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Abstract

Purpose To examine the associations between physical activity, metabolic risk factors, and comorbidities in Korean cancer
SUrvivors.

Methods We used multiple cross-sectional data sets from the 2007—2013 Korean National Health and Nutrition Examination
Surveys (KNHANES) that included 1225 cancer survivors. Physical activity and comorbidities were self-reported. Metabolic
risk factors were measured via blood analyses and included fasting glucose, insulin, total cholesterol, triglycerides, and blood
pressure.

Results The sample was 38.4% male with a mean age of 59.9 + 12.4 years. The most common cancers were stomach (22.5%),
cervical (14.6%), breast (14.4%), and colorectal (11.8%). Cancer survivors meeting acrobic physical activity guidelines, com-
pared to those completely inactive, had significantly lower fasting glucose (p =.001), HbAlc (p =.006), and systolic blood
pressure (p =.001), and significantly lower risks of hypertension (odds ratio [OR] = 0.55, 95% confidential interval [CI] = 0.32 to
0.93), diabetes (OR = 0.64, 95% CI = 0.43 to 0.95), and arthritis (OR = 0.64, 95% CI=0.41 to 0.99). Moreover, cancer survivors
meeting strength exercise guidelines, compared to those not meeting guidelines, had significantly lower levels of fasting glucose
(p=.001), HbAlc (p <.001), and total cholesterol (p =.031), and significantly lower risks of arthritis (OR = 0.42, 95% CI = 0.25
to 0.85) and back pain (OR =0.50, 95% CI=0.30 to 0.83).

Conclusion Aerobic physical activity and strength exercise were significantly associated with lower risks of metabolic distur-
bances and comorbidities in Korean cancer survivors.

Implications for Cancer Survivors Cancer survivors should engage in at least 150 min/week of aerobic exercise and at least
2 days/week of strength exercise to lower their risk of metabolic disturbances and comorbidities.
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Introduction

Cancer survivors experience poorer health than their non-
cancer counterparts. For example, Hewitt et al. compared
95,615 individuals with or without a history of cancer and
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found that cancer survivors were three times more likely to
report poor health than individuals without a history of
cancer [1]. Moreover, cancer survivors are more suscepti-
ble to having metabolic risk factors such as elevated levels
of glucose, total cholesterol (TC), triglycerides (TG), and
blood pressure (BP) [2], and comorbidities such as type 2
diabetes, hypertension, and cardiovascular disease [3-5].
These undesirable health conditions may negatively affect
cancer prognosis [6] as well as psychological health in
cancer survivors [7]. Furthermore, cancer survivors may
experience other musculoskeletal or physical function-
related diseases such as arthritis and back pain after cancer
treatments [8]. Managing these health conditions among
cancer survivors has become an important part of post-
treatment care.

There is substantial evidence examining the associa-
tions of physical activity (PA) with health-related fitness

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11764-018-0683-y&domain=pdf
mailto:kerry.courneya@ualberta.ca

442

J Cancer Surviv (2018) 12:441-449

[9], patient-reported outcomes [10], and cancer outcomes
[11]; however, only a few studies have investigated the
associations between PA and metabolic risk factors or
comorbidities in cancer survivors [12—14]. These studies
have been limited, however, because of the narrow range
of comorbidities examined and the failure to distinguish
between aerobic and strength exercise. The purpose of the
current study was to examine the associations between
aerobic PA, strength exercise, and a wide range of meta-
bolic risk factors and comorbidities in Korean cancer sur-
vivors. Considering that PA is beneficial to preventing
many chronic metabolic conditions and various diseases
in healthy populations [15], we hypothesized that cancer
survivors would also demonstrate inverse associations be-
tween aerobic PA, strength exercise, and metabolic risk
factors and comorbidities.

Materials and methods
Study participants

We used the data from the 2007-2013 Korean National
Health and Nutrition Examination Surveys (KNHANES).
The KNHANES is an annual cross-sectional national sur-
vey consisting of the health examination, health behavior,
and nutrition survey. The surveys are conducted by inter-
view or questionnaire. Each year, approximately 8000 in-
dividuals are sampled using a stratified cluster sampling
method, which included the stratification criteria (province
and city, residential area, and house type). Based on a total
of 55,386 who participated in the surveys between 2007
and 2013, 1225 cancer survivors were eligible for this
study. A participant who had ever been diagnosed with
any type of cancer was defined as a cancer survivor. This
survey was approved by the Korea Centers for Disease
Control and Prevention Institutional Review Board, and
written informed consent was obtained from all
participants.

