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A B S T R A C T

Background: To compare the prevalence of metabolic syndrome (MeS) in cancer survivors returning to the
community to that of non-cancer controls.
Methods: We used baseline data from a nationwide cohort study. 5274 cancer survivors and 20,703 and 21,096
gender- and age-matched controls without and with chronic disease was included.
Results: The prevalence of MeS was higher in cancer survivors compared to controls without chronic disease, but
was lower than that in controls with chronic disease (25.7%, 18.8%, and 32.0%, respectively). The prevalence
was 1.56-fold higher in cancer survivors (95% confidence interval = 1.45–1.69) than in controls without chronic
disease. The prevalence of each MeS component was significantly higher in cancer survivors compared to
controls without chronic disease. Compared to controls, the prevalence was higher in colorectal, breast, cervical,
lung, thyroid, prostate, and bladder cancer survivors (OR range = 1.63–2.24, P-value < 0.05), but not in gastric
and liver cancer survivors.
Conclusions: MeS was generally more prevalent among cancer survivors than in controls without chronic disease,
but with heterogeneities in cancer type. Because long-term care and comorbidity prevention are emerging issues
in cancer survivors, MeS among those returning to normal life is concerning, and tailored management programs
should be developed for specific cancer types.

1. Introduction

The increasing incidence of cancer has placed a heavy burden on the
management of this disease. Globally, the number of new cases of
cancer increased to 14.1 million in 2012 [1]. Along with the increase in
the number of incidences, the population of cancer survivors also in-
creases. As of 2014, there were 14.5 million cancer survivors, a number
that is expected to increase to 19 million by 2024 [2].

Cancer survivors are prone to increased incidence of comorbidities
compared with the general population without a history of cancer [3].
Furthermore, the late effects of cancer treatment may lead to adverse
outcomes. Among these outcomes, cardiovascular disease has been re-
ported as one of the most prevalent comorbidities [3], contributing to
the largest number of deaths among cancer survivors [4]. Thus, man-
agement of cardiovascular disease in cancer survivors has become an
important issue. As one of the important predictive factors of cardio-
vascular disease, metabolic syndrome (MeS) has received increasing
attention not only in the general population but also in cancer survivors

[5]. MeS is considered a multiplex cardiovascular risk factor [6] and
abnormalities in the clinical markers of MeS may promote the devel-
opment of cardiovascular events [6]. Therefore, MeS in cancer survi-
vors is an increasingly important issue for its potential cardiovascular
disease-related burden, which remains the most common comorbidity
in this population. Previous studies have investigated the prevalence of
MeS in cancer survivors, but the results were inconsistent and based on
limited sample sizes [5,7,8]. Additionally, vulnerability to MeS may
differ according to cancer type [5,9–12].

As the number of cancer survivors and their remaining years of life
have increased, rehabilitation and health management among those
who complete treatment and return to their normal lives have been
emerging issues [13]. Management of cancer survivors should include
strategies to control short- and long-term treatment complications as
well as changes in health conditions after diagnosis or treatment
[14,15]. However, most previous studies have considered MeS as a
short-term side effect during cancer treatment [16,17]; thus, MeS
among cancer survivors living in the general community has been
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ignored. As advances in cancer care have been achieved and survival
rate after cancer has increased rapidly, cancer is considered a con-
trollable and manageable disease that requires long-term care. In ad-
dition, physicians need to consider patients under treatment for cancer
as individuals with chronic conditions [18–20]; therefore, the major
long-term sequelae in cancer survivors require further investigation,
particularly in comparison with patients with or without other chronic
diseases. Studies on these topics are limited; thus, these data will help
assess whether cancer should be considered a chronic disease.

Thus, this study investigated the prevalence of MeS and each MeS
component in cancer survivors living in community compared to the
prevalence among control subjects without a history of cancer and with
or without chronic disease (CDZ and CNDZ, respectively). In addition,
the prevalence of MeS components was compared among various site-
specific cancers.

