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The depression-heart connection: il

cardiovascular risks in cancer patients
from NHANES 2005-2018
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Abstract

Background Previous studies have proved that depression is an independent risk factor of cardiovascular disease
(CVD) in the general population. We conducted this analysis to explore whether depression symptoms are associated
with an increased risk of developing CVD among cancer patients in the United States.

Methods The data for this study were obtained from the National Health and Nutrition Examination Survey
(NHANES) conducted between 2005 and 2018, with a total of 1890 cancer patients included in the analysis. A strati-
fied multistage probability sampling design was used to select a nationally representative sample, ensuring demo-
graphic groups were proportionally represented. Depressive symptoms were assessed using the Patient Health
Questionnaire-9 (PHQ-9), and CVD risk was determined based on clinical and self-reported data. A weighted multivari-
ate logistic regression analysis was conducted to assess the relationship between depression and CVD risk, adjust-

ing for confounding factors. Subgroup analyses were performed to explore the associations across demographic
subgroups.

Results After adjusting for all covariates in the fully adjusted model (Model 3), CVD risk showed a significant associa-
tion with depression severity. For each unit increase in PHQ-9 score, the adjusted odds ratio (AOR) for CVD was 1.09
(95% Cl: 1.05-1.14, P<0.001). Participants with severe depression exhibited markedly higher odds of CVD compared
to those without depression (AOR=6.82,95%Cl: 2.39-19.50, P< 0.001). Trend analysis revealed a graded relationship,
with CVD risk increasing progressively across depression severity categories (P for trend <0.001). Restricted cubic
spline analysis confirmed a linear dose-response relationship (P for nonlinearity =0.424), indicating that CVD risk esca-
lates continuously with worsening depression severity.

Conclusion Our findings suggest that more severe depression is associated with higher CVD incidence in cancer
populations. These observations highlight the need to consider depressive symptom monitoring as part of compre-
hensive care approaches that may help address cardiovascular risks in this vulnerable group.
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Introduction

Cardiovascular disease (CVD) and cancer are the two
leading causes of death globally, significantly affect-
ing public health. In 2019, CVD accounted for 32% of
global deaths, while cancer contributed to 16.8% [1,
2]. These two diseases not only overlap epidemiologi-
cally but also share interconnected pathophysiological
mechanisms. Chronic inflammation, oxidative stress, and
shared genetic vulnerabilities (e.g., TP53 mutations) cre-
ate a biological link between CVD and cancer [3, 4].Their
bidirectional relationship, where cancer treatments may
accelerate the progression of atherosclerosis [5] and pre-
existing CVD complicates cancer treatment [6], presents
complex clinical challenges.

As the burden of CVD continues to rise, fueled by
hypertension, diabetes, and obesity in aging populations,
there is also an increasing recognition of treatment-
related cardiovascular toxicity [7]. Chemotherapeutic
agents (e.g., anthracyclines) induce cardiomyopathy
through inhibition of topoisomerase IIf and mitochon-
drial dysfunction [8], while radiation therapy promotes
coronary artery disease through endothelial damage
[9]. Cancer patients face dual stressors, including the
physiological impacts of treatments and psychologi-
cal distress from diagnostic and prognostic uncertainty.
Depression affects 15-25% of cancer patients and may
exacerbate cardiovascular risk through neurohormonal
activation, chronic inflammation, and autonomic imbal-
ance [10-12].

This intersection has led to the development of cardio-
oncology, a field focused on mitigating treatment-related
cardiovascular risks [13]. The Cardiometabolic Index
(CMI) has emerged as a tool for assessing cardiovascu-
lar risk, particularly relevant in cancer survivors with
metabolic syndrome from androgen deprivation therapy
or immune checkpoint inhibitors [14]. Given the overlap
of these factors in cancer patients, CMI may be useful in
evaluating their cardiovascular risk by considering both
psychological and physiological contributors to heart
health [15].

Cancer patients are particularly vulnerable to depres-
sion due to chemotherapy-induced neuroinflammation
and dysregulation of the hypothalamic—pituitary—adre-
nal axis [16, 17]. This burden worsens existing cardiovas-
cular risks, leading to higher cardiovascular morbidity
and mortality [18, 19]. As cancer survival rates increase,
longitudinal studies reveal that 10-year cardiovascular
mortality exceeds cancer-specific mortality in breast and
prostate cancer survivors [20].

