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ORIGINAL RESEARCH

Specific Cardiovascular Mortality in Cancer 
Survivors: A Nationwide Population- Based 
Cohort Study in Japan
Yasufumi Gon , MD, PhD; Ling Zha , MPH; Tomohiro Kawano , MD, PhD; Haruka Kudo , PhD;  
Toshitaka Morishima , MD, PhD; Tsutomu Sasaki , MD, PhD; Isao Miyashiro , MD, PhD;  
Hideki Mochizuki , MD, PhD; Tomotaka Sobue , MD, MPH

BACKGROUND: Improvements in cancer survivorship have led to concern about cardiovascular disease (CVD) among cancer 
survivors. This study aimed to investigate CVD mortality in patients with cancer compared with the general population, with 
a focus on specific CVDs including ischemic heart disease, heart failure, aortic dissection, ischemic stroke, and hemorrhagic 
stroke.

METHODS: This nationwide population- based cohort study used data from the National Cancer Registry in Japan. Patients 
diagnosed with cancer between January 2016 and December 2019 were included. Standardized mortality ratios (SMRs) and 
their 95% CIs were calculated to compare the risk of CVD mortality between patients with cancer and the general population. 
The SMRs were also computed for each specific CVD.

RESULTS: The study included 3 972 603 patients, representing 6 212 672 person- years of follow- up. Patients with cancer had 
a 2.39- fold higher risk of cardiovascular death compared with the general population. The SMR was highest for nonlymphoid 
hematologic malignancies (4.32 [95% CI, 4.15–4.50]). The mortality risk varied across specific types of CVD. Nonlymphoid 
hematologic malignancies had the highest SMRs for ischemic heart disease (3.15 [95% CI, 2.87–3.45]) and heart failure (7.65 
[95% CI, 7.07–8.27]). The SMR for aortic dissection, ischemic stroke, and hemorrhagic stroke were highest for laryngeal (3.31 
[95% CI, 2.29–4.79]), pancreatic (5.39 [95% CI, 4.79–6.05]), and liver (3.75 [95% CI, 3.36–4.18]) cancers, respectively.

CONCLUSIONS: Patients with cancer had a higher CVD mortality risk, which was prominent in nonlymphoid hematologic 
malignancies. The mortality risk varied considerably by cancer type and specific CVD type.

Key Words: cancer survivors ■ cardiovascular mortality ■ cohort study

Advancements in cancer care and treatment have 
led to significant improvements in cancer survi-
vorship.1 With this increased survival, cardiovas-

cular disease (CVD) has emerged as a major concern 
for cancer survivors.2,3 Compared with those without 
cancer, patients with cancer have a higher risk of de-
veloping CVD, which is associated with an increased 
risk of mortality.4,5 Multiple factors, including patient- 
related, cancer- related, and cancer treatment–related 

factors, contribute to the increased risk of CVD in pa-
tients with cancer.6,7 Shared risk factors between can-
cer and CVD, such as smoking and obesity, elevate the 
cardiovascular risk for patients with cancer.6,7 Cancer- 
associated coagulopathy increases the incidence of 
thromboembolic events, such as ischemic stroke and 
myocardial infarction.8 Radiotherapy and certain che-
motherapeutic agents also raise the long- term risk 
of cardiovascular complications in this population.9,10 
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Consequently, addressing CVD has become an es-
sential component of comprehensive care for cancer 
survivors.2

Recent studies have identified CVD as the lead-
ing cause of noncancer mortality among can-
cer survivors.11–13 Research using the Surveillance, 
Epidemiology, and End Results (SEER) database 
found that patients with cancer are approximately 
twice as likely to die from heart and cerebrovascular 
diseases as the general population.14–16 Similar find-
ings have been reported from studies analyzing data 
from the Osaka Cancer Registry.17,18 Although stud-
ies have investigated the risk of mortality from heart 
and cerebrovascular disease in patients with cancer, 
few have focused on specific CVDs, such as ischemic 
heart disease and ischemic stroke.16–18 We previously 
reported on the mortality risks associated with spe-
cific CVDs, such as heart failure (HF) and ischemic 
stroke.17,18 A limitation of our previous study was the 
use of cancer registries from specific regions in Japan, 
as the National Cancer Registry (NCR) was not avail-
able for research purposes at the time the study was 
conducted. Understanding the cardiovascular mortal-
ity risks associated with cancer for specific conditions 
in an aging population such as Japan’s could offer 

valuable insights for global cancer care strategies, es-
pecially in regions with aging demographics.