2. Materials and methods

2.1. Study population and definition

As a part of a nationwide cohort study, the Health Examinees
(HEXA) study has collected data since 2004, from 173,357 subjects
ranging in age from 40 to 79 years, who have provided written in-
formed consent. Conducted at 38 health examination centers in Korea,
the study collected data at baseline, using face-to-face interviews to
complete structured questionnaires. Information on socio-demographic
factors, medical history, family history, smoking and alcohol drinking,
physical activity, socio-psychological factors, and reproductive factors
was collected. Dietary intake was assessed using a validated semi-
quantitative food frequency questionnaire by the Food Composition
Table of Korea [21]. The results of physical and clinical laboratory
examinations were also obtained.

A total of 5274 cancer survivors self-declared that they had been
diagnosed with cancer by a physician. Two control groups—CDZ and
CNDZ—were selected based on self-reported medical history. The
chronic diseases included hypertension, diabetes, dyslipidemia, stroke,
angina or myocardial infarction, gastrointestinal disease, intestinal
polyps, fatty liver, chronic liver disease or liver cirrhosis, gallstone/
cholecystitis, respiratory disease, thyroid disease, arthritis, osteo-
porosis, gout, glaucoma or cataracts, and depression, which were as-
sociated with MeS in previous studies [22–38]. The controls were
randomly matched with cancer survivors in 1:4 ratios by frequency
matching according to 5-year age groups and sex. After matching, the
study population included 5274 cancer survivors, 20,703 CNDZ, and
21,096 CDZ (Fig. 1). The Institutional Review Board of the National
Cancer Center approved this study protocol, which complied with the
principles of the Declaration of Helsinki (IRB No: NCC2014-0098).

MeS was diagnosed according to the results of physical and clinical
laboratory examinations according to the revised version of the
National Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III). The definition of MeS requires three or more of the
following components: 1) abdominal obesity (waist circumference >
90 cm in men or 80 cm in women, the recommended standard for Asian
Americans); 2) high triglyceride level (≥150 mg/dL or on drug for
treatment of hypertriglyceridemia); 3) low level of high-density lipo-
protein (HDL) (< 40 mg/dL in men and < 50 mg/dL in women); 4)
high blood pressure (≥130/85 mmHg or on drugs for treatment of
hypertension); 5) high fasting plasma glucose level (≥100 mg/dL or on
drugs for treatment of hyperglycemia) [39].

2.2. Statistical analysis

The distribution of characteristics and MeS between cancer survi-
vors and two matched control groups was compared using analysis of
variance (ANOVA) and chi-square tests for continuous and categorical
variables, respectively. After ANOVA, posthoc (Duncan) comparisons of

each MeS component were performed.
In order to investigate the MeS prevalence in cancer survivors

compared with those in CNDZ and CDZ separately, multivariate con-
ditional logistic regression was performed by adjusting for the following
variables: marital status (married/cohabitation and divorced/wi-
dowed/unmarried), education level (less than and equal to high school/
more than college), household income(< 2000$/≥ 2000$), employ-
ment status (currently unemployed/currently employed), self-rated
health status (healthy/normal-unhealthy), family history of cancer
(yes/no), oral contraceptive use (yes/no), and menopausal status (yes/
no). The behavioral risk factors of MeS considered in this study in-
cluded current smoking status (yes/no), current drinking status (yes/
no), exercising status (< 150 min/week/≥150 min/week according to
the American Cancer Society’s recommendations [40]), body mass
index (BMI, < 23 kg/m2/≥23 kg/m2 according to the American Dia-
betes Association’s recommendation for Asian Americans [41]),and
carbohydrate intake (low/normal/high, as tertiles), which have been
associated with MeS in previous studies [7–12,42], using values from
the CNDZ as the reference levels. To investigate whether the increment
of odds ratios (ORs) for MeS differed significantly between cancer
survivors and CDZ, the ORs of both were compared using a hetero-
geneity test. To identify increased prevalence of MeS in different cancer
types, the adjusted ORs for the above covariates were estimated for
each type of cancer compared with CNDZ.

