinteraction < 0.001). Substantial racial and ethnic
disparities in all-cause mortality were observed
among patients 18 to 54 years of age, in which



TABLE 2 Cumulative Incidence of Death by Race and Ethnicity From the 2000 to 2018 SEER 18 Registries Database

Populationa

Cumulative Incidence of Death (95% CI)b

2 Years (%) 5 Years (%) 10 Years (%) 18 Years (%)

All-cause mortality

NH White 1,235,934 (45.7) 23.9 (23.9-24.0) 34.8 (34.7-34.9) 47.8 (47.7-47.9) 65.6 (65.5-65.7)

NH Black 195,586 (48.5) 27.1 (27-27.3) 39.2 (39.1-39.4) 52.3 (52.1-52.5) 69.5 (60.2-69.9)

Hispanic 120,757 (36.6) 19.6 (19.5-19.8) 29.9 (29.7-30.1) 42 (41.8-42.2) 59.6 (59.2-60.0)

NH Asian/Pacific Islander 85,264 (38.0) 21.1 (21-21.3) 31.5 (31.3-31.7) 42.4 (42.1-42.6) 58.5 (58.1-59.0)

NH American Indian/Alaska Native 6,526 (45.5) 25.2 (24.5-26) 37.1 (36.2-37.9) 50.2 (49.2-51.1) 68.8 (66.9-70.6)

CVD mortality

NH White 180,069 (6.7) 1.9 (1.9-1.9) 3.8 (3.8-3.9) 7.4 (7.4-7.4) 14.2 (14.1-14.3)

NH Black 27,090 (6.7) 2.2 (2.2-2.3) 4.3 (4.2-4.3) 7.9 (7.8-8) 14.6 (14.3-14.8)

Hispanic 13,822 (4.2) 1.2 (1.2-1.3) 2.6 (2.5-2.6) 5.2 (5.1-5.3) 10.9 (10.6-11.2)

NH Asian/Pacific Islander 9,711 (4.3) 1.4 (1.3-1.4) 2.6 (2.6-2.7) 5.1 (4.9-5.2) 10.5 (10.2-10.8)

NH American Indian/Alaska Native 694 (4.8) 1.5 (1.3-1.7) 3.1 (2.8-3.4) 5.9 (5.4-6.4) 12.5 (10.9-14.2)

Cancer mortality

NH White 746,315 (27.6) 19.5 (19.5-19.6) 25.7 (25.6-25.7) 30.3 (30.2-30.3) 34.6 (34.5-34.7)

NH Black 125,845 (31.2) 22.1 (22.0-22.3) 29.7 (29.5-29.8) 34.9 (34.7-35.1) 40.0 (39.7-40.2)

Hispanic 77,802 (23.6) 16.0 (15.9-16.2) 22.6 (22.5-22.8) 27.9 (27.7-28.0) 32.8 (32.5-33.1)

NH Asian/Pacific Islander 57,260 (25.5) 17.6 (17.4-17.7) 24.6 (24.4-24.8) 29.3 (29.1-29.5) 33.4 (33.1-33.7)

NH American Indian/Alaska Native 4,288 (29.9) 21.0 (20.3-21.7) 28.6 (27.8-29.4) 33.9 (33.0-34.8) 39.5 (38.0-41.0)

Values are n (%), unless otherwise indicated. aCrude number and rate estimates of mortality from the 2000-2018 SEER data. bAll-cause mortality estimated by Kaplan-Meier
methods; CVD and cancer mortality estimated by Fine and Gray’s competing risk method.

CVD ¼ cardiovascular disease; other abbreviations as in Table 1.

FIGURE 1 All-Cause Mortality by Race and Ethnicity

Survival rates estimated and compared using the Kaplan-Meier method and log-rank test across racial and ethnical groups including

non-Hispanic (NH) White (purple solid line), NH Black (orange solid line), Hispanic (red solid line), NH American Indian/Alaska Native (green

dashed line), and NH Asian/Pacific Islander (blue dashed line). NH Black individuals had the highest all-cause mortality among all racial and

ethnic groups.
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TABLE 3 Effect of Race on All-Cause/CVD Mortality, Overall and by Cancer

