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Abstract

Background: Adopting healthy lifestyles and staying mentally health are two cost-effective modifiable strategies
that cancer survivors can implement in self-management. We aimed to evaluate the independent, mediation, interac-
tion, and joint associations of combined lifestyle and mental health with mortality in cancer survivors.

Methods: We performed a cohort study including 3145 cancer survivors from National Health and Nutrition Exami-
nation Survey (2005-2018). A healthy lifestyle score was constructed based on post-diagnosis body mass index, physi-
cal activity, diet, smoking, and drinking. Post-diagnosis mental health was assessed by Patient Health Questionnaire
(PHQ-9). Hazard ratios (HRs) and 95% confidence intervals (Cls) for all-cause, cancer, and non-cancer mortality were
computed using Cox proportional hazards regression models.

Results: After 20,900 person-years of follow-up (median, 6.3 years), cancer survivors with higher lifestyle score had
decreased mortality, independent of mental health. Compared to participants with lower lifestyle score (0-1), HRs
(95% Cls) for all-cause and non-cancer mortality among those with higher lifestyle score (3-5) were 0.68 (0.52-0.89)
and 0.69 (0.56-0.85), respectively. 6.2—10.3% of the associations were mediated by mental health. Similar trends were
observed among participants categorized by mental health, those with better mental health had lower mortality,
independent of lifestyle. Participants with better mental health benefited more from adopting healthy lifestyles, and
vice versa. Combinations of higher healthy lifestyle score and better mental health were associated with significant
decreased mortality, the lowest mortality was seen in participants with highest healthy lifestyle score and concur-
rently with best mental health.

Conclusions: For the first time, in this cohort study with a nationally representative sample of US cancer survivors, we
comprehensively explored the complex associations of lifestyle, mental health, and mortality. Evidence derived from
this study may give much confidence to cancer survivors and healthcare providers that, changing one’s lifestyle and/
or staying mentally healthy after cancer diagnosis can improve survival.
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Background

Cancer is the second leading cause of death in US [1].
Coupled with the advances in early detection, treatment,
and accelerating pace of population ageing, the number
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projected to increase to 22.1 million [2]. After the diag-
nosis of cancer, treatment received from professional
health care providers and self-management conducted
by the patients are the most important determinants of
survival. However, during the coronavirus disease 2019
(COVID-19) pandemic period, the treatment of can-
cer was frequently delayed, interrupted or even can-
celled because of health care setting closures and fear
of COVID-19 exposure [1]. Thus, it is urgent to identify
cost-effective modifiable strategies that cancer survivors
can easily implement in self-management to improve
their survival.

Mounting evidence has revealed that adopting healthy
lifestyles is one of the “best buy” strategies for cancer
management [3]. Earlier studies mostly focused on the
associations of individual lifestyle with cancer mortal-
ity [4-9]. In the past decade, numerous researchers
have emphasized the importance of adopting an over-
all healthy lifestyle for cancer management, instead of
focusing on individual factors. Since 2012, after a com-
bined healthy lifestyle score was constructed accord-
ing to the cancer prevention recommendations of the
World Cancer Research Fund/American Institute for
Cancer Research (WCRF/AICR), a large number of
studies have explored the associations of this score with
health outcomes in cancer survivors [3, 10—18]. However,
important gaps remain. First, in the WCRF/AICR score,
tobacco smoking was not included as a component [3,
10-18], which might underestimate the association of the
score with outcomes, since lung cancer remains the lead-
ing cause of cancer death in US [1], and avoiding smok-
ing is the most well-established lifestyle suggested for
lung cancer survivors. Second, when assessing the overall
diet quality, instead of using the most widely used healthy
eating index (HEI) in US, the WCREF/AICR score only
included certain food groups, thus several other impor-
tant food groups or nutrients that may affect outcomes
were not comprehensively considered. Third, most of
the aforementioned studies explored the associations of
adherence to the lifestyle factors before diagnosis with
health-related quality of life among cancer survivors, evi-
dence linking long-term mortality is still scarce. Besides,
lifestyle behaviors may significantly change after diagno-
sis of cancer, thus it is necessary to estimate the impact of
lifestyle factors post-diagnosis other than pre-diagnosis.

Mental health is another important factor that has
been suggested to explain the variations in mortality
among cancer survivors [19]. Depression is a common
complication that occurred in about 20-25% of can-
cer survivors [19, 20]. Growing studies accumulated to
explore the associations of mental health with mortality
among patients with lung cancer [21], prostate cancer
[22], esophageal cancer [23], neuroendocrine neoplasms
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[24, 25], and breast cancer [26—28], yet the findings are
still inconsistent, more evidences are warranted regard-
ing to this setting. Moreover, at the behavioral level, men-
tal health and healthy lifestyle can influence and reinforce
each other. On one hand, patients with a depression sta-
tus were reported to be less likely to adopt healthy life-
style, including being less physically active, consuming
more alcohol, having poor diet, and failing to maintain
healthy body weight [29]. On the other hand, unhealthy
lifestyle can also have negative impact on mental health,
thus mental health is viewed as a mediator between
healthy lifestyle and health outcomes [30]. However, it
is not clear whether there is a mediation and joint asso-
ciation of healthy lifestyle and mental health on mortality
among cancer survivors.

In the present study, we aimed to evaluate the inde-
pendent, mediation, interaction, and joint associations
of combined healthy lifestyles and mental health with
mortality among a US nationally representative sam-
ple of cancer survivors. We hypothesized that cancer
survivors with more healthy lifestyle behaviors or bet-
ter mental health had significantly decreased mortal-
ity, independent of each other. Meanwhile, participants
adherence to healthy lifestyle and concurrently staying
mentally healthy would benefit more compared to their
counterparts.