This study aimed to investigate the risk of cardiovas-
cular mortality among patients with cancer in Japan, 
using NCR data. In addition to evaluating the overall 
CVD risk, specific CVDs, including ischemic heart 
disease, HF, aortic dissection or aneurysm, ischemic 
stroke, and hemorrhagic stroke, were analyzed.

METHODS
Ethics Approval and Consent to 
Participate
The study was approved by the institutional review 
board of Osaka University Hospital (approval number: 
21438- 2), and the requirement for obtaining informed 
consent was waived due to the use of anonymized data.

Data Availability
As the dataset analyzed in this study was provided  
in accordance with the Cancer Registration Promotion 
Act and used with the permission of the NCR 
Information Provision and Review Committee of the 
National Cancer Center in Japan, it is not available for 
public sharing. However, data can be accessed by 
submitting an application to the NCR Information Desk 
(https:// ganjo ho. jp/ med_ pro/ cancer_ contr ol/ can_ reg/ 
natio nal/ datau se/ index. html), following the specified 
study protocol. The data presented in the article origi-
nated from and were processed independently of the 
provided data set.

Study Design and Participants
This is a nationwide population- based cohort study using 
NCR in Japan. Details of the study design have been 
described elsewhere.19 Briefly, the NCR was launched 
in 2016 based on the Act on the Promotion of Cancer 
Registries and covers the entire population of Japan.20 
The NCR registers all cancer diagnoses and regularly 
updates survival, including the cause of death. The data 
from patients diagnosed with cancer between January 
1, 2016, and December 31, 2019, were accessed after 
permission from the NCR Information Provision and 
Review Committee of the National Cancer Center. The 
exclusion criteria were as follows: (1) uncertain sex, (2) 
uncertain age at the time of cancer diagnosis, (3) death 
certificate notification or death certification only, (4) reg-
istration for second and subsequent cancers, (5) age at 
cancer diagnosis <20 years, and (6) male breast cancer. 
Figure S1 shows a chart of eligible patients.

Variable Definition
The age at diagnosis was grouped into 4 categories: 
20 to 39, 40 to 59, 60 to 79, and ≥80 years. The year 

CLINICAL PERSPECTIVE

What Is New?
• The risk of death from cardiovascular diseases 

was highest in patients with nonlymphoid he-
matologic malignancies (standardized mortality 
ratio, 4.32 [95% CI, 4.15–4.50]).

• When analyzing by specific cancer types 
and cardiovascular diseases, the highest 
standardized mortality ratios were found as 
follows: nonlymphoid hematologic malignancies 
for ischemic heart disease and heart failure, 
pancreatic cancer for ischemic stroke, laryngeal 
cancer for aortic dissection, and liver cancer for 
hemorrhagic stroke.

What Are the Clinical Implications?
• Understanding the associations between spe-

cific cancer types and cardiovascular disease–
related mortality can help identify high- risk 
populations and guide long- term surveillance 
strategies for cancer survivors.

Nonstandard Abbreviations and Acronyms

NCR National Cancer Registry
SMR standardized mortality ratio
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of diagnosis was classified into 4 periods: 2016, 
2017, 2018, and 2019. The stage at diagnosis was 
categorized into 6 groups: (1) intraepithelial (abnormal 
cells were present but have not spread to nearby 
tissues); (2) localized (cancer was limited to the organ 
of origin where it originated, with no sign of spread); (3) 
regional (cancer had spread to nearby tissue or regional 
lymph nodes); (4) distant metastasis (cancer had 
metastasized to distant parts of the body); (5) unstaged 
(there was insufficient information to determine the 
stage); and (6) not applicable (leukemia or multiple 
myeloma). Cancer treatments were categorized as 
cancer surgery, chemotherapy, and radiotherapy, and 
were classified as follows: present (yes), absent (no), or 
unknown. The International Classification of Diseases 
for Oncology, Third Edition, was used to code the 
cancer (Table S1). The cause of death was determined 
based on International Classification of Diseases, 
Tenth Revision (ICD- 10), codes registered in the NCR 
from the death certificate: CVD (I00- I99); ischemic 
heart disease (I20–I25); HF, (I50); aortic dissection or 
aneurysm (I71); ischemic stroke (I63 and I69.3); and 
hemorrhagic stroke (I60, I61, I69.0, and I69.1).

