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Background: Advances in cancer therapy have improved survival, yielding a
larger population of cancer survivors, with cardiovascular disease (CVD)
becoming a major chronic health issue among them. However, the association
between cancer and CVD risk remains unclear.

Methods: This study conducted a cross-sectional analysis utilizing 2023 United
States Behavioral Risk Factor Surveillance System (BRFSS) data. Propensity score
matching (PSM) balanced the observed covariates between the cancer and non-
cancer groups. Univariate and multivariate logistic regression were employed to
examine the relationship between cancer history and CVD. Subgroup analyses
evaluated this association across different populations. Finally, univariate and
multivariate logistic regression identi ed CVD risk factors among
cancer survivors.

Results: Before PSM, CVD prevalence was 20.7% in cancer patients, signi cantly
higher than 10.7% in non-cancer individuals. Multivariate logistic regression
revealed that cancer remains positively associated with CVD risk even after
adjusting covariates (OR = 1.16, 95% CI: 1.12-1.20, P < 0.001). Analysis after 1:2
PSM further validated this association: The prevalence of CVD was higher in the
cancer group than in the matched control group (20.7% vs. 18.2%; OR = 1.14, 95%
Cl: 1.10-1.18, P < 0.001). Except for diabetes and chronic kidney disease (CKD)
subgroups, most subgroups of cancer are positively associated with CVD risk (OR
> 1, P < 0.05). Among cancer survivors, advanced age, comorbidities
(hypertension, diabetes, CKD), depression, and smoking were signi cantly
positively associated with CVD risk, while female sex, aerobic physical activity,
and higher income were signi cantly negatively associated with cardiovascular
disease risk.

Conclusion: There is a signi cant positive correlation between cancer and CVD
risk, indicating that CVD risk assessment and prevention efforts for cancer
survivors should be strengthened.
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Introduction

Cardiovascular disease (CVD) constitutes the primary cause
of death worldwide. Its high incidence, mortality, and complex
pathological subtypes, impose a signi cant burden on healthcare
services and on society (1, 2). Global Burden of Disease 2022
assessment reveals notable regional variation in age-
standardized CVD mortality (73.6 per 100,000 in high-income
Asia Paci ¢ to 432.3 per 100,000 in Eastern Europe). Despite a
34.9% global decline in age-standardized CVD mortality over the
past three decades due to therapeutic advances (3), the absolute
number of CVD deaths has risen substantially due to population
growth, placing immense pressure on healthcare systems (4).
Preventing CVD is therefore critically important for global
public health.

Cancer is the second major cause of death in the world,
imposing a substantial and expanding global burden. In 2022,
about 20,000,000 new cancer cases and 9,700,000 cancer deaths
worldwide (5). Advances in screening methods and treatment
technologies have reduced mortality, extended survival, and
contributed to the continued increase in the number of cancer
survivors worldwide (6, 7). This extended survival has shifted focus
to managing non-cancer-related comorbidities, particularly given
the high risk of CVD mortality in cancer patients (8). Cancer and
CVD, two major causes of death, have long been primary focal
points of health research, with previous studies reporting shared
pathophysiological mechanisms (9, 10). However, cancer remains a
subject of debate regarding its association with an increased risk of
CVD (11).

It is plausible that cancer survivors experience an elevated risk
of CVD owing to shared risk factors, including advanced age,
hyperglycemia, hypertension, dyslipidemia, and obesity (12).
Furthermore, cancer therapies, including radiotherapy,
anthracycline chemotherapy, immunotherapy, can induce
cardiotoxicity by directly damaging vascular endothelium or
cardiomyocytes, exacerbating cardiovascular injury (13).
Nevertheless, other studies have found lower CVD risk in speci ¢
cancer survivor groups, such as gastric cancer survivors or those
with localized prostate cancer (14, 15). These con icting ndings
challenge the consistency of the cancer-survivorship—CVD risk
association. It is necessary to conduct a thorough, systematic
study to ascertain whether cancer survivors indeed face a higher
CVD risk.

Given the complex and debated interplay between cancer and
CVD, this study utilized datasets of the US Behavioral Risk Factor
Surveillance System (BRFSS). Propensity score matching (PSM) was
applied to address potential confounding factors. This study
addresses three research questions: (1) Is a history of cancer
independently associated with CVD risk? (2) Does this
association exhibit heterogeneity across different demographic

Abbreviations: BMI: Body Mass Index; BRFSS: Behavioral Risk Factor
Surveillance System; Cl: Con dence interval; CKD: Chronic kidney disease;
CVD: Cardiovascular disease; IQR: Interquartile range; OR: Odds ratio; PSM:
Propensity score matching; SMD: Standardized mean difference.
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and clinical subgroups? (3) Which groups of cancer survivors face
a high risk of CVD? and which modi able factors might prevent it?
The ndings provide crucial evidence for cardiovascular risk
strati cation and targeted prevention in cancer survivors.