Methods

Study population

This cohort study used data extracted from the
2005-2018 cycles of National Health and Nutrition
Examination Survey (NHANES), which is a periodic,
nationally representative sampling survey conducted by
the National Center for Health Statistics of the Centers
for Disease Control and Prevention. Data on cancer diag-
nosis were self-reported. First, participants were asked,
“Have you ever been told by a doctor or other health
professional that you had cancer or a malignancy of any
kind?” Participants were defined as cancer survivors if
they responded yes. Then, cancer types and age at each
diagnosis were further asked, by “What kind of cancer
was it?” and “How old were you when this cancer was
first diagnosed?” After excluding participants who were
pregnant, had missing information on lifestyle, men-
tal health, and mortality status, 3145 cancer survivors
retained (Additional file 1: Figure S1).

Assessment of lifestyle

We selected 5 lifestyle factors to construct a healthy
lifestyle score, based on previously published studies
as well as the WHO recommendations for the preven-
tion and control of noncommunicable diseases [31-33],
including diet, physical activity (PA), smoking, alcohol
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consumption, and body mass index (BMI). For each life-
style, participants scored 1 point if they were classified as
achieving a healthy level, otherwise they scored 0 point.
Then the combined healthy lifestyle score was calculated
by summing up the 5 scores with a range from 0 to 5,
higher scores reflected adopting healthier lifestyle.

Data on diet intake was collected for two noncon-
secutive days by the 24-h dietary recall method (Dayl
and Day2). Consumptions of food groups and nutrients
were estimated using the US Department of Agriculture
(USDA) Nutrient Database for Dietary Studies and Food
Patterns Equivalents Database. In the present study, for
most participants (92.3%) who had data on both Dayl
and Day2, the mean values were used. However, only
values of Dayl were used if participants lacked Day2
data. We calculated the HEI-2015 to reflect the overall
diet quality, according to the 2015-2020 Dietary Guide-
lines for Americans (DGA) [34], based on the MyPyra-
mid Equivalents Database 2.0 for USDA Survey Foods
(Additional file 1: Table S1). Participants with a HEI-2015
score in the top 40% [31, 34] of this study were classified
as achieving a healthy diet quality and were assigned 1
point.

Information regarding PA, smoking, and alcohol con-
sumption were obtained through structured question-
naire. For PA, questions related to daily activities (DA,
including activities from work and transportation) and
leisure time physical activities (LTPA) were asked, then
weekly metabolic equivalent hours (MET.hours/week) of
DA and LTPA were calculated. To harmonize with previ-
ous studies [3, 10-18], we used LTPA to reflect the level
of PA in the main analyses. Participants who had reported
any level of LTPA were considered as having a healthy
level of PA and were assigned 1 point. Participants were
asked “Have you smoked at least 100 cigarettes in your
entire life?” and were defined as non-smokers if they
responded no. For those responded yes, they were fur-
ther asked “Do you now smoke cigarettes?” participants
were defined as current smokers if they responded vyes,
and former smokers if they responded no. Non-smokers
were considered as having a healthy level of smoking, and
were assigned 1 point, both current and former smok-
ers were assigned 0 point. Questions focused on lifetime
and current alcohol consumption (past 12 months) were
asked, non-drinkers were participants who reported
consuming less than 12 alcohol drinks each year, low-to
moderate drinkers were defined as<14 drinks/week for
men or<7 drinks/week for women, heavy drinkers were
defined as> 14 drinks/week for men or>7 drinks/week
for women. According to the 2015-2020 DGA [34], low-
to moderate drinkers were considered as having a healthy
level of alcohol consumption and were assigned 1 point,
both non-drinkers and heavy drinkers were assigned 0
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point. Weight and standing height were measured. BMI
was calculated as weight in kilograms divided by height
in meters squared. Participants with a BMI of 18.5-24.9
(kg/m?) were considered as having a healthy body shape
and were assigned 1 point.

Assessment of mental health

Since the cycle of 2005-2006 in NHANES, mental health
was assessed by a 9-item depression screening instru-
ment, the Patient Health Questionnaire (PHQ-9). The
frequency of depression symptoms over the past 2 weeks
was administered. For each item, a point of 0-3 was given
to the response categories "not at all," "several days,"
"more than half the days," and "nearly every day", respec-
tively. Then all points were summed up to a total score of
0-27. The cut-off of 5-9 and > 10 were used to define the
presence of mild and major depression [35], respectively.

Ascertainment of mortality

Data for deaths were obtained by linking to the
NHANES-linked National Death Index public access
files. Cause of death was defined using the International
Statistical Classification of Disease, Tenth Revision (ICD-
10). All-cause, cancer, and non-cancer mortality were
primary outcomes. Death from all reasons was defined
as all-cause mortality, cancer mortality was defined as
ICD-10 codes C00-C97, otherwise, deaths were defined
as non-cancer mortality. Follow-up time was calculated
from the date of interview to the date of death, or the end
of follow-up (December 31, 2019), whichever came first.