Statistical Analysis
The risk of death from CVD after cancer diagnosis was 
analyzed. CVD- related death was defined as CVD being 
the cause of death recorded on the death certificate. 
The observation period ranged from January 1, 2016, 
to December 31, 2019. Survival of <1 month was 
recorded as 0 days in the NCR. Therefore, patients 
with 0 survival months in the NCR were assigned a 
value of 0.5 months.20–22 The start date of the follow- up 
period was defined as the date of cancer diagnosis. 
The end date of the follow- up was defined as either 
the date of death, 4 years after the cancer diagnosis, 
or December 31, 2019, whichever came first. Thus, 
the cohort included patients diagnosed with cancer 
between January 2016 and December 2019, with a 
follow- up period until December 31, 2019.

Standardized mortality ratios (SMRs) and their 
95% CIs were calculated to compare the risk of fatal 
CVD in patients with cancer with that in the general 
population. SMRs were calculated as the ratio of the 
observed to the expected number of deaths. The ob-
served number of deaths was obtained from the NCR 
database. The expected number of deaths was cal-
culated by applying national cause- specific mortality 
rates stratified by 5- year age group, sex, and calendar 
year to the corresponding person- years contributed by 
each patient in the study cohort, thereby accounting 
for variations in individual follow- up durations. Both 
the national population and mortality data, including in 
patients with and without cancer, were sourced from 
the Portal Site of Official Statistics of Japan (https:// 

www. e-  stat. go. jp/ en). SMRs were further stratified by 
both cancer type and time since cancer diagnosis. To 
investigate changes in SMR over time since cancer di-
agnosis, each patient’s follow- up was divided into pre-
defined time intervals after diagnosis (eg, 0–6 months 
and 6–12 months) using the stsplit command in Stata. 
SMRs were then calculated for each time interval to 
capture changes in CVD mortality risk.

The mortality risk for specific CVD was evaluated by 
calculating separate SMRs for ischemic heart disease, 
HF, aortic dissection or aneurysm, ischemic stroke, 
and hemorrhagic stroke. As with the analysis of CVD, 
SMRs were analyzed by cancer type and time since 
cancer diagnosis.

All statistical analyses were performed using Stata 
17/MP (StataCorp LLC) and R (https:// cran. r-  proje ct. 
org/ ) software (R Foundation for Statistical Computing). 
All tests were 2- tailed, and statistical significance was 
defined as P<0.05.

RESULTS
Patients’ Demographics and Overall 
Cardiovascular Mortality
Among the 4 686 949 patients registered in the NCR 
during the study period, 3 972 603 patients (45.8% 
women) were included in the analysis, yielding 
6 212 672 person- years of follow- up. Table shows the 
cohort’s characteristics.

Figure 1 shows the SMR for CVD. Compared with 
the general population, patients with cancer had a 
2.39- fold higher risk of death due to CVD. The SMR 
was higher in women than in men. The SMR was 
highest in the 20-  to 39- year age group (5.56 [95% 
CI, 4.22–7.31]) and lowest in the 60-  to 79- year age 
group (2.16 [95% CI, 2.12–2.19]) at cancer diagnosis. 
Regarding the known stage at diagnosis, the SMR was 
highest for distant metastatic cancers (2.86 [95% CI, 
2.79–2.94]) and lowest for intraepithelial cancers (1.62 
[95% CI, 1.56–1.68]). Among all cancer treatments, pa-
tients who received intervention exhibited the lowest 
SMR for CVD, while those with unknown treatment 
status showed the highest. Patients with unknown 
cancer treatment had a high proportion of “not appli-
cable” classifications for stage at diagnosis. Detailed 
data are presented in Tables S2 and S3.