Methods
Data source

This study utilized data from the BRFSS database, a nationwide
health behavior and chronic disease surveillance system
coordinated by the US CDC. Data were collected via telephone
surveys and are widely used for public health decision-making and
research (16). This study utilized data from 433,323 respondents
surveyed in 2023, including health-related behaviors, chronic health
conditions, and utilization of preventive services. As BRFSS data are
publicly available and de-identi ed (https://www.cdc.gov/brfss), no
Institutional Review Board approval is required.

Data inclusion and exclusion criteria

Respondents aged 18 years with complete data from the 2023
BRFSS were included. Those with missing information on cancer
status, CVD status, or key covariates were excluded. The detailed
participant Itering process is shown in Figure 1.

Study variables and outcomes

Key covariates included: (I) Demographic characteristics: age,
sex, race, body mass index (BMI), marital status, residence; (I1)
Socioeconomic characteristics: educational attainment, income
level; (I11) Health status: history of stroke, dyslipidemia,
hypertension, diabetes mellitus, chronic kidney disease (CKD),
depression; (IV) Lifestyle factors: smoking status, Physical
Activity Index (aerobic activity). The primary exposure variable
was cancer status, de ned by a positive response to the BRFSS
question: “Have you ever been told by a doctor that you had
melanoma or any other type of cancer?”. CVD status, de ned as a
composite endpoint comprising coronary heart disease, angina or
coronary artery disease, myocardial infarction, or stroke, is the
primary outcome measure.

Statistical analysis

Participants were categorized into non-cancer and cancer
groups based on their cancer status. PSM was performed to
match cancer cases to non-cancer controls in a 1:2 ratio (method
= “nearest”, distance = “logit”, caliper = 0.1). Matching effectiveness
was systematically assessed using standardized mean differences
(SMD) and other metrics (17). Univariate and multivariate logistic
regression were employed to evaluate the correlation between
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Participants from the Behavioral Risk Factor Surveillance System database in 2023
(N=433,323)
Excluded (N=192,259)
Missing Cancer status (N=4,938)
Missing CVD status (N=2,337)
Incomplete information (N=184,984)
Participants with complete data were included in the study
(N=241,064)
Participants with cancer Participants without a history of cancer
(N=30,987) (N=210,077)
Participants were propensity score
________________ matchedataratioof 1:2
Participants with cancer Participants without a history of cancer
(N=30,987) (N=61,936)
FIGURE 1

The owchart of study participant screening.

cancer status (exposure) and CVD (outcome) before and after PSM.
Multivariate logistic models adjusted for signi cant covariates.
Subgroup analysis is utilized for populations with suf cient
sample sizes. In subgroup analyses, binary logistic regression
assessed the cancer-CVD association within speci ¢ populations,
with age dichotomized by the median (< 71 vs. 71 years). Finally,
within the cancer survivor population, univariate and multivariate
logistic regression were employed to systematically analyze the risk
factors of CVD in cancer survivors. Continuous variables are
expressed as median with interquartile range (IQR) and
compared using the Mann-Whitney U test. Categorical data were
described by frequency and percentage, comparisons between
groups were made with the chi-square test. R software (version
4.4.3) was used for all analyses and P < 0.05 was signi cant.

Results
Population

Data from the 2023 BRFSS survey covered 433,323 participants.
Excluding participants with missing cancer status, CVD status, or

key covariates, the nal analytic sample consisted of 241,064
individuals. The selection owchart is shown in Figure 1.

Frontiers in Oncology

Baseline characteristics

Based on cancer history, participants were categorized into two
groups: Cancer group (n = 30,987, 12.9%) and non-cancer group
(n = 210,077, 87.1%). Before PSM, signi cant differences were
observed between groups regarding demographics, socioeconomic
factors, health status, and lifestyle. After 1:2 PSM, 92,923
participants were included (Cancer group: n = 30,987; Non-
cancer group: n = 61,936). All covariates demonstrated good
balance post-matching (all SMD < 0.1; Table 1; Figure 2).
Characteristics of the PSM-matched cohort were: median age 71
years (IQR 62-77, range 18-80); females 49,656 (53.4%); White
83,303 (89.6%); current smokers 84,289 (90.7%); not meeting
aerobic physical activity guidelines 60,317 (64.9%).

Univariate and multivariate logistic
regression before and after PSM

Within the total included population (N = 241,064), 28,785
participants (11.9%) had CVD. The prevalence of CVD was
signi cantly higher in cancer patients than in non-cancer
individuals (20.7% [6,423/30,987] vs. 10.7% [22,461/210,077], P <
0.001). Univariate logistic regression indicated a positive association
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TABLE 1 Demographic and clinical characteristics of the study population.