The importance of addressing both depression and
CVD in cancer patients is underscored by a retro-
spective cohort study showing that pharmacological
management of depression (SSRIs) reduced incident
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heart failure by 38% in lymphoma survivors [21]. Car-
diovascular outcomes in CVD patients can be markedly
improved through the screening and management of
depressive symptoms, a practice that is now routinely
integrated into cardiovascular care [22].

While the link between depression and CVD is well
established in the general population, the unique car-
diotoxic environment of cancer therapy may potenti-
ate this relationship through shared pathways such
as NLRP3 inflammasome activation [23]. This study
hypothesizes that depression exacerbates cardiovas-
cular morbidity in cancer patients, and that the rela-
tionship between depression and cardiovascular risk
is intensified by cancer treatment-related cardiotox-
icity. By exploring this relationship using data from
the National Health and Nutrition Examination Sur-
vey (NHANES), we aim to provide evidence that may
inform clinical guidelines and healthcare practices for
managing cardiovascular and mental health risks in
cancer patients.

This study hypothesizes that depressive symptoms
exacerbate cardiovascular risk in cancer patients, con-
tributing to poorer long-term health outcomes. By
examining this relationship, we aim to demonstrate the
importance of integrating routine depression screening
into cancer care. Our findings could inform policy by
supporting the adoption of early screening and tailored
interventions, potentially reducing cardiovascular inci-
dence and mortality in cancer survivors, and improving
their overall health and quality of life.

Materials and methods

Data sources

This research utilized data collected by the NHANES
ranging from 2005 to 2018. NHANES is a compre-
hensive study performed in the US every two years to
evaluate the health and nutritional condition of the
whole US population. This survey included a mixture of
health interviews, examination components, laboratory
tests, and various surveys. The selection of participants
for NHANES was done by employing a sophisticated
method called complex, stratified, multistage prob-
ability-cluster sampling design.This method ensures
that individuals from the non-institutionalized civilian
population in the US were chosen for in-home inter-
views and visits to a mobile examination center [24].
Our study was exempted from the Institutional Review
Board because all participants had provided written
informed consent in the initial survey and their per-
sonal information had been completely de-identified.
For comprehensive information, please visit http://
www.cdc.gov/nchs/nhanes.htm.
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Study design and population

This research screened data from 39,749 participants > 20
years of age, collected from the NHANES ranging from
2005 to 2018. The criteria for selection was strictly
designed to ensure the integrity of the data. The initial
analysis included a total of 3277 cancer patients who
were identified by asking whether they had ever received
a diagnosis of cancer or any form of malignancy from a
doctor or other healthcare professional. A total of 274
individuals were eliminated from the study because they
did not have any essential PHQ-9 scores (n=274). Out of
the remaining 3003 participants, 1113 individuals lack-
ing complete covariate information were eliminated. In
result, a total of 1890 participants met the criteria for fur-
ther study (Fig. 1).

Definition of depression

Depression was diagnosed employing the PHQ-9, a
questionnaire made up of nine items that assess depres-
sive symptoms suffered over the previous two weeks,
as defined by the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition. A 4-point scale was
used to score each symptom item, ranging from 0 (“not
at all”) to 3 (“nearly every day”). Therefore, a total score
between 0 and 27 points was obtained for the entire
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questionnaire. Participants were classified into differ-
ent groups, namely “no” (0—4), “mild” (5-9), “moder-
ate” (10-14), and “severe” (15-27), based on their total
score, reflecting the degree of depression as defined by
previous studies [25-27]. Additionally, we computed
a dichotomous PHQ-9 variable to identify partici-
pants with clinically significant depressive symptoms
(PHQ-9>10) and those without (PHQ-9<10). And
higher scores correlate with higher levels of depressed
symptoms. In addition, the total score was analyzed as
a continuous variable to further validate the results we
obtained.