CVD Mortality Risk by Cancer Type and 
Time Since Cancer Diagnosis
Figure 2 illustrates CVD mortality risks by cancer type. 
The risk was highest for nonlymphoid hematologic ma-
lignancies (SMR, 4.32 [95% CI, 4.15–4.50]), followed 
by pancreatic cancer (SMR, 3.17 [95% CI, 2.99–3.35]) 
and brain tumors (SMR, 3.13 [95% CI, 2.94–3.34]). The 
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risk was lowest for prostate cancer (SMR, 1.52 [95% 
CI, 1.48–1.57]), followed by thyroid cancer (SMR, 1.77 
[95% CI, 1.56 −1.99]) and laryngeal cancer (SMR, 1.87 
[95% CI, 1.65–2.12]). Importantly, all cancers showed 
an elevated SMR >1.0, indicating an increased risk of 
CVD mortality for every patient with cancer. Figure 3 
shows how the risk of CVD death changes over time 
after cancer diagnosis. The risk is highest immediately 
after cancer diagnosis and gradually decreases over 
time. In addition, women have a higher risk than men. 
Further demographic details by sex are provided in 
Table S4.

Mortality Risk by Specific CVD
Figure  4 presents the mortality risks for specific 

CVDs, including ischemic heart disease, HF, aortic 

dissection or aneurysm, ischemic stroke, and hem-
orrhagic stroke. The risks varied among different dis-
eases. Nonlymphoid hematologic malignancies had 
the highest SMR for ischemic heart disease (SMR, 
3.15 [95% CI, 2.87–3.45]) and HF (SMR, 7.65 [95% CI, 
7.07–8.27]), while pancreatic cancer showed the high-
est risks for ischemic stroke (SMR, 5.39 [95% CI, 4.79–
6.05]). Notably, laryngeal cancer had the highest SMR 
for aortic dissection or aneurysm (SMR, 3.31 [95% CI, 
2.29–4.79]), and liver cancer had the highest SMR for 
intracerebral hemorrhage (SMR, 3.75 [95% CI, 3.36–
4.18]). Figure 5 shows the risks associated with specific 
CVDs over time. Women had higher risks than men for 
HF, aortic dissection, and ischemic stroke.

DISCUSSION
This nationwide population cohort study using data from 
the NCR in Japan found a 2.39- fold higher risk of CVD 
mortality among patients with cancer compared with 
the general population. The risks varied according to 
cancer type, with nonlymphoid hematologic malignan-
cies having the highest mortality risk for CVD. Notably, 
the mortality risk for specific CVDs varied by cancer 
type, with laryngeal cancer associated with a higher risk 
of aortic dissection, pancreatic cancer with ischemic 
stroke, and liver cancer with hemorrhagic stroke.

Our finding of a higher CVD mortality risk in patients 
with cancer compared with the general population 
aligns with previous studies.11,14–18 Notably, our study 
revealed that CVD mortality risks differ according to 
cancer type, with nonlymphoid hematological malig-
nancies exhibiting the highest risk. Sturgeon et al in-
vestigated CVD mortality risks using SEER data and 
reported that endometrial cancer had the highest CVD 
mortality risk.16 Ye et al examined CVD mortality risks 
utilizing the Tasmania Cancer Registry and reported 
that lung cancer exhibited the highest risk.13 The exact 
causes behind these discrepancies remain unclear; 
however, we hypothesize the following explanations. 
First, our study used data from patients diagnosed 
with cancer between 2016 and 2019, while the pre-
vious studies covered the periods 1973 to 201216 and 
2006 to 2013.13 The significant advancements in can-
cer treatments from the late 1900s to the early 2000s 
might have influenced mortality risk variations. Second, 
our study involved a Japanese population, whereas the 
previous studies were conducted in the United States16 
and Australia,13 respectively. Previous studies showed 
that patients with cancer of different races have dif-
ferent risks for CVD mortality.23,24 Comparing SMRs 
between studies requires caution due to varying refer-
ence populations, but this racial difference likely con-
tributed to the observed variations. Variations in cancer 
survival rates and healthcare systems across these 