Data collection

The KNAHNES data were collected by research staff using
either self-reported questionnaires, face-to-face interviews,
or objective measurements. The detailed data resource pro-
file is described elsewhere [16]. In brief, demographic,
socioeconomic, and PA data were obtained using self-
reported questionnaires. Comorbidities and cancer-related
data were collected through face-to-face interviews con-
ducted by KNHANES research staff. BMI, blood pressure,
and metabolic risk factors were objectively measured using
weight/height measures, sphygmomanometers, and blood
lab tests, respectively.
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Study variables
Physical activity

The KNHANES used the International Physical Activity
Questionnaire Short-Form (IPAQ-SF), which has been
translated into Korean and tested for validity and reliability
[17, 18]. The IPAQ-SF was used to estimate the number of
minutes per week spent in vigorous aerobic PA, moderate
aerobic PA, and walking. Each question included all types
of activities that occur at work, leisure, or for transporta-
tion that lasted for at least 10 min. Total aerobic PA per
week was calculated by adding the minutes spent in mod-
erate aerobic PA per week and the doubled minutes spent
in vigorous aerobic PA per week. Walking was categorized
as low-intensity PA and not counted in the total minutes of
aerobic PA. Aerobic PA was then categorized into three
groups based on the American College of Sport Medicine
(ACSM) [19]/American Cancer Society (ACS) [20] aero-
bic PA guidelines: (1) completely inactive (0 min of
moderate-to-vigorous aerobic PA per week), (2) insuffi-
ciently active (1-149 min of moderate-to-vigorous aerobic
PA per week), or (3) meeting PA guidelines (> 150 min of
moderate-to-vigorous aerobic PA per week). In addition to
the items from the original IPAQ-SF, participants were also
asked to report the number of days they engaged in
strength exercise during the past week. Strength exercise
was categorized into meeting or not meeting the ACSM/
ACS strength exercise guidelines (>2 days per week).

Cancer variables

Cancer variables included the following four self-reported
questions: (1) history of cancer diagnosis, (2) currently having
cancer and (3) currently undergoing treatment, and (4) age at
diagnosis used to calculate the time since diagnosis. Whether
a patient was having cancer or treatment was recorded a
dichotomic value (yes or no). These four questions were asked
for each of the following cancer sites: stomach, liver, colorec-
tal, breast, cervical, lung, thyroid, and other cancers.

Metabolic risk factors

Metabolic risk factors included plasma levels of fasting
glucose, insulin, hemoglobin Alc (HbAlc), triglycerides
(TG), total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-c), systolic blood pressure (SBP), and dia-
stolic blood pressure (DBP). Blood samples were obtained
from an antecubital vein of each participant after a 12-h
overnight fast and analyzed at the Central Testing Institute
in Seoul, Korea. Plasma concentrations of glucose, HDL-c,
TC, and TG were measured by an enzymatic method using
the Hitachi Automatic Analyzer 7600 (Hitachi, Japan).
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HbAlc was analyzed using a sodium lauryl sulfate (SLS)
hemoglobin detection method and flow cytometry by using
the XE-2100D semiconductor laser (Sysmex, Japan).
Insulin was measured by an immunoradiometric assay
using the 1470 WIZARD Gamma-counter (PerkinElmer,
Finland). Blood pressure was assessed using a standard
mercury sphygmomanometer (Baumanometer, USA) and
repeated three times. The average of the second and third
trials was used as the score.

Comorbidities

Comorbidities were assessed by self-report and included hy-
pertension, type 2 diabetes, metabolic syndrome, cardiovas-
cular diseases, stroke, arthritis, and back pain. Hypertension
was defined as SBP > 140 mmHg, DBP > 90 mmHg, or taking
antihypertensive medication. Type 2 diabetes was defined as
fasting glucose >126 mg/dL or taking anti-hyperglycemic
medication, taking injections of insulin, or physician’s diag-
nosis. Metabolic syndrome followed the National Cholesterol
Education Program Adult Treatment Panel (NCEP ATP) III
criteria as having at least three of the following risk factors: (1)
waist circumference > 90 ¢cm for men and > 85 c¢cm for women,
(2) TG>150 mmHg, (3) HDL-c <40 mg/dL for men and <
50 mg/dL for women, (4) SBP>130 mmHg or DBP >
85 mmHg, and/or (5) fasting glucose>100 mg/dL.
Cardiovascular diseases included any heart-related diseases
or symptoms such as myocardial infarction or angina. Stroke
and arthritis were determined based on the history of diagno-
sis, and back pain was defined as having back pain for at least
30 days over the last 3 months from the time of data collection.