Stage, Age, and Sex

All-Cause Mortality
Adjusted HR
(95% CI)a

CVD Mortality
Subdistribution HR

(95% CI)b

Overall

NH White ref ref

NH Black 1.15 (1.14-1.15)c 1.25 (1.23-1.27)c

Hispanic 0.98 (0.97-0.99)c 0.81 (0.79-0.82)c

NH Asian/Pacific Islander 0.85 (0.84-0.85)c 0.78 (0.77-0.80)c

NH American Indian/Alaska Native 1.10 (1.08-1.13)c 0.95 (0.89-1.03)

By aged

18-54 y

NH White ref ref

NH Black 1.33 (1.31-1.36)c 1.76 (1.67-1.85)c

Hispanic 1.11 (1.09-1.13)c 0.79 (0.73-0.85)c

NH Asian/Pacific Islander 0.91 (0.89-0.94)c 0.85 (0.77-0.94)e

NH American Indian/Alaska Native 1.25 (1.15-1.35)c 1.23 (0.96-1.57)

55 y and older

NH White ref Ref

NH Black 1.12 (1.11-1.13)c 1.01 (0.99-1.02)

Hispanic 0.97 (0.95-0.98)f 0.75 (0.74-0.77)c

NH Asian/Pacific Islander 0.83 (0.82-0.85)c 0.78 (0.76-0.8)c

NH American Indian/Alaska Native 1.08 (1.03-1.13)f 0.80 (0.74-0.87)c

By sexg

Male

NH White Ref ref

NH Black 1.11 (1.1-1.12)c 1.25 (1.23-1.28)c

Hispanic 0.98 (0.97-0.99)c 0.80 (0.78-0.82)c

NH Asian/Pacific Islander 0.87 (0.87-0.88)c 0.81 (0.79-0.83)c

NH American Indian/Alaska Native 1.10 (1.07-1.14)c 0.98 (0.89-1.08)

Female

NH White ref ref

NH Black 1.19 (1.18-1.19)c 1.24 (1.21-1.27)c

Hispanic 0.98 (0.97-0.99)c 0.83 (0.81-0.85)c

NH Asian/Pacific Islander 0.82 (0.81-0.83)c 0.76 (0.74-0.79)c

NH American Indian/Alaska Native 1.11 (1.07-1.15)c 0.93 (0.83-1.05)

Continued on the next page

Zhu et al J A C C : C A R D I O O N C O L O G Y , V O L . 5 , N O . 1 , 2 0 2 3

Race and Ethnic Disparity in All-Cause and CVD Mortality F E B R U A R Y 2 0 2 3 : 5 5 – 6 6

60
NH Black and NH American Indian/Alaska Native in-
dividuals had a 33.0% and 25.0% increased risk
compared with NH White individuals. Within this age
group, Hispanic patients also had increased risk of all-
cause mortality compared with NH White individuals.
Subgroup analyses evaluating sex suggested similar
results as overall models (Table 3).

When evaluated by cancer stage, NH Black and NH
American Indian/Alaska Native individuals who were
diagnosed with localized cancer had a 24.0% and
21.0% increased risk of all-cause mortality compared
with NH White individuals. Among regional cancer
patients, NH Black and NH American Indian/Alaska
Native individuals had a 18.0% and 12.0% increased
risk, respectively, while among individuals who were
diagnosed with distant cancer, NH Black and NH
American Indian/Alaska Native individuals only had a
2.0% and 1.0% increased risk, respectively
(Supplemental Table 3).

CVD MORTALITY. Among participants in our study,
231,386 (crude rate 6.3%) died as a result of CVD,
constituting 14.1% of the total mortality. Description
of specific CVD cause of death can be found in
Supplemental Table 1. Crude CVD mortality was
highest among NH White and Black individuals, fol-
lowed by NH American Indian/Alaska Native, NH
Asian/Pacific Islander, and Hispanic individuals
(Table 2). The cumulative incidence of CVD mortality
according to race and ethnicity group is shown in
Table 2. Figure 2 further demonstrates the racial and
ethnic disparities overall and by prognostic sub-
groups (ie, stage, age, and sex).

Racial and ethnic disparities in CVD mortality
remained after adjustment for demographic and
clinical characteristics. NH Black individuals had a
25.0% increased cumulative risk of CVD death (HR:
1.25; 95% CI: 1.23-1.27) compared with NH White in-
dividuals, while Hispanic (HR: 0.81; 95% CI: 0.79-
0.82), NH Asian/Pacific Islanders (HR: 0.78; 95% CI:
0.78-0.80) and NH American Indian/Alaska Native
(HR: 0.95; 95% CI: 0.89-1.03) individuals had a lower
risk (Table 3).