Ascertainment of outcomes

CVD in participants was determined by self-reported
diagnoses obtained through an individual interview
utilizing a standardized questionnaire. The partici-
pants were questioned about whether a doctor or other
health professional had ever informed them of their
assessment of CHF/CHD/angina pectoris/MI/stroke.
The individual was considered to have CVD if they
responded affirmatively to any of the mentioned dis-
ease. The result was converted into a binary variable
[28].

NHANES (2005-2018)
(n=39749)

Participants who aged > 20 years old from

36472 Excluded:Participants

n=23277

without cancer history

274 Excluded:Participants

n=3003

with incomplete PHQ-9 data

1113 Excluded:Participants

n= 1890

Fig. 1 Flow chart of the research study design

with incomplete covarites
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Covariates

In order to offset the influence of confounding factors
on conclusions, we adjusted for various variables such as
age, gender (male, female), education level (below high
school, high school or above), race/ethnicity (Mexican
American, Other Hispanic, Non-Hispanic White, Non-
Hispanic Black, and Other Race), marital status (mar-
ried/cohabitant, widowed, divorced or separated, never
married), poverty-income ratio (PIR), and smoking status
was assessed with the question, “Have you ever smoked
at least 100 cigarettes in your lifetime?” Participants who
answered “yes” were classified as smokers, while those
who answered “no” were categorized as never smokers.
Smokers were further asked, “Are you currently smok-
ing?” Those who continued to smoke were classified as
current smokers, while those who had stopped were
categorized as former smokers [29]. Drinking status
was defined using the NHANES ALQ101 questionnaire,
where participants were categorized as never, former,
mild, moderate, or heavy drinkers based on whether they
consumed at least 12 alcoholic drinks in the past year [30,
31].The body mass index (BMI) was measured by divid-
ing the weight in kilograms by the square of the height in
meters. The data was grouped into three categories based
on: <25.0 kg/m2, 25.0-29.9 kg/m? and >30.0 kg/m2. The
Physical Activity Questionnaire (PAQ) was used to obtain
Metabolic Equivalent (MET) scores based on activity
type and intensity. The weekly total physical activity (PA)
volume was calculated by summing the MET scores for
work, recreational, and walking/bicycle activities. Physi-
cal activity levels were classified into low (1.0-3.0 MET),
moderate (3.0-6.0 MET), and high (>6.0 MET) catego-
ries [32, 33]. Chronic diseases such as hypertension, dia-
betes mellitus (DM), and hyperlipidemia were diagnosed
based on index measurements and identified using a
self-reported medical history questionnaire. The diabe-
tes category was subdivided into three distinct condi-
tions: diabetes mellitus (DM), impaired fasting glycemia
(IFG), and impaired glucose tolerance (IGT). All of these
factors have been demonstrated in relation to CVD [34].
Cancer patients were further asked about the specific
type of cancer they were diagnosed with, which was then
categorized into the following groups: breast, digestive
system, gynecological, hematological, respiratory, skin or
soft tissue, urinary system, and other tumor types.

Statistical analysis

In this study, missing data were addressed using a com-
plete case analysis approach. Participants with missing
data on any key variables, including depression status,
CVD status, and important covariates, were excluded
from the analysis. This approach is appropriate when
the data are missing completely at random (MCAR) and
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provides unbiased estimates under this assumption. To
mitigate the impact of reduced sample size, all analyses
incorporated NHANES sampling weights (wtmec4 year),
stratification, and clustering to ensure representativeness
and accuracy.

Statistical analysis was conducted using R version
4.3.2 and the “survey” package. The baseline charac-
teristics were analyzed by grouping participants based
on the presence or absence of cardiovascular disease
(CVD). Continuous variables are presented as weighted
means t standard error (SE), and categorical variables
as weighted counts and percentages (%). Comparisons
between groups were made using independent samples
t-tests for continuous variables and chi-squared tests for
categorical variables (see Table 1 for detailed results).

