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Background and objective: Sleep hours, physical exercise, and alcohol consumption were

reported to reduce or increase the detrimental side effects of cancer treatment. This study

aimed to evaluate the associations of outcomes of physical exercise and alcohol

consumption with poor health among cancer patients when controlling for socioeconomic

factors. The secondary aim was to evaluate the joint effects of multiple cancers in the

association of sleep hours, physical exercise, and alcohol consumption with poor health

among cancer patients.

Methods: The data were from the Health Information National Trends Survey (HINTS) Wave

5 Cycle 3, administered by the National Cancer Institute since 2003 in the United States of

America. Chi-square tests and orthogonality tables were employed to assess the difference

between pairs of variables. Logit regressions with marginal odds ratios (MOR) and 95%

confidence intervals (95% CI) were conducted to examine the associations of

socioeconomic variables with disadvantages of alcohol consumption and benefits of

physical activity, respectively. King et al.'s (2000) simulation-based approach was employed

to explore the moderating effects of multiple cancers on the associations of interest.

Simulation extrapolation was conducted to examine the roles of socioeconomic factors,

benefits of physical activity, and disadvantages of alcohol consumption in the fair/poor self-

reported health (SRH) among cancer patients.

Results: The mean age of the sample was 69.79 ± 7.10, (range = 60 to 99) years old. Compared

to cancer patients aged <60 years, cancer patients aged ≥60 years had significant

associations with alcohol-related cancer risk (MOR= 1.503, 95% CI: 1.029-2.196), alcohol-

related heart disease (MOR = 3.015, 95% CI: 1.965-4.626), alcohol-related diabetes (MOR

=2.300, 95% CI: 1.440-3.673), helping sleep (MOR =2.033, 95% CI: 1.267-3.263), and reducing

anxiety (MOR =1.918, 95% CI: 1.218-3.021). Multiple cancers had limited moderating effects

on the associations of sleep hours with outcomes of physical exercise and alcohol

consumption. Socioeconomic factors (Coefficient=-0.311, 95% CI: -0.529, -0.094) and

benefits of physical activity (Coefficient=-0.417, 95% CI: -0.737, -0.096) were mainly drivers

of fair/poor SRH.

Conclusion: A high proportion of cancer patients are abnormal sleepers, insufficiently

active, and alcoholic. Socioeconomic factors and physical exercise were mainly drivers of

health changes among them. Multiple cancers and sleep hours had limited effects on

outcomes of physical exercise and alcohol consumption.

Correspondence: papers@team.qeios.com — Qeios will
forward to the authors

Introduction

There were some sleep disturbances, mental disorders, and
pain among cancer patients. For example, several studies
documented anxiety and depression in patients with
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gastrointestinal cancer (de Sousa, et al. 2020), metastatic
cancer (McFarland, et al. 2022), digestive tract cancer (Chen, et
al. 2021), and lung cancer (Chen, et al. 2015). Cancer-related
sleep disturbances were often reported during cancer
treatment (Wu, et al. 2022). Improving the quality of sleep does
ease the symptoms of cancer-related fatigue (Dean, 2022).
Multiple current studies documented opioid use disorder
(Merlin, et al. 2021), immunotherapy (Wu, et al. 2022),
tapentadol extended-release (Jung, et al. 2022), pain education
(Eisen, et al. 2021), and caregiver interventions (Smith, et al.
2022) in the treatment of cancer-related pain. Thus, it is
difficult to control and mitigate the disadvantages of cancers.

Physical exercises were confirmed to be beneficial to cancer
patients. Multiple systematic reviews and meta-analyses
indicated physical exercise was confirmed to be beneficial in
reducing fatigue (Medeiros Torres, et al. 2022; Belloni, et al.
2021) and improving the quality of life (Lopez-Garzon, et al.
2022; Rendeiro, et al. 2021; Soares Falcetta, et al. 2018) in
cancer patients. A systematic review with meta-analysis
indicated people with advanced cancer who engaged in
exercise experienced an increase in quality of life, fitness, and
strength, and a decrease in fatigue in the palliative care phase
(Toohey, et al. 2023). Physical exercise could reduce the
severity of fatigue and improve the quality of life in advanced
cancer patients (Navigante, et al. 2023; Rodríguez-Cañamero,
et al. 2022). For women with early breast cancer, physical
exercise was associated with a better quality of life, less
depression and anxiety, and fewer adverse events of adjuvant
therapy (Vehmanen, et al. 2022). Multiple studies indicated
physical exercise can improve cognitive function (Ren, et al.
2022), emotional well-being (Wiggenraad, et al. 2020),
cardiovascular system (Wang, et al. 2021), and insulin-like
growth factor system (Han & Kim, 2021) in breast cancer
patients. Likewise, a present cross-sectional study indicated
physical exercise was positively correlated with gastric cancer,
colon cancer, breast cancer, thyroid cancer, and prostate cancer
in the adult population ≥40 years old (Kim, et al. 2021).

