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Abstract

Background Life’s Crucial 9 (LC9) is a recently proposed cardiovascular health (CVH) scoring system that integrates
psychological well-being with Life’s Essential 8 (LE8). However, its prognostic value remains unclear. This study aims to
investigate the association between LC9 and outcomes among cancer survivors.

Methods A total of 2,558 cancer survivors from the National Health and Nutrition Examination Survey (NHANES)
2005-2018 were included in this study. LC9, representing a dimension of psychological health, was calculated as the
average of the LE8 score and the depression score. Cox proportional hazards regression, restricted cubic spline (RCS)
analysis, subgroup analysis, and Kaplan-Meier survival curves were employed to evaluate the association between LC9
and mortality risk, with adjustments for potential confounders.

Results During an average follow-up period of 80 months, 640 deaths occurred, including 205 from cancer and

128 from cardiovascular disease. After adjusting for all covariates using Cox regression, a 10-point increase in the

LC9 score was associated with a 24% reduction in all-cause mortality (HR: 0.76; 95% Cl: 0.68-0.84), a 19% reduction

in cancer-specific mortality (HR: 0.81; 95% Cl: 0.68-0.97), and a 28% reduction in cardiovascular mortality (HR: 0.72;
95% Cl: 0.58-0.90). Kaplan-Meier survival curves indicated lower rates of all-cause, cancer-specific, and cardiovascular
mortality among participants with higher LC9 scores. RCS analysis revealed a linear inverse association between LC9
and all-cause and cancer-specific mortality and a nonlinear inverse association with cardiovascular mortality.

Conclusion Among cancer survivors in the United States, higher LC9 scores were independently associated with
lower risks of all-cause, cancer-specific, and cardiovascular mortality. This finding highlights the potential link between
cardiovascular health and survival outcomes in cancer survivors, suggesting that improving cardiovascular health may
serve as an important preventive strategy to enhance survival rates in this population.
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Introduction

According to the latest estimates from the International
Agency for Research on Cancer (IARC), approximately
one in five men or women will develop cancer during
their lifetime, and about one in nine men and one in ten
women will die from the disease [1]. Over the past three
decades, advancements in medicine have reduced over-
all cancer mortality rates by approximately 32% [2]. With
improvements in cancer diagnosis, the implementation
of screening programs, and the continuous develop-
ment of new therapies, the number of cancer survivors is
expected to increase significantly with an aging popula-
tion [3]. By 2030, the number of cancer survivors in the
United States is projected to rise to 22.1 million [4, 5]. The
primary determinant of survival among cancer patients is
access to treatment from specialized healthcare provid-
ers. However, it is crucial to recognize that complica-
tions arising from cancer and its treatment can negatively
impact physical functioning, lifestyle, and psychologi-
cal well-being, ultimately reducing life expectancy [6].
Many cancer survivors face complex health challenges,
including malnutrition, inflammation, and psychological
issues, which may increase the risk of cancer recurrence
and adversely affect post-diagnosis survival rates [7].
Survivors often have multiple modifiable factors, such
as physical activity, dietary intake, smoking, alcohol con-
sumption, and weight management [8]. Therefore, identi-
fying modifiable factors that can improve the long-term
prognosis of cancer survivors is essential.

In 2010, the American Heart Association (AHA)
defined cardiovascular health (CVH) and introduced
Life’s Simple 7, an accessible and actionable metric
designed to improve CVH [9]. In 2020, as evidence
on CVH expanded, the AHA launched an enhanced
approach for assessing CVH: Life’s Essential 8 (LES).
This updated definition incorporated sleep as a compo-
nent and revised the scoring algorithm for its elements
[10]. LES8 consists of four health behaviors—diet, physical
activity, nicotine exposure, and sleep duration—and four
health factors: body mass index (BMI), non-high-density
lipoprotein (HDL) cholesterol, blood glucose, and blood
pressure [10]. Recently, the importance of psychological
health in preventing cardiovascular disease (CVD) has
been emphasized, leading to the development of a new
metric, Life’s Crucial 9 (LC9), which integrates psycho-
logical health into the LE8 framework [11].

LC9 is an extension of LE8 that incorporates mental
health, which is a critical yet often overlooked dimen-
sion of cardiovascular and overall health. While LE8
focuses on biomedical indicators (e.g., blood pressure,
blood glucose, cholesterol) and lifestyle factors (e.g., diet,
physical activity, smoking), mental health significantly
affects health outcomes, particularly in cardiovascular
and cancer-related contexts. For instance, mental health
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conditions such as depression and anxiety have been
associated with poor outcomes in cancer survivors [12].
By including mental health, LC9 provides a more holistic
and scientifically comprehensive approach to assessing
cardiovascular health, especially in complex populations
such as cancer survivors. Moreover, mental health is sig-
nificantly associated with increased all-cause mortality
among cancer survivors. Psychological burdens, includ-
ing depression and distress, are prevalent in this popu-
lation and can exacerbate long-term health risks [13].
Assessing the predictive value of mental health not only
complements LE8 but also sheds light on its unique con-
tribution to mortality risk in cancer survivors. To the
best of our knowledge, no prior studies have examined
the association between LC9 and long-term outcomes
in cancer survivors. Our research addresses this gap by
evaluating the role of LC9 in predicting mortality, offer-
ing new insights into its utility in this specific population.
This approach underscores the value of including mental
health to enhance the predictive power of cardiovascular
health metrics, ultimately informing future strategies for
health management in cancer survivors.

This study aims to analyze the association between
LC9 scores and mortality outcomes, including all-cause
mortality, cardiovascular mortality, and cancer-specific
mortality, using a representative sample of U.S. can-
cer survivors from 2005 to 2018. Insights gained from
this research are expected to provide a foundation for
developing quantitative lifestyle guidelines for cancer
survivors.