Covariates

The study covariates were selected based on the previous lit-
erature reporting demographic and socioeconomic factors [21]
and BMI [22] as important determinants of metabolic risk
factors and/or comorbidities. Socioeconomic variables were
household income and education. Monthly household income
was categorized by quartile. Educational attainment was cat-
egorized into elementary or less (< 6 years), middle school (7—
9 years), high school (1012 years), and college and above (>
13 years), then re-categorized into two groups for the analy-
ses: high school graduate or less and post-secondary graduate
or more. Demographic variables included age, sex, body mass
index (BMI), and marital status. BMI was calculated using
measured weight and height (BMI = weight (kg)/height?
(cm)). Marital status was categorized as never married, mar-
ried and living with a spouse, and previously married (i.e.,
divorced, separation by death, or other). Cancer-related vari-
ables including cancer type, time since cancer diagnosis, and
current status of having cancer and/or receiving treatment
were also included as covariates [23].

Statistical analysis

Since the KNHANES data were collected using the stratified
cluster sampling method, all statistical analyses were conduct-
ed using a complex sample procedure. Data were weighted
based on the year of survey and the stratification and cluster
variables by creating a complex sample analysis plan file
based on sample weights provided by the KNHANES.
Sociodemographic and medical characteristics, as well as PA
were analyzed using weighted means and standard errors for
continuous data and weighted percentages for categorical da-
ta. Complex sample general linear models (CSGLM) were
conducted to examine the associations between aerobic PA
or strength exercise variables and each metabolic risk factor.
Complex sample logistic regression analyses (CSLOGISTIC)
were performed to determine whether there were any associ-
ations between PA and comorbidities using both unadjusted
and multivariable-adjusted analysis. P-trend for the associa-
tion between aerobic PA categories and metabolic risk factors
or comorbidities are also analyzed using CSGLM and
CSLOGISTIC. IBM SPSS 23.0 was used for all analyses.
All tests of statistical significance were two-sided with a p-
value of 0.05.

Results
Participant characteristics

Sociodemographic, anthropometric, and medical characteris-
tics of the cancer survivors are described in Table 1. In brief,
38.4% were men, the mean age was 59.9 + 0.5, the mean BMI
was 23.4+0.1, 56.7% had one or more comorbidities, 15.0%
had college or higher education, 76.5% were married, and
49.7% were low-mid or mid-high income. Stomach cancer
was most prevalent (22.5%) followed by cervical cancer
(14.6%), breast cancer (14.4%), colorectal cancer (11.8%),
and other cancers (e.g., liver, lung, and thyroid). The mean
time since cancer diagnosis was 7.9 £ 0.3 years and 68.8% had
completed treatment at the time of the survey. In terms of
comorbidities, 34.7% reported hypertension, 13.6% diabetes,
18.8% metabolic syndrome, 4.5% CVD, 3.0% stroke, 24.4%
arthritis, and 16.3% back pain.

Physical activity participation

Table 2 shows the levels of PA participation in cancer survi-
vors. The average time spent in acrobic PA was 215 +21 min/
week. In terms of the aerobic PA guidelines, 61.5% were
completely inactive, 8.8% were insufficiently active, and
29.7% were meeting guidelines. As for strength exercise,
75.5% were not participating in any strength exercises, and
19.3% were meeting the strength exercise guidelines.
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Table 1 Demographic and