Alcohol conditions were confirmed to be harmful to cancer
patients. In the field of public health, multiple studies
documented alcohol-related esophageal cancer (Du, et al.
2022), colorectal cancer (Zheng, et al. 2019), and breast cancer
(Kopp, et al. 2016). Several studies reported the associations of
alcohol consumption with the risks of new-onset stroke (Cui,
et al. 2023) and coronary heart disease (O'Neill, et al. 2018). But
another study indicated that alcohol intake could increase the
risk of breast cancer and decrease the risk of coronary heart
disease (Dam, et al. 2016). Two studies documented the causal
relationship between alcohol intake and glucose levels
(Ishihara, et al. 2023; Jee, et al. 2016).

The purpose of this study is to determine whether the benefits
of physical exercise can trade off the disadvantages of alcohol
conditions in the health change among cancer patients. The
data from the Health Information National Trends Survey
(HINTS) are employed in the current study. The logistic
regression model was used to empirically examine the
associations of socioeconomic variables with the
disadvantages of alcohol conditions and the benefits of
physical activity, respectively. The present study used a

simulation-based approach to explore moderating effects of
multiple cancers on the associations of sleep hours with the
disadvantages of alcohol conditions and the benefits of
physical activity, respectively. This study used simulation
extrapolation to judge how the benefits of physical activity
and the disadvantages of alcohol conditions influence
individual self-reported health (SRH) among cancer patients.

Methods

Data source

This study analyzed publicly available data from the National
Cancer Institute’s 2019 Health Information National Trends
Survey 5 (HINTS 5), Cycle 3 (http://hints.cancer.gov).
Participants who were not diagnosed as cancer patients were
excluded from the analysis. After dropping the missing values
of the variable “time since diagnosed with cancer,” 826
observations were obtained. All the variables related to this
study were decoded from the response options with “missing
data,” “inapplicable,” “unreadable or non-conforming numeric
response,” and “question answered in error.”

Main variables

Dependent variables

The dependent variables were the benefits of physical activity
(helping sleep, reducing anxiety, and reducing pain) and the
disadvantages of alcohol conditions (cancer, heart disease, and
diabetes). The benefits of physical activity were assessed by
the question: “As far as you know, does physical activity help
with sleep? Reduce anxiety and depression? Reduce pain?” The
response options were “yes,” “no,” and “don't know.” The
disadvantages of alcohol conditions were assessed by the
question: “Which of the following health conditions do you
think can result from drinking too much alcohol?” The choices
were cancer, heart disease, diabetes, and liver disease. The
response options were “yes,” “no,” and “don't know.” All the
responses with the option of “don't know” were excluded.

General health was assessed by the question: “In general,
would you say your health is excellent, very good, good, fair, or
poor?” Thus, fair/poor self-reported health (SRH) was obtained
by dichotomizing the response options into binary values: 1 (= 
fair/poor) and 0 (= excellent/very good/good).

Socioeconomic factors

The continuous age (n= 826) was grouped by aged <65 years
(=0) and aged ≥65 years (=1). Gender (n= 819) was divided into
female (=0) and male (=1). Marital status (n=823) was
distributed by married (47.27%), living as married or living
with a romantic partner (3.40%), divorced (19.32%), widowed
(18.47%), separated (2.19%), and single, never been married
(9.36%). Thus, partnered status was defined as no (=0:
divorced, widowed, separated, and single, never been married)
and yes (=1: married and living as married or living with a
romantic partner).
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Educational attainment (n=822) was distributed by less than 8
years (0.73%), 8 through 11 years (3.77%), 12 years or completed
high school (18.73%), post high school training other than
college (vocational or technical) (8.39%), some college
(24.09%), college graduate (23.84%), and postgraduate
(20.44%). Thus, higher education was defined as no (=0: less
than 8 years, 8 through 11 years, 12 years or completed high
school, post high school training other than college
(vocational or technical)) and yes (=1: some college, college
graduate, and postgraduate).