The interaction between each race and ethnicity
group and age group was significant (all Pinteraction

< 0.001).When analyzed by age groups, among pa-
tients 18 to 54 years of age, NH Black individuals had
a 76.0% increase in cumulative risk of CVD mortality
compared (HR: 1.76; 95% CI: 1.67-1.85) with NH White
individuals; Hispanic and NH Asian/Pacific Islander
individuals had lower risk (HR: 0.79; 95% CI: 0.73-
0.85, and HR: 0.85; 95% CI: 0.77-0.95, respectively).
Among patients 55 years of age and older, the risk of
CVD mortality was lower among Hispanic, NH Asian/
Pacific Islander, and NH American Indian/Alaska
Native patients compared with NH White patients,
but not significantly different in NH Black patients.
Sex and disease stage subgroup analyses yielded
similar results as overall models (Table 3). We found
similar results in the secondary analysis restricting
participants to those who survived 5 years post-
diagnosis (Supplemental Table 2, Supplemental
Figures 3 and 4).

When analyzed by disease site, the disparity pat-
terns were mostly consistent with the findings in the
overall cancer population. NH Black individuals
experienced the worst CVD mortality in kidney and

https://doi.org/10.1016/j.jaccao.2022.10.013
https://doi.org/10.1016/j.jaccao.2022.10.013
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TABLE 3 Continued

All-Cause Mortality
Adjusted HR
(95% CI)a

CVD Mortality
Subdistribution HR

(95% CI)b

By stageh

Localized

NH White ref ref

NH Black 1.24 (1.23-1.25)c 1.25 (1.23-1.27)c

Hispanic 0.95 (0.94-0.96)c 0.81 (0.79-0.82)c

NH Asian/Pacific Islander 0.82 (0.81-0.83)c 0.76 (0.74-0.78)c

NH American Indian/Alaska Native 1.21 (1.16-1.26)c 0.99 (0.90-1.08)

Regional

NH White ref ref

NH Black 1.18 (1.17-1.19)c 1.21 (1.18-1.25)c

Hispanic 1.00 (0.99-1.01) 0.78 (0.75-0.81)c

NH Asian/Pacific Islander 0.88 (0.87-0.89)c 0.77 (0.74-0.80)c

NH American Indian/Alaska Native 1.12 (1.06-1.17)c 0.87 (0.73-1.03)

Distant

NH White ref ref

NH Black 1.02 (1.02-1.03)c 1.27 (1.22-1.31)c

Hispanic 0.96 (0.95-0.97)c 0.84 (0.80-0.88)c

NH Asian/Pacific Islander 0.85 (0.84-0.86)c 0.93 (0.88-0.98)e

NH American Indian/Alaska Native 1.01 (0.97-1.05) 0.94 (0.77-1.15)

aCox regression model adjusting for demographics (sex, age at diagnosis, marital status, year of
diagnosis, median household income, rural/urban residence), cancer stage, cancer site, and initial
treatment (surgery, radiation, chemotherapy). bFine and Gray’s competing risk method
(subdistribution hazard function) adjusting for same covariates. cP < 0.001. dInteractions
between age and race and ethnicity groups were all significant (P < 0.001). eP < 0.01. fP < 0.05.
gInteractions between sex and race and ethnicity groups were all significant (P < 0.001) except
for sex � NH American Indian/Alaska Native. hInteractions between stage and race and ethnicity
groups were all significant (P < 0.001) except for stage � NH American Indian/Alaska Native.

Abbreviations as in Tables 1 and 2.
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renal pelvis cancers, and non-Hodgkin’s lymphoma.
Interestingly, however, for NH Black individuals with
lung and bronchus cancers, although CVD mortality
was almost 25.0% worse than NH White individuals
(subdistribution HR: 1.23; 95% CI: 1.19-1.28), all-cause
mortality was lower than NH White individuals (HR:
0.95; 95% CI: 0.94-0.96). Among several cancer sites
(breast, corpus uteri, melanoma, non-Hodgkin’s
lymphoma), Hispanic individuals experienced worse
all-cause mortality but better CVD mortality as
compared with NH White individuals (Supplemental
Table 3).