clinical characteristics of cancer Variables Total (N=1225) Men (N =470) Women (N=755)
survivors in the KNHANES study
overall and by sex, 2007-2013 Demographic
Age (year) 59.9+0.49 62.7+0.79 58.2+0.62
Height (cm) 159.2+0.29 166.4+0.37 154.7+0.28
Weight (kg) 59.3+0.34 63.0+0.55 56.9+0.41
BMI (kg/m?) 23.4+0.12 22.7+0.16 23.8+0.16
Overweight or obese (%) 628 (51.3) 204 (43.4) 424 (56.2)
Waist circumference (cm) 80.9+0.35 82.0+£0.52 80.1+0.44
Time since diagnosis (year) 7.940.28 6.2+0.34 8.9+0.38
Education
<Elementary 561 (45.8) 191 (40.6) 370 (49.0)
Middle School 180 (14.7) 67 (14.3) 113 (15.1)
High School 298 (24.3) 119 (25.3) 179 (23.7)
> College 184 (15.0) 92 (19.6) 92 (12.2)
Marital status
Single 26 (2.1) 10 (2.1) 16 (2.1)
Married 937 (76.5) 414 (88.1) 523 (69.3)
Other 262 (21.4) 46 (9.8) 216 (28.6)
Household income
Low 287 (23.4) 119 (25.3) 168 (22.3)
Low-mid 306 (25.0) 108 (23.0) 198 (26.2)
Mid-high 299 (24.4) 110 (23.4) 189 (25.0)
High 310 (25.3) 124 (26.4) 186 (24.6)
Clinical
Cancer site
Stomach cancer 276 (22.5) 171 (36.4) 105 (13.9)
Cervical cancer 179 (14.6) 0(0.0) 179 (23.7)
Breast cancer 176 (14.4) 0(0.0) 176 (23.3)
Colorectal cancer 145 (11.8) 85 (18.1) 60 (7.9)
Lung cancer 48 (3.9) 31 (6.6) 17 (2.3)
Liver cancer 44 (3.6) 33(7.0) 11 (1.5)
Prostate cancer 43 (3.5) 43 (9.1) 0(0.0)
Other cancers 359 (29.3) 132 (28.1) 227 (30.1)
Currently having cancer 484 (39.5) 220 (46.8) 264 (35.0)
Currently on treatment 382 (31.2) 167 (35.5) 215 (64.5)

Values are mean + SE or N (%). The total number of cancer survivors and the sum of the number from each cancer
type may differ due to multiple cancers

KNHANES the Korean National Health and Nutrition Examination Survey, BMI body mass index

Physical activity and metabolic risk factors

Associations between PA and metabolic risk factors in cancer
survivors are presented in Table 3. For aerobic PA, individuals
who were completely inactive showed a significantly higher
level of fasting glucose than those who were insufficiently
active or those who were meeting PA guidelines (102.6 £1.3
vs. 97.8+1.2 vs. 95.8+ 1.7 mg/dL, respectively, p= .002)
after adjustment for age, sex, BMI, household income, educa-
tion level, marital status, and cancer-related variables. HbAlc
was higher in completely inactive survivors compared to

@ Springer

insufficiently active and meeting PA guidelines (6.3 +0.1 vs.
5.9+0.1 vs. 5.9+0.1, respectively, p= .007). SBP was sig-
nificantly lower in those who were meeting PA guidelines
compared to those who were completely inactive (118.0 £
1.1vs. 122.3+0.8, p <.002). For strength exercise, compared
to those who were not meeting guidelines, those who were
meeting guidelines showed lower fasting glucose (102.0+1.1
vs. 96.9+ 1.1 mg/dL, p=.001), HbAlc (6.3+£0.1 vs. 5.8+
0.1%, p<.001), and TC (189.9+1.8 vs. 182.7+2.9 mg/dL,
p=.031). Insulin, TG, HDL-c, and DBP were not associated
with aerobic PA or strength exercise guidelines. Complex
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Table 2 Acrobic and strength

exercise profile of cancer Variables Total (N =1225) Men (N=470) Women (N =755)
survivors in the KNHANES study
overall and by sex, 2007-2013 Aerobic physical activity
Total (min/week) 207 +15.0 209+22.3 205+19.6
Moderate (min/week) 78+6.8 66+8.1 85+9.7
Vigorous (min/week) 65+5.9 71+9.4 60+7.5
Aerobic physical activity guidelines®
Completely inactive 697 (56.9) 266 (56.6) 431 (57.1)
Insufficiently active 95 (7.8) 33(7.0) 62 (8.2)
Meeting guidelines 311 (25.4) 118 (25.1) 193 (25.6)
Strength exercise
0 day/week 940 (76.7) 300 (63.8) 640 (84.8)
1 day/week 43 (3.5) 23 (4.9) 20 (2.6)
2 days/week 54 (4.4) 30 (6.4) 24 (3.2)
3 days/week 57 (4.7) 31 (6.6) 26 (3.4)
4 days/week 29 (2.4) 153.2) 14 (1.9)
5-7 days/week 96 (7.8) 68 (14.5) 28 (3.7)
Strength exercise guidelines®
Not meeting guidelines 983 (80.2) 323 (68.7) 660 (87.4)
Meeting guidelines 236 (19.3) 144 (30.6) 92 (12.2)