Race/Ethnicity (n=737) was distributed by Hispanic (7.06%),
Non-Hispanic White (78.43%), Non-Hispanic Black or African
American (8.55%), Non-Hispanic American Indian or Alaska
Native (0.27%), Non-Hispanic Asian (2.31%), Non-Hispanic
Native Hawaiian or other Pacific Islander (0.14%), and Non-
Hispanic Multiple Races Mentioned (3.26%). Thus, non-
Hispanic white was defined as no (=0: Hispanic, Non-Hispanic
Black or African American, Non-Hispanic American Indian or
Alaska Native, Non-Hispanic Asian, Non-Hispanic Native
Hawaiian or other Pacific Islander, Non-Hispanic Multiple
Races Mentioned) and yes (=1: Non-Hispanic White).

Income ranges (n=815) were distributed by $0 to $9,999
(5.77%), $10,000 to $14,999 (8.10%), $15,000 to $19,999 (5.28%),
$20,000 to $34,999 (15.83%), $35,000 to $49,999 (15.58%),
$50,000 to $74,999 (17.55%), $75,000 to $99,999 (10.06%),
$100,000 to $199,999 (15.58%), and $200,000 or more (6.26%).
Thus, high income was defined as no (=0: <=$49,999) and yes
(=1: >$50,000).

BMI category (n=804) was distributed as underweight (1.37%),
normal weight (30.22%), overweight (36.82%), and obese
(31.59%). Thus, normal weight was defined as no (=0:
underweight, overweight, and obese) and yes (=1: normal
weight).

Multiple cancers

The number of cancers was assessed by the question: “What
type of cancer did you have?” Among the available 825
observations, the response options were distributed as bladder
cancer only (2.06%), bone cancer only (0.36%), breast cancer
only (13.70%), cervical cancer only (4.36%), colon cancer only
(3.27%), endometrial cancer only (2.18%), head/neck cancer
only (0.73%), Hodgkin’s only (0.24%), renal cancer only (2.18%),
leukemia only (1.70%), liver cancer only (0.48%), lung cancer
only (2.18%), melanoma only (4.85%), non-Hodgkin’s only
(1.82%), oral cancer only (0.24%), ovarian cancer only (1.45%),
pancreatic cancer only (0.12%), pharyngeal cancer only
(0.12%), prostate cancer only (9.94%), rectal cancer only
(0.48%), skin cancer only (23.88%), more than one cancer

checked (19.15%), and other cancer only (4.48%). Thus,
multiple cancers were defined as no (=0: one cancer only) and
yes (=1: more than one cancer checked).

Statistical analyses

For categorical variables, Chi-squared tests were used to
determine the differences in multiple cancers by
socioeconomic variables, outcomes of physical exercise and
alcohol conditions, and fair/poor SRH. For continuous
variables, orthogonality tables were used to determine the
differences in multiple cancers by sleep hours. Then, we
examined the associations of socioeconomic variables with
disadvantages of alcohol conditions and benefits of physical
activity using logistic regressions with marginal odds ratios
(MOR) and 95% confidence intervals (95% CI), respectively.
Moderating effects of multiple cancers on the associations of
interest were examined by King et al.'s (2000) simulation-
based approach. Simulation extrapolation was conducted to
examine how socioeconomic factors, benefits of physical
activity, and disadvantages of alcohol conditions influence
self-reported poor health among cancer patients.

Results

Sample characteristics

In Table 1, the mean age of the sample was 69.79 (Standard
deviation = 7.10, range = 60 to 99, n=826) years old. Twenty-
four point five percent of respondents reported poor health
status. Among 826 cancer patients, most participants (65%)
reported they were aged 65+ years (65.33%, n=825), male
(55.19%, n=819), educated by college and above (76.73%, n=821),
non-Hispanic white (70.06%, n=825), physically active
(65.80%, n=801), and earned $20,000 and above (80.84%,
n=814). Among the available 808 respondents, the short (< or
=6 hours), normal (7-8 hours), and long (> or =9 hours) sleep
duration groups were distributed as 38.00%, 53.58%, and
8.42%, respectively.

