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Association of Cardiovascular Health
Metrics and Mortality Among Individuals
With and Without Cancer
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BACKGROUND: Although metrics of cardiovascular health have been associated with improved mortality, whether the associa-
tion remains among individuals with a history of cancer has not been well characterized.

METHODS AND RESULTS: The National Health and Nutrition Examination Survey data from 2009 to 2018 were used to identify
individuals with and without a history of cancer. For each participant, American Heart Association Life’s Essential 8 cardiovas-
cular health metrics of health behaviors (diet, physical activity, nicotine exposure, and sleep) and health factors (body mass
index, non—high-density lipoprotein cholesterol, blood glucose, and blood pressure) were obtained. All-cause, cardiovascular,
and cancer-related mortality were noted. Out of 21967 individuals, 8% had a history of cancer. In analyses adjusted for age,
race and ethnicity, sex, and income among the whole cohort, better Life’s Essential 8 cardiovascular health metrics were
associated with lower all-cause (adjusted hazard ratio [aHR ], 0.38 [95% ClI, 0.29-0.49]; P<0.001), cardiovascular (aHR, 0.38
[95% Cl, 0.22-0.49]; P<0.001), and cancer mortality (@HR, 0.50 [95% ClI, 0.31-0.79]; P=0.001). This association was driven by
better health behaviors that were associated with lower all-cause (aHR, 0.30 [95% ClI, 0.26-0.35]; P<0.001), cardiovascular
(@aHR, 0.39 [95% CI, 0.26-0.52]; P<0.001), and cancer mortality (@HR, 0.35 [95% ClI, 0.26-0.47]; P<0.001), whereas better
health factors were not associated with lower mortality. There were no significant interactions in these associations between
individuals with and without cancer.

CONCLUSIONS: Better metrics of cardiovascular health, particularly health behaviors, are associated with improved all-cause,
cardiovascular, and cancer mortality to a similar extent in individuals with and without cancer. Attempts to improve cardiovas-
cular health should be prioritized similarly among individuals with and without cancer.
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ardiovascular disease (CVD) and cancer are the
leading causes of death in the United States and
may share common pathophysiologic pathways
due to similar risk factors as well as inflammation
and neurohormonal activation associated with both
conditions.? In an effort to further characterize car-
diovascular health, the American Heart Association
introduced the Life’s Essential 8 (LE8) cardiovascular
health (CVH) rubric composed of measures of 4 health

behaviors (smoking, diet, physical activity, and sleep)
and 4 health factors (body size, cholesterol, glucose,
and blood pressure).® Better scores on these metrics
have been associated with lower rates of CVD and
all-cause mortality.* Likewise, healthy behaviors have
been associated with lower rates of cancer and im-
proved outcomes in the cancer population.>® However,
LE8 metrics are known to differ between individuals
with and without cancer,” and there are no data on
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CLINICAL PERSPECTIVE
What Is New?

e Better metrics of cardiovascular health, particu-
larly cardiovascular behaviors such as optimal
diet, physical activity, nicotine avoidance, and
sleep, are associated with lower mortality to a
similar extent among individuals with and with-
out a history of cancer.

What Are the Clinical Implications?

e Attempts to improve cardiovascular health, par-
ticularly through optimizing health behaviors,
should be prioritized similarly among individuals
with and without cancer.

Nonstandard Abbreviations and Acronyms

LE8 Life's Essential 8
CVH cardiovascular health

NHANES National Health and Nutrition
Examination Survey

whether LE8 CVH metrics have similar relationships
with clinical outcomes based on the presence or ab-
sence of a concomitant cancer diagnosis. The effects
of CVH on outcomes may differ between individuals
with and without cancer for a variety of reasons; for ex-
ample, the effects of cardiovascular risks on outcomes
in individuals with cancer may be attenuated due to
greater competing risks from the underlying cancer or
enhanced due to shared risk factors between cancer
and CVD. Understanding the relationship between
CVD risk factors and mortality in individuals with can-
cer is particularly important due to improved survival
from the underlying malignancy and increasing CVD
risk over time among cancer survivors.® Therefore, we
sought to assess the association between LES CVH
metrics and mortality from CVD, cancer, and all causes
in individuals without known CVD, with and without
cancer. Furthermore, we wanted to evaluate whether
LE8 health factors and health behaviors had distinct
associations with mortality in individuals with and with-
out cancer.