Materials and methods
Study population and design
The National Health and Nutrition Examination Survey
(NHANES) is an ongoing program designed to assess the
health and nutritional status of individuals in the United
States. The survey combines in-home health interviews
with health measurements conducted in mobile exami-
nation centers, utilizing modern equipment to ensure
data reliability and quality. Data for this study were
obtained from the 2005-2018 NHANES cycles, which
employed a complex probability sampling method to pro-
vide a nationally representative sample of the U.S. popu-
lation. All NHANES surveys conducted by the National
Center for Health Statistics (NCHS) were approved by
the NCHS Ethics Review Board, and participants pro-
vided written informed consent. Since participant data
were pre-collected and anonymized, NHANES datas-
ets are publicly accessible without requiring additional
approval from local ethics committees [14]. All data are
freely available on the NHANES website (https://wwwn.c
dc.gov/nchs/nhanes/Default.aspx).

We utilized baseline data from seven NHANES cycles
collected between 2005 and 2018. Initially, the study
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included 70,190 participants, of whom 66,408 were
excluded due to no self-reported history of cancer. Addi-
tionally, 9 participants under 20 years of age or who were
pregnant were excluded. Furthermore, 1,214 participants
with incomplete data for variables of interest and 1 par-
ticipant with incomplete mortality data were excluded.
Ultimately, the study included a total of 2,258 adult par-
ticipants (Fig. 1).

NHANES 2005-2018

(N=70,190)
\ 4
N=3,782
A4
N=3,773
\ 4
N=2.559
A4
N=2.558

Excluded participants <20 years
old and pregnant women
(N=9)
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Measurement of LC9

The LC9 score is determined by the average score of 9
individual cardiovascular health (CVH) indicators, which
include the 8 components of the Life’s Essential 8 (LE8)
score [10] (4 health behaviors: diet, physical activity,
tobacco exposure, and sleep duration; 4 health factors:
body mass index (BMI), non-high-density lipoprotein
(HDL) cholesterol, blood glucose, and blood pressure) as
well as the average depression score. The diet indicator is
assessed using the Healthy Eating Index 2015 (HEI-2015).
Dietary information is collected through two 24-hour

Excluded participants without
cancer
(N=66.,408)

Excluded incomplete LC9 data
(N=1,214)

Excluded incomplete mortality
data
(N=1)

Fig. 1 A flow diagram of eligible participant selection in the National Health and Nutrition
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dietary recalls and combined with data from the U.S.
Department of Agriculture’s Food Patterns Equivalent
Database to construct and calculate the HEI-2015 score
on an individual basis [15]. The components and scor-
ing criteria of HEI-2015 are detailed in Table S2. Physical
activity, tobacco exposure, sleep duration, history of dia-
betes, and medication history are collected through stan-
dardized self-report questionnaires. Height, weight, and
blood pressure are measured during physical exams. BMI
is calculated as weight (kg) divided by height (m) squared.
After blood samples are collected, they are sent to a cen-
tral laboratory for lipid, fasting glucose, and glycated
hemoglobin measurement [15]. The depression score is
calculated based on the Patient Health Questionnaire-9
(PHQ-9) score, a validated structured questionnaire for
depression screening, where higher scores indicate more
pronounced depressive symptoms. Depression scores are
assigned based on the PHQ-9 score range as follows: 0—4
points =100, 5-9 points=75, 10—-14 points=50, 15-19
points =25, and 20-27 points=0 [16]. Each CVH indica-
tor has a score range of 0 to 100, with scores assigned by
an expert panel using the modified Delphi method based
on the relationship between health outcomes and risks
[10]. Detailed instructions for calculating each partici-
pant’s LC9 score using the NHANES database are pro-
vided in Table S1.

Mortality outcomes collection

Mortality data were obtained from the National Death
Index (NDI) database maintained by the Centers for Dis-
ease Control and Prevention (CDC) (https://www.cdc.g
ov/nchs/data-linkage/mortality-public.htm). The most
recent follow-up was conducted on December 31, 2019.
Causes of death were determined based on the Interna-
tional Classification of Diseases, 10th edition (ICD-10)
codes. The primary outcomes of this study focus on mor-
tality associated with all-cause, cardiovascular diseases
(including codes 100-109, 111, 113, 120-125, 126-151, and
160-169), and cancer (codes C00-C97) [17, 18].

Covariates

Based on previously published studies [17, 18], this study
includes the following covariates: (1) demographic vari-
ables, including age (20-65 years old, >65 years old),
sex (Male and Female), race (Mexican American, Non-
Hispanic Black, Non-Hispanic White, Other Race),
household income (Poor: <1.3; Not Poor:>=1.3), edu-
cation level (Below high school, High School or above),
and marital status; (2) lifestyle factors and conditions,
including obesity (BMI>=30), smoking (never smoker
defined as <100 cigarettes in a lifetime, current smoker
defined as >100 cigarettes in a lifetime, and former
smoker defined as >100 cigarettes and had quit smok-
ing), and alcohol use (heavy drinking: >4 drinks/day for
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men, >3 drinks/day for women, or =5 days of drinking in
a month; moderate drinking: >3 drinks/day for men, =2
drinks/day for women, or =2 days of drinking in a month;
mild drinking: <2 drinks/day for men, <1 drink/day for
women, and >12 drinks in a year; and never-drinking:
total number of drinks in a year<12, and dietary alcohol
content of 0%); (3) chronic comorbidities, including dia-
betes (defined as a history of previous diabetes, HbAlc
level >6.5%, or fasting blood glucose level >126 mg/dL),
hypertension (self-reported hypertension history, the uti-
lization of antihypertensive medication, a systolic blood
pressure (SBP)>140mmHg, or a diastolic blood pres-
sure (DBP) 290mmHg), and hyperlipidemia (Triglyceride
(TG) levels>150 mg/dl (1.7 mmol/L); Total cholesterol
(TC) levels =200 mg/dl (5.18 mmol/L); Low-density lipo-
protein (LDL) levels>130 mg/dl (3.37 mmol/L); High-
density lipoprotein (HDL) levels: Men: <40 mg/dl (1.04
mmol/L); Women: <50 mg/dl (1.30 mmol/L); Individuals
taking cholesterol-lowering drugs). Detailed information
on these covariates is provided in Table S3.