P-values < 0.05 were considered to be significant in all analyses.
Statistical analyses were performed using SAS 9.3 (SAS Institute, Cary,
NC, USA) and STATA version 12 (STATA Corp., Texas, USA) to evaluate
the p-heterogeneity.

3. Results

The baseline characteristics of cancer survivors, CDZ, and CNDZ are
shown in Table 1. The distribution of marital status, education,
household income, employment status, self-rated health status, family
history of cancer, current smoking status, current drinking status, ex-
ercise, oral contraceptive use, and menopausal status (only for women),
which were not included as matching variables, differed significantly
between the three groups (p-value for all variables ≤ 0.05). Despite
performing frequency matching, the mean age showed significant dif-
ferences among the three groups; however, age distribution (5-year
categories) was not significantly different among the three groups.
Among cancer survivors, there were nearly three-fold more women
compared to men (3951 vs. 1323). The cancer survivors included 758
gastric, 103 liver, 405 colorectal, 920 breast, 641 cervical, 111 lung,
942 thyroid, 90 prostate, 75 bladder, and 1369 other cancers (Fig. 1
and Table 1). A total of 1756 (33.3%) survivors underwent cancer
treatment at the time of the survey. The mean time period from diag-
nosis was 6.4 years (range, 0–23 years). Among them, about 50% were
below the 5 years from the time of diagnosis, and 24% were 10 years
and above from the time of diagnosis.

The means of each MeS component in cancer survivors differed
significantly from those of the two control groups (Supplemental Table
S1). The means of waist circumference, triglyceride level, blood pres-
sure, and glucose level were significantly higher and the mean of HDL
significantly lower in cancer survivors compared to those of the CNDZ.
In comparison, the means of all metabolic components except HDL were
significantly lower and that of HDL higher in cancer survivors com-
pared to the CDZ.

The prevalence of MeS among cancer survivors (25.7%) was sig-
nificantly higher than that of the CNDZ (18.8%) but lower than that of
the CDZ (32.0%) (p < 0.001, Fig. 2). The most prevalent MeS com-
ponents that met the MeS criteria were blood pressure and waist cir-
cumference.

After adjusting for possible confounders (Table 2), the prevalence of
MeS was significantly higher in cancer survivors by 1.56-fold
(OR = 1.56; 95% confidence interval [CI] = 1.45–1.69) compared to
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the prevalence in CNDZ. The prevalence of individual MeS components
were also significantly higher in cancer survivors compared to those of
the CNDZ (waist circumference OR = 1.16, 95% CI = 1.07–1.25; ele-
vated triglyceride OR = 1.23, 95% CI = 1.15–1.33; HDL-cholesterol
OR = 1.18; 95% CI = 1.10–1.27; elevated blood pressure OR = 1.50,
95% CI = 1.40–1.60; elevated fasting glucose OR = 1.45, 95%
CI = 1.34–1.56). ORs for MeS and its component in CDZ compared to
CNDZ were ranged from 1.12 to 2.08. The results of the heterogeneity
analysis between cancer survivors and CDZ suggested that the OR of
MeS in cancer survivors was significantly lower than that of the CDZ.
Thus, although the prevalence of MeS in cancer survivors was higher
than that in the CNDZ, it was relatively lower than that in the CDZ (P-
heterogeneity < 0.05).