Forty-three percent developed 1 or more cancers. There were
significant differences between multiple cancers diagnosed
with respect to helping sleep due to physical activity, reducing
pain due to physical activity, and fair/poor SRH. Considering
disadvantages of alcohol conditions, most of the sample
reported alcohol-related cancer (65.45%, n=440), heart disease
(83.98%, n=543), and diabetes (86.11%, n=540). Regarding
benefits of physical activity, most of the sample reported
helping sleep (95.65%, n=712), reducing anxiety and
depression (95.13%, n=677), and reducing pain (69.58%, n=595).
Less than a quarter of the sample reported fair/poor SRH.
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Multiple cancers
chi2 P value

No (%) Yes (%)

Age (N=826) 2.0536 0.152

<65 years 28.93 5.69

≥65 years 51.94 13.44

Gender (N=819) 1.8309 0.176

Female  45.67 9.52

Male  35.41 9.40

Partnered status(N=823) 0.0017 0.967

No  40.07 9.44

Yes  40.80 9.69

Higher education (N=822) 0.0090 0.924

No  25.79 6.17

Yes  55.08 12.95

non-Hispanic white (N=737) 1.1017 0.294

No  24.94 5.08

Yes  55.93 14.04

Normal weight (N=804) 0.7571 0.384

No  56.54 14.04

Yes  24.33 5.08

High income (N=815) 0.8106 0.368

No  40.80 10.41

Yes  40.07 8.72

Cancer risk (N=440) 0.4010 0.527

No  27.95 6.59

Yes  54.55 10.91

Heart disease risk (N=543) 0.3564 0.551

No  12.71 3.31

Yes  68.88 15.10

Diabetes risk (N=540) 1.0134 0.314

No  11.85 2.04

Yes  69.26 16.85

Helping sleep (N=712) 3.5339 0.060*

No  2.95 1.40

Yes  77.81 17.84

Reducing anxiety (N=677) 2.5804 0.108

No  3.40 1.48

Yes  77.10 18.02

Reducing pain (N=595) 3.2634 0.071*

No  23.53 6.89

qeios.com doi.org/10.32388/VFVM46.2 4

https://www.qeios.com/
https://doi.org/10.32388/VFVM46.2


Multiple cancers
chi2 P value

No (%) Yes (%)

Yes  58.15 11.43

Fair/poor SRH (N=826) 3.6370 0.057*

No  63.56 13.68

Yes  17.31 5.45

Sleep hours (N=808) Difference

Mean 12.159 17.089 -4.930 0.000***

Standardized errors 0.468 1.027 1.085

N 668 158

Table 1. Sample characteristics

Note: ***, ** and * indicates 1%, 5% and 1 0% significance level,

respectively.

Associations of socioeconomic factors

Logistic regressions on disadvantages of alcohol conditions,
benefits of physical activity, and fair/poor SRH could be shown
in Supplementary table 1. In Figure 1, compared to cancer
patients aged <60 years, cancer patients aged ≥60 years had a
50.3% higher alcohol-related cancer risk (marginal odds ratios
(MOR) = 1.503, 95% Confidence Interval (95% CI): 1.029-2.196,
p=0.035).

Figure 1. Association with cancer risk
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Cancer