Statistical analysis
In all our analyses, sample weights were considered to
obtain national estimates. The analysis used the appro-
priate sampling weight (1/7 x WTMEC2YR) to account
for the complex survey design employed in the NHANES
survey [19]. Continuous variables are presented as means
and standard deviations (SD), with p-values calculated
using t-tests or one-way analysis of variance (ANOVA).
Categorical variables are represented by counts and
weighted percentage frequencies (%), with p-values
determined using weighted chi-square tests. Participants
were categorized into three groups based on LC9 score
tertiles (T1: <62.77, T2: 62.77-74.44, T3: >74.44).
Multivariable Cox proportional hazards regression
models were used to calculate hazard ratios (HR) and
their corresponding 95% confidence intervals (CI) to
assess the association between LC9 and all-cause mortal-
ity, cancer-specific mortality, and cardiovascular mortal-
ity. Three statistical models were constructed. Model 1
was unadjusted for any covariates. Model 2 adjusted for
demographic characteristics, including age, sex, educa-
tion level, marital status, poverty-to-income ratio (PIR),
and race. To assess whether factors such as obesity,
smoking, diabetes, hypertension, and hyperlipidemia
exert an influence on outcomes (all-cause mortality,
cancer-specific mortality, and cardiovascular mortal-
ity) beyond what is captured by the total LC9 score, we
incorporated these variables as independent adjustments
in the model. This approach helps clarify the relation-
ship between LC9 and mortality risk while enhancing the
robustness and interpretability of the results. Therefore,
Model 3 was further adjusted for current lifestyle con-
ditions and comorbidities, including obesity, smoking,
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drinking, hypertension, diabetes, and hyperlipidemia, in
addition to the covariates in Model 2.

Kaplan-Meier survival analysis and log-rank tests were
used to assess the prognostic differences among the
LC9 score groups. Restricted cubic splines (RCS) were
employed to evaluate the linear or nonlinear relation-
ship between LC9 scores and mortality. Subgroup analy-
ses were conducted to explore whether the relationship
between LC9 scores and mortality varied by age, sex,
education level, marital status, PIR, race, obesity, smok-
ing, drinking, hypertension, diabetes, and hyperlipid-
emia. All statistical analyses were performed using R
(version 4.3.1). A two-tailed p-value of less than 0.05 was
considered statistically significant.

Results

Population characteristics

This study included 2,258 cancer survivors, with a total
of 640 deaths, of which 205 participants died from can-
cer, and 128 died from heart disease. Table 1 presents the
baseline characteristics of the study population, strati-
fied by LC9 score. The weighted mean (SD) LC9 score
for all participants was 68.42 (13.28). Overall, 51% of par-
ticipants were aged over 65 years, and 56% were female.
Compared to participants with lower LC9 scores, those
with higher LC9 scores exhibited lower all-cause mortal-
ity, cancer-specific mortality, and cardiovascular mortal-
ity. Table S4 presents the baseline characteristics of the
study population by survival status, showing that partici-
pants who survived had higher LC9 scores compared to
those who died.

Association of LC9 with mortality

Table 2 illustrates the association between LC9 scores
and all-cause mortality, cancer-specific mortality, and
cardiovascular mortality, as assessed using Cox regres-
sion models. Three different models were used to evalu-
ate the relationship between LC9 and mortality, all of
which showed a significant negative correlation between
LC9 and mortality (all p<0.01). Specifically, in Model 3,
after adjusting for various covariates, a 10-point increase
in LC9 score was associated with a 24% reduction in all-
cause mortality (HR: 0.76; 95% CI: 0.68—0.84; p <0.001),
a 19% reduction in cancer mortality (HR: 0.81; 95% CI:
0.68-0.97), and a 28% reduction in cardiovascular mor-
tality (HR: 0.72; 95% CI: 0.58—0.90). Additionally, when
LC9 was classified as Low (0-49), Moderate (50-79), and
High (80-100), the risk of all-cause mortality was 36%
lower in the LC9 High group compared to the LC9 Low
group (HR: 0.36; 95% CI: 0.22—-0.59; P for trend <0.001).
In addition, the results remained consistent when LC9
was categorized into tertiles (T1, T2, T3), the risk of all-
cause mortality was 36% lower in the LC9 T3 group com-
pared to the LC9 T1 group (HR: 0.64; 95% CI: 0.48-0.87;
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P for trend =0.003) (Table S5). Additionally, the Psycho-
logical Health score remained significantly negatively
associated with all-cause mortality (Table 2).

Figure 2 presents the results of the RCS analysis, which
further confirms a significant linear negative correlation
between LC9 and all-cause mortality after adjusting for
relevant variables (overall P<0.001; non-linear P=0.589,
Fig. 2A), indicating that the risk of all-cause mortality
decreases linearly with an increase in LC9 score. How-
ever, LC9 showed a non-linear negative correlation with
cardiovascular mortality (overall P=0.001; non-linear
P=0.046, Fig. 2C), with a turning point at an LC9 score
of 67.78.

Furthermore, Kaplan-Meier curves showed that when
divided by tertiles, the highest LC9 group (T3) had a
significantly lower incidence of all-cause mortality, can-
cer-specific mortality, and cardiovascular mortality com-
pared to the lowest LC9 group (T1) (Log-rank P<0.05,
Figs. 3A-C).