10.3389/fonc.2026.1734601

Before PSM After PSM
Demographic
characteristics Cancer Non-Cancer Non-Cancer
(N =30987) (N =210077) (N = 61936)
Age 71 (62,77) 58 (42,69) 1.1266 <0.001 71 (62,77) 71 (62,77) -0.0048 0.641
Sex <0.001 0.006
Male 14624 (47.19%) 103238 (49.14%) | -0.0195 14624 (47.19%) 28643 (46.25%) 0.0102
Female 16363 (52.81%) 106839 (50.86%) | 0.0195 16363 (52.81%) 33293 (53.75%) | -0.0102
Race <0.001 0.060
White, Non-Hispanic 27651 (89.23%) 161131 (76.70%) | 0.1253 27651 (89.23%) 55652 (89.85%) | -0.0034
Black, Non-Hispanic 1177 (3.80%) 15625 (7.44%) -0.0364 1177 (3.80%) 2228 (3.60%) 0.0018
Asian, Non-Hispanic 246 (0.79%) 5700 (2.71%) -0.0192 246 (0.79%) 467 (0.75%) 0.0001
Other race, Non-Hispanic 1089 (3.51%) 10471 (4.98%) -0.0147 1089 (3.51%) 2076 (3.35%) 0.0002
Hispanic 824 (2.66%) 17150 (8.16%) -0.0550 824 (2.66%) 1513 (2.44%) 0.0013
Marital status <0.001 0.070
Married 17733 (57.23%) 116685 (55.54%) | 0.0168 17733 (57.23%) 35987 (58.1%) -0.0083
Divorced 4898 (15.81%) 32078 (15.27%) 0.0054 4898 (15.81%) 9503 (15.34%) 0.0021
Widowed 5600 (18.07%) 19929 (9.49%) 0.0859 5600 (18.07%) 11058 (17.85%) 0.0019
Single 2756 (8.89%) 41385 (19.70%) | -0.1081 2756 (8.89%) 5388 (8.70%) 0.0043
Educational attainment <0.001 0.266
SDCi:Oth graduate high 968 (3.12%) 8902 (424%) | -0.0111 968 (3.12%) 1869 (3.02%) 0.0022
Graduated high school 6414 (20.70%) 46302 (22.04%) | -0.0134 6414 (20.70%) 12738 (20.57%) | -0.0012
g?ﬁgie; :Cor:';gf or 8584 (27.70%) 55312 (26.33%) | 00137 8584 (27.70%) 16005 (27.29%) | 0.0041
Graduated from college or
technical school 15021 (48.48%) 99561 (47.39%) 0.0108 15021 (48.48%) 30424 (49.12%) | -0.0051
Income level <0.001 0.157
< $15,000 1309 (4.22%) 9266 (4.41%) -0.0019 1309 (4.22%) 2548 (4.11%) 0.0006
$15,000- $25,000 2669 (8.61%) 16432 (7.82%) 0.0079 2669 (8.61%) 5176 (8.36%) 0.0020
$25,000- $35,000 3503 (11.30%) 21181 (10.08%) 0.0122 3503 (11.30%) 6802 (10.98%) 0.0025
$35,000- $50,000 4590 (14.81%) 26995 (12.85%) 0.0196 4590 (14.81%) 8981 (14.50%) 0.0019
$50,000- $100,000 10445 (33.71%) 65954 (31.40%) 0.0231 10445 (33.71%) 21109 (34.08%) | -0.0033
$100,000- $200,000 6457 (20.84%) 51258 (24.40%) | -0.0356 6457 (20.84%) 13200 (21.31%) | -0.0024
$200,000 2014 (6.50%) 18991 (9.04%) -0.0254 2014 (6.50%) 4120 (6.65%) -0.0013
Residence <0.001 0.084
Urban 26479 (85.45%) 182575 (86.91%) | -0.0146 26479 (85.45%) 53186 (85.87%) | -0.0029
Rural 4508 (14.55%) 27502 (13.09%) 0.0146 4508 (14.55%) 8750 (14.13%) 0.0029
BMI <0.001 0.332
185 BMI <250 8978 (28.97%) 58639 (27.91%) 0.0106 8978 (28.97%) 18162 (29.32%) | -0.0022
BMI < 185 522 (1.68%) 2811 (1.34%) 0.0035 522 (1.68%) 1030 (1.66%) 0.0010
250 BMI < 30.0 11482 (37.05%) 76190 (36.27%) 0.0079 11482 (37.05%) 23103 (37.30%) | -0.0035
(Continued)
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TABLE 1 Continued

Before PSM

Demographic

Non-Cancer
(N = 210077)

Cancer

characteristics (N = 30987)

10.3389/fonc.2026.1734601

After PSM

Non-Cancer
(N = 61936)