METHODS

The data for this analysis are publicly available. US
Centers for Disease Control and Prevention’s National
Center for Health Statistics and can be accessed at
https://www.cdc.gov/nchs/nhanes/index.htm.

Cardiovascular Risk in Patients With Cancer

Study Population

The National Health and Nutrition Examination Survey
(NHANES) is a series of nationally representative stud-
ies designed to monitor the health of the US population.
Participants are selected from the US noninstitutional-
ized, civilian population,® with the data being publicly
available.® NHANES data set research protocol was
approved by the National Center for Health Statistics
Ethics Review Board, and each participant signed an
informed consent. During the informed consent pro-
cess, survey participants are assured that data col-
lected will be used only for stated purposes.” Because
the data are publicly available, an individual’s consent
for this specific analysis was not required, and this re-
search was exempt from institutional review board ap-
proval. This study adhered to the research standards
as outlined in the Declaration of Helsinki.

This analysis used 10years of data from the 2009 to
2018 NHANES cycles, and data were linked with data
from the NHANES Linked Mortality File, which links
participants of NHANES >18years of age with death
records in the National Death Index data set through
December 31, 2019, which are the latest mortality data
available. NHANES collects samples in 2-year cycles.
The total combined sample of NHANES between 2009
and 2018 comprised 30352 adult participants, which
is the sample size at baseline. We excluded individ-
uals having a self-reported history of coronary heart
disease, angina, heart attack, or stroke, and those
with incomplete information for all 8 CVH components,
cancer, or CVD (Figure S1).

Demographic and Social Characteristics
Demographic characteristics and cancer status were
queried during the home interview. Participants were
stratified by cancer status. Household poverty as a
measure of socioeconomic status was calculated as
the ratio of monthly family income to poverty levels
and categorized as low (<1.30), low-middle (1.31-1.85),
middle (1.86-3.50), and high income (>3.50).3

Quantification of Cardiovascular Health
Scores

A method for calculating LE8 scores using NHANES
data was previously described,® and details are pro-
vided in Table S1. Briefly, scores of diet, physical activ-
ity, nicotine exposure, and sleep were based on data
collected in questionnaires. Obesity and blood pres-
sure were measured at the examination centers, and
non-high-density lipoprotein cholesterol and blood
glucose scores were based on blood sample testing.
We grouped the 4 health behaviors (diet, physical ac-
tivity, nicotine exposure, and sleep) and 4 health fac-
tors (body mass index, non-high-density lipoprotein
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cholesterol, blood glucose, and blood pressure) met-
rics. Briefly, health behaviors scores were based on
specific questionnaires data, and body mass index
score was based on the physical measurement, as
was the blood pressure score, and the non-high-
density lipoprotein cholesterol and blood glucose
scores were based on laboratory data. Full details for
scoring are provided in Table S1, with higher scores
reflecting better health on each factor or behavior. The
overall CVH was calculated for each individual by aver-
aging the scores for each of the 8 metrics; similarly, we
calculated the health behavior and health factor scores
using the relevant metrics to provide scores ranging
from O to 100. Higher scores on the metrics imply bet-
ter health factors or behaviors (ie, better diet, more
physical activity, less nicotine exposure, better sleep).
We categorized overall CVH, health factors, and health
behavior into 3 levels (low: <50, moderate: 50-79,
high: >80) following the American Heart Association’s
recommendations.'?

Assessment of Mortality Status

The mortality of each participant in the NHANES was
determined through a record match to death certificate
records from the National Death Index. Vital status was
ascertained from additional sources, including informa-
tion obtained from linkages with the US Social Security
Administration or by active follow-up of survey partici-
pants. Follow-up time for each outcome was counted
from the baseline examination date until the registered
date of death or the end of the study (December 31,
2019), whichever occurred first. All adult participants
included in the NHANES have assumed data on vital
status updated until December 31, 2019. The primary
outcomes of interest in this study were mortality from
all causes, cardiovascular mortality (codes 100-109, 111,
113, 120-151, and 160-169), or cancer mortality (codes
C00-C97), and compliance with the codes of the
International Classification of Diseases, Tenth Revision
(ICD-10). Because follow-up time was until any event of
mortality, individuals were censored for cancer mortal-
ity if they died of CVD and vice versa. Only individu-
als with complete data to mortality or end of the study
period were included in this analysis, without the need
to censor data for the primary outcome of all-cause
mortality.

