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Background/Aims: This study aimed to assess adherence to physical activity
guidelines in cancer survivors and to investigate related factors.

Methods: The cross-sectional data of 39,845 community-dwelling participants
aged = 20 years (1,254 cancer survivors) in the Korea National Health and Nutri-
tion Examination Survey were analyzed. The age- and sex-stratified prevalence
for meeting exercise guidelines was obtained. The correlates of meeting exercise
recommendations were evaluated by using complex-sample logistic regression
models.

Results: Overall, 36.2% and 20.5% of cancer survivors met the recommendations
for aerobic and resistance exercises, respectively. Cancer survivors and noncancer
controls had similar low adherence to exercise recommendations in most age and
sex groups, except young female cancer survivors (20 to 49 years old) who showed
higher engagement in aerobic exercise than female noncancer controls in the
same age group. Old cancer survivors (= 65 years) were less likely to engage in rec-
ommended levels of aerobic exercise than young cancer survivors (odds ratio [OR],
0.44; 95% confidence interval [CI], 0.24 to 0.79). Female cancer survivors were less
likely to meet resistance exercise guidelines than male cancer survivors (OR, 0.32;
95% CI, 0.21 to 0.50). In addition, cancer survivors with current smoking status
and cardiovascular disease were less likely to meet aerobic exercise recommenda-
tions.

Conclusions: The prevalence of meeting exercise guidelines are low in Korean
cancer survivors and varied by age and sex. Old age is associated with an insuffi-
cient level of aerobic exercise, and female sex is associated with low participation
in resistance exercise.
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INTRODUCTION

disease and improving quality of life in cancer survivors
have become an important issue. Physical activity (PA),

The number of cancer survivors has increased due to
the early detection of cancer and improvement of cancer
treatment [1-3]. Cancer survivors have more comorbid-
ities, such as cardiovascular diseases, chronic pain, and
a low quality of life, than people without cancer [4-7].
Thus, lifestyle interventions for reducing cardiovascular
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including aerobic and resistance exercises, is a well-es-
tablished lifestyle intervention for improving fatigue,
quality of life, and body composition, and PA may reduce
all-cause mortality in cancer survivors [8-11]. Given the
multiple beneficial effects of PA in cancer survivors, the
American College of Sports Medicine (ACSM) and Amer-
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ican Cancer Society (ACS) have recommended that can-
cer survivors should avoid physical inactivity and should
perform regular aerobic and resistance exercises [12,13].

Age and sex are crucial factors among the sociodemo-
graphic and health-related factors that can affect exercise
compliance in the general population [14]. Nevertheless,
in cancer survivors, there are limited data showing the
impact of age and sex on adherence to PA recommenda-
tions. Several studies that investigated the associations
between age or sex and participation in PA by cancer
survivors have shown mixed observations [15-18]. Fur-
thermore, although resistance exercise is recommended
for adult cancer survivors, previous studies have focused
only on the effects of aerobic exercise [17,18]. Besides, the
prevalence of health behaviors and comorbidities such
as obesity, smoking, alcohol, and cardiovascular diseases
among cancer survivors have been reported in previous
studies [18,19]. However, although these health behaviors
and comorbidities may be associated with participation
in PA, the data for these potential correlates of aerobic
and resistance PA in cancer survivors are lacking.

To date, knowledge of the adherence to aerobic and
resistance PA among cancer survivors and related fac-
tors, including age and sex, is limited. The aims of this
study were to (1) assess the levels of engagement in aero-
bic and resistance exercises in cancer survivors, as strat-
ified by age and sex, and (2) to identify the lifestyle or
health-related correlates of meeting PA guidelines while
adjusting for age and sex in Korean community-dwell-
ing cancer survivors.

METHODS

Study participants

This study used cross-sectional data from the fourth,
fifth, and sixth Korea National Health and Nutrition Ex-
amination Survey (KNHANES), which used a stratified,
multistage, clustered probability sampling method to
collect a representative sample of the civilian, commu-
nity-dwelling Korean population. Household interviews
and standardized physical examinations at mobile ex-
amination centers were performed. A total of 58,423 par-
ticipants were recruited in the KNHANES from 2007 to
2013 with response rates between 71.2% and 82.8%. The
study population consisted of 39,845 participants (16,871
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men and 22,974 women) aged = 20 years who completed
a PA questionnaire and who underwent comprehensive
health surveys and examinations. Participants who had
ever been diagnosed with any cancer by a doctor were
defined as cancer survivors (n = 1,254) [20,21]. The Insti-
tutional Review Board at the Korea Centers for Disease
Control and Prevention approved the protocol (IRB No.
2007-02CON-04-P, 2008-04EXP-01-C, 2009-01CON-03-
2C, 2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-
01-2C, and 2013-07CON-03-4C), and all participants
signed informed consent forms. Since this study used
publicly available data, ethical approval of our hospital
was not required.