Definition of covariates

Basic demographic data, age at interview (continuous),
sex (men, women), education (less than high school,
high school or equivalent, college or above), ratio of fam-
ily income to poverty (RFIP,<1.3, 1.3-3.5,>3.5), race
and ethnicity (Mexican American, non-Hispanic white,
non-Hispanic black, others) were included. In addition
to the above-mentioned 5 lifestyle factors, data on night-
time sleep duration was also included. Moreover, several
medical condition-related data were assessed and catego-
rized based on self-report, laboratory measurements, and
examination. Prevalent diabetes was defined by a self-
reported diagnosis, or currently taking insulin or pre-
scription drugs to treat diabetes, or had a fasting plasma
glucose >7.0 mmol/L, or a postprandial 2-h plasma glu-
cose>200 mg/dL, or a glycated hemoglobin A, > 6.5%.
Prevalent hypertension was defined by a self-reported
diagnosis, or currently taking anti-hypertensive drugs, or
had a systolic/diastolic blood pressure >140/90 mmHg.
Prevalent dyslipidemia was defined by a self-reported
diagnosis, or currently using prescription drugs for lipid-
modifying, or had a total cholesterol>200 mg/dL, or
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triglyceride > 150 mg/dL, or LDL-cholesterol>130 mg/
dL, or HDL-cholesterol <40 mg/dL for men, HDL-cho-
lesterol < 50 mg/dL for women. History of cardiovascular
disease (CVD) was defined as a self-reported diagnosis
of any of the following disease, including stroke, angina,
heart attack, coronary heart disease, or congestive heart
failure.

Statistical analyses

According to NHANES analytic guidelines, all analyses
in this study incorporated sample weights, clustering,
and stratification, to estimate appropriate variance and
ensure nationally representative of US cancer survivors.
Baseline characteristics were described across different
levels of healthy lifestyle score (0-1, 2, 3-5) and mental
health (PHQ-9 score 0-4, 5-9,>10), respectively. Data
were presented as mean =+ standard error (SE) for contin-
uous variables and percentage for categorical variables.
The differences of baseline characteristics were compared
across the three groups by Rao-Scott Chi-squared test
for categorical variables, and by general linear models for
continuous variables, respectively.

Multivariable Cox proportional hazards regression
models were used to calculate hazard ratios (HRs) and
95% confidence intervals (CIs) for the associations of
healthy lifestyle score and mental health with mortality,
independently. The proportional hazards assumption was
satisfied by creating a product term of follow-up time
and healthy lifestyle score, or a product term of follow-up
time and PHQ-9 score in the models. Three multivariable
models were eventually evaluated. Model 1 was adjusted
for age at the time of interview, sex, education, RFIP, race
and ethnicity, sleep duration, prevalent diabetes, hyper-
tension, dyslipidemia, and history of CVD. Model 2 was
additionally adjusted for the number of cancer types and
age at the first cancer diagnosis. Moreover, model 3 was
mutually adjusted for PHQ-9 score or healthy lifestyle
score, in regard to the association of healthy lifestyle
score and mental health with mortality, respectively. In
these analyses, the reference group was set as partici-
pants with unhealthy lifestyle (with a lifestyle score of
0-1), or as participants with poor mental health (with
a PHQ-9 score>10). Mediation proportion was calcu-
lated by mental health (the mediator) for the association
between healthy lifestyle score and mortality, using the
difference method, by comparing estimates from models
with and without the hypothesized mediator [34, 36].

Since significantly favorable associations were
observed among higher healthy lifestyle score, all-cause
and non-cancer mortality, also among better mental
health, all-cause and non-cancer mortality, we further
stratified the analyses by exploring whether adherence
to healthy lifestyles was associated with protection
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against all-cause and non-cancer mortality in par-
ticipants with different mental health status, and vice
versa. A cross-product term of healthy lifestyle score
(0-1, 2, 3-5) and mental health (PHQ-9 score 0-4,
5-9,>10) was included into the corresponding models
to evaluate the multiplicative interactions. Addition-
ally, to assess the joint associations, participants were
reclassified into nine groups, by combination of men-
tal health (PHQ-9 score>10, 5-9, 0—4) and healthy
lifestyle score (0-1, 2, 3—5). Cox proportional hazards
regression models were used to calculate HRs and 95%
CIs adjusting for the same set of covariates in model 3,
the group with lowest healthy lifestyle score (0-1) and
poorest mental health status (PHQ-9 score>10) was
set as the reference group. Meanwhile, the additive
interaction effect between the healthy lifestyle score
(0-1 point vs. 3-5 points) and mental health (PHQ-9
score > 10 vs. PHQ-9 score =0-4) was evaluated using
the delta method, the relative excess risk due to inter-
action (RERI), attributable proportion (AP), synergy
index (S), and the corresponding 95% ClIs were calcu-
lated [37].

Finally, several sensitivity analyses were conducted.
First, we excluded participants died within the first
2-year of follow-up, or those with missing covariates,
then we repeated the analyses of independent associa-
tions with healthy lifestyle score and mental health on
mortality. Second, we constructed a series of new life-
style scores to reevaluate their associations with mor-
tality. (1) The LTPA was replaced by DA, since over
80% of participants reported hardly any level of LTPA.
Participants in the top third of DA distribution (MET.
hours/week) were considered as having a healthy level
of PA, otherwise were unhealthy. (2) Nighttime sleep
duration was included into the score. Participants
reported a sleep duration of 6-8 h/day were considered
as having a healthy level of sleep duration, otherwise
were unhealthy [38]. (3) A weighted healthy lifestyle
score was reconstructed, based on P coefficients of each
lifestyle assessed by the Cox regression model with
all 5 lifestyles included. (4) We recoded 0-2 points to
each lifestyle factor (Additional file 1: Table S2), then
summed up the individual scores with a range of 0—10.
Third, to evaluate the contribution of each individual
lifestyle to mortality outcomes, we reconstructed sev-
eral new healthy lifestyle scores by omitting 1 lifestyle
each time (scaled 0—4), then participants were reclassi-
fied into scores of 0-1, 2, and 3—4.