BMI 30,0 10005 (32.20%) | 72437 (34.48%) | -0.0219 10005 (32.20%) | 19641 (3L71%) | 0.0047
Diabetes <0.001 <0.001
No 24823 (80.11%) | 181371 (86.34%) | 0.0623 24823 (80.11%) | 50246 (8L.13%) | -0.0065
Yes 6164 (19.89%) 28706 (13.66%) | 00623 6164 (19.89%) 11690 (1887%) | 0.0065
Hypertension <0.001 0.046
No 13410 (43.28%) | 123899 (58.98%) | -0.1570 13410 (43.28%) | 27231 (4397%) | -0.0062
Yes 17577 (56.72%) | 86178 (41.02%) | 0.1570 17577 (56.72%) | 34705 (56.03%) | 0.0062
Dyslipidemia <0.001 0.954
No 14283 (46.00%) | 125556 (50.77%) | -0.1367 14283 (46.00%) | 28536 (46.07%) | 0.0003
Yes 16704 (53.91%) | 84521 (40.23%) | 0.1367 16704 (5391%) | 33400 (53.93%) | -0.0003
CKD <0.001 <0.001
No 27800 (89.74%) | 201173 (95.76%) | -0.0602 27800 (89.74%) | 56167 (90.69%) | -0.0102
Yes 3178 (10.26%) 8904 (4.24%) 0.0602 3178 (10.26%) 5769 (9.31%) 0.0102
Depression 0.024 0.050
No 24297 (78.41%) | 165903 (7897%) | -0.0056 24297 (78.41%) | 48910 (78.97%) | -0.0049
Yes 6690 (21.59%) 44174 (20.03%) | 00056 6690 (21.59%) 13026 (21.03%) | 0.0049
smoking <0.001 0,011
Never smoked 2226 (7.18%) 16167 (7.70%) | -0.0051 2226 (7.18%) 4223 (6.82%) 0.0027
Former smoker 767 (2.48%) 6701 (319%) | -0.0071 767 (2.48%) 1418 (2.29%) 0.0012
Current smokes some days |~ 11731 (37.86%) | 50467 (28.31%) | 0.0955 11731 (37.86%) | 23215 (37.48%) | 0.0054
Current smokes every day | 16263 (52.48%) | 127742 (60.81%) | -0.0832 16263 (52.48%) | 33080 (5341%) | -0.0093
Physical activity 0.01 0.002
Did not meet aerobic 19898 (64.21%) | 136463 (64.96%) | -0.0074 19898 (64.21%) | 40419 (65.26%) | -0.0068
recommendations
x:s:nan‘:r;b;;ﬂons 11089 (35.79%) | 73614 (35.04%) | 00074 11089 (35.79%) | 21517 (34.74%) | 0.0068

BMI, Body mass index; CKD, Chronic kidney disease; PSM, propensity score matching; SMD, Standardized Mean Difference.

between cancer and CVD risk (odds ratio [OR]: 2.14, 95%
con dence interval [CI]: 2.08-2.21; P < 0.001). Adjusting for age,
sex, and key covariates in multivariate logistic regression, cancer
remains positively associated with CVD risk (OR = 1.16, 95% ClI:
1.12-1.20, P < 0.001) (Table 2). To control for selection bias, 1:2
PSM was performed. Post-matching, 17,587 participants (18.9%)
had CVD. The prevalence of CVD was signi cantly higher in cancer
patients than in non-cancer individuals (20.7% [6,423/30,987] vs.
18.2% [11,265/61,936], P < 0.001). Both univariate and multivariate
regression analyses within the matched cohort con rmed this
association (Univariate: OR = 1.15, 95% CI: 1.11-1.19;
Multivariate: OR = 1.14, 95% CI: 1.10-1.18; both P < 0.001)
(Figure 3). This demonstrates that a history of cancer is positively

Frontiers in Oncology 05

associated with CVD risk, with a signi cant effect size persisting
after multivariable adjustment and PSM.

Subgroup analysis

We conducted a subgroup analysis on populations with
suf cient sample sizes. Subgroup analyses assessed the consistency
of the association between cancer survivorship and CVD. Bar charts
illustrated CVD case numbers and proportions in cancer survivors
vs. non-cancer individuals across subgroups (Figure 4;
Supplementary Figures S1-S2). Forest plot results indicated
that among 22 subgroups, the ORs were signi cantly greater than
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Variable Covariate Balance

Distance -

Age 1

Sex Female b

Race White, Non-Hispanic b

Black, Non-Hispanic A

Asian, Non-Hispanic k

Other race, Non-Hispanic E

Hispanic E

Marital_status Married E
Divorced E

Widowed b

Single b

Educational attainmet Did not graduate high school E
Graduated high school E

Attended college or technical school E

Graduated from college or technical school-

Income_level < $15,000 E
$15,000- $25,000 -

$25,000- $35,000 b

$35,000- $50,000 g

$50,000- $100,000 g

$100,000- $200,000 b

2 $200,000 b

Residence Rural -
BMI 18.5 < BMI < 25.0 b

BMI <18.5 b

25.0 < BMI < 30.0 1

BMI = 30.0 b

Diabetes Yes b
Hypertension Yes b
Dyslipidaemia Yes E
CKD Yes R
Depression Yes E
Smoking Never smoked -
Former smoker E

Current smokes some days b

Current smokes every day k
Physical_activity Meet aerobic recommendations b

Sample
® Unadjusted
® Adjusted

0.4 0.8
Standardized Mean Difference

FIGURE 2
Standardized mean differences (SMDs) of variables before and after propensity score matching (PSM).

TABLE 2 Univariate and multivariate logistic regression analyses of CVD risk factors before and after PSM.