In the secondary analysis for the treatment-only
subpopulations, disparity patterns remained the
same; however, the NH American Indian/Alaska
Native group may have been underpowered to detect
differences due to sample size (Supplemental
Table 4).

DISCUSSION

Our study showed that NH Black individuals had
higher risk of all-cause and CVD mortality, while in-
dividuals who were Hispanic or NH Asian/Pacific
Islander had lower risk, compared with their NH
White counterparts. Racial and ethnic differences
were greater among younger patients and those with
localized cancer. Our findings underscore the vital
role of accessible cardio-oncologic interventions at
the early stage and highlight the need to identify
high-risk populations who may benefit most from
long-term survivorship care (Central Illustration).

Individuals with cancer are at an increased risk of
dying from CVD. A study of SEER registry data (1973-
2012) found that 11.3% of cancer patients died from
CVD throughout the 40-year time frame.4 Our ana-
lyses using more contemporary data suggested an
overall CVD mortality of 6.3% during the 20-year
follow-up. The discrepancy might be explained by
differences in follow-up time and cancer types
examined. Our findings extend the literature by
providing the first comprehensive evidence of racial
and ethnic disparities in all-cause and CVD mortality
across cancer stages and sites using data from one
of the largest population-based national cancer
registries.

The racial and ethnic disparity pattern in all-cause
and CVD-specific mortality observed in our study is
generally consistent with prior studies focusing on
specific cancer types or patient subgroups.6,9,12 The
magnified racial and ethnic disparities in CVD mor-
tality may be explained from several aspects. First, it
is widely acknowledged that NH Black individuals
have higher prevalence of CVD and worse
outcomes.20 CVD and cancer have an extensive
overlap in risk factors, including diabetes, obesity,
tobacco use, and inactivity.2,21,22 These factors play
an important role in the tolerance of oncologic ther-
apies and posttreatment outcomes.10 Beyond a dif-
ferential prevalence of underlying CVD and shared
risk factors, recent studies also suggest physiological
stress responses as a mechanism through which social
and biological factors contribute to racial disparities
in breast cancer.9,23 While our study showed racial
and ethnic disparity to be independent of socioeco-
nomic factors (ie, marital status, income, and urban/
rural residency) as well as their time trends, other
social determinants of health such as employment
status, social support, and living environment may
also contribute to the observed disparity and warrant
further research.

What’s more, our study showed that Hispanic in-
dividuals have a better survival than NH White cancer
patients despite their high prevalence of psychosocial

https://doi.org/10.1016/j.jaccao.2022.10.013
https://doi.org/10.1016/j.jaccao.2022.10.013
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FIGURE 2 Cumulative Incidence Curves for CVD Mortality

Cumulative incidence curves for overall cardiovascular disease (CVD) mortality and CVD mortality by disease stage, age group, and sex among different racial and

ethnical groups including non-Hispanic (NH) White (purple solid line), NH Black (yellow solid line), Hispanic (red solid line), NH American Indian/Alaska Native (green

dashed line), and NH Asian/Pacific Islander (blue dashed line). NH Black individuals had highest CVD mortality among all racial and ethnic groups.

P values from the nonparametric Fine and Gray test.
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disadvantages and CVD risk factors, which echoes the
Hispanic paradox phenomenon24 in CVD outcomes
research. The Hispanic paradox had been explained
by a combination of factors such as healthy immi-
grant effect, potential migration bias (ie, patients
return and die in their country of birth when seri-
ously ill), and data linkage problems (death may not
be confirmed for individuals without a social secu-
rity number and therefore missed). Another main
hypothesis for the paradox proposes that intact
family structures, strong community network sup-
port, and kinship structures that span households
convey significant benefits to individual health.25,26

In our study, considering age groups, younger His-
panic cancer patients were found to have worse all-
cause mortality than NH White patients; however,
better CVD outcomes remained in this subgroup.
This observation may suggest that factors other
than socioeconomic and community-related
explanations, such as biological or genetic cardio-
vascular protective factors, may play important
roles in CVD mortality among Hispanic in-
dividuals.27 On the other hand, while this paradox
remains to be elucidated, the community theory
may shed light on actionable approaches to mitigate
racial disparities. For example, community-based
interventions that were delivered via barber
shops28 or churches29 have demonstrated effective-
ness in the management of hypertension in African
Americans. While evidence also suggested hetero-
geneity in CVD outcomes within Hispanic subgroups
based on culture of origin,30 investigation of these
differences is beyond the scope of current study
and warrants future research efforts.