Physical activity assessment

Aerobic PA was evaluated via the validated Korean ver-
sion of the International Physical Activity Questionnaire
Short Form (IPAQ-SF) [22-24]. The IPAQ-SF assesses PA
during the last seven days of aerobic activities by mea-
suring the frequency and duration of walking and other
moderate-to-vigorous aerobic activity that was under-
taken for more than ten continuous minutes across all
contexts (i.e., work, transport, household, and leisure ac-
tivities). By following the ACSM & ACS PA guidelines for
cancer survivors [12,13,25], the participants’ aerobic exer-
cise patterns were categorized as meeting recommenda-
tions for aerobic exercise (vigorous-intensity activity = 75
min/wk, moderate-intensity activity = 150 min/wk or an
equivalent combination of the two) or as indicating an
insufficient activity to meet recommendations for aero-
bic exercise. Because walking is regarded as a low-inten-
sity activity, the time spent walking was not considered
toward aerobic exercise. The KNHANES also recorded
the number of days the participants engaged in resis-
tance exercises such as push-ups, sit-ups, and exercises
using dumbbells, weights, or iron bars during the last
week. By following the ACSM PA guidelines, the partic-
ipants’ resistance exercise patterns were categorized as
meeting recommendations for resistance exercise (= 2
day/wk of resistance exercise) or as indicating an insuf-
ficient activity to meet recommendations for resistance
exercise.

Clinical factors

The participants of each sex were divided into three
groups according to the following age groups: 20 to 49
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years (young), 50 to 64 years (middle-aged), and 65 years
or older (old). Body mass index was calculated as each
individual’s weight divided by the square of the height
(kg/m?). Smoking status (current, past, never), education
level (< 9, > 9 years), and comorbidities (cardiovascular
disease, diabetes, hypertension, and depression) were
recorded. The mean daily alcohol intake was calculated
from the questionnaires by recording the frequency of
drinking days and the number of drinks consumed per
drinking day. Heavy alcohol drinking was defined as =
30 g/day for men and = 20 g/day for women [26]. The
questionnaires for cancer included the cancer site, cur-
rent presence of cancer, current treatment for cancer,
and age at diagnosis of cancer. Participants who were
diagnosed with cancer = 5 years were defined as long-
term cancer survivors.

Statistical analysis

The characteristics of the cancer survivors and noncan-
cer controls were compared using the chi-square test
and were presented as weighted percentages (standard
errors of percentages). The age- and sex-stratified prev-
alence of meeting recommendations for ACSM and
ACS aerobic and resistance PA guidelines in cancer sur-
vivors and noncancer controls was estimated by using
complex-sample descriptive statistics and were com-
pared using the chi-square test in each of the age- and
sex-stratified subgroups. Odds ratios (ORs) with 95%
confidence intervals (CIs) for meeting PA recommen-
dations were assessed by using multivariable-adjusted
logistic regression analyses in cancer survivors to inves-
tigate the correlates of the adherences to aerobic and re-
sistance exercise guidelines. Complex-samples logistic
regression analyses were also employed to investigate
the adherence to PA guidelines by cancer sites. Statisti-
cal analyses were performed by using the complex-sam-
ple procedures of SPSS software version 24 (IBM/SPSS
Inc., Armonk, NY, USA). The weighted values during the
stratification of the samples were reflected in all analy-
ses. A p values < 0.05 were considered statistically signif-
icant.