Statistical Analysis

NHANES oversamples people >60years of age and
Black and Hispanic people. To ensure nationally rep-
resentative estimates, sampling weights were con-
sidered in all analyses to account for oversampling of
subgroups and complex sample design. Continuous
variables are presented as mean and standard error,
and categorical data are presented as percentages
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and frequencies. Categorical variables were compared
using the Pearson x? test, whereas continuous vari-
ables were compared using the Student t test or the
Mann-Whitney U test. Cox proportional hazard models
were used to evaluate the association between the lev-
els of overall CVH, health factors, and health behavior
and risk of mortality, and follow-up time was used as
the underlying time metric. We further tested the inter-
action between health metrics and cancer status on
mortality, using alternative models with the interaction
variables. Follow-up time was calculated from date of
interview or examination until date of death or the end of
the study (December 31, 2019). We performed univari-
ate and multivariate analyses. The multivariate models
were adjusted for age group, sex, and race, ethnicity,
and ratio of family income to poverty and were calcu-
lated according to cancer status. Proportionality as-
sumptions for the Cox models were assessed based
on Schoenfeld residual testing. In this method, correla-
tion of time with the residuals between the observed
and expected values of covariates in each failure time
point is examined. We did not observe any significant
correlation of residuals with time that may be inter-
preted as a violation of the proportionality assumption.
All analyses were performed using STATA SE version
17.0 (StataCorp, College Station, TX) and SPSS ver-
sion 26 (IBM, Armonk, NY).

RESULTS

We identified 21967 individuals, including 20215
(92.0%) without a history of cancer and 1752 (8.0%)
with a history of cancer. Individuals with cancer were
older (61.3 versus 44.5years of age, P<0.001), were
more likely to be women, more likely to be non-
Hispanic White, and had higher family income (Table 1).
Individuals with cancer had lower total LE8 scores
(63.2 versus 65.8, P<0.001), although this included
a combination of higher health behavior scores (68.6
versus 67.7, P<0.001) and lower health factor scores
(57.8 versus 63.9, P<0.001). The number of individuals
with each category of LE8 scores is shown in Table S2.

Crude mortality rates for all-cause, CVD, and can-
cer mortality based on LE8 scores in individuals with
and without cancer are shown in Figure S2. Individuals
with cancer had higher all-cause, CVD, and cancer
mortality compared with individuals without cancer for
all categories of LE8 scores, with individuals at lower
LE8 scores demonstrating the highest absolute mor-
tality rates. Univariate hazard ratios for individuals with
and without cancer for LE8 metrics, as well as metrics
separated into health factors and health behaviors, are
shown in Table S3. Univariate analyses revealed an as-
sociation between better LES metrics and decreased
mortality. However, the association tended to be
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Table 1. Baseline Characteristics by Cancer Status
Characteristic No cancer Any cancer P value
No. of participants 20215 1752
Age, y, mean (SE) 44.5 (0.01) 61.3 (0.02) <0.001
Age,y

18-39 42.0% 9.7% <0.001
40-64 45.9% 43.9%
65-79 10.0% 35.3%
>80 2.2% 1.1%
Sex
Men 48.4% 41.5% <0.001
Women 51.6% 58.5%
Self-reported race and ethnicity
Mexican American 9.7% 2.9% <0.001
Other Hispanic 6.6% 3.0%
Non-Hispanic 63.5% 86.3%
White
Non-Hispanic 11.2% 4.4%
Black
Other race and 9.0% 3.3%
ethnicity
Ratio of family income to poverty
<1.31 22.2% 12.8% <0.001
1.31-1.85 10.5% 8.1%
1.86-3.5 24.5% 251%
>3.5 42.7% 54.1%
AHA LES8 scores
Low LE8 Score 12.9% 15.4% <0.001
Moderate LES 70.1% 74.8%
Score
High LE8 Score 17.0% 9.8%
AHA LE8 scores (100 possible points), mean (SE)
Total LE8 score 65.8 (0.01) 63.2 (0.01) <0.001
Health behaviors 67.7 (0.01) 68.6 (0.02) <0.001
score
Tobacco 73.4 (0.01) 75.6 (0.01) <0.001
or nicotine
exposure score
Diet score 50.9 (0.01) 57.0 (0.01) <0.001
Physical activity 62.9 (0.01) 56.2 (0.01 <0.001
score
Sleep health 83.7 (0.01) 85.8 (0.01) <0.001
score
Health factors 63.9 (0.01) 57.8 (0.02) <0.001
score
BMI score 60.3 (0.01) 60.4 (0.04) <0.001
Blood lipids 39.5 (0.01) 34.4 (0.03) <0.001
(non-HDL
cholesterol)
score
Blood glucose 84.9 (0.01) 77.4 (0.01) <0.001
score
Blood pressure 71.2 (0.01) 59.0 (0.01) <0.001