Analysis of the prevalence of MeS in survivors of colorectal, breast,
cervical, lung, thyroid, prostate, and bladder cancer showed higher
prevalence of MeS compared with that of the CNDZ (OR = 1.63, 1.73,
1.72, 2.11, 1.68, 2.24, and 2.13, respectively; 95% CI = 1.28–2.08,
1.45–2.07, 1.41–2.09, 1.33–3.36, 1.42–1.99, 1.37–3.65, and 1.25–3.61,
respectively). The ORs for MeS were lower in gastric and liver cancer
survivors, but the difference was not statistically significant. Survivors of
breast, cervical, and prostate cancer showed significantly increased ORs
for waist circumference compared to the CNDZ (OR range = 1.28–1.89).
However, decreased OR for waist circumference was observed in gastric
cancer survivors compared to that of the CNDZ (OR = 0.71; 95%
CI = 0.57–0.89). Survivors of breast, cervical, and thyroid cancers had a
higher prevalence of elevated triglyceride levels than did the CNDZ (OR
range = 1.37–1.60); whereas, the same component was lower in gastric
and liver cancer survivors (OR = 0.64; CI = 0.52–0.79, OR = 0.43;
CI = 0.24–0.79). The prevalence of reduced HDL-cholesterol levels in
survivors of lung and thyroid cancers were higher than those of the
CNDZ were (OR range = 1.48–1.64). An increased prevalence of ele-
vated blood pressure was observed in survivors of colorectal, breast,
cervical, thyroid, prostate, and bladder cancers compared to that of the
CNDZ (OR range = 1.31–2.16). In addition, except for liver cancer sur-
vivors, the prevalence of elevated glucose levels were higher in all cancer
type survivors—gastric, colorectal, breast, cervical, lung, thyroid, pros-
tate, and bladder cancer—compared to the CNDZ (OR range =
1.25–2.07) (Table 3). The prevalence of MeS in each type of cancer is
shown in Supplemental Table S2.

4. Discussion

In this study, cancer survivors in the community had a 1.56-fold
increased association of MeS compared to the CNDZ, corresponding to
prevalences of 25.7% and 18.8%, respectively. The prevalence of MeS
was lower in cancer survivors than in those with chronic diseases. The
prevalence of MeS in cancer survivors reported in previous studies was
inconsistent, ranging from 26% to 55% from studies conducted in
western countries [9–12] and from 16% to 28.5% from studies con-
ducted in Korea [7,8]. The prevalence of MeS in this study was closer to
that reported in a population-based nationwide representative study in
Korea [7]. Additionally, cancer survivors in western countries had a 1.6
to 2.1-fold increased prevalence of MeS [9–12], compared to a 1.2-folds
increase in Korea [7,8]. The results of the current study showed that the
individual MeS components were also significantly higher in cancer
survivors compared to those in the CNDZ. The apparent prevalence of
increased MeS components among cancer survivors compared to the
general population has been reported in other studies, including a
higher prevalence of increased waist circumference [12], triglyceride
levels [12], and HDL levels [7,12,43], supporting our findings. How-
ever, previous studies did not compare MeS in cancer survivors with
subjects with chronic disease, based on the potential classification of
cancer as a chronic disease. We observed that the prevalence of MeS
and each of its components were higher in cancer survivors compared
to the prevalence in the CNDZ, but lower than that in the CDZ.

In general, cancer survivors had a higher prevalence of MeS com-
pared to that of the general population, but the prevalence of MeS
varied according to cancer type. In gastric cancer survivors, the second-
most common cancer in Korea [44], we observed decreased a pre-
valence of MeS, although the difference was not statistically significant.
Previous studies have reported significantly decreased ORs for MeS
(OR = 0.37, CI = 0.27–0.50; OR = 0.42; CI = 0.20–0.86) in gastric
cancer survivors [7,8]. A similar trend was observed for the compo-
nents of MeS, with decreased OR for increased waist circumference and
triglyceride levels in gastric cancer survivors, similar to a study finding
in a Korean population [7]. This could be because those who underwent
major upper gastrointestinal surgery had higher weight loss [45]. Ad-
ditionally, liver cancer survivors showed lower a prevalence of high
triglyceride levels compared with those of the CNDZ. A study showed

Fig. 1. Flow chart of the patient selection process.
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decreased hepatic triglyceride levels after hepatectomy [46]. Our study
did not collect data on treatment methods in the cancer survivors; thus,
we were unable to determine whether the survivors of these two types

of cancers had undergone surgery. However, as surgery is the common
treatment for liver [47] and gastric cancers [48], we could assume that
gastrointestinal tract or liver surgery may influence our results. A

Table 1
Baseline characteristics of cancer survivors and matched controls in Korea.