Table. Patient Characteristics

Number Percentage

Sex

Female 1 819 130 45.8%

Male 2 153 473 54.2%

Age at diagnosis, y

20–39 142 588 3.6%

40–59 686 386 17.3%

60–79 2 157 813 54.3%

≥80 985 816 24.8%

Period of diagnosis

2016 999 535 25.2%

2017 994 169 25.0%

2018 987 452 24.9%

2019 991 447 25.0%

Stage at diagnosis

Intraepithelial 398 687 10.0%

Localized 1 663 734 41.9%

Regional 796 030 20.0%

Distant 640 547 16.1%

Unstaged 118 774 3.0%

Not applicable 354 831 8.9%

Cancer surgery

Yes 1 165 463 29.3%

No 2 425 505 61.1%

Unknown 381 635 9.6%

Chemotherapy

Yes 1 061 126 26.7%

No 2 529 554 63.7%

Unknown 381 923 9.6%

Radiotherapy

Yes 395 527 10.0%

No 3 194 934 80.4%

Unknown 382 142 9.6%
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regions might also have contributed to the observed 
differences in CVD mortality risk. In hematological ma-
lignancies, disruption of coagulation profiles increases 
the risk of thromboembolic events.25 The frequent use 
of cytotoxic anticancer agents as the primary treat-
ment modality contributes to the elevated risk of CVD 
mortality via vascular toxicity.25–27 Hematological ma-
lignancies have been reported to confer a higher risk 
of arterial thromboembolic events compared with solid 
tumors.28 Therefore, careful attention to hematological 
malignancies in the management of CVD risks in pa-
tients with cancer is imperative.

The SMRs for cardiovascular mortality increased 
with higher stages of cancer diagnosis. There are 
several factors explaining this finding. First, as cancer 
progresses, coagulation abnormalities become more 
severe,29 increasing the incidence of potentially fatal 
ischemic stroke and myocardial infarction among pa-
tients with advanced cancer. Second, the administra-
tion of anticancer drugs for advanced cancer treatment 
can increase cardiovascular risk.27 Third, the elevation 
of inflammatory cytokines as cancer progresses pro-
motes atherosclerotic changes and thromboembolic 
events.30 Collectively, these factors contribute to the 

Figure 1. Cardiovascular disease mortality by patient characteristics.
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elevated risk of cardiovascular mortality observed in 
patients diagnosed with advanced- stage cancer.

It is noteworthy that the CVD mortality was greatest 
among young cancer survivors. This finding is consis-
tent with previous studies.16,31 Henson et  al followed 
more than 20 000 young patients with cancer (15–
39 years) and reported that age at cancer diagnosis 
was critical in determining subsequent cardiac mor-
tality risk. The marked increase of CVD mortality in the 
young cancer group is likely related to the higher risk of 
developing CVD among them.32 This may be attributed 
to cancer- specific factors such as cancer- associated 
coagulation disorders and cardiovascular side effects 
from cancer treatments.27,29 These results will likely 
provide useful data for managing CVD mortality risk in 
young individuals diagnosed with cancer.

An interesting finding was the increased mortality 
risk from aortic dissection or aneurysm in patients 
with laryngeal cancer. Smoking not only increases the 
risk of developing laryngeal cancer but also acceler-
ates the progression of atherosclerosis.33,34 Advanced 

atherosclerosis predisposes individuals to aortic an-
eurysms and dissections. Consequently, patients with 
laryngeal cancer may have an increased risk of de-
veloping and potentially dying from aortic aneurysms 
and aortic dissections. In addition, radiation therapy, 
which is often used for organ preservation in laryngeal 
cancer,35 exposes the aorta to radiation, potentially 
causing vascular damage36 and increasing the risk of 
dissection or rupture. Perioperative manipulation can 
further injure the blood vessels.37 In addition, although 
rare, the proximity of the larynx to the aorta allows la-
ryngeal cancers to directly invade the aorta, posing a 
risk of dissection or rupture.38 The site of aortic dissec-
tion was not specified in this study. Thus, it is uncer-
tain whether cancer treatment or cancer progression 
elevated the risk of aortic dissection. Another notable 
finding was that the mortality risk from hemorrhagic 
stroke was highest among patients with liver cancer. 
This may be attributed to the associated thrombocy-
topenia and bleeding tendency caused by liver dys-
function.39,40 Although referred to as cardiovascular 