Subgroup analysis

To further investigate the relationship between LC9
scores and all-cause, cancer-specific, and cardiovascular
mortality, subgroup analyses were conducted (Table 3).
The subgroup analysis revealed that the negative asso-
ciation between LC9 scores and all-cause mortality was
consistent across various subgroups, including age, sex,
marital status, education level, obesity, hypertension, and
diabetes. No significant interactions were observed.

Additionally, the study found a significant negative
association between LC9 scores and cancer mortality in
the following groups: younger individuals (aged 20-65
years, HR 0.67; 95% CI 0.49-0.91), married individuals
(HR 0.74; 95% CI 0.56-0.98), those not living in poverty
(HR 0.80; 95% CI 0.65—-0.98), individuals with higher edu-
cation levels (HR 0.79; 95% CI 0.63—-0.98), non-smokers
(HR 0.62; 95% CI 0.47-0.83), and those without hyperlip-
idemia (HR 0.48; 95% CI 0.29-0.79). No significant inter-
actions were found in these subgroups.

Furthermore, a significant negative association
between LC9 scores and cardiovascular mortality was
observed in the following subgroups: older individuals
(aged > 65 years, HR 0.70; 95% CI 0.54—0.89), males (HR
0.70; 95% CI 0.54-0.91), married individuals (HR 0.67;
95% CI 0.49-0.90), individuals with lower poverty lev-
els (HR 0.70; 95% CI 0.55-0.91), individuals with higher
education levels (HR 0.73; 95% CI 0.56—0.94), those with-
out obesity (HR 0.65; 95% CI 0.48-0.90), hypertensive
patients (HR 0.72; 95% CI 0.57-0.92), hyperlipidemia
patients, and individuals with diabetes. No significant
interactions were observed in these subgroups.
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Table 1 The demographic characteristics of the Cancer survivors population in the present study were stratified by LC9

Characteristic Overall, Low (LC9<50), Moderate High (LC9 =80), PValue
N=2,558 (100%) N=263 (8%) (50<LC9<80), N=442 (21%)
N=1,853(71%)
Age (%) 0.010
20-65 1,071 (49%) 142 (59%) 734 (46%) 195 (54%)
>65 1,487 (51%) 121 (41%) 1,119 (54%) 247 (46%)
Sex (%) 0.028
Female 1,337 (56%) 168 (63%) 923 (54%) 246 (61%)
Male 1,221 (44%) 95 (37%) 930 (46%) 196 (39%)
Race (%) <0.001
Non-Hispanic White 1,812 (88%) 167 (82%) 1,296 (88%) 349 (92%)
Non-Hispanic Black 7 (4.3%) 50 (9.5%) 236 (4.6%) 31 (1.7%)
Other 271 (5.5%) 31 (6.4%) 196 (5.7%) 44 (4.8%)
Mexican American 158 (2.1%) 15 (2.2%) 125 (2.2%) 18 (1.7%)
Married/live with partner (%) 0.001
no 971 (33%) 128 (40%) 711 (34%) 132 (26%)
yes 1,586 (67%) 135 (60%) 1,141 (66%) 310 (74%)
Education level (%) <0.001
Below high school 477 (11%) 99 (26%) 341 (11%) 37 (5.5%)
High School or above 2,081 (89%) 164 (74%) 1,512 (89%) 405 (94%)
PIR (%) <0.001
Poor 530 (13%) 108 (32%) 380 (14%) 42 (4.7%)
Not Poor 1,832 (87%) 135 (68%) 1,327 (86%) 370 (95%)
Obesity <0.001
no 1,604 (64%) 84 (29%) 1,108 (58%) 412 (94%)
yes 954 (36%) 179 (71%) 745 (42%) 30 (6.0%)
Smoking (%) <0.001
never 1,167 (46%) 56 (19%) 817 (43%) 294 (69%)
former 1,018 (39%) 99 (36%) 780 (42%) 139 (30%)
current 373 (15%) 108 (45%) 256 (15%) 9 (1.6%)
Drinking (%) <0.001
never 301 (9.7%) 36 (13%) 216 (9.6%) 49 (9.1%)
former 543 (18%) 78 (31%) 409 (19%) 56 (10%)
mild 1,079 (47%) 78 (38%) 769 (45%) 232 (56%)
moderate 293 (15%) 19 (5.9%) 209 (15%) 65 (18%)
heavy 221 (11%) 30 (13%) 165 (11%) 26 (6.8%)
Hypertension (%) <0.001
no 920 (42%) 59 (29%) 576 (34%) 285 (70%)
yes 1,638 (58%) 204 (71%) 1,277 (66%) 157 (30%)
Diabetes (%) <0.001
no 1,907 (79%) 132 (56%) 1,355 (76%) 420 (96%)
yes 651 (21%) 131 (44%) 498 (24%) 22 (4.3%)
Hyperlipidemia (%) <0.001
no 448 (1 7%) 16 (6.0%) 280 (13%) 152 (34%)
yes 10 (83%) 247 (94%) 1,573 (87%) 290 (66%)
Mean LC9 score (mean (SD)) 68.42 (13.28) 42.39 (6.55) 66.05 (7.86) 86.06 (4.65) <0.001
Mean psychological health score (mean (SD)) 88.54 (24.27) 56.29 (39.13) 89.59 (22.11) 97.22 (9.93) <0.001
Mean HEI-2015 diet score (mean (SD)) 7(31.54) 21.27 (23.55) 40.92 (29.96) 68.22 (26.08) <0.001
Mean physical activity score (mean (SD)) 66.45 (43. 56) 1945 (35.77) 63.62 (44.04) 93.52 (20.08) <0.001
Mean tobacco exposure score (mean (SD)) 73.08 (34.55) 4142 (41.59) 7156 (34.61) 90.04 (17.57) <0.001
Mean sleep health score (mean (SD)) 84.97 (23.40) 61.01 (31.72) 85.17 (22.63) 93.31 (1442) <0.001
Mean body mass index score (mean (SD)) 60.97 (32.92) 34.95 (31.55) 56.39 (31 83) 85.93 (20.17) <0.001
Mean blood lipid score (mean (SD)) 60.51 (28.92) 41.60 (28.65) 58.65(28.17) 73.80 (25. 79) <0.001
Mean blood glucose score (mean (SD)) 78.59 (26.44) 58.69 (28.82) 76.00 (26 50) 9464 (14.51) <0.001
Mean blood pressure score (mean (SD)) 57.51(32.07) 46.82 (34.46) 52.57 (30.59) 7787 (27.21) <0.001
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Table 1 (continued)
Characteristic Overall, Low (LC9<50), Moderate High (LC9>80), PValue
N=2,558 (100%) N=263 (8%) (50<LC9<80), N=442 (21%)
N=1,853(71%)