Characteristicsb Controls without
chronic disease
(N = 20,703)

Controls with
chronic disease
(N = 21,096)

Cancer
survivors
(N = 5274)

P-valuea

Age, mean (95% CI) 55.4 (55.3–55.5) 55.8 (55.7–55.9) 55.8
(55.6–56.0)

< 0.001

Age, N (%)
< 50 5068 (24.5) 5068 (24.0) 1267 (24.0) 0.266
50–54 4436 (21.4) 4436 (21.0) 1109 (21.0)
55–59 4096 (19.8) 4096 (19.4) 1024 (19.4)
≥60 7103 (34.3) 7496 (35.5) 1874 (35.5)

Sex, N (%)
Male 5292 (25.6) 5292 (25.1) 1323 (25.1) 0.499
Female 15411 (74.4) 15,804 (74.9) 3951 (74.9)

Marital status, N (%)
Married, cohabitation 17910 (88.0) 18,239 (87.0) 4570 (87.0) 0.005
Divorced, widow, unmarried 2436 (12.0) 2724 (13.0) 681 (13.0)
Educational attainment, N

(%)
≤High school 15004 (74.6) 15,946 (76.6) 3859 (74.0) < 0.001
> College 5111 (25.4) 4873 (23.4) 1353 (26.0)

Household income, N (%)
< 2000$ 6398 (37.6) 6889 (40.1) 1800 (39.6) < 0.001
≥2000$ 10,635 (62.4) 10,306 (59.9) 2744 (60.4)

Employment state, N (%)
Currently unemployed 10249 (51.4) 11,665 (57.1) 3151 (61.1) < 0.001
Currently employed 9675 (48.6) 8767 (42.9) 2006 (38.9)

Self-rated health status, N (%)
Healthy 9308 (46.0) 6354 (30.5) 1462 (28.0) < 0.001
Normal-unhealthy 10913 (54.0) 14,502 (69.5) 3767 (72.0)

Family history of cancer (any
type)

Yes 5215 (25.5) 5952 (28.3) 1894 (36.1) < 0.001
No 15215 (74.5) 15,050 (71.7) 3353 (63.9)

Current smoking status, N (%)
Yes 1818 (8.9) 1692 (8.1) 281 (5.4) < 0.001
No 18563 (91.1) 19,274 (92.0) 4966 (94.6)

Current drinking status, N (%)
Yes 8174 (40.1) 8079 (38.5) 1446 (27.5) < 0.001
No 12223 (59.9) 12,908 (61.5) 3805 (72.5)

Exercising, N (%)
< 150 min/week 12580 (63.9) 12,252 (60.1) 2800 (54.5) < 0.001
≥150 min/week 7103 (36.1) 8119 (39.9) 2333 (45.5)

BMI, N (%)
< 23 8996 (43.7) 7693 (36.6) 2309 (44.0) < 0.001
≥23 11568 (56.3) 13,323 (63.4) 2944 (56.0)

Oral contraceptive usage, N (%)
Yes 2423 (16.1) 3279 (21.0) 745 (19.0) < 0.001
No 12641 (83.9) 12,338 (79.0) 3168 (81.0)

Menopause, N (%)
Yes 9927 (65.7) 10,893 (69.5) 3112 (79.5) < 0.001
No 5184 (34.3) 4774 (30.5) 803 (20.5)

Cancer typec (%)
Gastric 758 (14.0)
Liver 103 (1.9)
Colorectal 405 (7.5)
Breast 920 (17.0)
Cervical 641 (11.8)
Lung 111 (2.1)
Thyroid 942 (17.4)
Prostate 90 (1.7)
Bladder 75 (1.4)
Others 1369 (25.3)

a Chi-square test or ANOVA results, P-value in Cancer survivors and Controls (without/with chronic disease); P-value was calculated excluding missing values; CI:
confidence intervals.