Figure 2. Cardiovascular disease mortality by cancer type.
The vertical axis represents the standardized mortality ratio (SMR) for cardiovascular disease, while the horizontal axis indicates the 
cancer type. The error bars in the figure represent the 95% CIs. Nonlymphoid hematologic malignancies had the highest SMR (4.32 
[95% CI, 4.15–4.50]), followed by pancreatic cancer (3.17 [95% CI, 2.99–3.35]) and brain tumors (3.13 [95% CI, 2.94–3.34]). Prostate 
cancer had the lowest SMR (1.52 [95% CI, 1.48–1.57]), followed by thyroid cancer (1.77 [95% CI, 1.56–1.99]) and laryngeal cancer (1.87 
[95% CI, 1.65–2.12]).

D
ow

nloaded from
 http://ahajournals.org by on M

ay 22, 2025



J Am Heart Assoc. 2025;14:e037965. DOI: 10.1161/JAHA.124.037965 7

Gon et al Cardiovascular Mortality in Cancer Survivors

mortality risk, these findings crucially underscore the 
varying risk based on the cancer location and associ-
ated organ impairment.

Cardiovascular mortality risk peaked immediately 
after cancer diagnosis, likely due to complications 
associated with cancer surgery and anticancer treat-
ment, and gradually decreased with time, likely due 
to tumor volume reduction through cancer treatment. 
These findings suggest that the detection and man-
agement of cardiotoxic events should be optimized 
during antineoplastic treatments and in the first year of 
follow- up to more effectively mitigate long- term com-
plications and associated cardiovascular mortality. 
Our study also found that younger age at cancer di-
agnosis and advanced cancer stage were associated 
with increased cardiovascular mortality risks, which is 
consistent with previous studies.11,13–18 These findings 
highlight the importance of cardiovascular risk assess-
ment, particularly in young adult patients with cancer 
and those with advanced stages.

While cancer treatment is associated with an in-
creased risk of CVD,9,10 this study suggests that pa-
tients who received interventions had the lowest SMR 
for CVD. Several factors may explain this discrepancy. 
First, selection bias may play a role, as patients eligi-
ble for cancer treatment generally have better overall 
health; those ineligible due to severe comorbidities or 
advanced age may have an inherently increased risk 

of CVD mortality. Second, a surveillance effect may 
be present, whereby patients receiving treatment un-
dergo regular monitoring, potentially allowing for early 
detection and management of CVD, which may lower 
mortality risk. Last, disease severity is a crucial fac-
tor; patients unable to receive treatment, particularly 
cancer surgery, often have more advanced disease 
stages, potentially contributing to the higher observed 
SMR. These factors suggest that the relationship be-
tween cancer treatment and CVD mortality is complex 
and influenced by multiple variables beyond the treat-
ment itself.

The higher SMR for CVD mortality in female pa-
tients with cancer suggests that female- specific can-
cers, such as gynecologic malignancies and breast 
cancer, may contribute to an elevated risk of cardio-
vascular mortality. Gynecologic malignancies such as 
ovarian and uterine cancers carry a high risk of tumor- 
associated coagulopathy, potentially leading to cere-
bral ischemia.41–43 For breast cancer, trastuzumab and 
anthracycline chemotherapeutic agents are known to 
be cardiotoxic and increase the risk of HF.44,45 Although 
the risk has been reduced in recent years due to ad-
vances in radiation techniques, exposure of surround-
ing tissues to radiation during breast irradiation may 
still increase the risk of CVD.46 However, the SMR for 
HF among patients with breast cancer was not mark-
edly elevated in this study. This finding may be partly 