RESULTS

The weighted estimated prevalence of cancer survivors
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was 1.9% (standard error, 0.1%) in the Korean popula-
tion aged = 20 years. As shown in Table 1, the percent-
ages of participants who were old; were female; had low
levels of education; or reported having cardiovascular
disease, diabetes, hypertension, and depression were
significantly higher in cancer survivors than in noncan-
cer controls. In contrast, the percentages of participants
who were current smokers and heavy alcohol drinkers
were significantly lower in cancer survivors than in
noncancer controls. The prevalence of meeting aerobic
exercise guidelines was lower in cancer survivors, with
a borderline significance. The prevalence of meeting re-
sistance exercise guidelines was similar between cancer
survivors and noncancer controls.

Prevalence of meeting PA guidelines stratified by
age and sex

When the study population was stratified by age and sex,
in males, the prevalence of meeting aerobic exercise rec-
ommendations in young, middle-aged, and old cancer
survivors was 48.1%, 41.3%, and 35.0%, respectively (Fig.
1A). In females, 46.4% of young cancer survivors, 39.3%
of middle-aged cancer survivors, and 18.1% of old cancer
survivors met the aerobic exercise recommendations.
Female cancer survivors aged 20 to 49 years were sig-
nificantly more likely to meet aerobic exercise recom-
mendations than noncancer controls of the same age
group and sex (p = 0.003) (Fig. 1A). Male cancer survivors
aged = 65 years were more likely to meet aerobic exer-
cise recommendations than noncancer controls of the
same sex and age groups, with a borderline significance
(b = 0.057) (Fig. 1A). In the other age and sex groups, the
prevalence of meeting recommendations for aerobic ex-
ercise guidelines was similar between cancer survivors
and noncancer controls.

When stratified by age and sex, in males, the preva-
lence of meeting resistance exercise guidelines in young,
middle-aged, and old cancer survivors was 24.3%, 42.9%,
and 28.9%, respectively (Fig. 1B). In females, 14.0% of
young cancer survivors, 16.9% of middle-aged cancer
survivors, and 6.5% of old cancer survivors met the re-
sistance exercise recommendations. The adherence to
the resistance exercise guidelines was similar between
cancer survivors and noncancer survivors in all age and
Sex groups.
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Table 1. Population characteristics

Cancer  Noncancer
Characteristic survivors  controls  pvalue®
(n=1,254) (n=38591)
Age, yr <o0.001
20-49 24.1(1.8)  63.0(0.5)
50—64 365(1.8)  23.5(03)
= 65 39.4(17)  135(03)
Female sex 61.2(1.8) 503(03) <o.001
BMI, kg/m? 0.052
<23.0 48.9(1.9)  44.6(c.4)
23.0—24.9 22.4(1.5) 23.3(0.3)
>25.0 28.7(17) 32.1(0.3)
Current smoking 7.8(1.0)  255(03) <o0.001
Heavy alcohol 2.7(0.7) 9.2(0.2) <o0.001
drinking
Low education, <9yr  54.2(1.9)  28.6(0.5) < 0.001
Comorbidities
Cardiovascular 7.5 (0.9) 3.2(0.1)  <o.001
disease
Diabetes 15.1 (1.3) 85(0.2) <o.001
Hypertension 38.7(1.9) 26.2(0.4) <o.001
Depression 6.3(0.9) 33(01)  <o.001
Long-term 543 (1.9) - -
survivor, = 5 yr
Current presence of 435 (1.9) - -
cancer
Current treatment 35.9 (1.8) - -
for cancer
Cancer site -
Gastric 20.5(1.5) - -
Colorectal 14.2 (1.3) - -
Thyroid 10.8 (1.2) - -
Breast 13.4(1.2) - -
Cervical 16.2 (1.3) - -
Prostate 2.6 (0.5) - -
Meeting ACSM/ACS
guidelines
Aerobic exercise 36.2 (1.7) 39.7 (0.4) 0.053
Resistance exercise 20.5(1.5) 22.1(023) 0309

Values are presented as weighted percentage (standard error
of percentage).

BMLI, body mass index; ACSM/ACS, the American College of
Sports Medicine and American Cancer Society.

p values by the chi-square test.
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Figure 1. Age- and sex-stratified prevalence of meeting the
recommendations for physical activity in cancer survivors
and noncancer controls based on the American College of
Sports Medicine and American Cancer Society (A) aerobic
and (B) resistance exercise guidelines. Values are indicated
as weighted percentages, and error bars represent the stan-
dard errors of the percentages.