score

AHA indicates American Heart Association; BMI, body mass index; HDL,

high-density lipoprotein; and LES8, Life’s Essential 8.
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statistically greater among individuals without cancer
compared with those with cancer, which may be due
to differences in baseline characteristics. For example,
in these univariate analyses, individuals with cancer did
not demonstrate improved all-cause and CVD mor-
tality with higher health factor scores compared with
lower health factor scores.

Given differences in baseline characteristics, analy-
ses adjusted for age, race and ethnicity, sex, and ratio of
family income to poverty are presented in Table 2. The
overall cohort with high (healthiest tertile) versus low
LES8 (least healthy tertile) scores demonstrated lower
all-cause mortality (adjusted hazard ratio [aHR, 95%
Cl], 0.38 [0.29-0.49]; P<0.001), CVD mortality (@HR
[95% Cl], 0.38 [0.22-0.64]; P<0.001), as well as cancer
mortality (@HR [95% CI], 0.50 [0.31-0.79]; P=0.001).
There were no significant interactions in these out-
comes between individuals with and without concom-
itant cancer. When the LE8 was further divided into
health behaviors and health factors, the overall health
behaviors metric demonstrated a significant associa-
tion between higher scores and lower all-cause (aHR
[95% Cl], 0.30 [0.26-0.35]; P<0.001), CVD (aHR [95%
Cl], 0.39 [0.25-0.53]; P<0.001), and cancer (@HR [95%
Cl], 0.35 [0.26-0.47]; P<0.001) mortality, whereas the
overall health factors metric demonstrated no associ-
ation between higher scores and all-cause (@aHR [95%
Cl], 1.09 [0.92-1.30]; P=0.27), CVD (aHR [95% CI], 0.68
[0.45-0.02]; P=0.06), and cancer (aHR [95% ClI], 1.03
[0.96-1.16]; P=0.80) mortality. There were no signifi-
cant interactions in these associations between indi-
viduals with and without cancer.

DISCUSSION

Our analysis relating LE8 scores to mortality among
individuals with and without a cancer diagnosis dem-
onstrates several notable findings. Among the whole
study cohort, LE8 scores as a measure of CVH were
associated with improved all-cause mortality, CVD
mortality, as well as cancer mortality. When the LE8
score was divided into health behaviors and health
factors, better health behaviors were associated with
all-cause, CVD, and cancer mortality, whereas better
health factors were nearly associated with lower CVD
mortality but were not associated with all-cause or
cancer mortality. These associations were similar be-
tween individuals with and without a history of cancer,
which has important implications by highlighting the
beneficial association between CVH metrics and mor-
tality in the cancer population.

Although prior studies have described the associa-
tion between lifestyle metrics and mortality, including
cancer mortality, in the general population,' there are
no data about whether the relationship between CVH
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Table 2. Adjusted* Hazard Ratio (95% CI) of Overall, Cardiovascular, and Cancer Mortality by Overall CVH, Health Factors,
and Health Behaviors Score Categories