Values are mean + SE or N (%). Total aerobic physical activity = (minutes of moderate aerobic physical activity
per week) + 2 x (minutes of vigorous aerobic physical activity per week)

KNHANES the Korean National Health and Nutrition Examination Survey

# Aerobic physical activity guidelines refer to > 150 min/week of moderate-to-vigorous physical activity and
physical activity was categorized into three groups: (1) completely inactive (0 min of moderate-to-vigorous
aerobic PA per week), (2) insufficiently active (1-149 min of moderate-to-vigorous aerobic PA per week), or
(3) meeting PA guidelines (> 150 min of moderate-to-vigorous aerobic PA per week)

® Strength exercise guidelines refer to >2 days/week of strength exercise

sample multiple logistic regression analyses showed that there
was no effect of sex on the associations between PA and met-
abolic risk factors.

Physical activity and comorbidities

Table 4 describes the associations between PA and comorbid-
ities in cancer survivors. Compared to those who were
completely inactive, the risk of hypertension was lower in those
who were insufficiently active (odds ratio [OR]=0.60, 95%
confidence interval [CI]=0.39 to 0.92, p= .019) and those
who were meeting aerobic PA guidelines (OR =0.55, 95%
CI=0.32 to 0.93, p=.025) after adjustment for demographic
and medical covariates. Those who were meeting aerobic PA
guidelines also showed lower risks of diabetes (OR = 0.64,
95% CI1=0.43 to 0.95, p= .016) and arthritis (OR = 0.46,
95% CI=0.19 to 0.96, p = .039) compared to those who were
completely inactive. For strength exercise, those who were
meeting guidelines showed a lower risk of arthritis (OR =
0.64, 95% CI=0.41 to 0.99, p= .046) and back pain (OR =
0.50, 95% CI=0.30 to 0.83, p=.031). Complex sample mul-
tiple logistic regression analyses showed that there was no ef-
fect of sex on the associations between PA and comorbidities.

Discussion

This cross-sectional study indicated the potential importance
of both moderate-to-vigorous aerobic PA (e.g., brisk walking
to running) and strength exercise (e.g., weight training) in
improving metabolic risk factors and lowering the risks of
comorbidities in Korean cancer survivors. Specifically, we
found that more aerobic PA was associated with lower fasting
glucose, HbAlc, TC, and SBP, and lower risks of hyperten-
sion, diabetes, and arthritis. Meeting strength exercise guide-
lines was associated with lower fasting glucose, HbAlc, and
TG; and lower risks of arthritis and back pain.

Several epidemiological studies have investigated the asso-
ciations between PA and comorbidities in cancer survivors.
For instance, one cross-sectional study in breast cancer survi-
vors reported that total PA was not associated with the comor-
bidity score; however, hours walked was inversely associated
[14]. This study was limited, however, by a very small sample
size (n=40) and the use of a total score of comorbidities.
Another retrospective cohort study with 1526 cancer survivors
reported that, compared to the least physically active cancer
survivors, those who were moderately or highly active had 35
to 45% lower risks of having CVD risk factors (e.g., diabetes

@ Springer
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Table3  Associations between aerobic physical activity/strength exercise and metabolic risk factors in cancer survivors in the KNHANES study, 20072013

Variables Aerobic physical activity Strength exercise

Completely inactive Insufficiently ~Meeting guidelines® p for Not meeting Meeting guidelines® p for

(n=697) active (n=95) (n=311) trend guidelines (n =983) (n=236) difference
Fasting glucose (mg/dL) 102.6 £ 1.3 97.8 +1.2% 95.8 +1.7* 002 1020+ 1.1 969 + 1.1 .001
HbAlc (%) 6.3+0.1 59+0.1% 59+0.1% .007 63+0.1 58+0.1 <.001
Insulin (mg/dL) 1142+1.1 10.1 £0.6 11.2+0.8 350 10.9=+0.7 113+1.1 760
Triglycerides (mg/dL) 142.6 +6.2 1283+9.5 130.8 +£9.1 330 1899+1.8 182.7+2.9 .031
Total cholesterol (mg/dL) 188.8 +2.3 188.7 £ 6.1 187.6 £2.3 930 137.1+4.7 1429 £11.6 .640
HDL-c (mg/dL) 49.8+£0.7 499+ 1.6 51.7+£0.9 200 50.3+0.5 509+ 1.1 610
SBP (mmHg) 1223+0.8 119.8+24 118.0 +1.1°% 002 121.2+0.7 1203 +1.2 .500
DBP (mmHg) 75.0+0.5 762+ 1.7 75.1+0.6 770 749+04 76.4 +0.8 .080