risk

Heart

disease

risk

Diabetes

risk

Help

sleeping

Reducing

anxiety

Reducing

pain

aOR 95% CI aOR 95% CI aOR 95% CI aOR
95%

CI
aOR

95%

CI
aOR

95%

CI

Older

adult
Ref.：<65 Ref.：<65 Ref.：<65 Ref.：<65 Ref.：<65 Ref.：<65

>:65 1.513**
1.032-

2.220
3.115***

2.017-

4.810
2.406***

1.508-

3.838
2.270**

1.191-

4.326
2.187**

1.136-

4.213
0.959

0.678-

1.356

Gender Ref.:female Ref.:female Ref.:female Ref.:female Ref.:female Ref.:female

Male 0.819
0.544-

1.232
1.120

0.707-

1.773
0.890

0.544-

1.456
1.776

0.845-

3.735
1.105

0.548-

2.227
0.923

0.634-

1.346

Partnered

status
Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no

Yes 1.001
0.659-

1.519
1.350

0.843-

2.160
0.995

0.600-

1.650
1.751

0.826-

3.713
2.020*

0.989-

4.125
0.879

0.602-

1.284

Higher

education
Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no

Yes 1.324
0.874-

2.007
1.889***

1.207-

2.955
2.303***

1.441-

3.683
6.239***

3.125-

12.456
11.361***

5.137-

25.125
1.877***

1.302-

2.705

Non-

Hispanic

white

Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no

Yes 0.986
0.650-

1.497
1.107

0.702-

1.747
1.738**

1.086-

2.780
1.884*

0.953-

3.721
1.485

0.761-

2.894
1.080

0.746-

1.563

High

income
Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no

Yes 1.375
0.871-

2.172
1.283

0.765-

2.151
1.435

0.829-

2.485
4.965***

1.641-

15.022
3.810***

1.387-

10.467
1.626**

1.085-

2.436

Normal

weight
Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no Ref.:no

Yes 1.247
0.811-

1.916
1.203

0.731-

1.979
1.461

0.836-

2.552
2.116*

0.938-

4.777
1.820

0.831-

3.987
2.005***

1.325-

3.036

N 439 541 536 706 671 590

Supplementary Table 1. Logistic regressions on disadvantages of alcohol conditions, benefits of physical activity, and fair/poor SRH.
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Note: ***, ** and * indicate 1, 5, and 10% significance levels,

respectively. aOR= adjusted odds ratio. SRH=self-reported health.

In Figure 2, cancer patients aged ≥60 years had a 201.5%
higher alcohol-related heart disease (MOR = 3.015, 95% CI:
1.965-4.626, p=0.000) than cancer patients aged <60 years.
Cancer patients with higher education were also associated
with an 81.6% increase in alcohol-related heart disease (MOR =
1.816, 95% CI: 1.211-2.725, p=0.004) than cancer patients
without.

Figure 2. Association with heart disease risk

In Figure 3, cancer patients aged ≥60 years had a 140.6%
higher alcohol-related diabetes (MOR =2.300, 95% CI: 1.440-
3.673, p=0.001) than cancer patients aged <60 years. Cancer
patients with higher education were also associated with a
120.4% increase in alcohol-related diabetes (MOR =2.204, 95%
CI: 1.434-3.386, p=0.000) than cancer patients without. Non-
Hispanic white cancer patients were also associated with a
68.3% increase in alcohol-related diabetes (MOR =1.683, 95%
CI: 1.093-2.593, p=0.018) than other race/ethnicity.

Figure 3. Association with diabetes risk

In Figure 4, cancer patients aged ≥60 years had a 103.3%
higher helping sleep (MOR =2.033, 95% CI: 1.267-3.263,
p=0.003) than cancer patients aged <60 years. Cancer patients
with higher education were also associated with a 437.9%
increase in helping sleep (MOR =5.379, 95% CI: 2.939-9.844,
p=0.000) than cancer patients without. Non-Hispanic white
cancer patients were also associated with a 74.2% increase in
helping sleep (MOR =1.742, 95% CI: 1.057-2.872, p=0.030) than
other race/ethnicity. Cancer patients with high income were
also associated with a 343.1% increase in helping sleep (MOR
=4.431, 95% CI: 1.695-11.580, p=0.002) than the patients
without. Cancer patients with normal weight were also
associated with a 92.6% increase in helping sleep (MOR =1.926,
95% CI:.935-3.968, p=0.075) than the patients with abnormal
weight.

Figure 4. Association with helping sleep

In Figure 5, cancer patients aged ≥60 years had a 91.8% higher
reducing anxiety (MOR =1.918, 95% CI: 1.218-3.021, p=0.005)
than cancer patients aged <60 years. Cancer patients with
partnered status were also associated with an 82.3% increase
in reducing anxiety (MOR =1.823, 95% CI:.963-3.450, p=0.065)
than single patients. Cancer patients with higher education
were also associated with an 879.9% increase in reducing
anxiety (MOR =9.799, 95% CI: 4.807-19.976, p=0.000) than
cancer patients without. Cancer patients with high income
were also associated with a 234.5% increase in reducing
anxiety (MOR =3.345, 95% CI: 1.283-8.721, p=0.014) than the
patients without.
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Figure 5. Association with reducing anxiety

In Figure 6, cancer patients with higher education were also
associated with an 83.8% increase in reducing pain (MOR
=1.838, 95% CI: 1.287-2.624, p=0.001) than cancer patients
without. Cancer patients with high income were also
associated with a 59.7% increase in reducing pain (MOR =1.597,
95% CI: 1.088-2.344, p=0.017) than the patients without.
Cancer patients with normal weight were also associated with
a 95.1% increase in reducing pain (MOR =1.951, 95% CI: 1.315-
2.894, p=0.001) than the patients with abnormal weight.