P interaction
Factor Category Overall (n=21967) No cancer (n=20215) Any cancer (n=1752) value
Overall CVH All-cause mortality*
Low LE8 score 1 1 1
Moderate LE8 Score 0.64 (0.59-0.70), P<0.001 0.63 (0.57-0.70), P<0.001 0.68 (0.57-0.83), P<0.001 0.40
High LE8 score 0.38 (0.29-0.49), P<0.001 | 0.35 (0.26-0.48), P<0.001 0.51 (0.31-0.84), P=0.008
Cardiovascular mortality*
Low LE8 score 1 1 1
Moderate LE8 Score 0.61 (0.51-0.74), P<0.001 0.67 (0.54-0.82), P=<0.001 0.46 (0.32-0.68), P<0.001 012
High LE8 Score 0.38 (0.22-0.64), P<0.001 0.34 (0.18-0.64), P=0.001 0.49 (0.19-1.27), P=0.14
Cancer mortality*
Low LE8 score 1 1 1
Moderate LE8 score 0.73 (0.60-0.88), P=0.001 | 0.72 (0.56-0.91), P=0.07 0.78 (0.67-1.08), P=0.13 0.89
High LE8 score 0.50 (0.31-0.79), P=0.001 0.50 (0.29-0.89), P=0.02 0.60 (0.27-1.33), P=0.2
Health All-cause mortality*
factors Low health factors score | 1 1 1
Moderate health factors | 0.90 (0.82-0.99), P=0.04 0.86 (0.77-0.95), P=0.004 1.07 (0.89-1.29), P=0.46 0.29
score
High health factors score | 1.09 (0.92-1.30), P=0.27 1.06 (0.88-1.27), P=0.66 0.94 (0.82-1.10), P=0.48
Cardiovascular mortality*
Low health factors score | 1 1 1
Moderate health factors | 0.75 (0.63-0.89), P=0.002 | 0.78 (0.63-0.95), P=0.01 0.67 (0.46-0.98), P=0.04 0.46
score
High health factors score | 0.68 (0.45-1.02), P=0.06 0.64 (0.40-1.02), P=0.06 0.89 (0.38-2.08), P=0.78
Cancer mortality*
Low health factors score | 1 1 1
Moderate health factors | 1.07 (0.89-1.30), P=0.46 1.06 (0.84-1.35), P=0.63 1.10 (0.80-1.52), P=0.54 0.32
score
High health factors score | 1.03 (0.96-1.14), P=0.80 0.97 (0.62-1.51), P=0.89 1.05 (0.86-1.32), P=0.63
Health All-cause mortality*
behaviors Low health behaviors 1 1 1
score
Moderate health 0.60 (0.55-0.66), P<0.001 | 0.59 (0.53-0.66), P<0.001 0.67 (0.55-0.82), P<0.001 | 0.85
behaviors score
High health behaviors 0.30 (0.26-0.35), P<0.001 | 0.29 (0.24-0.35), P<0.001 0.35 (0.26-0.46), P<0.001
score
Cardiovascular mortality*
Low health behaviors 1 1 1
score
Moderate health 0.71 (0.58-0.86), P<0.001 0.73 (0.59-0.91), P=0.005 0.65 (0.42-0.99), P=0.04 0.68
behaviors score
High health behaviors 0.39 (0.29-0.53), P<0.001 | 0.39 (0.27-0.55), P<0.001 0.39 (0.22-0.71), P=0.002
Score
Cancer mortality*
Low health behaviors 1 1 1
score
Moderate health 0.57 (0.47-0.69), P<0.001 0.50 (0.39-0.63), P<0.001 0.81 (0.58-1.14), P=0.23 0.37
behaviors score
High health behaviors 0.35 (0.26-0.47), P<0.001 0.33 (0.23-0.48), P<0.001 0.42 (0.26-0.69), P=0.001
score

P value for proportionality assumption >0.05 indicates no significant deviation from proportionality. CVH indicates cardiovascular health; and LES, Life’s

Essential 8.

*Adjusted for age group, race and ethnicity, sex, and ratio of family income to poverty. Reference is the low score group.
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metrics and mortality differs between individuals with
and without cancer. The relationship between CVH
metrics and mortality in those with cancer may differ
from the relationship seen in the general population.
For example, individuals with cancer face unique CVD
risks due to cancer treatment itself (ie, chemotherapy,
immunotherapy, or radiation therapy) as well as due
to inflammatory or neurohormonal pathways that link
CVD and cancer, which may diminish the role of tra-
ditional CVH factors on mortality compared with the
general population.'? Alternatively, CVH factors may
have an exaggerated association with outcomes in
individuals with cancer, because measures of worse
CVH have been associated with higher cancer inci-
dence® and higher CVD mortality in the cancer popu-
lation.® Our results expand on this prior literature, with
findings that the association between CVH scores,
specifically measured by the LES8 rubric, and mortality
extends to the cancer population similarly to the gen-
eral population.

Similarities in outcomes between those with and
without cancer highlight the need to further study the
interaction between CVD risks, CVH, and health out-
comes in the cancer population, and our study sug-
gests that optimizing CVH may counterbalance the
unique CVD risks faced by individuals with cancer.