Correlates of meeting PA guidelines in cancer
survivors

The potential correlates of the adherence to the aerobic
exercise guidelines, including age and sex, are shown in
Table 2. The independent associations of age and sex
with engagement in aerobic exercise were similar to the
results of age- and sex-stratified analyses (Fig. 1A). Old
cancer survivors were significantly less likely to engage
in aerobic exercise at recommended levels than young
adults, even after multivariable adjustments, including
sex, health behaviors and comorbidities (adjusted OR,
0.44; 95% CI, 0.24 to 0.79). However, sex was not associ-
ated with adherence to aerobic exercise guidelines. Fur-
thermore, in cancer survivors, being current smokers,
having low education levels (< 9 years), and having car-
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Table 2. Correlates of meeting the ACSM/ACS guidelines for aerobic and resistance exercises in cancer survivors (n = 1,254):

age, sex, sociodemographic, lifestyle, and clinical factors

Aerobic exercise

Resistance exercise

Variable
Unadjusted Adjusted? Unadjusted Adjusted®

Age, yr

20-49 1.00 1.00 1.00 1.00

50-64 0.76 (0.49-1.17) 0.82(0.49-1.37) 1.79 (1.02-3.14)° 2.00 (1.02-3.92)°

> 65 0.40 (0.26-0.61)° 0.44 (0.24-0.79)° 1.03 (0.58-1.83) 0.26 (0.60—2.65)
Female sex 0.80 (0.59-1.09) 0.69 (0.46-1.02) 0.29 (0.20-0.42)" 032 (0.21-0.50)°
BMI, kg/m*

<23.0 1.00 1.00 1.00 1.00

23.0—24.9 0.93 (0.63-1.36) 0.98 (0.65-1.47) 1.38 (0.89—2.13) 1.14 (0.69-1.89)

>25.0 0.93 (0.65-1.33) 0.90 (0.59-1.38) 0.72 (0.47-1.13) 0.82(0.49-1.39)
Current smoking 0.60 (0.31-1.17) 0.45 (0.21-0.94)° 237 (1.29-4.38)° 1.36 (0.65-2.83)
Heavy alcohol drinking 0.71 (0.24-2.15) 0.29 (0.07-1.16) 1.67 (0.47-5.94) 0.67(0.09—4.95)
Low education, < 9 yr 0.49 (0.36-0.67)" 0.68 (0.47-0.99)" 0.51 (0.35-0.74)° 0.47 (0.29-0.74)°
Cardiovascular disease 0.41(0.22-0.76)" 0.52 (0.27-1.00)"° 0.87(0.44-1.73) 1.31 (0.65-2.64)
Diabetes 0.79 (0.50-1.23) 1.05 (0.65-1.70) 0.87 (0.51-1.48) 0.81 (0.45-1.45)
Hypertension 0.64(0.47-0.86)" 0.86 (0.59-1.25) 0.86 (0.59-1.24) 1.13 (0.74-1.73)
Depression 1.18 (0.64-2.17) 1.45 (0.74—2.87) 0.99 (0.45-2.18) 1.67 (0.79-3.52)
Long-term survivor, = 5 yr 1.00 (0.73-1.38) 1.48 (0.99-2.20) 0.88 (0.61-1.27) 1.06 (0.69-1.62)
Current presence of cancer 1.20 (0.89-1.62) 1.62 (0.93—2.84) 1.16 (0.81-1.68) 1.74 (0.83-3.65)

( (

Current treatment for cancer 1.04 (0.75-1.43)

0.66 (0.36-1.21)

0.96 (0.66-1.42) 0.64 (0.29-1.39)

Values are presented as odds ratio (95% confidence interval).

ACSM/ACS, the American College of Sports Medicine and American Cancer Society; BMI, body mass index.

*Adjusted for all other variables listed in the table.
PA p < 0.05 by complex-sample logistic regression models.

diovascular disease were associated with a significantly
lower likelihood of meeting the recommendation for
aerobic exercise after adjusting for age, sex, and other
confounding variables.