In addition, PHQ-9 scores were categorized into four
levels (no, mild, moderate, and severe). Multivariate
logistic regression models were used to evaluate the rela-
tionship between depression level and CVD risk. PHQ-9
scores were analyzed separately as both a continuous var-
iable and as a categorical variable representing different
levels of depression severity, with each analysis adjusted
for relevant covariates. The odds ratio (OR) and 95% con-
fidence interval (CI) for the association between depres-
sion and CVD risk were estimated using three models:
(1) Model 1 was adjusted for age, gender, and ethnicity.
This basic model aimed to capture the general relation-
ship between depression and CVD risk with minimal
confounding; (2) Model 2 was adjusted for age, gender,
ethnicity, educational level, marital status, alcohol con-
sumption, smoking status, and PIR,in order to control
for more comprehensive social and behavioral factors;
(3) Model 3 included all adjustments from Model 2, along
with additional potential covariates, such as hyperten-
sion, diabetes, stroke, physical activity levels, hyperlipi-
demia, and tumor type.This model aimed to account for
clinical conditions that may further confound or mediate
the relationship between depression and CVD risk (See
Table 2 for detailed results). All odds ratios from these
multivariable logistic regression models are reported as
adjusted odds ratios (AORs) to explicitly indicate control
for covariates, distinguishing them from crude (unad-
justed) associations. Furthermore, to assess the non-lin-
ear relationship between PHQ-9 scores and CVD risk,
we used restricted cubic spline (RCS) models with four
knots at the 25th, 50th, 75th, and 95th percentiles of the
PHQ-9 distribution, using the 50th percentile as the ref-
erence. These knots were selected to reflect key distri-
bution points while maintaining flexibility in the model,
especially in the central range where most observations
were concentrated (see Fig. 2 for detailed results). The
choice of four knots strikes a balance between captur-
ing the potential non-linearity in the relationship and
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Table 1 Baseline characteristics of participants by CVD
categories from NHANES 2005-2018

Characteristic Participants No CVvD P-value
CcVvD
Total (N=1890) (N=1510) (N=380)
Age, mean(SE) 60.61(0.45) 59.08(0.50) 69.38(0.74) <0.0001
Gender,% <0.001
Male 955(45.34) 712(43.12)  243(58.05)
Female 935(54.66) 798(56.88)  137(41.95)
Ethnicity,% 0.29
Mexican 104(1.97) 87(1.97) 17(1.98)
White 1343(88.04) 1063(88.44) 280(85.76)
Black 253(4.45) 196(4.07) 57(6.61)
Other 190(5.54) 164(5.52) 26(5.65)
Education level,% <0.0001
High school 1782(97.56) 1440(98.08) 342(94.58)
or above
Below high 108(2.44) 70(1.92) 38(5.42)
school
PIR 3.52(0.06) 3.60(0.06) 3.04(0.11)  <0.0001
BMI (kg/m?) % 0.02
<25 552(30.70) 455(31.60)  97(25.55)
25-29.9 647(34.10) 519(34.77)  128(30.28)
>30 691(35.20) 536(33.63) 155(44.17)
Marital status,% <0.001
Married/ 1193(68.87) 966(69.49)  227(65.32)
Cohabitant
Widowed 257(10.45) 184(9.17) 73(17.75)
Divorced/ 320(15.02) 259(15.30)  61(1341)
Separated
Never married  120(5.66) 101(6.03) 19(3.52)
Drinking status,% <0.0001
Former 353(14.59) 256(12.79)  97(24.88)
Heavy 207(12.10) 180(12.84)  27(7.85)
Mild 882(48.79) 692(48.51)  190(50.40)
Moderate 253(16.79) 220(18.220)  33(8.73)
Never 195(7.73) 162(7.65) 33(8.14)
Smoking status,% <0.001
Former 744(38.08) 556(36.03) 188(49.84)
Never 837(45.82) 716(47.96)  121(33.59)
Now 309(16.10) 238(16.01)  71(16.57)
MET 0.03
Low 432(21.42) 334(20.60) 98(26.11)
Moderate 325(17.46) 239(16.78)  86(21.37)
High 1133(61.12) 937(62.62)  196(52.51)
PHQ-9 score 2.81(0.13) 260(0.12)  4.02(0.34) <0.0001
PHQ-9 groups <0.0001
None 1455(78.94) 1190(80.92) 265(67.58)
Mild 277(14.10) 209(12.95)  68(20.70)
Moderate 102(4.59) 76(4.34) 26(6.04)
Severe 56(2.37) 35(1.79) 21(5.68)
Hypertension,% <0.0001
No 760(46.53) 689(50.97) 71(21.14)
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Table 1 (continued)
Characteristic Participants No CcVD P-value
CVvD
Total (N=1890) (N=1510) (N=380)
Yes 1130(5347) 821(49.03)  309(78.86)
Hyperlipidemia,% <0.001
No 409(21.64) 358(23.13)  51(13.16)
Yes 1481(78.36) 1152(76.87) 329(86.84)
Diabetes,% <0.0001
DM 445(19.80) 311(17.22)  134(34.55)
IFG 102(5.85) 74(5.14) 28(9.90)
IGT 92(4.11) 72(4.03) 20(4.55)
No 1251(70.25) 1053(73.62) 198(50.99)
Tumor type,% 0.003
Breast 279(15.16) 234(15.28)  45(1447)
Digestive 137(4.91) 103(4.62) 34(6.54)
system
Gynecological  231(12.58) 200(13.19)  31(9.10)
Hematological  72(3.74) 61(4.01) 11(2.18)
Respiratory 41(1.68) 29(1.47) 12(3.21)
Skin or soft 593(39.85) 482(40.89) 111(33.91)
tissue
Urinary system  319(11.05) 235(9.80) 84(18.18)
Other 218(11.03) 166(10.79)  52(12.41)