For example, physical activity among individuals
with cancer has been associated with improved me-
tabolism, reduced inflammation, and favorable gene
expression, which may directly impact prognosis.®
Additionally, physical activity may be a marker of lower
cancer severity, better physiological reserve, greater
treatment tolerability, and other factors that may be
less modifiable but may indirectly account for the asso-
ciation between CVH metrics and improved outcomes.
Likewise, healthy diet and improved sleep in individuals
with cancer have been associated with favorable met-
abolic and anti-inflammatory changes, which may lead
to improved prognosis.'®' In the context of prior stud-
ies that demonstrate shared risk factors between CVD
and cancer,' as well as growing risk of CVD events
in patients with cancer in an era of improving cancer
prognosis,® our results highlight the potential impor-
tance of addressing health behaviors in individuals with
cancer to improve not only survival from cancer but
also survival from CVD as well as all causes.

The relationship between the CVH factors identified
in LE8 and outcomes in cancer survivors is particularly
important because of limited and discordant data on
the accuracy of traditional CVD risk assessment tools
in this population.'®'® Prior studies have reported that
risk scores such as the atherosclerotic cardiovascu-
lar risk score and Framingham may overestimate'
or underestimate’ CVD risk among individuals with
prior cancer. Given the prognostic value of simple
LE8 CVH metrics on outcomes, our results support
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the incorporation of screening for these metrics in
cancer survivorship clinics alongside other traditional
CVD risk scores to potentially guide public health in-
terventions and risk reduction strategies. Specifically,
we demonstrate that individuals who exhibit low health
behavior metrics constitute a high-risk population and
may benefit from targeted interventions. In this regard,
educational level, socioeconomic factors, and psycho-
logical constraints have been identified as predictors
of lifestyle changes after a cancer diagnosis.'® Further
efforts, including those found to be effective as pro-
spective interventions,”® are therefore needed to ad-
dress barriers to improved CVH. Ongoing appreciation
of the risk of CVH metrics on outcomes may enhance
clinician efforts in both risk factor discussion and risk
factor modification, particularly given prior data that
health promotion is frequently not addressed as part
of cancer care.?®

Additional studies will be required to examine the
predictive accuracy of CVH metrics compared with
traditional cardiovascular risk scores in individuals with
cancer and to determine if targeted efforts to improve
CVH metrics are able to modify an individual’s mortal-
ity from cancer or noncancer causes. Future studies
will also need to determine whether the type of cancer
or cancer treatment may modify the relationship be-
tween CVH metrics and outcomes. Additional studies
should also strive to understand potential differences
between the effects of health factors and health be-
haviors, as well as their individual components, on out-
comes in individuals with and without cancer. Health
factors demonstrated less consistent association with
mortality in our analysis both in those with and without
cancer, although with a trend of improved health fac-
tors being associated with lower CVD mortality, which
may be due to exclusion of individuals with preexisting
cardiovascular disease or smaller sample size in that
cohort. Nevertheless, further studies will be needed to
examine whether individual components compromis-
ing the health factor score (such as body mass index)
may retain important associations with outcomes.

Our results have limitations. Important variables on
cancer treatment and interval between cancer diagno-
sis and data collection are not available. There may also
be other unknown covariates which are not evaluated
in this data set but that may have significant impact on
the association between and individual’s characteris-
tics, CVH metrics, and outcomes. Additionally, we had
to exclude participants with incomplete data, which
may impact the generality of our results. We relied on
the cause of mortality as listed in the NHANES, which
may be difficult to accurately determine, but we also re-
port all-cause mortality. Individuals who emigrated out
of the United States may not have their mortality cap-
tured, which may affect overall results. Furthermore,
due to the relatively small number of individuals with

J Am Heart Assoc. 2024;13:e032683D. DOI: 10.1161/JAHA.123.032683 6



Abramov et al

cancer, our analysis included all types of malignancies
without differentiation between different types of can-
cer. The small number of individuals with cancer in this
analysis may reduce the power to answer the question
about mortality differences between individuals with
and without cancer; this also contributes to the large
confidence intervals for the cancer cohort seen in our
study. Data on the role of individual health behaviors
and factors on outcomes, as well as the role of sex
and ethnicity on lifestyle changes, are not presented.
Because of the smaller sample size of individuals with
cancer, some analyses of mortality have wide confi-
dence intervals, although hazard ratios and interaction
analyses imply similar association among individuals
with and without cancer. Nevertheless, the limitations
should be weighed against the significant strengths of
this study as the first investigation to evaluate the pre-
dictive potential of the LE8 CVH metrics in individuals
with cancer compared with the general population.