All analyses were performed using the R software 4.0.5
(the “survey” package), the SPSS V.26.0 software (SPSS
Inc., Chicago, IL, USA) and the GraphPad PRISM 8.0 (La
Jolla, California). A two-sided P._ ,,.<0.05 was consid-
ered statistically significant.

value



Liu et al. Journal of Translational Medicine (2022) 20:376

Results

Baseline characteristics

Baseline characteristics are demonstrated in Table 1 and
Table S3 (Additional file 1). Of the 3145 cancer survivors
(weighted mean [SE] age, 62.7 [0.4] years; 43.1% male),
most of them (89.5%) had one kind of cancer, 613 (24.0%)
people were first diagnosed with cancer when they were
younger than 40 years old. Many cancer survivors also
suffered from a variety of other diseases, more than
half of them had hypertension (58.6%) and dyslipidemia
(78.9%). 822 (21.2%) were non-drinkers, 262 (10.1%) were
heavy drinkers, more than half of them were former or
current smoker (53.7%). 495 (15.5%) and 318 (8.5%) had
mild and major depression, respectively. As expected,
cancer survivors with higher healthy lifestyle score
had better mental health. Several similar trends were
observed among participants categorized by healthy life-
style score or mental health. Compared with their coun-
terparts, participants with a healthy lifestyle score of 3-5
(better lifestyle) or a PHQ-9 score of 0—4 (better mental
health) were richer and higher educated, had better sleep
status and better medical conditions. Particularly, poor
mental health was observed among cancer survivors who
were younger, and were first diagnosed with cancer when
they were younger than 40 years old (Additional file 1:
Table S3).

Independent associations of healthy lifestyle score

and mental health on mortality, and mediation analysis

of mental health on associations of healthy lifestyle score
with mortality among US cancer survivors

During 20,900 person-years of follow-up (median,
6.3 years [interquartile range, 3.3-10.0 years]), 819
deaths occurred, including 282 cancer and 537 non-can-
cer deaths. As shown in Table 2, cancer survivors with
higher healthy lifestyle score had significantly decreased
all-cause and non-cancer mortality. After adjusting for
demographic information, sleep duration, and presence
of medical conditions in model 1, and additionally adjust-
ing for the number of cancer types and age at the first
cancer diagnosis in model 2, HRs (95% Cls) for all-cause,
cancer and non-cancer mortality among cancer survivors
with higher healthy lifestyle score (3—5) were 0.68 (0.55—
0.84), 0.69 (0.45-1.05), and 0.67 (0.51—-0.88), respectively,
compared to those with lower healthy lifestyle score
(0-1). Each 1-point increase of healthy lifestyle score
was associated with 12%, 13%, and 12% decreased risks
of death from all-cause, cancer and non-cancer, respec-
tively. These results barely changed in the fully adjusted
model 3, in which PHQ-9 score was further included.
Meanwhile, similar trends were observed among par-
ticipants categorized by mental health, those with better
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mental health had significantly lower all-cause and non-
cancer mortality. In the fully adjusted model 3, HRs
(95% ClIs) for all-cause, cancer and non-cancer mortal-
ity among cancer survivors with better mental health
(PHQ-9 score =0-4) were 0.70 (0.52-0.93), 1.02 (0.55—
1.90), and 0.57 (0.40-0.80), respectively, compared to
those with poor mental health (PHQ-9 score > 10). Each
5-point decrease of PHQ-9 score was associated with
17%, 2%, and 24% decreased death from all-cause, cancer,
and non-cancer, respectively. When higher healthy life-
style score (3—5) was compared with lower score (0-1),
the proportion mediated by the mental health was 7.8%
(3.9-11.7%), 1.6% (0.8-2.4%), and 10.3% (5.2—-15.3%) for
all-cause, cancer, and non-cancer mortality, respectively.

Interaction and joint associations of healthy lifestyle score
and mental health on mortality among US cancer survivors
Stratified analyses are shown in Fig. 1. The signifi-
cant associations of healthy lifestyle score with all-
cause and non-cancer mortality remained consistent
among the cancer survivors with better mental health
(PHQ-9=0-4), other than their counterparts with poor
mental health (PHQ-9=5-9 or>10). Meanwhile, the
significant associations of mental health with all-cause
and non-cancer mortality also remained consistent
among the cancer survivors with higher healthy lifestyle
score (3-5), other than their counterparts with lower
healthy lifestyle score (0—1). However, the multiplicative
interactions of healthy lifestyle score with mental health
on mortality did not reach statistical significance (P
plicative interaction > 005)

The joint association is shown in Fig. 2. As expected,
combinations of higher healthy lifestyle score and better
mental health were associated with significant decreased
mortality, the lowest mortality was seen in participants
with a healthy lifestyle score of 3—5 and concurrently with
a PHQ-9 score of 0-4, HRs (95% CIs) was 0.46 (0.29-
0.72), and 0.41 (0.24—0.71) for all-cause and non-cancer
mortality, respectively. However, the additive interactions
of healthy lifestyle score with mental health on mortality
did not reach statistical significance (95% Cls of RERI or
AP included 0, 95% CI of S included 1).

multi-

Sensitivity analyses

After excluding participants died during the first 2-year
of follow-up, or with missing covariates, the independent
associations of healthy lifestyle score and mental health
on mortality remained largely unchanged (Additional
file 1: Table S4). Also, after reconstructing a series of
new healthy lifestyle scores, the favorable associations of
healthy lifestyle score with mortality were mainly consist-
ent (Additional file 1: Table S5). After omitting 1 lifestyle
from the score each time (Additional file 1: Table S6), the
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Table 1 Baseline characteristics® of US cancer survivors according to healthy lifestyle score