Table 2 also shows the associations of age and sex with
adherence to the resistance exercise guidelines, which
were different from those of aerobic exercise guidelines.
Middle-aged cancer survivors were more likely to meet
the resistance exercise guidelines than young survivors
(adjusted OR, 2.00; 95% CI, 1.02 to 3.92). Females exhibit-
ed a significantly lower adherence to resistance exercise
guidelines than males (adjusted OR,0.32; 95% CI, 0.21 to
0.50). Except for age and sex, low education level was as-
sociated with a significantly lower likelihood of meeting
the recommendations for resistance exercise in cancer

SUrvivors.

https://doi.org/10.3904/kjim.2019.240

Association of meeting PA guidelines with cancer site
The prevalence of meeting the recommendations for
PA guidelines was generally similar to that of noncancer
controls in survivors of frequent cancer sites, except for
in survivors of a few cancer sites (Fig. 2). Table 3 shows
the adjusted ORs for meeting aerobic and resistance ex-
ercise guidelines of the frequent cancer survivors in the
study population. The prostate cancer survivors were
significantly more likely to meet the aerobic exercise
guidelines than the noncancer controls after adjusting
for age, smoking, education, and cardiovascular disease
(adjusted OR, 2.93; 95% CI, 1.42 to 6.05). Female colorectal
cancer survivors exhibited a lower adherence to aerobic
exercise guidelines than noncancer controls (unadjust-
ed OR, 0.42; 95% CI, 0.19 to 0.92). However, adjustment
for age, smoking, education, and cardiovascular disease
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Figure 2. The prevalence of meeting the recommendations for aerobic and resistance exercise guidelines by cancer site in male
(A) and female (B). Values are indicated as weighted percentages, and error bars represent the standard errors of the percent-
ages. *p < 0.05 by multivariable logistic regression analyses adjusted for age, smoking, education, and cardiovascular disease,
noncancer controls as reference. °p < 0.05 by univariable logistic regression analyses, noncancer controls as reference.

Table 3. Adjusted odds ratios for meeting the ACSM/ACS guidelines for aerobic and resistance exercises by cancer sites

Male Female

Variable : ,a : A - — ; )

Aerobic exercise Resistance exercise Aerobic exercise Resistance exercise
Noncancer controls 1.00 1.00 1.00 1.00
Gastric cancer 1.00 (0.64-1.55) 2.05 (1.29-3.26)° 138 (0.79-2.43) 0.37(0.12-1.14)
Colorectal cancer 1.00 (0.55-1.82) 1.46 (0.81-2.62) 0.55 (0.26-1.18) 1.60 (0.86-3.00)
Thyroid cancer 1.03 (0.23-4.50) 0.52 (0.13-2.12) 1.38 (0.80-2.37) 1.13 (0.56—2.27)
Prostate cancer 2.93 (1.42—6.05)° 1.23 (0.52—2.93) - -
Breast cancer - - 1.34 (0.91-1.97) 1.37 (0.82—2.28)
Cervical cancer - - 1.37(0.96-1.95) 0.98 (0.58-1.65)
p for trend 0.077 0.006 0.119 0.321

Values are presented as odds ratio (95% confidence interval).

ACSM/ACS, the American College of Sports Medicine and American Cancer Society.
*Adjusted for age, smoking, education, and cardiovascular disease.

bAdjusted for age and education.

‘A < 0.05 by complex-sample logistic regression models.

nullified this association (adjusted OR, 0.55; 95% CI, 0.26 The prevalence of frequent cancer sites according to age
to 1.18). Male gastric cancer survivors were more likely to and sex is shown in Supplementary Fig. 1.

engage in resistance exercises than noncancer controls

(unadjusted OR, 1.79; 95% CI, 1.15 to 2.78); female gastric

cancer survivors were less likely to engage in resistance DISCUSSION

exercises than noncancer controls (unadjusted OR, 0.32;

95% CI, 0.10 to 0.97). This association remained signifi- During the past few decades, the importance of PA in
cant in males (adjusted OR, 2.05; 95% CI, 1.29 to 3.26) but cancer survivors has been emphasized, and substantial
became insignificant in females after adjustment for age efforts have been made to increase exercise compliances
and education (adjusted OR, 037; 95% CI, 0.12 to 1.14). [12,13]. However, the results of this study demonstrated
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that only less than half of community-dwelling cancer
survivors met aerobic exercise guidelines and that less
than a quarter of cancer survivors met resistance exer-
cise guidelines. When comparing the adherence to aer-
obic and resistance exercise guidelines between cancer
survivors and controls who did not have a history of can-
cer, young female cancer survivors were more likely to
meet aerobic exercise guidelines than noncancer female
controls in the same age group. Old male cancer survi-
vors tended to be more engaged in aerobic exercise than
noncancer controls of the same age group and sex. The
independent correlates of exercise adherence in aero-
bic exercise were age, smoking, education, and cardio-
vascular disease, and those in resistance exercise were
age, sex, and education. Among the cancer survivors, the
elderly individuals participated less in aerobic exercise
than the young individuals, and female cancer survivors
performed fewer resistance exercises than male survi-
vors. The cancer survivors who were current smokers or
had cardiovascular diseases were less likely to meet aer-
obic exercise guidelines. Prostate cancer survivors ex-
hibited a higher likelihood of meeting aerobic exercise
guidelines than noncancer controls. Male gastric cancer
survivors were more likely to engage in resistance exer-
cise with the recommended level.