In conclusion, we demonstrate that better CVH
as measured by LE8 is associated with improved
all-cause, CVD, and cancer mortality to a similar ex-
tent in individuals with and without cancer, with the
association between CVH and outcomes predomi-
nantly driven by health behaviors such as smoking,
diet, physical activity, and sleep. Attempts to improve
CVH, particularly through optimal health behaviors,
should be prioritized similarly among individuals with
and without cancer.

ARTICLE INFORMATION

Received September 14, 2023; accepted January 26, 2024.

Affiliations

Division of Cardiology, Department of Medicine, Loma Linda University
Health, Loma Linda, CA (D.A.); Department of Cardiology, Hillel Yaffe Medical
Center, Hadera, lIsrael (O.K.); and Keele Cardiovascular Research Group,
Centre for Prognosis Research, Keele University, Stoke-on-Trent, United
Kingdom (O.K., M.A.M.).

Sources of Funding
None.

Disclosures
None.

Supplemental Material
Tables S1-S3
Figures S1-S2

REFERENCES

1. Opie LH, Lopaschuk GD. What is good for the circulation also lessens
cancer risk. Eur Heart J. 2015;36:1157-1162. doi: 10.1093/eurheartj/
ehu4s7

2. Bertero E, Canepa M, Maack C, Ameri P. Linking heart failure to can-
cer: background evidence and research perspectives. Circulation.
2018;138:735-742. doi: 10.1161/CIRCULATIONAHA.118.033603

3. Lloyd-Jones DM, Ning H, Labarthe D, Brewer L, Sharma G,
Rosamond W, Foraker RE, Black T, Grandner MA, Allen NB. Status

1.

12.

20.

J Am Heart Assoc. 2024;13:e032683D. DOI: 10.1161/JAHA.123.032683

Cardiovascular Risk in Patients With Cancer

of cardiovascular health in US adults and children using the American
Heart Association’s new “Life’s essential 8” metrics: prevalence es-
timates from the National Health and Nutrition Examination Survey
(NHANES), 20183 through 2018. Circulation. 2022;146:822-835. doi:
10.1161/CIRCULATIONAHA.122.060911

Polonsky TS, Ning H, Daviglus ML, Liu K, Burke GL, Cushman M, Eng
J, Folsom AR, Lutsey PL, Nettleton JA. Association of cardiovascular
health with subclinical disease and incident events: the Multi-Ethnic
Study of Atherosclerosis. J Am Heart Assoc. 2017;6:e004894. doi:
10.1161/JAHA.116.004894

Kerr J, Anderson C, Lippman SM. Physical activity, sedentary behaviour,
diet, and cancer: an update and emerging new evidence. Lancet Oncol.
2017;18:e457-e471. doi: 10.1016/S1470-2045(17)30411-4
Rasmussen-Torvik LJ, Shay CM, Abramson JG, Friedrich CA,
Nettleton JA, Prizment AE, Folsom AR. Ideal cardiovascular health is
inversely associated with incident cancer: the Atherosclerosis Risk in
Communities study. Circulation. 2013;127:1270-1275. doi: 10.1161/
CIRCULATIONAHA.112.001183

Kobo O, Abramov D, Fiuza M, Chew NW, Ng CH, Parwani P, Menezes
MN, Thavendiranathan P, Mamas MA. Cardiovascular health metrics
differ between individuals with and without cancer. J Am Heart Assoc.
2023;12:e030942. doi: 10.1161/JAHA.123.030942

Kobo O, Raisi-Estabragh Z, Gevaert S, Rana JS, Van Spall HG, Roguin
A, Petersen SE, Ky B, Mamas MA. Impact of cancer diagnosis on distri-
bution and trends of cardiovascular hospitalizations in the USA between
2004 and 2017. Eur Heart J Qual Care Clin Outcomes. 2022;8:787-797.
doi: 10.1093/ehjgcco/qcac045

Johnson CL, Paulose-Ram R, Ogden CL, Carroll MD, Kruszan-Moran
D, Dohrmann SM, Curtin LR. National health and Nutrition Examination
Survey. Analytic Guidelines, 1999-2010. 2013.