Characteristics Total Healthy lifestyle score

0-1 2 3-5 P.raiue

PHQ-9 score®, No. (%)

0-4 2332 (76.1) 857 (71.8) 814 (74.3) 661 (83.6) <0.001
5-9 495 (15.5) 190 (16.6) 201(17.2) 104 (11.9)
>10 318 (8.5) 159 (11.6) 117 (8.5) 42 (4.5)

HEI-2015¢ 55.1(0.3) 48.0(0.4) 55.1(0.5) 64.1 (0.5) <0.001

LTPAS, MET.hours/week 5.7 (0.6) 06(0.2) 33(0.8) 15.2(1.7) <0.001

Daily activity, MET.hours/week 31.5(1.7) 323(29) 33.8(3.1) 276 (2.5) 0.261

Alcohol drinking status, No. (%)

Non-drinker 822 (21.2) 462 (32.6) 270(19.4) 90(9.2) <0.001
Low-to moderate drinker 2061 (68.7) 576 (49.9) 799 (73.3) 686 (86.5)
Heavy drinker 262 (10.1) 168 (17.5) 63(7.3) 31(43)

Smoking status, No. (%)

Non-smoker 1419 (46.3) 236 (19.0) 580 (51.6) 603 (74.2) <0.001
Current smoker 486 (15.5) 299 (25.6) 148 (13.0) 39(5.7)
Former smoker 1240 (38.2) 671 (554) 404 (35.3) 165 (20.1)

Quiting smoking > 10 years, No. (%) 980 (30.2) 531(10.0) 318 (6.0) 131 (3.2) <0.001

Sleep duration, hours/day
6-8 h/day, No. (%) 2170(71.3) 785 (67.7) 785 (71.5) 600 (75.4) <0.001
5-5.9 or 8.1-10 h/day, No. (%) 423 (14.8) 160 (14.5) 147 (13.8) 116 (16.5)
<5 or>10 h/day, No. (%) 538(13.9) 255(17.8) 194 (14.7) 89 (8.1)

Body mass index ¢, kg/m2 29.1(0.1) 314(0.2) 294 (0.2) 25.8(0.2) <0.001
<185 kg/mz, No. (%) 47 (1.7) 29 (24) 13(0.9) 5(1.0) <0.001
18.5-24.9 kg/m?, No. (%) 790 (26.2) 63 (4.8) 283 (24.7) 444 (55.6)
25.0-29.9 kg/mz, No. (%) 1109 (34.3) 507 (41.5) 406 (34.5) 196 (24.8)
>30.0 kg/m?, No. (%) 1199 (38.1) 607 (51.2) 430 (40.4) 162 (18.6)

Age at interview €, years 62.7 (04) 63.1 (0.5) 63.1 (0.5) 61.9(0.7) 0.245

Gender, No. (%)

Male 1492 (43.1) 566 (44.6) 548 (44.1) 378(39.9) 0.279
Female 1653 (56.9) 640 (55.4) 584 (55.9) 429 (60.1)

Ethnicity, No. (%)

Non-Hispanic white 2145 (86.5) 812 (84.9) 761 (86.7) 572 (88.3) 0.013
Non-Hispanic black 451 (4.3) 198 (6.4) 162 (4.9) 91(3.7)

Mexican American 203 (2.4) 84 (2.8) 83(2.8) 36 (1.5)

Others 346 (5.9) 112 (5.8) 126 (5.6) 108 (6.6)

Education level, No. (%)

Less than high school 638(11.9) 328(17.7) 225(10.9) 85 (6.1) <0.001
High school or equivalent 712 (21.4) 294 (24.5) 282 (25.2) 136 (12.7)
College or above 1794 (66.7) 584 (57.8) 624 (63.9) 586 (81.2)

Family income-to-poverty ratio, No. (%)
<13 656 (13.7) 317(19.5) 236 (13.3) 103 (7.0) <0.001
1.3-35 1232 (37.3) 503 (42.1) 466 (39.1) 263 (29.0)
>35 1013 (49.0) 295 (38.3) 346 (47.6) 372 (64.0)

Prevalent diabetes, No. (%) 871 (22.6) 399 (29.0) 321 (24.5) 151 (124) <0.001

Prevalent hypertension, No. (%) 2033 (58.6) 831 (64.0) 741 (61.4) 461 (48.3) <0.001

Prevalent dyslipidemia, No. (%) 2437 (78.9) 974 (81.9) 868 (78.8) 595 (75.2) <0.001

History of CVD, No. (%) 738(18.7) 334 (22.8) 285 (20.2) 119 (11.6) <0.001
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Table 1 (continued)
Characteristics Total Healthy lifestyle score
0-1 2 3-5 P_ale
Number of cancer types, No. (%)
1 2820 (89.5) 1087 (90.0) 1003 (88.5) 730 (90.0) 0.342
2 284 (9.3) 104 (8.8) 109 (9.6) 71(94)
>3 39(1.3) 15(1.3) 19(1.8) 5(0.6)
Age at cancer first diagnosed, years
<40 years, No. (%) 613 (24.0) 251 (24.5) 211 (23.7) 151(23.8) 0.252
40-60 years, No. (%) 1249 (43.8) 454 (40.6) 470 (46.7) 325 (44.3)
>60 years, No. (%) 1283 (32.2) 501 (34.9) 451(29.7) 331(31.9)

PHQ Patient Health Questionnaire, CVD cardiovascular disease, HEl healthy eating index, LTPA leisure time physical activity

2 Data analyses were based on weighted estimates with sample weights provided by NHANES

b Mental health was assessed by a 9-item depression screening instrument, the PHQ-9. The cut-off of 5-9 and > 10 was used to define the presence of mild and major

depression, respectively
¢ Data are presented as weighted mean (standard error)

associations of healthy lifestyle score with mortality were
all slightly changed to varying degrees, which confirmed
the necessity of evaluating a combined lifestyle when
exploring lifestyle and mortality outcomes, rather than
just considering a single lifestyle.