NHANES National Health and Nutrition Examination Survey, BMI Body Mass
Index, CHD Coronary Heart Disease, PIR Poverty Income Ratio, DM Diabetes
mellitus, IFG Impaired fasting glycemia, /GT Impaired glucose tolerance. A
P-value < 0.05 indicates statistical significance

minimizing the risk of overfitting, particularly consider-
ing the sample size. This approach is consistent with com-
mon practices in large, nationally representative datasets
such as NHANES, where percentiles are often used for
knot placement to enhance model stability and interpret-
ability. Subgroup analyses were conducted to control for
potential confounding factors and assess effects across
different subgroups. Forest plots were used to visual-
ize the significance of interactions and the effects within
each subgroup (see Fig. 3 for detailed results). To address
the risk of Type I errors from multiple comparisons, we
applied appropriate correction methods to adjust P-val-
ues using the R forestplot package, ensuring the results’
reliability. The adjusted P-values, displayed in the for-
est plots, were used to evaluate subgroup interactions,
with caution emphasized when interpreting differences.
A two-sided P-value of<0.05 was regarded as statistical
significance.

Results

Baseline characteristics of study participants

A total of 1890 cancer patients (Table 1) were included
in this cross-sectional analysis, with males account-
ing for 45.34% of the cohort. These cancer patients
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Table 2 Adjusted Odds Ratios (AOR) and 95% Confidence Intervals (Cl) for the association between depression symptoms and CVD

risk

Model I
(AOR,95%Cl,P-value)

Total PHQ-9 score

Model Il
(AOR, 95% Cl, P-value)

Model II®
(AOR, 95% Cl, P-value)

Continuous 1.14(1.09-1.18), P<0.0001
Four categorical groups
None ref

Mild 2.39(1.59-3.61), P<0.0001

Moderate 2.92(1.13-7.53), P=0.030
Severe 9.58(4.06-22.60), P<0.0001
P for trend P<0.0001

1.12(1.07-1.16), P<0.0001 1.09(1.05-1.14), P<0.001
ref ref

2.19(1.41-3.39), P<0.001 1.70(0.91-3.17), P=0.09
2.09(0.85-5.16), P=0.110 2.28(0.91-5.73), P=0.08
7.55(3.12-18.25), P<0.0001 6.82(2.39-19.50), P<0.001
P<0.0001 P<0.001

2 Model I included modifications for age, ethnicity, and gender

® Model Il included modifications for age, ethnicity, gender, marital status, BMI, degree of education, alcohol intake, cigarettes smoked, and PIR

€ Model lll included modifications for all confounding factors previously mentioned