Figure 6. Association with reducing pain

Moderating effects of multiple cancers

In Figures 7 to 9, multiple cancers moderated the associations
of average night sleep hours with risks of cancer, heart
disease, and diabetes, respectively. In Figures 10 to 12, multiple
cancers moderated the associations of average night sleep
hours with benefits of helping sleep, reducing anxiety, and
reducing pain, respectively. As observed, narrow confidence
intervals were displayed in the normal sleep hours.
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Figure 7. Association with cancer risk
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Figure 8. Association with heart disease risk
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Figure 9. Association with diabetes risk
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Figure 10. Association with helping sleep
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Figure 11. Association with reducing anxiety
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Figure 12. Association with reducing pain

Simulation Extrapolation

In Table 2, risks of cancer, heart disease, and diabetes had no
significant associations with fair/poor SRH, respectively.
Similarly, helping sleep, reducing anxiety, and reducing pain

had no significant associations with fair/poor SRH,
respectively. However, socioeconomic factors had significant
associations with fair/poor SRH. Simultaneously, benefits of
physical activity had significant associations with fair/poor
SRH.
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Model 1 Model 2 Model 3

Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

Benefits of physical activity -0.417**  -0.737, -0.096

Helping sleep   -0.195  -0.528, 0.137 -0.199  -0.549, 0.151

Reducing anxiety   -0.126  -0.417, 0.166 0.044  -0.259, 0.348

Reducing pain   -0.022  -0.141, 0.096 -0.029  -0.145, 0.087

Disadvantages of alcohol conditions 0.025  -0.152, 0.202

Cancer risk 0.082  -0.019, 0.183 0.061  -0.048, 0.170

Heart disease risk  0.016  -0.109, 0.141 -0.034  -0.170, 0.103

Diabetes risk -0.076  -0.218, 0.067 -0.012  -0.155, 0.132

Socioeconomic factors -0.326*** -0.538, -0.114 -0.311***  -0.529, -0.094 -0.780***  -1.111, -0.449

Constant  0.619*** 0.310, 0.929 0.683***  0.381, 0.985 0.770***  0.470, 1.070

No. of observations 294 294 295

Table 2. Simulation extrapolation on fair/poor SRH.

Note: ***, ** and * indicate 1, 5 and 10% significance levels,

respectively.

Discussion

In this cross-sectional analysis, the sample was dominated by
individuals aged 65 and older, males, college graduates and
above, non-Hispanic whites, income of $20,000 and above,
physically active, and with average sleep duration. There were
significant differences between multiple cancers diagnosed
with respect to helping sleep, reducing pain, and fair/poor
SRH. The empirical analyses showed that cancer patients aged
≥60 years had a higher likelihood of facing alcohol-related
risks of cancer, heart disease, and diabetes than cancer
patients aged <60 years. Similarly, cancer patients aged ≥60
years had a higher likelihood of receiving physical activity-
related benefits of helping sleep, reducing anxiety, and
reducing pain than cancer patients aged <60 years.
Simultaneously, socioeconomic factors had a significant
influence on fair/poor SRH. This study provided evidence to
support the moderating effect of multiple cancers on physical
exercise and alcohol conditions on poor health among cancer
patients. Therefore, the results provided useful insights into
the roles of alcohol and physical activity in health evaluations
among older adults.

The associations of socioeconomic factors could be explained
by several early studies. For example, alcohol use was reported
to substantially influence socioeconomic inequalities in male
cancer mortality in several Western countries (Menvielle, et al.
2007). Another study reported that alcohol consumption for
cancer incidence was impacted by social class (Batchelor, et al.
2023). Also, racial disparities in selected alcohol-related cancer
incidence and prevalence were reported in the U.S. (Polednak,

2007). Luckily, a mass media campaign could increase
awareness of alcohol as a risk factor for cancer (Christensen, et
al. 2019).