Discussion

In this cohort study of a nationally representative sample
of US cancer survivors, participants with higher healthy
lifestyle score had better mental health, and vice versa.
Moreover, participants with higher healthy lifestyle score
or better mental health had better medical conditions.
During a median of 6.3 years of follow-up, cancer survi-
vors with higher healthy lifestyle score had significantly
decreased all-cause and non-cancer mortality, 6.2—10.3%
of the associations were mediated by mental health. Simi-
lar trends were observed between mental health and all-
cause as well as non-cancer mortality, independent of
healthy lifestyle score. Results from stratified and joint
analyses showed that, cancer survivors with better men-
tal health seemed to benefit more from adopting healthy
lifestyles, and vice versa. Combinations of higher healthy
lifestyle score and better mental health were associated
with significant decreased mortality, the lowest mortality
was seen in participants with a healthy lifestyle score of
3-5 and concurrently with a PHQ-9 score of 0—4. How-
ever, neither significant multiplicative nor additive inter-
actions of healthy lifestyle score with mental health on
mortality were observed.

In 2020, Zhang and colleagues [3] summarized data
from 30 studies with 1.8 million participants and con-
cluded that participants with the healthiest combined
lifestyles (including but not limited to maintaining
healthy body weight, having better diet quality, staying

physically active, avoiding heavy alcohol drinking and
smoking) had a significant lower cancer mortality. Of
note, those 30 studies were all conducted among gen-
eral population. To our best knowledge, there were only
seven existing studies exploring the association of com-
bined lifestyle factors with mortality among survivors
suffered from colorectal cancer [13, 39—-41], breast cancer
[42, 43] or pan-cancer [44]. Although consistent results
were derived from these studies that greater adherence to
combined healthy lifestyle was associated with improved
survival among cancer survivors, several important issues
should be noted. For example, smoking was not included
as a component in the scores [3, 10—18], diet quality was
not assessed by the comprehensive index such as HEI [3,
10-18], and the generalization was limited since those
studies did not use national data. Recently, in a pro-
spective analysis using the national data from NHANES
III (1988-1994) with 522 cancer survivors, Karavasilo-
glou and colleagues [44] created a healthy lifestyle score
based on never smoker, healthy body weight, participa-
tion in moderate to vigorous physical activity>5 times/
week, moderate alcohol consumption, and high diet qual-
ity (assessed by HEI). Results showed that higher life-
style score was associated with lower mortality (HR; 5
score vs. 0 score = 0-57, 95% CI: 0.38, 0.85). Of note, over the
past three decades in US, trends of lifestyle have greatly
changed among the US population [45]. More evidence
derived from recent data regarding healthy lifestyle and
mortality among cancer survivors are warranted. In the
present study using data from NHANES (2005-2018)
with a larger sample size of cancer survivors, we con-
firmed the favorable associations of combined healthy
lifestyle factors with mortality, by constructing a com-
prehensive lifestyle score including diet (assessed by
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Table 2 Independent association of healthy lifestyle score and mental health * with mortality among US cancer survivors, and
mediation proportion of lifestyle inequity in mortality attributed to mental health

Unweighted total HR (95% CI) Mediation
cases/deaths proportion
Model 1° Model 2¢ Model 3 ¢ (%)
(95% CI)
All-cause mortality
Healthy lifestyle score
0-1 1206/341 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
2 1132/308 91 (0.75-1.10) 0.94 (0.78-1.13) 093 (0.77-1.11) 6.2 (3.1-9.3)
3-5 807/170 61 (0.50-0.76) 0.68 (0.55-0.84) 0.69 (0.56-0.85) 7.8(3.9-11.7)
Per 1-point increase 0.85(0.79-0.91) 0.88 (0.82-0.94) 0.89 (0.83-0.95)
PHQ-9 score
>10 318/72 00 (Reference) 1.00 (Reference) 1.00 (Reference)
5-9 495/140 0.85 (0.58-1.24) 0.90 (0.62-1.30) 0.92 (0.63-1.33)
0-4 2332/607 0.61 (O 46-0. 81) 0.68 (0.51-0.91) 0.70 (0.52-0.93)
Per 5-point decrease 0.79 (0.71-0.87) 0.83(0.74-0.92) 0.83 (0.74-0.93)
Cancer mortality
Healthy lifestyle score
0-1 1206/122 00 (Reference) 1.00 (Reference) 1.00 (Reference)
2 1132/106 091 (0.65-1.29) 0.95 (0.68-1.35) 0.95 (0.68-1.34) 1.2 (0.6-1.8)
3-5 807/54 0.63 (0.42-0. 96) 0.69 (0.45-1.05) 0.69 (0.46-1.05) 1.6 (0.8-2.4)
Per 1-point increase 0.84 (0.73-0.98) 0.87 (0.76-1.00) 0.87 (0.76-1.00)
PHQ-9 score
>10 318/29 00 (Reference) 1.00 (Reference) 1.00 (Reference)
5-9 495/46 1.26 (0.70-2.27) 1.31(0.74-2.33) 1.34 (0.75-2.40)
0-4 2332/207 091 (0.51-1.63) 1.00 (0.54-1.86) 1.02 (0.55-1.90)
Per 5-point decrease 0.94 (0.75-1.18) 0.97 (0.76-1.24) 0.98 (0.76-1.25)
Non-cancer mortality
Healthy lifestyle score
0-1 1206/219 1.00 (Reference) 00 (Reference) 1.00 (Reference)
2 1132/202 091 (0.72-1.14) 092 (0.74-1.14) 0.90(0.73-1.11) 83 (4.1-122)
3-5 807/116 0.60 (0.46-0.78) 0.67 (0.51-0.88) 0.68 (0.52-0.89) 10.3 (5.2-15.3)
Per 1-point increase 0.85 (0.77-0.93) 0.88 (0.80-0.98) 0.89 (0.80-0.98)
PHQ-9 score
>10 318/43 1.00 (Reference) 1.00 (Reference) 00 (Reference)
5-9 495/94 0.67 (0.43-1.04) 0.73 (0.46-1.15) 0.74 (0.47-1.17)
0-4 2332/400 049 (0.35-0.67) 0.56 (0.40-0.79) 0.57 (0.40-0.80)
Per 5-point decrease 0.71 (063-0.81) 0.76 (0.67-0.85) 0.76 (0.67-0.86)