Figure 3. Cardiovascular disease mortality by time since cancer diagnosis.
The vertical axis represents the standardized mortality ratio (SMR) for cardiovascular disease, while the horizontal axis indicates the 
time since cancer diagnosis in months. The error bars in the figure represent the 95% CIs. The orange line represents female patients 
and the navy blue line represents male patients. The mortality risk for cardiovascular diseases decreased as the time since cancer 
diagnosis increased. Overall, female patients had a higher risk than male patients.
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Figure 4. Specific cardiovascular disease mortality by cancer type.
The vertical axis represents the standardized mortality ratio (SMR), while the horizontal axis indicates the cancer type. The error 
bars in the figure represent the 95% CIs. For cardiac diseases such as ischemic heart disease and heart failure, the SMR was 
highest in nonlymphoid hematologic malignancies. For aortic dissection, laryngeal cancer had the highest SMR; for ischemic 
stroke, pancreatic cancer had the highest SMR; and for hemorrhagic stroke, liver cancer had the highest SMR.
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Figure 5. Specific cardiovascular disease mortality risk by time since cancer diagnosis.
The vertical axis represents the standardized mortality ratio (SMR), while the horizontal axis indicates the time since cancer diagnosis 
in months. The error bars in the figure represent 95% CIs. Orange represents female patients and navy blue represents male patients. 
Male and female groups are evaluated at the same observation points marked on the horizontal axis, but they are displayed slightly 
offset for better visibility. For ischemic heart disease, aortic dissection, and hemorrhagic stroke, there were no clear differences 
between male patients and female patients. In contrast, for heart failure and ischemic stroke, female patients had higher SMRs than 
male patients. Overall, the SMR was high immediately after cancer diagnosis and tended to gradually decrease over the 4 years 
following diagnosis.
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attributed to the relatively short observation period of 
4 years. Further research is warranted to elucidate the 
underlying mechanisms contributing to the increased 
risk of CVD mortality observed in female patients with 
cancer.

Study Limitations
Despite the valuable insights provided by this study, 
several limitations should be acknowledged. First, the 
cause of death in the NCR was recorded based on 
the death certificates using ICD- 10 code, which may 
be inaccurate at times.47 Nonetheless, this method is 
currently the most reliable information source of cause 
of death and widely used.11,14–19,21–24 Second, being an 
observational study, it cannot firmly establish causal 
relationships between cancer and CVD. Third, poten-
tial confounding factors, such as shared risk factors 
(eg, smoking and obesity) and the direct cardiovas-
cular toxicities of cancer treatments, might have in-
fluenced the observed associations. Fourth, while the 
NCR recorded whether chemotherapy was adminis-
tered or not, it lacked information on the specific drugs 
used or adjuvant therapies. Therefore, a detailed ex-
amination of the relationship between chemotherapy 
implementation and the risk of CVD mortality could not 
be conducted. Fifth, our analysis of the association be-
tween cancer treatment and CVD mortality risk was 
limited by the categorization of patients into 3 groups: 
those who received cancer surgery, chemotherapy, or 
radiotherapy; those who did not; and those with un-
known treatment status. This simplification may not 
adequately reflect clinical practice, where combina-
tion therapies are common. In addition, potential car-
diotoxic interventions such as hematopoietic stem cell 
transplantation may have been overlooked if not ex-
plicitly considered as antineoplastic therapy. Moreover, 
we lacked data on the specific anatomical targets of 
radiotherapy, particularly regarding mediastinal irradia-
tion, which is crucial in assessing cardiovascular risk. 
The 2022 European Society of Cardiology guidelines 
on cardio- oncology emphasize the necessity of a tai-
lored approach to cardiovascular follow- up manage-
ment in cancer survivors.2 Future research should aim 
to address these limitations, providing a more nuanced 
evaluation of treatment- related cardiovascular risks 
and enabling the development of personalized surveil-
lance strategies.

CONCLUSIONS
In conclusion, this nationwide study highlights the 
substantial burden of cardiovascular mortality among 
patients with cancer in Japan. Our findings offer impor-
tant insights for advancing cancer care, especially in 
the context of aging populations worldwide. Moreover, 

they emphasize the critical need for tailored cardiovas-
cular risk management strategies for cancer survivors. 
Multidisciplinary collaborations involving oncologists, 
cardiologists, and other healthcare professionals are 
essential for developing comprehensive care models 
that address the unique cardiovascular challenges 
faced by this vulnerable population. Future research 
should prioritize elucidating the mechanisms under-
lying the observed associations, identifying high- risk 
subgroups, and developing evidence- based interven-
tions to mitigate cardiovascular morbidity and mortality 
in cancer survivors.
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