The existence of alcohol-related risks of cancer, heart disease,
and diabetes among cancer patients could be in line with early
studies. Alcohol-related negative outcomes were reported in
the medical community. People with alcohol use disorder
appeared to have a higher incidence of alcohol-related cancers,
diabetes, and ischemic heart disease compared with those
without (Leong, et al. 2022). Excessive alcohol consumption is
a risk factor for the development of alcohol-related diabetes
(Yessoufou, et al. 2005), cancer in later life (Bassett, et al. 2022),
and head-and-neck cancers (Marziliano, et al. 2020). Persons
with alcohol-related liver disease are at an elevated cancer risk
compared with the general population (Hagström, et al. 2022).
In practice, strategies to limit alcohol consumption could
potentially reduce the cancer burden (Young, et al. 2018).

These findings regarding the relationship between physical
activity and alcohol use were consistent with early analyses.
For example, a study documented the potential of physical
activity to attenuate the effects of alcohol-related cancer
mortality. Physical activity could minimize alcohol-related
cancer risk (Feng, et al. 2020), improve perceived health status
(Ko, et al. 2018), and prevent certain cancers (Parada, et al.
2020). A physically active lifestyle has a benefit in
socioculturally diverse endometrial cancer survivors (Rossi, et
al. 2017). A higher preoperative level of physical activity helped
a faster physical recovery among the patients 3 weeks post
breast cancer surgery, while the physically recovered effect
diminished after 6 weeks (Nilsson, et al. 2016). Among breast
cancer survivors, active women engaging in greater amounts
of moderate and vigorous activity reported better physical
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activity-related quality of life than inactive women (Benton, et
al. 2019). The health benefits of physical exercise depended on
energy expenditure per week (Drygas, et al. 2000).

Some physical activity interventions were confirmed to be
feasible and acceptable to attenuate chronic pain (Fanning, et
al. 2022). Two investigations concluded physical activity had
an important impact on disability in people with chronic low
back pain (Verbunt, et al. 2005; Alzahrani, et al. 2019). The
attenuating effects of physical activity on anxiety were
reported to vary by levels of physical activity (Frontini, et al.
2021). Patients with fluid overload states are likely to benefit
the most from physical exercise in terms of potentially
reducing obstructive sleep apnea severity (Mirrakhimov, 2013).
There is large variability in the effect of physical activity on
pain during migraine attacks that can be accounted for by
individual differences. For a minority of participants, physical
activity consistently contributed to pain worsening (Farris, et
al. 2018). Physical-activity-related injury was a risk factor for
complaints of anxiety (Yu, et al. 2022). There were associations
between the intensity of pain and physical activity levels
(Connaughton, et al. 2014).

This study provided evidence to support the moderating effect
of multiple cancers on physical exercise and alcohol conditions
on poor health among cancer patients. There was a high
likelihood of the occurrence of multiple cancers (Seegobin, et
al. 2018). Theoretically, multiple cancers competed for new
blood supply for growth and progression (Wodarz & Anton-
Culver, 2005). A study highlighted the increased adoption of
healthier behaviors in survivors of multiple cancers (Burris &
Andrykowski, 2011).

Wide 95% CIs of average night sleep hours indicated that
abnormal sleep hours have no definite relationships with the
benefits of physical activity and the disadvantages of alcohol
conditions. The findings in this study indicated there was a
complex relationship between sleep duration and cancer
development. This can be explained by some paradoxical early
findings. For example, abnormal sleep hours were associated
with subsequent cancer development (Fukui, et al. 2022),
increased breast (Wang, et al. 2015) and lung (Luojus, et al.
2014) cancer risk, and cancer mortality (Wong, et al. 2017;
Wilunda, et al. 2022; Xiao, et al. 2017). But another study
indicated abnormal sleep hours do influence prognosis among
early-stage breast cancer survivors (Marinac, et al. 2017). Long
sleep duration increased the risks of estrogen-mediated
cancers (Hurley, et al. 2015), lung cancer (Peeri, et al. 2022),
liver cancer (Royse, et al. 2017), colorectal cancer (Lin, et al.
2018), and the risk of cancer mortality (Tao, et al. 2021; Ma, et
al. 2016; Stone, et al. 2019; Khan, et al. 2018). Paradoxically, a
systematic review and meta-analysis indicated that long sleep
may have a potential protective effect on prostate cancer
incidence (Liu, et al. 2020). Short sleep duration was associated
with adverse health conditions (Lubas, et al. 2021), affected
later stages of prostate carcinogenesis (Gapstur, et al. 2014),
and increased the risk of incident breast cancer (Cao, et al.
2019; Xiao, et al. 2016; Lu, et al. 2017; Khawaja, et al. 2013).
However, sleep duration was confirmed to have no significant
dose-response relationship with breast cancer risk (Wong, et
al. 2021; Qian, et al. 2015; Yang, et al. 2014) in some studies.