Our study also showed that the CVD mortality
attributable to race and ethnicity was more promi-
nent among localized cancer patients than those
with regional or distant cancer. Recent studies have
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suggested that racial and ethnic disparities in CVD
burden may have been present at the time of cancer
diagnosis and become more prominent after cancer
treatment.22,31 By examining the impact of race and
ethnicity on cancer survival, overall and by each
disease stage, our findings indicate that under-
served racial and ethnical groups with a localized
cancer diagnosis may benefit the most from early
cardio-oncology intervention, given their higher risk
of CVD mortality and higher propensity of long-
term survival. While the field has made strides
through guidelines and research that promote
cardioprotective therapies and surveillance
modalities,10 challenges still lie in an equal access
to those medical advancements. For example,
recent guidelines have suggested transthoracic
echocardiography assessment of adult cancer pa-
tients receiving anthracyclines and/or trastuzumab.
However, under-represented racial and ethnic
groups have historically had lower access to diag-
nostic imaging including echo.32 Another example
would be the emerging emphasis on cardio-
oncology rehabilitation,33,34 yet Black, Hispanic, and
Asian patients were much less likely to receive cardiac
rehabilitation referral at discharge than White pa-
tients.35 Keeping up with subspecialty cardio-
oncology related literature and care is challenging for
primary care physicians and oncologists given their
already numerous clinical care responsibilities for
these patients. Thus, early introduction to cardio-
oncology service as a multidisciplinary approach is
crucial to narrow the gap in care disparities for certain
individuals with early stage or newly diagnosed
cancer.

Accessible, high-quality cardio-oncology care is the
key to equitable CVD outcomes among cancer pa-
tients and survivors. Despite having more health care
needs, cancer survivors of underserved racial and
ethnic groups often face significant barriers to high-
quality care that have been further amplified during
the ongoing COVID-19 pandemic.36-39 They may
shoulder a disproportionate burden of financial strain
from cancer treatment and often delay or forgo
much-needed cancer and cardiology care due to
transportation barriers.40 While the pandemic has
catalyzed mobile health technology and accelerated
telehealth adoption, cardio-oncology interventions
that incorporate technology innovations may provide
a solution to the current cancer outcome disparities in
underserved racial and ethnic communities. Mobile
health applications or wearable devices that provide
noninvasive, self-detection of CVD conditions show
promise in the long-term management of general
cardiac patients41,42 and therefore warrant more
support to their applications in underserved pop-
ulations that bear higher risk of CVD mortality.

STUDY LIMITATIONS. First, due to the nature of
registry-based design, there may exist misclassifi-
cation bias introduced by SEER’s use of death cer-
tificates instead of autopsy or electronic chart
information to determine the cause of death. Sec-
ond, some potential confounding factors, such as
comorbidities, CVD risk factors, and health care
access variables were not considered due to their
unavailability in the SEER dataset. Third, socioeco-
nomic status such as household income was
attained on the county level, thus not accounting
for individual variations. Fourth, treatment codes
may be incomplete or inaccurate due to the limita-
tions of cancer registry data. Last, our study did not
consider the diversity within racial and ethnic
groups, such as different Hispanic or Asian heritage.
Future research is encouraged to better assess
different subethnicities to provide more gran-
ular insights.

CONCLUSIONS

In summary, using a large population-based cancer
registry, our study found significant race and ethnic
differences in both all-cause and CVD-specific mor-
tality among U.S. adult cancer patients, especially
among younger patients and those with localized
cancer. Our findings underscore the vital role of
accessible cardiovascular interventions and highlight
the need to identify high-risk cancer populations who
may benefit most from early and long-term survi-
vorship care.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: NH Black

individuals had the highest all-cause and CVD mortality

among U.S. adult cancer patients. Racial and ethnic dis-

parities were more pronounced among cancer

patients <55 years of age and localized cancers, empha-

sizing the importance of cardiovascular prevention among

younger and early-stage cancer patients.

TRANSLATIONAL OUTLOOK: Our findings underscore

the vital role of accessible cardiovascular interventions in

cancer patients, highlight the need to mitigate racial and

ethnic disparities in cardio-oncology, and highlight the

importance of identifying high-risk cancer populations

who may benefit most from long-term survivorship care.
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