Values are mean + SE. Complex sample general linear model analysis adjusted for age, sex, body mass index, household income, education level, marital
status, cancer site, time since cancer diagnosis, and current status of having cancer and/or receiving treatment. P-values in italics indicate a statistical
significance of «<.05

KNHANES the Korean National Health and Nutrition Examination Survey, HbAIC hemoglobin Alc, HDL-c high-density lipoprotein cholesterol, SBP
systolic blood pressure, DBP diastolic blood pressure

# Aerobic physical activity guidelines refer to > 150 min/week of moderate-to-vigorous physical activity and physical activity was categorized into three
groups: (1) completely inactive (0 min of moderate-to-vigorous aerobic PA per week), (2) insufficiently active (1-149 min of moderate-to-vigorous

aerobic PA per week), or (3) meeting PA guidelines (> 150 min of moderate-to-vigorous aerobic PA per week)

® Strength exercise guidelines refer to >2 days/week of strength exercise

*Significantly different from the “completely inactive” group in aerobic physical activity

# Significantly different from the “insufficiently active” group in aerobic physical activity

and/or hypertension) [13] but it did not examine other comor-
bidities. Finally, a prospective cohort study of 1696 breast
cancer survivors showed that moderate exercise (e.g.,
30 min of walking per day) was associated with 31% lower
prevalence of metabolic syndrome [12] but also did not exam-
ine other comorbidities. Together, most findings from these
studies showed that there are inverse associations between PA
and several comorbidities such as diabetes, hypertension, and
metabolic syndrome in cancer survivors, consistent with the
findings of our study. These studies, however, were limited in
terms of the breadth of comorbidities and type of PA exam-
ined. Our study adds to these findings by examining associa-
tions between different comorbid conditions by exercise type
(acrobic or strength) and dose (completely inactive vs. insuf-
ficiently active vs. meeting exercise guidelines).

Elevated blood glucose is related to poorer cancer progno-
sis [24] although the relationships vary according to cancer
site [25]. Jeon et al. reported that colorectal cancer survivors
with diabetes mellitus had an approximately 20% lower
disease-free survival compared to those without diabetes
[26]. For breast, prostate, and bladder cancer, a negative im-
pact of diabetes on cancer prognosis has also been found [25].
Our study found an inverse relationship between aerobic PA
and fasting glucose level, showing that completely inactive
cancer survivors had a higher fasting glucose level (102.6 =
1.3 mg/dL) in the prediabetes range (100—125 mg/dL) where-
as those meeting aerobic PA guidelines had a lower level of
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fasting glucose (95.8 + 1.7 mg/dL) falling in the normal range
(< 100 mg/dL). We further found that those who were meeting
acrobic PA guidelines had lower rates of diabetes by approx-
imately 35% compared with those who were not participating
in any PA. These results are in accordance with well-
documented evidence on the positive effects of PA on diabetes
and blood glucose control [27]. The physiological mecha-
nisms underlying the association between PA and cancer
prognosis are not fully understood. PA may help to systemi-
cally regulate glucose and insulin levels in blood [28, 29]
which in turn may restrict cancer cells from glucose uptake
for their growth, and may subsequently play a role in tumor
anti-proliferation by inhibiting direct or indirect pathways re-
lating to glucose and insulin on tumor growth [30, 31].
Along with diabetes, high blood pressure or hypertension is
another common comorbidity in cancer survivors [32, 33].
Although the evidence of the relationship between high blood
pressure and cancer prognosis is limited to certain types of
cancers [32, 34], regulating high blood pressure is important
in that increased blood pressure can increase the risk of death
from cardiovascular disease competing with cancer-specific
death [35-37]. For cancer survivors who underwent chemo-
therapy using angiogenesis inhibitors, the use of anti-vascular
endothelial growth factor increases the risks of hypertension
and potentially cardiovascular disease (CVD) [38]. In our
study, those who were meeting aerobic PA guidelines com-
pared to those who were completely inactive showed a lower
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Table 4  Associations between aerobic physical activity/strength exercise and comorbidities in cancer survivors in the KNHANES study, 20072013