Before PSM After PSM
. Univariate logistic Multivariate logistic Univariate logistic Multivariate logistic
Demographic anal sisg analysis - anal sisg analysis -
characteristics y y y y
OR OR OR (@]
P-value P-value P-value P-value
(95% CI) (95% CI) (95% CI) (95% CI)
Age 1.06 (1.06, 1.06) <0.001 1.05 (1.05, 1.05) <0.001 1.05 (1.05, 1.06) <0.001 1.05 (1.04, 1.05) <0.001
Sex
Male 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Female 0.65 (0.64, 0.67) <0.001 0.54 (0.53, 0.56) <0.001 0.57 (0.55, 0.59) <0.001 0.51 (0.49, 0.53) <0.001
Race
W.hlte' .Non— 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Hispanic
Black, Non-Hispanic | 0.93 (0.89, 0.98) 0.005 0.94 (0.89, 1.00) 0.036 1.00 (0.92, 1.09) 0.968 0.85 (0.77, 0.93) 0.001
ﬁ?;;r;’n?ion' 0.42 (0.37, 0.46) <0.001 081 (0.72, 0.92) 0.001 0.66 (0.53, 0.82) <0.001 0.85 (0.67, 1.07) 0.166
(Continued)
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TABLE 2 Continued

Before PSM After PSM
. Univariate logistic Multivariate logistic Univariate logistic Multivariate logistic

Demogra_phlc analysis analysis analysis analysis

characteristics
ol P-value Ol P-value ol P-value Ol P-value
(95% CI) (95% CI) (95% CI) (95% CI)

Race

3:::;;?’ Non- 1.05 (1.00, 1.11) 0.062 1.23 (116, 1.31) <0.001 129 (1.19, 1.41) <0.001 1.26 (114, 1.38) <0001

Hispanic 050 (0.47, 0.53) <0.001 0.82 (0.76, 0.87) <0.001 0.78 (0.69, 0.87) <0.001 0.84 (0.74, 0.96) 0.007
Marital status

Married 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Divorced 1.46 (141, 1.51) <0.001 0.99 (0.96, 1.03) 0.781 1.28 (1.23, 1.34) <0.001 0.98 (0.93, 1.03) 0.449

Widowed 2.45 (2.37, 2.54) <0.001 1.04 (1.00, 1.08) 0.073 1.67 (1.60, 1.74) <0.001 1.05 (1.00, 1.11) 0.045

Single 0.57 (0.55, 0.60) <0.001 0.86 (0.82, 0.9) <0.001 0.81 (0.76, 0.87) <0.001 0.78 (0.73, 0.85) <0.001

Educational attainment

Did not graduate

high school 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
SCLa;‘O‘:ated high 0.75 (0.71, 0.79) <0.001 0.88 (0.83, 0.94) <0.001 0.74 (0.68, 0.81) <0.001 0.94 (0.86, 1.04) 0.245
Attended college or | 064 079) <0001 0.93 (0.87, 0.99) 0.022 0.66 (0.60, 0.72) <0001 0.99 (0.90, 1.09) 0.894
technical school
Graduated from
college or technical | 0.42 (0.39, 0.44) <0001 0.78 (0.73, 0.83) <0.001 0.44 (040, 0.48) <0001 0.84 (0.7, 0.93) 0.001
school

Income level
< $15,000 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
$15,000- $25,000 0.96 (091, 1.02) 0.224 0.82 (0.7, 0.87) <0.001 0.97 (0.89, 1.06) 053 0.83 (0.76, 0.91) <0.001
$25,000- $35,000 0.77 (0.73, 0.82) <0.001 0.71 (0.66, 0.75) <0.001 0.80 (0.74, 0.87) <0.001 0.70 (0.64, 0.77) <0001
$35,000- $50,000 0,61 (0.58, 0.65) <0.001 0.58 (0.55, 0.62) <0.001 0.65 (0.60, 0.70) <0.001 0.60 (0.55, 0.65) <0001

$50,000- $100,000 0.43 (0.41, 0.46) <0.001 0.49 (0.46, 0.52) <0.001 0.49 (0.45, 0.52) <0.001 0.51 (0.47, 0.56) <0.001

$100,000- $200,000 0.28 (0.26, 0.29) <0.001 0.44 (0.41, 0.47) <0.001 0.34 (0.32, 0.37) <0.001 0.47 (0.42, 0.51) <0.001
$200,000 0.19 (0.18, 0.21) <0.001 0.39 (0.36, 0.43) <0.001 0.27 (0.24, 0.30) <0.001 0.44 (0.39, 0.50) <0.001

Residence

Urban 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Rural 1.35 (1.31, 1.40) <0.001 1.04 (1.00, 1.08) 0.036 121 (1.16, 1.27) <0.001 1.06 (1.01, 1.11) 0.020
BMI