@ Mental health was assessed by a 9-item depression screening instrument, the Patient Health Questionnaire (PHQ-9). The cut-off of 5-9 and > 10 was used to define

the presence of mild and major depression, respectively

b Model 1 was adjusted for age at the time of interview, sex, education level, ratio of family income to poverty, race and ethnicity, sleep duration, prevalent diabetes,

hypertension, dyslipidemia, history of cardiovascular disease

€ Model 2 was additionally adjusted for the number of cancer types and age at the first cancer diagnosis

4 Model 3 was additionally adjusted for PHQ-9 score or healthy lifestyle score, in regard to the association of healthy lifestyle score and mental health with mortality,

respectively

PHQ Patient Health Questionnaire, HRs hazard ratios, CIs confidence interval

HEI-2015), PA, smoking, drinking, and BMI. Moreover,
none of the existing studies had considered sleep status
as a component in the combined lifestyle score, while
sleep disorder is also one the most common symptoms
experienced by cancer survivors, and is reported to be

associated with survival outcomes [46]. In order to make
this study comparable with other studies of the same
topic, in the main analyses, we did not include sleep
duration as a component in the lifestyle score, instead,
we considered it as a confounder and adjusted it in the
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Fig. 1 Stratified analyses. A Association of healthy lifestyle score with mortality among US cancer survivors stratified by mental health. B Association
of mental health with mortality among US cancer survivors stratified by healthy lifestyle score. Mental health was assessed using the PHQ-9. Mild
and major depression was defined by the cut-off of PHQ-9 score 5-9 and > 10, respectively. The following covariates were adjusted: age at the

time of interview, sex, education level, ratio of family income to poverty, race and ethnicity, sleep duration, prevalent diabetes, hypertension,
dyslipidemia, history of cardiovascular disease, the number of cancer types, age at the first cancer diagnosis. The multiplicative interaction was
evaluated by including a cross-product term of healthy lifestyle score (0-1, 2, 3-5) and mental health (PHQ-9 score 0-4, 5-9,> 10) into the
corresponding models. Abbreviations: PHQ-9, Patient Health Questionnaire; HR, hazard ratio; Cl, confidence interval

multivariate models. However, we also extended a sensi-
tivity analysis by including sleep duration as a component
in the lifestyle score, the favorable associations between
lifestyle score and mortality were robust.

Mental health is another important factor that may
have prognostic impact on cancer. Several existing stud-
ies have explored the associations of mental health
with mortality among cancer survivors, yet the findings
are still inconsistent and inconclusive, due to different
population with various race or ethnicity, various types
of cancer, and relatively small sample sizes. Of note, a
few studies [21, 22, 26, 47] evaluated the association of

mental health status before cancer diagnosis with mor-
tality among cancer survivors, other than mental health
assessed after diagnosis, which might underestimate the
prevalence of mental disorder [48] and its association
with prognosis outcomes. In the present study, mental
health was assessed after cancer diagnosis, firstly we con-
firmed the high prevalence of poor mental health among
US cancer survivors, with nearly one in four patients
reported a status of mild or major depression. Poor men-
tal health was especially evident among cancer survivors
who were first diagnosed with cancer when they were
younger than 40 years old. Moreover, our results are in
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Fig. 2 Joint associations of healthy lifestyle score and mental health on mortality among US cancer survivors. A HR (95% Cl) for all-cause mortality.
B HR (95% Cl) for non-cancer mortality. Mental health was assessed using PHQ-9. Weighted Cox regression models were used to estimate the