Although the importance of PA in old cancer survivors
has been reported to prevent functional decline [27], the
adherence to aerobic PA in old cancer survivors was sig-
nificantly lower than in young cancer survivors, even af-
ter adjustments for health behaviors and comorbidities.
The lower prevalence of meeting aerobic exercise guide-
lines in old cancer survivors was in agreement with a
previous report from the 2014 National Health Inter-
view Survey in the United States [15]. Old cancer sur-
vivors have difficulty in engaging in moderate-to-vig-
orous PA because they have more pain or disabilities.
Furthermore, there are no detailed guidelines for the
optimal intensity, mode, or duration of PA specifically
developed for old cancer survivors [12,13,25]. Therefore,
old cancer survivors may have difficulty in determining
exercise methods and maintaining exercise for an ex-
tended period. Future studies are needed to provide age
group specific guidelines for cancer survivors, especially
for frail, old cancer survivors.

There is a controversy regarding the difference in aer-
obic PA levels between cancer survivors and the gener-
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al population without a cancer history. Several studies
have observed similar aerobic PA engagement levels be-
tween cancer survivors and noncancer controls [15,18,28].
Conversely, other studies have reported lower levels of
aerobic PA in cancer survivors than in noncancer con-
trols [29,30]. The current study demonstrated that the
prevalence of meeting aerobic exercise guidelines in all
cancer survivors tended to be lower than in noncancer
controls. However, when all cancer survivors were strat-
ified according to age and sex, the aerobic PA engage-
ment was significantly higher in young female cancer
survivors and predisposed to be higher in old male can-
cer survivors than in noncancer controls of the same age
and sex. The higher prevalence of meeting aerobic PA
guidelines in young female and old male cancer survi-
vors might be a notably meaningful finding. Some can-
cer survivors may engage in exercise to improve their
health without recognizing themselves as being vulner-
able and unable to exercise.

In addition to age and sex, which are primitive, un-
modifiable factors, a current smoking status, education
status, and cardiovascular disease status were indepen-
dent correlates of adherence to aerobic exercise guide-
lines after adjustments for age and sex. The current
study results, which indicated that smoking was inde-
pendently associated with the adherence to the aero-
bic exercise guidelines but not with the adherence to
resistance exercise guidelines, suggest that smoking
cessation would be an important health intervention in
promoting aerobic exercise engagement in cancer sur-
vivors. Cancer survivors have better treatment outcomes
if they quit smoking [31]. There can be a vicious cycle in
which comorbid cardiovascular disease may lead to aer-
obic inactivity, and aerobic inactivity may increase the
risk of cardiovascular disease in cancer survivors. When
considering the vicious cycle and the fact that cardiovas-
cular disease is the leading cause of noncancer deaths
among cancer survivors [32,33], attention should be paid
to increasing levels of aerobic activity in cancer survi-
vors with cardiovascular disease.

Despite the numerous beneficial effects of resistance
exercise and this type of exercise being recommended in
cancer survivors [12,13,32,33), the adherence to resistance
exercise guidelines has been investigated relatively less
than that to aerobic exercise guidelines. The weighted
prevalence of meeting resistance exercise guidelines in

www.kjim.org 5231


www.kjim.org

KJIM™

overall Korean cancer survivors from this study (20.5% +
1.5%) was comparable to that of previous studies [15,16,34].
Interestingly, the proportion of female cancer survivors
who met the resistance exercise guidelines was low in
all age groups and was lower than the proportions re-
ported in previous studies [16,34]. A possible explanation
is the effects of sociocultural factors, such as preference
for exercise types and accessibility to resistance exercise
in Korean female, when considering the consistent low
adherence to resistance exercise guidelines in females
without a cancer history. The noticeably lower partici-
pation in resistance exercise of female cancer survivors
than of male cancer survivors with the same cancer site
also supports this explanation of sociocultural factors.