P for overall < 0.0001
P for nonlinear = 0.424

log odds

0 5 10

15 20

PHQ-9 score
Fig. 2 The RCS curve illustrates the association between depression symptoms and CVD risk among all US adults. RCS regression was modified

for all confounding factors previously mentioned

represented a population of 9,327,251 adults in the
United States. Notably, 14.88% (380) of the can-
cer patients had a diagnosis of CVD. Among males,
243 (58.05%) had CVD, while 712 (43.12%) did not.
Among females, 137 (41.95%) had CVD, while 798
(56.88%) did not.Cancer patients with CVD tended to
be older (mean age=69.38) and had a higher percent-
age of males. Those with CVD also exhibited a lower

proportion of BMI> 30, lower educational levels, and
lower PIR(3.04). Maritally, widowed cancer patients
were more prevalent in the CVD group, whereas those
without CVD had a higher proportion of never-mar-
ried individuals. Lifestyle factors revealed higher rates
of mild drinkers and smokers among cancer patients
with CVD. Physical activity (MET) levels were lower
in those with CVD, with a lower proportion reporting



Chen et al. BMC Psychiatry (2025) 25:302
Subgroups AOR(95%ClI)
Gender
Male 1.045(1.005-1.086)
Female 1.126(1.082-1.172)
Ethnicity

Mexican American
Non-Hispanic White
Non-Hispanic Black
Other
Marital status
Married/Cohabitant
Widowed
Divorced/Separated
Never married
BMI
<25
25-29.9
230
MET
Low
Moderate
High
Education level
High School or above
Below high school
Alcohol.user
Former
Mild
Moderate
Heavy
Never
Smoking status
Former
Never
Now
Hypertension
No
Yes
Diabetes
DM
IGT
IFG
No
Hyperlipidemia
No
Yes

1.073
1.078
1.092
1.017

0.952-1.209)
1.044-1.113)
1.024-1.164)
0.918-1.127)

S~ P P

1.091(1.053-1.130)
1.054(0.967-1.149)
1.059(1.005-1.116)
1.138(1.027-1.261)

1.052(1.003-1.104)
1.045(0.992-1.100)
1.098(1.048-1.151)

1.077(1.021-1.136)
1.090(1.021-1.163)
1.070(1.033-1.108)

1.079(1.048-1.111)
1.013(0.912-1.125)

1.060(1.001-1.124)
1.095(1.048-1.144)
0.997(0.891-1.117)
1.064(1.010-1.121)
1.157(1.043-1.283)

1.075(1.019-1.134)
1.085(1.036-1.136)
1.080(1.023-1.140)

1.050(0.983-1.121)
1.086(1.051-1.122)

1.077(1.029-1.127)
0.865(0.682—1.097)
1.059(0.909-1.233)
1.094(1.056-1.134)

1.162(1.085-1.245)
1.057(1.025-1.091)

Page 7 of 11

P for interaction

0.007
HiH
i
0.613
——
HiH
—a—
L |
0.524
i
—a—
—a—
——
0.244
=
——
-
0.868
—a—
—a—
o
0.222
HilH
s |
0.241
——
-
—a—
—a—
—a—
0.966
—a—
-
——
0.351
—a—
HiH
0.164
-
. .
—la—
i
0.014
——
HiH
MITTTTITIT T TTITTTT ]
0675 08 09 11.075 1.2

Adjusted AOR

Fig. 3 Subgroup analysis explored the association between depression symptom and CVD risk. Each stratification was adjusted for gender,
ethnicity, marital status, BMI, MET, degree of education, alcohol intake, cigarettes smoked, hypertension, diabetes and hyperlipidemia

high activity(52.51%) compared to those without CVD.
Mental health was poorer in the CVD group, as evi-
denced by a higher average PHQ-9 score of 4.02, with
a significantly lower proportion free from depressive

symptoms(67.58%) and higher rates of moderate
(6.04%) and severe symptoms (5.68%). Furthermore,
there were substantially higher rates of hypertension
(78.86%) and hyperlipidemia (86.84%) among cancer
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patients with CVD. The prevalence of diabetes was also
higher, particularly among diagnosed cases (34.55%).