HR (the solid symbols) with 95% Cl (the error bars) of joint categories of healthy lifestyle score and mental health for mortality. The following
covariates were adjusted: age at the time of interview, sex, education level, ratio of family income to poverty, race and ethnicity, sleep duration,
prevalent diabetes, hypertension, dyslipidemia, history of cardiovascular disease, the number of cancer types, age at the first cancer diagnosis.
Additive interaction effects between the lifestyle score (0-1 point vs. 3-5 points) and mental health (PHQ-9 score > 10 vs. PHQ-9 score =0-4) were
evaluated. PHQ-9 Patient Health Questionnaire, HR hazard ratios, C/ confidence interval; RERI relative excess risk due to interaction; AP attributable
proportion, S synergy index

line with several previous studies [21, 22, 26, 49], that score was associated with significant 17% and 24%
cancer survivors with better mental health had signifi- decreased risks of death from all-cause and non-cancer,
cantly lower mortality, each 5-point decrease of PHQ-9  respectively.
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Several biologic pathways could explain the observed
associations between healthy lifestyle, better mental
health, and lower mortality among cancer survivors.
For example, high quality of diet could provide multiple
beneficial components [50] that exert curing effects for
cancer treatment. Reasonable PA can reduce blood pres-
sure, modify dyslipidemia, and regulate glucose metabo-
lism, these growing understanding for the benefits of
PA has prompted healthcare professionals to consider
the possibilities of exercise therapy in several chronic
diseases, including cancers [51]. As regarding to men-
tal health, depression and anxiety can directly influence
the endocrine and immune systems [52], by suppressing
the activity of NK cells and certain DNA repair enzymes
[53]. Particularly, lifestyle and mental health are mutu-
ally associated and reinforced each other, mental health
is viewed as a mediator between lifestyle and health out-
comes. However, we lack understanding of their inter-
action, mediation, and joint associations with mortality
among cancer survivors. To our knowledge, this is the
first study to prospectively investigate these associations
of combined healthy lifestyle and mental health with
mortality among cancer survivors. Mediation analy-
ses showed that 6.2-10.3% of the associations between
healthy lifestyle and mortality were mediated by men-
tal health. As expected, results from stratified and joint
analyses showed that, cancer survivors with better men-
tal health seemed to benefit more from adopting healthy
lifestyles, and vice versa. Combinations of higher healthy
lifestyle score and better mental health were associated
with significant decreased mortality, the lowest mortality
was seen in participants with a healthy lifestyle score of
3-5 and concurrently with a PHQ-9 score of 0—4. How-
ever, neither significant multiplicative nor additive inter-
actions of healthy lifestyle score with mental health on
mortality were observed.

A major strength of this study was the nationally rep-
resentative sample of US cancer survivors, which made
it possible for the findings to be applicated at the popu-
lation level. Based on our data, on one hand, we would
like to emphasize again that a large proportion of cancer
survivors (24.0%) were first diagnosed with cancer when
they were younger than 40 years old, which means many
people need to live long-term with cancer. However, on
the other hand, many of them still maintained poor life-
style behaviors (10.1% of them were heavy drinkers, more
than half were former or current smoker), or poor men-
tal health (nearly one in four patients reported mild or
major depression). The information generated from this
study may give much confidence to cancer survivors that
changing one’s lifestyle and/or staying mentally healthy
after cancer diagnosis can improve survival. Also, com-
prehensive evidence derived from this study may help the
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healthcare providers to encourage patients to tackle mul-
tiple cost-effective modifiable risk factors for the long-
term management of cancer.

Nevertheless, several limitations should also be
acknowledged. First, data on lifestyle and mental health
were assessed only once at baseline, which limited the
possibility to capture the long-term trajectories of adher-
ence to healthy lifestyle and mental health during the
follow-up period. Although data on lifestyle and men-
tal health were collected post-diagnosis other than pre-
diagnosis, future studies with repeated measures are
warranted to assess the trajectory effects. Second, apart
from long-term mortality, we lacked data on recurrence
and quality of life, thus we cannot assess how much can-
cer survivors will benefit from adopting healthy lifestyle
behaviors and staying mentally healthy on these out-
comes, although we did observe that participants with
better lifestyle or better mental health had better sleep
status and better medical conditions. Third, we lacked
information on cancer stages and treatments since
NHANES did not collect these data. However, to lessen
the probability of reverse causation, we adjusted a wide
range of potential confounding factors in the main analy-
ses and extended several sensitivity analyses, by exclud-
ing deaths occurring during the first 2-year of follow-up
period or participants with missing covariates. Fourth,
in the main analyses, we constructed the healthy lifestyle
score by simply summing up the number of healthy life-
style behaviors, assuming that each individual lifestyle
had equal effects on mortality, which might not be true.
However, this simple calculation might be easier for the
patients to understand, and more practical for the health-
care professionals to communicate in the real world.
Besides, we reconstructed a series of new healthy lifestyle
scores in the sensitivity analyses, and consistent results
were derived. Finally, although data on specific kind of
cancer was collected by asking “What kind of cancer was
it’, nearly 40 kinds of cancer were reported by partici-
pants. Limited by the relatively small sample size of this
study, we could not conduct this big topic among partici-
pants with a specific cancer, to clarify whether patients
with different cancers can all benefit from healthy life-
styles or/and better mental health, further studies with a
larger sample size of patients with certain specific cancer
are warranted.

Conclusions

In conclusion, in this cohort study with a nationally
representative sample of US cancer survivors, partici-
pants with higher healthy lifestyle score had significantly
decreased all-cause and non-cancer mortality, inde-
pendent of mental health. Similar trends were observed
between mental health and all-cause mortality as well as
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non-cancer mortality, independent of lifestyle. Combina-
tions of higher healthy lifestyle score and better mental
health were associated with significant decreased mortal-
ity. The information generated from this study may give
much confidence to cancer survivors that changing one’s
lifestyle and/or staying mentally healthy after cancer
diagnosis can improve survival. Also, it may help health-
care providers to encourage patients to tackle multiple
cost-effective modifiable risk factors for the long-term
management of cancer.
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