Variables Aerobic physical activity Strength exercise

Completely inactive Insufficiently Meeting guidelines” p for ~ Not meeting Meeting guidelines® p for

(n=697) active (n=95) (n=311) trend  guidelines (n=983) (n=236) difference
Unadjusted
Hypertension 1 [ref] 0.56 [0.41-0.77]* 0.37[0.19-0.71]* < .001 1 [ref] 0.78 [0.56—1.08] 210
Diabetes 1 [ref] 0.74 [0.44-1.23]  0.54 [0.37-0.80]** .019 1 [ref] 0.99 [0.65-1.49] .300
Metabolic syndrome 1 [ref] 0.71 [0.50-1.02] 0.46 [0.46-1.42] 150 1 [ref] 0.78 [0.54-1.14] .890
Cardiovascular 1 [ref] 0.59[0.29-1.34]  0.41 [0.18-0.96]* 044 1 [ref] 0.68 [0.32-1.46] 310

disease .
Stroke 1 [ref] 0.86 [0.21-3.50]  0.65[0.27-1.61] .650 1 [ref] 0.62 [0.40-0.95] .030
Arthritis 1 [ref] 0.71 [0.57-1.09]  0.46 [0.19—0.96]** 031 1 [ref] 0.20[0.05-0.73]"  .015
Back pain 1 [ref] 0.74 [0.37-1.48] 0.73 [0.44-1.21] 210 1 [ref] 0.43[021-091"  .026
Adjusted
Hypertension 1 [ref] 0.60 [0.39-0.92]* 0.55 [0.32-0.93]* .002 1 [ref] 0.93 [0.64-1.34] .900
Diabetes 1 [ref] 0.88 [0.50-1.54]  0.64 [0.43-0.95]** .027 1 [ref] 1.04 [0.66—1.64] .650
Metabolic syndrome 1 [ref] 0.93 [0.44-1.95]  0.80 [0.50-1.28] .640 1 [ref] 0.86 [0.55-1.33] 950
Cardiovascular 1 [ref] 0.79[0.27-2.26]  0.51 [0.24-1.07] 160 1 [ref] 0.78 [0.35-1.77] .840
disease

Stroke 1 [ref] 0.96 [0.28-3.27]  0.84 [0.37-1.85] 910 1 [ref] 0.75 [0.09-1.07] 056
Arthritis 1 [ref] 0.79 [0.47-1.09]  0.64 [0.41-0.99]* 047 1 [ref] 0.42[0.25-0.85]"  .046
Back pain 1 [ref] 0.80 [0.45-1.42]  0.88 [0.50-1.54] 230 1 [ref] 0.50[0.30-0.83]"  .031

Values are odds ratio [95% confidence interval]. Complex sample multiple logistic regression analysis adjusted for age, sex, body mass index, household
income, education level, marital status, cancer sites, time since cancer diagnosis, and current status of having cancer and/or receiving treatment. P-values
in italics indicate a statistical significance of «<.05

KNHANES the Korean National Health and Nutrition Examination Survey

# Aerobic physical activity guidelines refer to > 150 min/week of moderate-to-vigorous physical activity and physical activity was categorized into three
groups: (1) completely inactive (0 min of moderate-to-vigorous aerobic PA per week), (2) insufficiently active (1-149 min of moderate-to-vigorous

aerobic PA per week), or (3) meeting PA guidelines (> 150 min of moderate-to-vigorous aerobic PA per week)

b Strength exercise guidelines refer to >2 days/week of strength exercise

*Significantly different from the “completely inactive” group in aerobic physical activity

#Significantly different from the “insufficiently active” group in aerobic physical activity

" Significantly different from the "not meeting guidelines" group in strength exercise

SBP (122.3+0.8 vs. 118 + 1.1 mmHg) and a 45% decreased
risk of hypertension; however, the risk of CVD was not sig-
nificantly different between groups. This may be because
CVD tends to occur later than other comorbidities such as
diabetes and hypertension [39]. In our sample, the total num-
ber of CVD events was only 55 out of 1226 whereas the
number of participants with diabetes or hypertension was
366 and 166, respectively. Given that PA is proven to signif-
icantly lower blood pressure [40, 41], cancer survivors should
participate in sufficient levels of PA to prevent high blood
pressure and hypertension.