National Health and Nutrition Examination Survey. US Centers for
Disease Control and Prevention. Accessed May 14, 2023. https:/www.
cdc.gov/nchs/nhanes/index.htm

National Health and Nutrition Examination Survey: Informed Consent. US
Centers for Disease Control and Prevention. Accessed December 3, 2023.
https://www.cdc.gov/nchs/nhanes/genetics/genetic_participants.htm

Ma H, Wang X, Xue Q, Li X, Liang Z, Heianza Y, Franco OH, Qi L.
Cardiovascular health and life expectancy among adults in the United
States. Circulation. 2023;147:1137-1146. doi: 10.1161/CIRCULATIONAHA.
122.062457

Li X, Huang D, Liu F, Li X, Lv J, Wu Q, Zhao Y. Sleep characteristics and
cancer-related outcomes: an umbrella review of systematic reviews and
meta-analyses of observational studies. J Clin Med. 2022;11:7289. doi:
10.3390/jcm11247289

Soltani S, Arablou T, Jayedi A, Salehi-Abargouei A. Adherence to
the dietary approaches to stop hypertension (DASH) diet in relation
to all-cause and cause-specific mortality: a systematic review and
dose-response meta-analysis of prospective cohort studies. Nutr J.
2020;19:37. doi: 10.1186/s12937-020-00554-8

Polter EJ, Blaes A, Wolfson J, Lutsey PL, Florido R, Joshu CE, Guha
A, Platz EA, Prizment A. Performance of the pooled cohort equa-
tions in cancer survivors: the Atherosclerosis Risk in Communities
study [published online May 4, 2023]. J Cancer Surviv. doi: 10.1007/
s11764-023-01379-0

Blaes AH, Shenoy C. Is it time to include cancer in cardiovascu-
lar risk prediction tools? Lancet. 2019;394:986-988. doi: 10.1016/
S0140-6736(19)31886-0

Law W, Johnson C, Rushton M, Dent S. The Framingham risk score
underestimates the risk of cardiovascular events in the HER2-positive
breast cancer population. Curr Oncol. 2017;24:348-3583. doi: 10.3747/
€0.24.3684

Hoedjes M, Nijman I, Hinnen C. Psychosocial determinants of lifestyle
change after a cancer diagnosis: a systematic review of the literature.
Cancer. 2022;14:2026. doi: 10.3390/cancers14082026

Amireault S, Fong AJ, Sabiston CM. Promoting healthy eating and
physical activity behaviors: a systematic review of multiple health be-
havior change interventions among cancer survivors. Am J Lifestyle
Med. 2018;12:184-199. doi: 10.1177/1559827616661490

Weaver KE, Foraker RE, Alfano CM, Rowland JH, Arora NK, Bellizzi
KM, Hamilton AS, Oakley-Girvan |, Keel G, Aziz NM. Cardiovascular
risk factors among long-term survivors of breast, prostate, colorectal,
and gynecologic cancers: a gap in survivorship care? J Cancer Surviv.
2013;7:253-261. doi: 10.1007/s11764-013-0267-9


https://doi.org//10.1093/eurheartj/ehu457
https://doi.org//10.1093/eurheartj/ehu457
https://doi.org//10.1161/CIRCULATIONAHA.118.033603
https://doi.org//10.1161/CIRCULATIONAHA.122.060911
https://doi.org//10.1161/JAHA.116.004894
https://doi.org//10.1016/S1470-2045(17)30411-4
https://doi.org//10.1161/CIRCULATIONAHA.112.001183
https://doi.org//10.1161/CIRCULATIONAHA.112.001183
https://doi.org//10.1161/JAHA.123.030942
https://doi.org//10.1093/ehjqcco/qcac045
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/genetics/genetic_participants.htm
https://doi.org//10.1161/CIRCULATIONAHA.122.062457
https://doi.org//10.1161/CIRCULATIONAHA.122.062457
https://doi.org//10.3390/jcm11247289
https://doi.org//10.1186/s12937-020-00554-8
https://doi.org//10.1007/s11764-023-01379-0
https://doi.org//10.1007/s11764-023-01379-0
https://doi.org//10.1016/S0140-6736(19)31886-0
https://doi.org//10.1016/S0140-6736(19)31886-0
https://doi.org//10.3747/co.24.3684
https://doi.org//10.3747/co.24.3684
https://doi.org//10.3390/cancers14082026
https://doi.org//10.1177/1559827616661490
https://doi.org//10.1007/s11764-013-0267-9

	Association of Cardiovascular Health Metrics and Mortality Among Individuals With and Without Cancer
	Methods
	Study Population
	Demographic and Social Characteristics
	Quantification of Cardiovascular Health Scores
	Assessment of Mortality Status
	Statistical Analysis

	Results
	Discussion
	Sources of Funding
	Disclosures
	References