Association between depression and CVD risk

Weighted regression analysis revealed a significant
increase in CVD risk associated with higher PHQ-9
scores, as shown in Table 2. Both Model 1 (AOR=1.14,
95% CI: 1.09-1.18, P<0.0001) and Model 2 (AOR=1.12,
95% CI: 1.07-1.16, P<0.0001) demonstrated a statisti-
cally significant association. After adjusting for potential
confounders, Model 3 continued to show a positive cor-
relation between depression and CVD risk, with an AOR
of 1.09 (95% CI: 1.05-1.14, P<0.001).

The association remained statistically significant
when PHQ-9 scores were categorized into four levels.
Although the correlation was not strictly linear, higher
PHQ-9 scores were associated with an increased risk
of CVD. Notably, individuals with “Severe” depres-
sion had a significantly higher CVD risk compared to
those with “Mild” or “Moderate” depression. In the fully
adjusted model, the AORs (95% CI) for Mild, Moderate,
and Severe depression were 1.70 (95% CI: 0.91-3.17),
2.28 (95% CI: 0.91-5.73), and 6.82 (95% CI: 2.39-19.50),
respectively. Trend analysis consistently supported this
correlation across all three models, with all P-values for
trend < 0.001.

Analysis of restricted cubic spline regression

To elucidate the association between depression
and CVD risk, a RCS regression model was adopted.
After neglecting potential confounding factors, we
observed a clear and direct correlation between depres-
sion and CVD risk in the RCS regression analysis
(P=0.424, Fig. 2). As the PHQ-9 score increases, the risk
of CVD also significantly increases. There was a virtu-
ally log-linear correlation between CVD risk and PHQ-9
score when the score was larger than 5.

Subgroup analysis stratified by clinically important
covariates

After adjusting for relevant covariates, Fig. 3 provides
additional evidence of a positive correlation between
depression symptoms and CVD risk, as indicated by the
subgroup analysis. Interaction tests showed no significant
differences in the associations between depressive symp-
toms and CVD risk across ethnicity, marital status, BMI,
MET, education level, alcohol consumption, smoking sta-
tus, hypertension, and diabetes (all P-values for interac-
tions >0.05). These factors did not significantly modify
the positive relationship. However, gender and hyper-
lipidemia appeared to influence the association between
depression symptoms and CVD risk, with significant
interaction effects (P-value for interaction <0.05).
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Discussion

To explore the relationship between depressive symp-
toms and cardiovascular disease (CVD) risks in can-
cer patients, we conducted a cross-sectional analysis of
1890 participants using data from NHANES. Our study
specifically examines the depression-CVD link within
cancer patients, a population with unique biological and
psychosocial vulnerabilities that may amplify this con-
nection more than in the general population. Our find-
ings showed a positive correlation between depressive
symptoms and CVD risk in cancer patients. RCS analy-
sis revealed a log-linear dose—response relationship, and
subgroup analyses confirmed this link across various
demographic and clinical groups.

Novelty and contextualization

While previous studies have established a relationship
between depression and CVD in the general popula-
tion [35—37], our findings extend this evidence to cancer
patients—a group already at high risk for both condi-
tions. Cancer treatments, such as anthracyclines and
radiation, induce cardiotoxicity through mitochondrial
dysfunction and endothelial damage, while depression
increases cardiovascular risk through neurohormonal
activation [38, 39]. This dual burden creates a unique
risk profile for cancer patients, distinct from that of the
general population. Several surveys have shown higher
rates of CVD risk factors in cancer survivors, which may
increase their risk of CVD-related mortality [40, 41]. Our
study underscores the importance of tailored risk strati-
fication and early intervention in this high-risk group,
especially considering the complex interactions between
cancer treatment and cardiovascular health.

This study comprehensively assesses the relationship
between depression and CVD in cancer patients using a
nationally representative dataset.By focusing on this dual
vulnerability in cancer patients, our research represents a
critical step toward understanding the risks faced by this

group.