In addition to metabolic comorbidities, musculoskeletal
diseases can be of concern in cancer survivors. For example,
many cancer survivors report that they suffer from substantial
arthropathy or joint pain during and/or after chemotherapy or
hormone therapy [42, 43]. Another common symptom that
cancer survivors may experience is a back pain [44].
Similarly, in our study, approximately one third of cancer

survivors had experienced arthritis and/or back pain.
Although we were not able to determine how many cancer
survivors underwent chemotherapy or hormone therapy, there
may be a substantial number of cancer survivors who experi-
ence musculoskeletal pain, which should be properly
prevented or treated. We found from our study that the risk
of having arthritis was 46% lower in those who were meeting
acrobic PA guidelines compared to those who were complete-
ly inactive. Furthermore, those who were meeting strength
exercise guidelines showed a significantly reduced risk of ar-
thritis by 68% and back pain by 50%. PA, especially strength
exercise, may prevent or mitigate musculoskeletal diseases
such as arthritis and back pain, especially in cancer survivors
treated with chemotherapy or hormone therapy.
Considering the potential impact of aerobic PA and
strength exercise on the health of cancer survivors, the report-
ed levels of PA are discouraging. Our study found that only
29.7% of Korean cancer survivors were meeting the aerobic
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PA guideline and only 19.3% were meeting the strength exer-
cise guideline. Min et al. also reported that compared to a
matched non-cancer population, the probability of Korean
cancer survivors meeting the PA guidelines was 83% lower
(OR 0.17, 95% CI 4.46-8.90) [45]. Research into the deter-
minants of PA in Korean cancer survivors is needed. It is
possible that the high rate of stomach cancer in Korea has a
negative effect on PA levels in cancer survivors. PA levels
might also be affected by increased fatigue, lack of time, and
low physical fitness/poor health [46] as well as loss of muscle,
anemia, peripheral neuropathy, and various other side effects
from treatments [47].

There are several limitations associated with this study.
First, the data from the KNHANES is cross-sectional.
KNHANES surveys a different population each year and the
data analyzed in this study were accumulated from each cross-
sectional assessment; thus, causation on the observed associ-
ations cannot be inferred. Second, the PA questionnaire used
in the KNHANES has potential reporting biases in healthy
populations [48]. In particular, PA levels using the IPAQ-SF
were likely to be over-reported compared to the actual time
spent in PA. In our study, average moderate-to-vigorous PA
was over 200 min per week, which was substantially higher
than the PA time from another study that measured PA using
an accelerometer [49]. Moreover, vigorous PA was reported as
high as moderate PA in our study, which is rare, and may have
resulted in increased total PA minutes. Third, our study did not
conduct subgroup analysis according to cancer type due to the
small sample sizes of each single cancer site. It is possible that
the associations between PA and comorbidities may vary by
cancer type; consequently, future studies should obtain larger
sample sizes and stratify the analysis by cancer type. Fourth,
the lack of detailed cancer-related medical information, in-
cluding disease stage and type of treatment, may have limited
the interpretation of the results. Last, it should be noted that
the findings of this study may not be generalizable to cancer
survivors in other countries due to the unique distribution of
cancer types as well as differences in cultural, socioeconomic,
and environmental/lifestyle factors in Korean cancer
survivors.

In conclusion, we found that there were significant as-
sociations between PA, metabolic risk factors, and comor-
bidities in Korean cancer survivors. Specifically, those
who met aerobic PA guidelines had a more favorable pro-
file for several metabolic risk factors as well as comorbid-
ities. Moreover, given that many cancer survivors experi-
ence arthropathy or joint problems after cancer treatment
due to fatigue, immobilization, and/or toxicity of the drug,
strength exercise appears to be important in preventing
arthritis and back pain in cancer survivors. The findings
of our study prompt future longitudinal studies and clinical
trials to further investigate the effects PA on metabolic risk
factors and risk of comorbidities in Korean cancer

@ Springer

survivors. Given that approximately 61.5% of Korean can-
cer survivors were completely inactive and 75.5% reported
no strength exercise, it may be important for health-care
providers in clinical settings to encourage cancer survivors
to participate in sufficient levels of aerobic PA and strength
exercise for potential health benefits. Regardless, more re-
search using rigorous study design (i.e., experimental, lon-
gitudinal) is required to build on our findings.
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