BMI (mean (SD)) 28.86 (6.35) 34.09 (7.71) 29.61 (6.08) 2440 (3.56) <0.001
Systolic blood pressure (mean (SD)) 12740 (18.74) 13232 (21.51) 129.70 (18.33) 117.92 (15.61) <0.001
Diastolic blood pressure (mean (SD)) 68.53 (12.50) 68.71 (13.14) 68.82 (13.01) 67.51 (10.30) 0.033
HDL, mmol/L (mean (SD)) 143 (0.45) 1.19 (0.35) 1.37(041) 1.69 (0.50) <0.001
Fasting blood glucose, mmol/L (mean (SD)) 6.14 (1.66) 7.28 (3.32) 6.24 (1.53) 5.45 (0.66) <0.001
Physical activity (mean (SD)) 830.04(1,182.30) 620.71(1,322.13) 82825 (1,217.17) 856.03(1,075.92)  <0.001
Mortality (%) 0.001

All-cause mortality 640 (19%) 83 (29%) 481 (20%) 76 (11%)

Cancer-specific mortality 205 (5.9%) 23 (7.1%) 158 (6.3%) 24 (4.3%)

Cardiovascular mortality 128 (4.0%) 17 (6.3%) 98 (4.4%) 13 (2.0%)

Mean (SD) for continuous variables: the Pvalue was calculated by the weighted one-way analysis of variance (ANOVA)

Percentages (weighted N, %) for categorical variables: the Pvalue was calculated by the weighted chi-square test

Abbreviation: LC9, Life’s Crucial 9; HDL, high density lipoprotein cholesterol; PIR, Ratio of family income to poverty

Discussion

To the best of our knowledge, this is the first study to
use nationally representative data from NHANES to
explore the relationship between LC9 scores and the
risk of all-cause mortality, cancer-specific mortality, and
cardiovascular mortality in cancer survivors. In a cohort
of 2,558 cancer survivors from seven NHANES cycles
(2005-2018), a significant dose-dependent relationship
was observed between LC9 scores and all-cause mortal-
ity, cancer mortality, and cardiovascular mortality risk.
Notably, for every 10-point increase in LC9 scores, the
risk of all-cause mortality, cancer mortality, and cardio-
vascular mortality was significantly reduced by 24%, 19%,
and 28%, respectively. The dose-dependent relationship
was particularly significant in the context of all-cause
mortality, where a linear relationship was observed.
However, cardiovascular mortality showed a non-linear
association with LC9 scores. As a powerful tool for quan-
tifying lifestyle, our findings underscore the importance
of maintaining high cardiovascular health (CVH) levels
in improving the overall health of cancer patients, man-
aging cancer itself, and enhancing cardiovascular health
outcomes.

Cancer has become one of the leading causes of pre-
mature death globally and remains a prominent issue in
global health [20]. In recent years, there has been increas-
ing attention on the impact of lifestyle factors on cancer
incidence and progression. Studies show that individuals
adopting a healthy lifestyle have a 52% lower risk of can-
cer mortality compared to those with unhealthy lifestyles
[21]. Furthermore, research indicates that cancer survi-
vors face higher cardiovascular disease (CVD) risks due
to a combination of factors, such as cancer treatments,
lifestyle changes, and other underlying risk factors [22,
23]. The impact of cardiovascular health (CVH) on the
quality of life of cancer survivors has garnered increasing
attention, particularly in terms of depression, anxiety, and

chronic or traumatic stress. Despite significant advances
in cancer treatments that have substantially improved
survival rates, many survivors continue to face long-term
health challenges, which may stem from the effects of
cancer treatments on the cardiovascular system [21].

Life’s Simple 7 (LS7), established by the American
Heart Association (AHA) in 2010, has served as a stan-
dard for cardiovascular health (CVH) assessment. Stud-
ies have demonstrated that LS7 is an effective tool for
evaluating cardiovascular disease (CVD) risk in cancer
survivors, highlighting the critical role of CVH in pre-
venting CVD development [24]. LS7 includes seven key
indicators: smoking, physical activity, obesity, diet, total
cholesterol, blood pressure, and blood glucose. To further
refine CVH assessment, AHA introduced Life’s Essen-
tial 8 (LE8) standards in 2020, adding sleep quality as a
new metric and providing a more detailed cardiovascular
health scoring system ranging from 0 to 100 [10]. Results
from two cohort studies conducted in the UK Biobank
and the U.S. NHANES emphasized the significant asso-
ciation between higher LE8 scores and a reduced over-
all cancer mortality risk. Specifically, for every standard
deviation increase in LE8 score, cancer mortality was
reduced by 19% in both the U.S. and UK populations [25].
A cross-sectional study further indicated a reverse gradi-
ent relationship between LES8 scores and both all-cause
and cardiovascular mortality risks in cancer survivors
[26]. These findings align with the results of our study.
However, the aforementioned studies did not consider
the potential impact of mental health on cardiovascular
health and cancer survivors. To address this, our study
innovatively introduced the LC9 score [11], exploring its
relationship with cancer survivors and emphasizing the
importance of mental health in cardiovascular health and
cancer survivorship.