185 BMI < 25.0 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

BMI < 185 138 (1.25, 1.53) <0.001 1.23 (1.10, 1.38) <0.001 1.23 (1.08, 1.40) 0.002 1.16 (1.01, 1.34) 0.035

250 BMI <300 123 (119, 1.27) <0.001 0.98 (0.94, 1.01) 0.177 1.20 (1.15, 1.25) <0.001 0.97 (0.92, 1.01) 0.157

BMI  30.0 1.40 (1.35, 1.44) <0.001 0.99 (0.96, 1.03) 0.649 133 (1.27, 1.39) <0.001 0.96 (0.91, 1.01) 0.087

(Continued)
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Before PSM After PSM
. Univariate logistic Multivariate logistic Univariate logistic Multivariate logistic
Demographic analysis analysis analysis analysis
characteristics
Ol P-value Ol P-value Ol P-value Ol P-value
(95% CI) (95% CI) (95% CI) (95% CI)

Diabetes

No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 3.39 (3.29, 3.48) <0.001 1.59 (1.54, 1.64) <0.001 2.46 (2.37, 2.56) <0.001 1.52 (1.45, 1.58) <0.001
Hypertension

No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 4.16 (4.0, 4.27) <0.001 1.86 (1.81, 1.92) <0.001 2.82 (2.71, 2.92) <0.001 1.71 (1.64, 1.78) <0.001
Dyslipidemia

No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 2.97 (2.90, 3.05) <0.001 1.65 (1.60, 1.70) <0.001 2.13 (2.05, 2.2) <0.001 1.59 (1.53, 1.65) <0.001
CKD

No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 4.48 (4.31, 4.66) <0.001 2.04 (195, 2.13) <0.001 3.01 (2.88, 3.16) <0.001 1.95 (1.85, 2.05) <0.001
Depression

No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 138 (1.34,1.42) <0.001 151 (1.47, 1.57) <0.001 136 (1.31, 1.41) <0.001 1.45 (1.39, 1.52) <0.001
Smoking

Never smoked 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Former smoker 2.09 (2.04, 2.15) <0.001 1.34 (1.30, 1.38) <0.001 1.68 (1.63, 1.74) <0.001 1.29 (1.24, 1.34) <0.001

;‘:\:’eez;;g”c’kes 183 (171, 1.9) <0001 172 (160, 1.85) <0.001 175 (158, 1.93) <0.001 170 (152, 1.90) <0.001

g{“e'rr;z;;m"kes 217 (2.08, 2.26) <0.001 1.69 (161, 1.77) <0.001 1.83 (1.72, 1.95) <0.001 1.61 (151, 1.73) <0001
Physical activity

Did not meet

aerobic 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

recommendations

xsz;a;;?‘b(j:ﬂons 062 (0.60,063) | <0001 | 080(078,082) | <0001 | 060 (058062 | <0001 | 077(0.74,080) | <0001
Cancer

No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 2.14 (2.08, 2.21) <0.001 1.16 (1.12, 1.20) <0.001 115 (1.11, 1.19) <0.001 1.14 (1.10, 1.18) <0.001

BMI, Body mass index; Cl, Con dence interval; CKD, Chronic kidney disease; CVD, Cardiovascular disease; OR, Odds ratio; PSM, propensity score matching.

1 (P < 0.05) in all except for those with diabetes and CKD, where
no signi cant statistical difference was found. Notably, no subgroup
exhibited a statistically signi cant inverse association (OR < 1,
P < 0.05) (Supplementary Table S1; Figure 5).

Risk factors for CVD in cancer survivors

The bar charts displayed CVD case numbers and proportions
across different characteristics within the cancer survivor group
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FIGURE 3

Variable Odds Ratio OR (95%Cl) P value
Age ‘n 1.05 (1.04, 1.05) <0.001
Sex :

Male 1.00 (Reference)

Female L] 0.51(0.49, 0.53) <0.001
Race

White, Non—Hispanic : 1.00 (Reference)

Black, Non-Hispanic —— 0.85(0.77,0.93)  0.001

Asian, Non—Hispanic —— 0.85(0.67,1.07) 0.166

Other race, Non-Hispanic —a— 1.26 (1.14, 1.38) <0.001

Hispanic - 0.84 (0.74,0.96)  0.007
Marital status :

Married : 1.00 (Reference)

Divorced - 0.98 (0.93,1.03) 0.449

Widowed - 1.05(1.00, 1.11)  0.045

Single - 0.78 (0.73, 0.85) <0.001
Educational attainment H

Did not graduate high school H 1.00 (Reference)

Graduated high school —I— 0.94 (0.86,1.04)  0.245

Attended college or technical school + 0.99 (0.90, 1.09) 0.894

Graduated from college or technical school —-— 0.84 (0.77,0.93)  0.001
Income level :

< $15,000 : 1.00 (Reference)

$15,000-$25,000 - 0.83 (0.76, 0.91) <0.001

$25,000-$35,000 - 0.70 (0.64, 0.77) <0.001

$35,000-$50,000 i 0.60 (0.55, 0.65) <0.001

$50,000-$100,000 0.51(0.47,0.56) <0.001

$100,000-$200,000 - H 0.47 (0.42, 0.51) <0.001

2 $200,000 - 0.44 (0.39, 0.50) <0.001
Residence

Urban 1.00 (Reference)