There existed a curvilinear relationship between sleep
duration and mortality in advanced cancer patients (Collins, et
al. 2017). A categorical meta-analysis indicated that short sleep
duration increased cancer risk in Asians and that long sleep
duration increased the risk of colorectal cancer (Chen, et al.
2018). Sleep changes among breast cancer survivors were
likely to be caused by chemotherapy, diagnosis, and fatigue
(Alfano, et al. 2011).

Long sleep duration was likely to increase the risk of
developing colorectal cancer (Lu, et al. 2013; Zhang, et al. 2013;
Jiao, et al. 2013). An observational study concluded
associations of short or long sleep duration with many cancer
risks (Gu, et al. 2016) and cancer mortality (Li, et al. 2019). But
some other studies did not provide evidence of an association
between sleep duration and cancer risk (Girschik, et al. 2013;
Wu, et al. 2013; Sturgeon, et al. 2012). Likewise, another study
indicated that sleep duration had no effect on breast cancer
risk (Qin, et al. 2014). A study indicated short sleep might be a
risk factor for self-reported diabetes and that long sleep
duration may reduce the likelihood of self-reported diabetes
among cancer survivors (Seixas, et al. 2018).

Associations of physical exercise with fair/poor SRH can be
explained by several studies. Biologically, physical activity
impacted body composition (Gil-Herrero, et al. 2022), had
potent anticancer properties (Papadopetraki, et al. 2022), and
preserved bone health (Cagliari, et al. 2022). Physical exercise
was confirmed to improve functioning satisfaction (Spreafico,
et al. 2021) and clinical parameters (Baumann, et al. 2018).
Engagement in regular physical exercise might be primarily
responsible for the reduction in all-cause mortality (Ratjen, et
al. 2017) and for improving the health status of older frail
patients receiving chemotherapy (Olsen, et al. 2023).

Implications for public health

Findings from the current study have public health
implications. This study highlighted physical exercise and
socioeconomic factors. According to the findings from this
study, cancer patients should choose feasible and appropriate
intensity, level, and time of physical exercise. The medical
treatment system prioritized cancer patients with higher
education, high income, and non-Hispanic white race.

Limitations

First, this cross-sectional survey was implemented by the
National Cancer Institute in the United States of America.
Thus, the causality of interest could not be determined.
Moreover, the associations established in this study need to be
confirmed in other countries. Secondly, the intensity of
physical exercise was not scientifically documented in this
study. Until now, the medical community has been uncertain
about what type of exercise is most suitable for breast cancer
patients undergoing anthracycline treatment (Tranchita, et al.
2022). Feasible exercise programs for cancer patients should
take frailty, accessibility, and personal abilities into account
(Agasi-Idenburg, et al. 2020). Finally, the treatment stages of
the cancer patients were not depicted in the dataset. Thus, it
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was difficult to determine the most beneficial timing to start
exercise and alcohol consumption to decrease the myriad of
treatment side effects experienced.

Future directions

In the future, minute-level time data are recommended rather
than hour-level time. Due to wide confidence intervals, the
associations of short or long sleep duration with the
disadvantages of alcohol conditions and the benefits of
physical activity were not accurate, credible, or robust.
Similarly, the associations of long sleep duration with the
disadvantages of alcohol conditions and the benefits of
physical activity were not accurate. Regarding causality
establishment, long-term randomized controlled trials and
panel studies are needed to elucidate the mechanism
underlying the associations of interest.

Conclusions

Abnormal sleep, insufficient activity, and alcohol consumption
were harmful among these cancer patients. The global
benefits of physical activity and socioeconomic factors can
improve health status among cancer patients. Some feasible
interventions to control alcohol consumption need to be
implemented in the targeted cancer patients.
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