In a study, “Association of sleep duration and depres-
sive symptoms with mortality in cancer survivors” [13],
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Table 2 HRs (95% Cls) for All-cause mortality, Cancer-specific mortality, and cardiovascular mortality according to LC9 in the Cancer
survivors population, weighted

LC9 and Subgroup scores Model 1 [HR (95% Cl)] Model 2 [HR (95% Cl)] Model 3 [HR (95% Cl)]
All-cause mortality
Continuous (per 10 scores) 0.77(0.71,0.83) 0.76(0.69,0.83) 0.76(0.68,0.84)
Categories
Low (0-49) 1 (ref) 1 (ref) 1 (ref)
Moderate (50-79) 0.65(0.47,0.88) 0.49(0.34,0.69) 0.52(0.36,0.75)
High (80-100) 0.31(0.20,0.49) 0.30(0.19,0.48) 0.36(0.22,0.59)
P for trend <0.001 <0.001 <0.001
Psychological Health score 0.99(0.95,1.03) 0.95(0.92,0.98) 0.97(0.94,1.00)
HEI diet score 0.98(0.95,1.02) 0.97(0.93,1.00) 0.98(0.95,1.02)
Physical activity score 0.90(0.88,0.92) 0.92(0.90,0.94) 0.92(0.90,0.94)
Tobacco exposure score 0.99(0.96,1.01) 0. 96(0 93,0.99) 1.03(0.90,1.17)
Sleep health score 0. 92(0 89,0.95) 91(0.88,0.95) 0. 93(0 90,0.97)
Body mass index score 01(0.98,1.05) 01(0.97,1.05) 05(0.96,1.15)
Blood lipid score 1 07(1 04,1.10) 1 05(1 02,1.08) 1 04(1 .00,1.07)
Blood glucose score 0.90(0.86,0.94) 0.94(0.90,0.99) 1.01(0.94,1.07)
Blood pressure score 0.88(0.86,0.91) 0.94(0.91,0.98) 0.97(0.93,1.02)
Cancer-specific mortality
Continuous (per 10 scores) 0.81(0.72,0.92) 0.84(0.73,0.97) 0.81(0.68,0.97)
Categories
Low (0-49) 1 (ref) 1 (ref) 1 (ref)
Moderate (50-79) 0.77(042,1.42) 0.70(0.35,1.40) 0.70(0.37,1.36)
High (80-100) 0.44(0.20,0.96) 0.50(0.22,1.16) 0.52(0.20,1.31)
P for trend 0.010 0.090 0.190
Psychological Health score 0.99(0.95,1.07) 0.97(0.91,1.03) 0.98(0.92,1.04)
HEI diet score 0.96(0.90,1.01) 0. 95(0 90,1.01) 0.96(0.91,1.03)
Physical activity score 0.90(0.87,0.94) 91(0.88,0.95) 0.91(0.88,0. 95)
Tobacco exposure score 0.98(0.94,1.02) 0. 98(0 93,1.02) 1.28(1.01,1.61)
Sleep health score 0.92(0.88,0.97) 0. 92(0 87,0.98) 0. 93(0 88,0. 99)
Body mass index score 1.00(0.95,1.06) 00(0.94,1.07) 02(0.90,1.16)
Blood lipid score 1.09(1.04,1.15) 108(1 02,1.15) 107(1 01,1.14)
Blood glucose score 0.95(0.87,1.04) 1.02(0.93,1.13) 10(0.99,1.23)
Blood pressure score 0.93(0.88,0.98) 0.99(0.93,1.05) 1 OO(O 93,1.08)
Cardiovascular mortality
Continuous (per 10 scores) 0.70(0.60,0.82) 0.66(0.55, 0.80) 0.72(0.58, 0.90)
Categories
Low (0-49) 1 (ref) 1 (ref) 1 (ref)
Moderate (50-79) 0.61(0.32,1.18) 0.42(0.18,0.99) 047(0.17,1.32)
High (80-100) 0.22(0.09,0.55) 0.19(0.07,0.52) 0.32(0.09,1.11)
P for trend <0.001 0.002 0.100
Psychological Health score 0.99(0.94,1.11) 0.93(0.84, 1.04) 0.96(0.86, 1.08)
HEI diet score 1.06(1.00,1.13) 1.04(097,1.11) 1.07(1.00, 1.15)
Physical activity score 0.89(0.84,0.93) 0.90(0.86, 0. 95) 0.91(0.87, 0. 95)
Tobacco exposure score 1 OO(O 94,1.07) 0.96(0.88, 1.04) 0.99(0.67, 1.46)
Sleep health score 91(0.85,0.97) 0.89(0.82, 0. 96) 0.91(0.84, 0. 98)
Body mass index score 0. 96(0 88,1.04) 0.95(0.87, 1.05) 0.98(0.75, 1.28)
Blood lipid score 1 OS(O 98,1.13) 1.02(0.93,1.11) 1.02(0.94,1.1 O)
Blood glucose score 81(0.76,0.87) 0.88(0.81, 0. 95) 0.97(0.86, 1.09)
Blood pressure score 0. 79(0 74,0.86) 0.86(0.78,0.95) 0.91(0.81, 1.03)

Model 1: no covariates were adjusted
Model 2: age, sex, education level, marital status, PIR, and race were adjusted
Model 3: age, sex, education level, marital status, PIR, race, obesity, smoking, drinking, hypertension, diabetes, and hyperlipidemia were adjusted

Abbreviation: LC9, Life’s Crucial 9; PIR, Ratio of family income to poverty; HR, hazard ratio; Cl, confidence interval; ref., reference; HEI diet score, Healthy Eating Index
diet score