Interpreting cross-sectional findings

The bidirectional relationship between depression and
CVD in cancer patients calls for cautious interpreta-
tion. While depressive symptoms may exacerbate CVD
through inflammatory pathways [42], reverse causality
is also a possibility. For example, cancer patients with
undiagnosed CVD (e.g., subclinical atherosclerosis) may
develop depression due to the physical burden of the dis-
ease. Moreover, the complex interplay of comorbidities
in cancer patients could increase vulnerability to both
depression and cardiovascular risk. Therefore, our results
highlight the importance of recognizing this critical
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comorbidity cluster that requires integrated manage-
ment, rather than suggesting a unidirectional causality.
Depression and CVD risk in cancer patients may evolve
together, each exacerbating the other.

Interventional evidence and clinical implications
Emerging intervention studies suggest that manag-
ing depression could help reduce CVD risks in cancer
patients. Cognitive-behavioral therapy (CBT) has been
shown to reduce depressive symptoms and improve car-
diovascular risk profiles in cancer survivors, particularly
those with breast cancer [43, 44]. Additionally, com-
bining pharmacotherapy with lifestyle counseling has
proven effective in lowering cardiovascular risks in can-
cer patients with depression. This integrated approach
has been linked to better clinical outcomes, including a
reduction in major adverse cardiovascular events [45].
These findings support the need for integrated care mod-
els that address both mental health and cardiovascular
health. Early screening and treatment of depression in
cancer patients may play a crucial role in mitigating their
long-term cardiovascular burden.

Cancer treatment phase and comorbidity dynamics

When interpreting our findings, it is important to con-
sider the cancer treatment phase. Depression sever-
ity can fluctuate depending on the treatment stage. For
example, chemotherapy can induce neuroinflammation,
contributing to depressive symptoms [46]. The ongoing
side effects of treatment may exacerbate both psychologi-
cal and cardiovascular risks. In contrast, during survi-
vorship, patients may experience existential distress and
persistent depressive symptoms due to lingering effects
of treatment, which could further complicate their car-
diovascular health. A study [47] found that persistent
depression during chemotherapy was associated with
significantly higher CVD risk, highlighting the complex
relationship between mood disorders, cancer treatment,
and long-term health outcomes. Future studies should
stratify by treatment phase (e.g., active treatment vs. sur-
vivorship) to refine risk prediction and develop phase-
specific interventions.

Limitations and future directions

Although our study provides valuable insights, there are
several limitations to consider. Self-reported CVD diag-
noses may miss subclinical conditions, such as endothe-
lial dysfunction, which could be detected using advanced
diagnostic techniques like flow-mediated dilation. Fur-
thermore, the cross-sectional design prevents us from
drawing conclusions about causality, so future longitudi-
nal studies are needed to assess the temporal relationship
between depression and CVD risk in cancer patients.
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The lack of data on treatment phase limits our under-
standing of how acute versus chronic depression impacts
cardiovascular health, underscoring the need for future
research to incorporate treatment phase as a variable.

Moreover,the relatively small sample size and reliance
on self-reported data introduce potential biases, affect-
ing the generalizability of the findings. Larger, more
balanced sample sizes are necessary for more defini-
tive conclusions. Future studies should also explore how
cancer-related risk factors, such as cancer treatments and
disease progression, interact with depression to elevate
cardiovascular risk, and incorporate detailed cancer stag-
ing data to improve our understanding of these complex
relationships.

Conclusion

In conclusion, this study confirms a significant associa-
tion between depressive symptoms and CVD risk in can-
cer patients. These findings underscore the importance
of integrating mental health assessments and interven-
tions into routine cancer care to mitigate cardiovascular
risks and improve patient outcomes. Given the complex
interplay between depression and CVD, addressing both
conditions simultaneously may enhance overall patient
well-being and reduce long-term health risks.

Future research should focus on key areas: (1) longitu-
dinal studies to establish the causal relationship between
depression and CVD in cancer patients; (2)interven-
tion trials to evaluate the effectiveness of integrated
care models that combine oncology and mental health
treatment to improve both cancer and cardiovascular
outcomes;and(3) investigations into the biological mech-
anisms linking depression and CVD to identify potential
therapeutic targets. Additionally, exploring gender-and
age-related differences, as well as determining the opti-
mal timing and methods for managing depressive symp-
toms across different cancer types, will further inform
targeted treatment strategies.
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