Rural - 1.06 (1.01, 1.11)  0.020
BMI :

18.5 < BMI < 25.0 : 1.00 (Reference)

BMI <18.5 -—!— 1.16 (1.01, 1.34)  0.035

25.0 < BMI < 30.0 - 0.97 (0.92,1.01) 0.157

BMI = 30.0 - 0.96 (0.91,1.01)  0.087
Diabetes H

No 1.00 (Reference)

Yes == 1.52(1.45,1.58) <0.001
Hypertension

No 1.00 (Reference)

Yes - 1.71 (1.64, 1.78) <0.001
Dyslipidaemia

No 1.00 (Reference)

Yes - 1.59 (1.53, 1.65) <0.001
CKD
No 1.00 (Reference)

Yes —=> 1.95(1.85,2.05) <0.001
Depression

No 1.00 (Reference)

Yes - 1.45(1.39, 1.52) <0.001
Smoking

Never smoked 1.00 (Reference)

Former smoker - 1.29 (1.24, 1.34) <0.001

Current smokes some days —a——  1.70(1.52,1.90) <0.001

Current smokes every day —a— 1.61(1.51, 1.73) <0.001
Physical activity

Did not meet aerobic recommendations H 1.00 (Reference)

Meet aerobic recommendations - 0.77 (0.74, 0.80) <0.001
Cancer :

No . 1.00 (Reference)

Yes L. 1.14 (1.10,1.18) <0.001

0 05 1 15 2

The forest plot of multivariate logistic regression analysis of cardiovascular disease risk between cancer survivors and non-cancer controls

(Figure 6; Supplementary Figures S3-S5). Univariate and
multivariate logistic regression analyses were performed
speci cally within cancer survivors. Univariate logistic regression
results indicated that all 15 included covariates were signi cantly
associated with CVD occurrence (P < 0.05) (Table 3). The
multivariate model further showed that among cancer survivors,
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increased CVD risk was signi cantly associated with older age (OR
= 1.04, 95% CI: 1.03-1.04, P < 0.001), race categorized as “Other”
(OR = 1.41, 95% CI. 1.21-1.64, P < 0.001), and the presence of
comorbidities: hyperglycemia/diabetes (OR = 1.46, 95% CI: 1.36-
1.56, P < 0.001), hypertension (OR = 1.63, 95% CI: 1.53-1.75, P <
0.001), dyslipidemia (OR = 1.52, 95% Cl: 1.43-1.62, P < 0.001), CKD
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FIGURE 4
Cardiovascular disease in cancer survivors vs non-cancer individuals: Case numbers and proportions across clinical subgroups. (A) Age; (B) Sex;
(C) Marital status.

(OR = 1.85, 95% ClI: 1.70-2.01, P < 0.001), depression (OR = 1.46,
95% CI: 1.36-1.57, P < 0.001), and smoking. Reduced CVD risk was
associated with female sex (OR = 0.52, 95% CI: 0.49-0.56, P <
0.001), being single (OR = 0.82, 95% CI: 0.72-0.92, P < 0.001),
higher income level, urban residence, elevated BMI, and meeting
aerobic physical activity guidelines (OR = 0.78, 95% CI: 0.73-0.83, P
< 0.001). Educational level was not signi cantly associated with
CVD (P > 0.05) (Supplementary Figure S6).

Discussion

Cancer and CVD are the major causes of death globally (18, 19).
In recent years, improvements in diagnostic and therapeutic
technologies have markedly extended survival, yielding a growing
cohort of cancer survivors (20). Substantial epidemiological
evidence indicates that CVD is the leading cause of death among
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cancer survivors, excluding cancer as a cause of death (21),
international cardiology and oncology societies increasingly
recognize the clinical signi cance of CVD in cancer survivors
(22). However, the relationship between malignant tumors and
the risk of CVD remains debated (11).