Gong et al. BMC Cancer (2025) 25:805

Page 9 of 13

A B c
4 ' ' 1
1 1 15 1
' I i
P for overall < 0.001 : P for overall = 0.114 : P for overall = 0.001 :
P for nonlinear = 0.589 P for nonlinear = 0.340 P for nonlinear = 0.046 '
! ! inflection point = 67.78 1
1 1 '
3 ' ' '
1 A 1 1
' 24 ' 1
' ' 10 H
- ' = ' = '
Q | Q 1 Q '
2 ' 3 ' 3 '
o ' n ' e '
=2 ' = ' = 1
£ ! £ ' = '
= ' P ' = '
' 1 1
' ] I S e L e T 5 1
' l 1
' ' 1
' ' 1
R o s o s e o i o o ' '
' 1 1
' ' 1
' 1 |
' ¢ 222022 TRy 2 rETeesmeseEmemmlTe R
: : 0 :
40 80 100 40 60 80 40 60 80
Life's Crucial 9 Life's Crucial 9 Life's Crucial 9

Fig. 2 The association of LC9 with All-cause (A), Cancer-specific (B), and Cardiovascular mortality (C) among Cancer Survivors visualized by restricted

cubic spline

HR (solid lines) and 95% confidence levels (shaded areas) were adjusted for age, sex, education level, marital status, PIR, race, obesity, smoking, drinking,

hypertension, diabetes, and Hyperlipidemia
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it was found that every 1-point increase in depressive
symptom score was associated with a 2% increase in all-
cause mortality (HR=1.02; 95% CI: 1.00-1.03). In our
study, we found that every 1-point increase in Psycholog-
ical Health score was associated with a 5% reduction in
all-cause mortality (HR=0.95; 95% CI: 0.92—0.98). Stud-
ies have shown that depression can biologically disrupt
central stress systems, such as hyperactivity of the hypo-
thalamic-pituitary-adrenal (HPA) axis [27], dysregulation
of neuroimmune responses, and imbalances in sympa-
thetic noradrenergic function [28], which may contribute
to increased mortality. Therefore, compared to LE8, the
inclusion of mental health indicators in LC9 may provide
a more comprehensive assessment of long-term progno-
sis in cancer survivors.

Cardiovascular disease (CVD) and cancer are inter-
related to some extent, sharing common risk factors

and potential pathophysiological mechanisms, particu-
larly in cancer survivors, where cardiovascular health
is closely tied to cancer prognosis [22]. Cancer treat-
ments, including chemotherapy, radiation, and targeted
therapies, can have toxic effects on the heart, leading
to the development of cardiovascular disease [29, 30].
For instance, doxorubicin (DOX), an effective anthra-
cycline drug, is reported to affect approximately 30% of
patients within five years post-chemotherapy, causing
permanent cardiac damage [31]. Heart failure (HF) is a
major non-cancer cause of death in patients treated with
DOX [32]. This highlights the importance of cardiology,
an emerging field that integrates the intersection of can-
cer and cardiovascular disease, focusing on the cardiac
effects of cancer treatments and promoting comprehen-
sive health management for cancer patients [30]. CVD
and cancer share many common risk factors and can be
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Table 3 Subgroup analysis of the relationship between LC9 and mortality in the Cancer survivors population
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character All-cause Cancer-specific Cardiovascular
mortality mortality mortality
HR (95% CI p for interaction HR (95% Cl p forinteraction HR (95% Cl p for
interaction
Age 0.08 042 0.52
20-65 0.76(0.61,0.95) 0.67(0.49,091) 0.77(0.32,1.85)
>65 0.75(0.67,0.84) 0.87(0.69,1.11) 0.70(0.54,0.89)
Sex 0.95 091 0.96
Female 0.72(0.62,0.83) 0.84(0.65,1.08) 0.70(0.46, 1.05)
Male 0.78(0.67,091) 0.80(0.60,1.08) 0.70(0.54,0.91)
Married/live with partner 0.16 0.55 0.61
no 0.82(0.69,0.98) 0.90(0.67,1.21) 0.81(0.54,1.21)
yes 0.70(0.60,0.82) 0.74(0.56,0.98) 0.67(0.49, 0.90)
Education 0.76 0.56 0.37
Below high school 0.81(0.67,0.97) 0.95(0.66,1.38) 0.71(0.44,1.15)
High School or above 0.77(0.68,0.87) 0.79(0.63,0.98) 0.73(0.56, 0.94)
PIR 041 0.86 037
Poor 0.86(0.71,1.04) 0.94(0.65,1.37) 0.95(0.63, 1.44)
Not Poor 0.74(0.66,0.83) 0.80(0.65,0.98) 0.70(0.55,0.91)
Obesity 0.2 06 0.96
no 0.77(0.66,0.89) 0.87(0.69,1.09) 0.65(0.48, 0.90)
yes 0.72(0.60,0.87) 0.73(0.54,0.99) 0.82(0.55,1.21)
Smoking 0.2 0.87 037
never 0.60(0.51,0.70) 0.62(0.47,0.83) 0.64(0.46,0.90)
former 0.84(0.73,0.97) 0.85(0.64,1.12) 0.79(0.55,1.14)
current 0.91(0.66,1.24) 1.07(0.75,1.51) 0.44(0.27,0.73)
Drinking 047 0.09 0.09
never 0.64(0.48,0.85) 1.01(0.58,1.77) 0.46(0.25,0.85)
former 0.75(0.61,0.92) 0.84(0.65,1.10) 0.60(0.38,0.95)
mild 0.84(0.70,1.03) 0.91(0.60,1.36) 0.87(0.55,1.36)
moderate 0.68(0.45,1.03) 0.63(0.32,1.24) 1.48(0.93,2.3)
heavy 0.70(0.41,1.17) 0.54(0.34,0.86) 0.03(0.02,0.03)
Hypertension 0.12 0.52 0.94
no 0.78(0.62,0.99) 0.76(0.53,1.09) 0.63(0.33,1.18)
yes 0.74(0.66,0.83) 0.82(0.67,1.00) 0.72(0.57,092)
Diabetes 0.2 042 0.96
no 0.81(0.71,0.92) 0.87(0.70,1.08) 0.77(0.60,1.00)
yes 0.67(0.56,0.80) 0.66(0.47,0.93) 0.62(0.41,0.95)
Hyperlipidemia 0.05 0.91 0.1
no 0.82(0.55,1.22) 0.48(0.29,0.79) 251(1.484.25)
yes 0.75(0.68,0.83) 0.86(0.73,1.03) 0.69(0.56,0.87)