b Missing values (N of Cancer survivors, N of Controls without chronic disease, N of Controls with chronic disease): Marital status (23, 357, 133), Educational
attainment (62, 588, 277), Household income (730, 3670, 3901), Employment state (117, 779, 664), Self-rated health status (45, 482, 240), Family history of cancer
(27, 273, 94), Current smoking status (27, 322, 130), Current drinking status (23, 306, 109), Exercising (141, 1020, 725), BMI (21, 139, 80), Year since diagnosis
(120), Status of treatment completion (497). Missing values only in female (N of Cancer survivors, N of Controls without chronic disease, N of Controls with chronic
disease): Oral contraceptive usage (43, 347, 187), Menopause (36, 300, 137).

c Cancer type includes each cancer types in an individual with multiple cancers. Therefore, the sum of these numbers is more than 5274.
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previous studies reporting lower prevalence of MeS in gastric cancer
survivors also did not consider treatment modalities [7,8].

We observed a higher prevalence of MeS among colorectal, breast,
cervical, lung, thyroid, prostate, and bladder cancer survivors com-
pared to that in the CNDZ. Previous studies also showed a higher pre-
valence of MeS in colorectal [49], breast [8,12], cervical [50], prostate
[8], and bladder cancer survivors [49], supporting our findings on the
prevalence of MeS according to cancer type. The increased prevalence
of MeS in colorectal cancer survivors may be induced by metabolic
abnormalities such as fasting insulin resistance or hyperinsulinemia
[51]. Prostate and breast cancer patients are exposed to treatment
modalities that are known to increase the prevalence of metabolic ab-
normalities [52,53]. Additionally, breast cancer survivors may experi-
ence MeS due tamoxifen or aromatase inhibitor usage [8]. Although we
did not have data regarding the subjects’ treatment history, medication
therapy can lead to MeS or complications [16,17]; thus, it is likely that
cancer treatments influenced the increased prevalence of MeS in cancer
survivors.

Similar to our findings, increased prevalence of abdominal obesity,
as well as increased triglyceride and HDL levels, were reported in breast
cancer survivors [12]. Studies also reported increased prevalence of
high HDL levels in breast cancer survivors [7,12], however, the HDL
difference was not statistically significant in our study. The fact that a
few studies have assessed the prevalence of individual MeS components
in site-specific cancer survivors makes our study unique.

This study had several limitations. First, due to its cross-sectional
study design, there was the potential for temporal bias and causal re-
lations could not be determined. Considering that MeS is one of the risk
factors for cancer development [52], the increased prevalence of MeS in
cancer survivors could include MeS which developed before the cancer
diagnosis. In addition, the cross-sectional study design may lead to
exclusion of cancer survivors with MeS who died before the study,
which may skew the results towards favorable outcomes [54]. About
one-third of the cancer survivors were under treatment at the time of
survey and 50% had been diagnosed within the past five years. The
definition of cancer survivors widely includes cancer patients from their
diagnosis [55], and study participants were included from local health
examination centers and not the oncology unit or cancer care center
and were capable of completing the interview and attending routine
health check-ups, including blood tests, by themselves. In addition, the
prevalence of MeS according treatment status or years from diagnosis
did not show statistically significant differences. Thus, we considered
all cancer survivors as being capable of returning to the community,
irrespective of their treatment status or years since diagnosis and this
might not affect the result. Combining several kinds of chronic diseases
into one group, CDZ, is a limitation of our study, considering the dif-
ferent associations between each chronic disease with MeS [22–38].
When we compared the prevalence of MeS according to the presence of
each chronic disease, it was quite different for different disease types
(data not shown). Considering that the definition of chronic disease

Fig. 2. Prevalence of metabolic components among controls without and with chronic diseases and cancer survivors in Korea. *Statistically significant values < 0.05.