This study, based on the U.S. BRFSS database, employed PSM to
assess whether cancer survivors face a high risk of CVD. Additionally,
we analyzed risk factors for CVD development in cancer survivors.
After rigorous adjustment for confounders and PSM, our study found
that cancer survivors face a 10% to 18% increased risk of developing
CVD, consistent with most prior studies reporting elevated CVD risk
in this population, particularly among those treated with
chemotherapy or radiotherapy (23, 24). In contrast, studies
reporting an inverse association between cancer and CVD
primarily involved speci ¢ cancer types or unique subpopulations
(25, 26). Although we did not analyze CVD risk in survivors of
speci ¢ cancer types—a limitation that future research should address
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Subgroup Odds Ratio OR (95% CI) P value P for interaction
Overall . - 1.15(1.11, 1.19) <0.001
Age 0.001
<71 3 —a— 1.25(1.18, 1.32) <0.001
271 — 1.11 (1.06, 1.15) <0.001
Sex : 0.480
Male . 1.16 (1.11, 1.22) <0.001
Female ;e 1.13 (1.08, 1.19) <0.001
Marital status 0.199
Married 5 == 1.11 (1.06, 1.17) <0.001
Divorced . — e 1.20 (1.10, 1.30) <0.001
Widowed —a 1.20 (1.12, 1.29) <0.001
Single P 1.21 (1.06, 1.37) 0.004
Residence 0.442
Urban P 1.15(1.10, 1.19) <0.001
Rural e 1.19 (1.09, 1.30) <0.001
Diabetes : 0.001
No —— 1.19 (1.14, 1.24) <0.001
Yes - 1.04 (0.97, 1.11) 0.252
Hypertension <0.001
No —a— 1.29 (1.21, 1.38) <0.001
Yes P 1.10 (1.05, 1.15) <0.001
Dyslipidaemia 0.006
No H —— 1.24 (1.17, 1.31) <0.001
Yes e 1.12 (1.07, 1.17) <0.001
CKD : <0.001
No —-— 1.17 (1.13, 1.22) <0.001
Yes —-— 0.99 (0.90, 1.08) 0.761
Depression 0.707
No — 1.16 (1.11, 1.20) <0.001
Yes . . 1.14 (1.06, 1.22) <0.001
Physical activity - 0.268
Did not meet aerobic recommendations —a— 1.12 (1.06, 1.18) <0.001
Meet aerobic recommendations —a— 1.17 (1.12,1.22) <0.001
0{5 1I 1!5
FIGURE 5
The forest plot of subgroup analysis of cardiovascular disease risk between cancer survivors and non-cancer individuals after propensity score
matching (PSM).

—we examined CVD risk in cancer survivors across different
demographic subgroups.

Subgroup analyses further validated the consistency of ndings
across different populations. Among 22 subgroups, 20
demonstrated a positive association between cancer status and
CVD risk, reinforcing the robustness of this association. Notably,
no signi cant association was found in diabetes and CKD
subgroups, where the extremely high baseline CVD risk may
overshadow any additional impact from cancer (27, 28).
Critically, no subgroups showed an inverse association between
cancer and CVD risk, a nding corroborated by recent
research (29).

The mechanisms linking cancer to elevated CVD risk are
multifaceted. Based on our results and prior studies, we propose
several explanations. Shared risk factors and pathogenic pathways,
such as aging, hyperglycemia, alcohol use, smoking, and physical
inactivity, may contribute to the increased risk (30). Additionally,
cardiac toxicity directly induced by cancer treatments may also play
a role, such as those associated with chemotherapy, radiotherapy,
and immunotherapy (31). Cancer-associated hypercoagulability,
increasing the risk of arterial and venous thrombosis (32), and
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psychological sequelae like stress, depression, and anxiety post-
cancer diagnosis and treatment may also independently elevate
CVD risk (33, 34). Of course, as this study is cross-sectional, the
association between cancer history and CVD risk may re ect
residual confounding, mediation by unmeasured treatment-
related factors, or survival bias. The observed higher CVD
prevalence among cancer patients may be attributable to age and
traditional risk factors; cancer history largely signi es accumulated
cardiovascular risk. Therefore, future longitudinal studies are
needed to assess temporality and causality.

To identify high-risk subgroups and inform CVD prevention
strategies, we analyzed risk factors among cancer survivors. Older
age and male sex were related to an elevated risk of CVD, aligning
with classical CVD epidemiology (35). Higher income correlated
with lower CVD risk, likely due to better access to cancer treatment,
CVD screening, and therapies (36, 37). Conversely, low income
exacerbates nancial toxicity, especially in rural areas where access
to healthcare is limited (38). Cardiometabolic comorbidities
(including hypertension, dyslipidemia, diabetes, and chronic
kidney disease) represent shared risk factors between cancer and
CVD. For instance, hypertension induces oxidative stress on arterial
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FIGURE 6
Cardiovascular disease in cancer survivors: Case numbers and proportions across clinical subgroups. (A) Age; (B) Sex; (C) Race; (D) Marital status.

TABLE 3 Univariate and multivariate logistic regression analyses of CVD risk factors in cancer survivors.

Univariate logistic analysis Multivariate logistic analysis
Demographic characteristics
OR (95% CI) P-value OR (95% CI) P-value
Age 1.05 (1.04, 1.05) <0.001 1.04 (1.03, 1.04) <0.001
Sex
Male 1.00 (Reference) 1.00 (Reference)
Female 0.56 (0.53, 0.59) <0.001 0.52 (0.49, 0.56) <0.001
Race
White, Non-Hispanic 1.00 (Reference) 1.00 (Reference)
Black, Non-Hispanic 0.97 (0.83, 1.12) 0.644 0.83 (0.71, 0.97) 0.018
Asian, Non-Hispanic 0.61 (0.42, 0.88) 0.008 0.86 (0.58, 1.26) 0.438
Other race, Non-Hispanic 1.43 (1.24, 1.64) <0.001 141 (121, 1.64) <0.001
Hispanic 0.80 (0.67, 0.96) 0.018 0.91 (0.74, 1.11) 0.349
(Continued)
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