Subgroup analysis was constructed based on Model 3. In each case, the model was not adjusted for the stratification variable itself. HRs were calculated per 10-unit

increase in LC9

Abbreviation: LC9, Life’s Crucial 9; PIR, Ratio of family income to poverty; HR, hazard ratio; Cl, confidence interval

Abbreviation: LC9, Life’s Crucial 9; PIR, Ratio of family income to poverty; HR, hazard ratio; Cl, confidence interval

interconnected through hormones, cytokines, and meta-
bolic pathways [22]. Chronic inflammation is considered
a common underlying factor for various chronic diseases,
including CVD and cancer. CVD primarily stems from
atherosclerosis, where inflammation and lipid metabo-
lism disorders play a crucial role in its development [33].
Tumor-associated inflammation drives cancer progres-
sion and treatment resistance, often involving the infiltra-
tion of monocyte-derived tumor-associated macrophages

[34]. Modulating inflammatory pathways has shown
promising advances in cancer treatment and is a potential
strategy for reducing cardiovascular events [35]. Further-
more, metabolic syndrome, which includes hypertension,
diabetes, high cholesterol, and obesity, is not only closely
linked to CVD but is also an independent risk factor for
cancer [36, 37, 38, 39]. Metabolic syndrome accelerates
the development of CVD through various molecular
mechanisms, including insulin resistance, inflammatory
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responses, oxidative stress, and hormonal changes [40],
and increases cancer risk [41]. Therefore, comprehensive
health management for cancer survivors should include
monitoring and intervention for cardiovascular disease to
improve their quality of life and prognosis. The new LC9
metric, which incorporates mental health, adds signifi-
cant value to this study by emphasizing the importance
of psychological well-being in the relationship between
cardiovascular health and cancer survivorship.

Research has shown that a healthy lifestyle is closely
associated with cancer incidence and prognosis [8]. Indi-
viduals who adhere to cancer prevention dietary guide-
lines, especially those for breast cancer, colorectal cancer,
and endometrial cancer, exhibit a significantly lower risk
of developing these cancers [42, 43]. Regular physical
activity is considered an effective means of preventing
various cancers. A systematic review found significant
associations between physical activity and several can-
cers, including gastrointestinal and bladder cancers [44].
Exercise reduces cancer risk through multiple mecha-
nisms, including modulation of sex hormones, and
metabolic hormones, reducing inflammation, improv-
ing immune function, decreasing oxidative stress, and
promoting DNA repair [45]. Smoking is one of the most
well-established carcinogenic factors. According to the
Chinese National Cancer Center, smoking is respon-
sible for approximately 25% of cancer-related deaths
[46]. Moreover, sleep disorders can lead to obesity, insu-
lin resistance, weakened immune function, and chronic
inflammation, creating an environment conducive to
cancer development [47].

This study has several notable strengths: (1) It is the
first to examine the relationship between LC9 scores
and the risks of all-cause mortality, cancer mortality, and
cardiovascular mortality among cancer survivors in the
U.S. population, providing scientific guidance for health
interventions and management of cancer survivors. (2)
The use of a nationally representative sample of U.S. can-
cer survivors allows for the generalization of the findings
at the population level. (3) Through the construction of
various models and subgroup analyses, adjusting for con-
founding factors, the study shows a strong negative cor-
relation between LC9 and cancer survivor mortality, with
robust and credible results.

However, it is important to consider several limitations
of our study: (1) The study sample is drawn exclusively
from the U.S. population and is highly selected from the
entire NHANES cohort, which may affect the generaliz-
ability of our findings. We plan to include findings from
different populations in future research to reduce bias.
(2) Some CVH factors, such as diet, physical activity,
nicotine exposure, and sleep duration, were collected
through self-reported questionnaires, which may intro-
duce measurement and recall bias. (3) NHANES lacks
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follow-up data, so we were unable to dynamically assess
changes in participants’ CVH status over time. (4) Mea-
surement errors in relevant individual characteristics
and laboratory indicators may affect the accuracy of our
results. (5) In this study, we acknowledge the potential
issue of “double adjustment” when analyzing the asso-
ciation between LC9 and all-cause, cancer-specific, and
cardiovascular mortality. LC9 is a composite measure
that includes multiple health factors known to influ-
ence mortality risk, such as obesity, smoking, diabetes,
hypertension, and hyperlipidemia. Therefore, careful
consideration is required when adjusting for these vari-
ables to avoid redundancy or confounding effects. Future
research should further refine adjustment strategies and
explore advanced statistical methods, such as causal
inference models, to better characterize the complex
relationship between LC9 and mortality risk. Addition-
ally, while LC9 provides a comprehensive assessment of
overall health, our study also examined the independent
contributions of its individual components to mortal-
ity risk, offering valuable insights into the role of specific
health factors among cancer survivors.

Conclusion

In conclusion, our study demonstrates that LC9 score, as
a novel cardiovascular health (CVH) metric, is indepen-
dently associated with all-cause mortality, cancer-related
mortality, and cardiovascular mortality risks in can-
cer survivors. Our findings provide new insights for the
prevention and management of cancer survivors, high-
lighting that improving cardiovascular health may help
increase cancer survivor survival rates. Implementing
such interventions could have a significant public health
impact.
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