Given that the adherence to resistance exercise guide-
lines in non-hospitalized cancer survivors of all age
and sex groups was not higher than in people without
cancer, it is presumed that the importance of resistance
exercise in cancer survivors might not have been well
taught to the survivors. Although behavioral counseling
by health care providers has been reported to promote
PA [35], oncologists recommended resistance exercise
less frequently than aerobic exercise in a previous study
[36]. Therefore, encouraging resistance exercise as well
as aerobic exercise in cancer survivors by health care
providers should be emphasized.

Although the analysis of PA engagement according
to cancer sites is important, previous epidemiological
studies have reported limited results with a different
classification of cancer sites across studies [16-18]. This
heterogeneity may originate from the numerous cancer
sites [3], a different profile of frequent cancers across
country and race. In the present study, prostate cancer
survivors showed a higher likelihood of meeting aero-
bic PA guidelines than noncancer controls. Male gastric
cancer survivors showed higher adherence to the resis-
tance exercise guidelines than noncancer controls. The
differences in the adherence to aerobic and resistance
exercise guidelines of cancer survivors with the same
cancer site suggested that sex may affect the PA of can-
cer survivors. A previous large cross-sectional study re-
ported higher aerobic PA levels among prostate cancer
survivors and lower PA levels among middle-aged cervi-
cal and endometrial cancer survivors, than those among
sex- and age group-matched general populations [17].
Another study found that the likelihood of meeting re-
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sistance training and aerobic activity guidelines was sig-
nificantly lower for women with a history of any cancer,
except breast cancer, than for women with no history of
cancer [16]. However, it seems arbitrary to classify the
cancer sites as binary variables into breast cancer and all
other cancers.

The strength of the current study is that we used na-
tionally representative data from community-dwelling
cancer survivors. Besides, age- and sex-stratified prev-
alence and age- and sex-adjusted correlates would pro-
vide valuable information to increase the engagement
in aerobic and resistance exercises in cancer survivors.
Nevertheless, there are several limitations to this study.
First, PA was evaluated by self-reported questionnaires
with a risk of recall bias. There were no objective mea-
surements (e.g., accelerometer or pedometer) of PA in
KNHANES. Second, it was impossible to assess the di-
rection of causality due to the inherent limitation of the
cross-sectional design. Although the elapsed time since
cancer diagnosis can be an important factor influencing
PA in cancer survivors [37,38], the cross-sectional design
also prevented the analysis of the effect of time since
cancer diagnosis. Third, there was no detailed informa-
tion about cancer, such as cancer stage and treatment
modalities. Fourth, since the incidence of cancer, prev-
alent cancer sites, and sociocultural factors vary across
each country, this study results may not be generalized
to other countries. Finally, because the sample size of
the cancer survivors in the current study was modest,
the analysis regarding the association of age, sex, and
other factors with PA in each cancer site subgroups was
not possible.

In conclusion, cancer survivors showed low participa-
tion in PA, which was associated with age, sex, and other
sociodemographic and clinical factors. Old age, current
smoking status, low education status, and concomitant
cardiovascular disease were associated with lower ad-
herence to aerobic exercise guidelines, whereas female
sex and low education status were associated with lower
adherence to resistance exercise guidelines. These re-
sults may help clinicians recognize cancer survivors who
are less likely to participate in PA and encourage aero-
bic and resistance exercises for this population. Further
studies will be required to identify the appropriate exer-
cise prescriptions when considering age, sex, and other
correlates.
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KEY MESSAGE

1. Only 36.2% of community-dwelling cancer
survivors met aerobic exercise guidelines, and
20.5% of cancer survivors met resistance exer-
cise guidelines.

2. Old cancer survivors engaged less in aerobic ex-
ercise, and female cancer survivors participated
less in resistance exercises.

3. Smoking and cardiovascular disease were inde-
pendent negative correlates of aerobic exercise
engagements among cancer survivors.
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Supplementary Figure 1. Prevalence of cancer site according to age in male (A) and female (B). Values are indicated as weighted
percentages.
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