Table 2
Increased risk for metabolic syndrome in cancer survivors and those with chronic diseases compared to matched controls without chronic disease in Korea.

Components Controls without chronic disease Controls with chronic disease Cancer survivors p-heterogeneity
Odds ratio (95% confidence intervals)a Odds ratio (95% confidence intervals)a Odds ratio (95% confidence intervals)a

Metabolic syndrome 1 1.95 (1.86–2.05) 1.56 (1.45–1.69) < 0.001
Waist circumference 1 1.29 (1.23–1.36) 1.16 (1.07–1.25) < 0.001
Elevated triglyceride 1 1.50 (1.43–1.57) 1.23 (1.15–1.33) 0.002
Reduced HDL-cholesterol 1 1.12 (1.07–1.17) 1.18 (1.10–1.27) < 0.001
Elevated blood pressure 1 2.08 (2.00–2.17) 1.50 (1.40–1.60) < 0.001
Elevated fasting glucose 1 1.73 (1.64–1.82) 1.45 (1.34–1.56) < 0.001

a Multivariate logistic regression analysis adjusted by age, sex, marital status, education attainment, household income, employment state, self-rated health status,
family history of cancer, oral contraceptive usage, menopausal status, BMI, smoking, drinking, exercise status, and carbohydrate intake.
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itself includes various types of diseases, including cancer [56], the
common feature of which is a medical condition that lasts several
months and requires ongoing medical attention [57–59], combining
them into a single group (CDZ) would be acceptable despite hetero-
geneity in the prevalence of MeS. In addition, some of the chronic
diseases, including hypertension, diabetes, and dyslipidemia, which we
included in the CDZ are components of MeS that were associated with
increased MeS prevalence. When we excluded people who reported
having all three conditions (hypertension, diabetes, and dyslipidemia),
the prevalence of MeS (30.7%) was comparable to the current result
(32.0%). All subjects underwent routine health examinations, so might
have had more interest and a better understanding of their health
status. Thus, the study population may not be representative of the
entire Korean population or cancer survivors in Korea. However, the
cancer prevalence in our study population was comparable with the
results of the Korean Cancer Registry [60]. In addition, despite the
limited generalizability, we tried to make the comparability better that
of previous studies by selecting cancer survivors and controls from the
same source and matching them by age and gender. Differences due to
various treatment regimen strategies or stage of cancer could not be
analyzed owing to lack of information. Additionally, information bias
due to the self-reported questionnaire should be considered in cancer
survivor and adjusted variables’ definition. Moreover, health behavior
changes that occurred after the survey could not be included in the
analysis. Despite these limitations, to our knowledge, this is the first
study to investigate the prevalence of MeS in cancer survivors who have
returned to their normal lives and health status within the general
population in the community.

Although cancer survivors showed better health behaviors com-
pared with controls with or without chronic diseases, including re-
duction in current smoking and drinking and increased physical activity
above the recommended level, the results of the current study suggest
that cancer survivors are at a higher risk of metabolic syndrome than
CNDZ, but their metabolic syndrome prevalence was lower than that of
the CDZ. Therefore, MeS in cancer survivors who return to normal life
should receive particular attention; furthermore, development of
management strategies is required for people with chronic diseases in
general. These strategies should include better MeS screening and in-
tervention programs. In addition, cancer diagnosis can potentially be a
learning opportunity for patients and encourage them to adopt a
healthy lifestyle; thus, education regarding healthy lifestyle practices to
prevent metabolic syndrome needs to be provided. Based on the dif-
ferent prevalence of MeS and its components in cancer survivors based

on cancer type, MeS management programs should also be tailored to
cancer types, or at least stratified by upper gastrointestinal cancer, liver
cancer, and other types of cancer. Additional prospective studies in-
vestigating the prevalence of MeS throughout the course of cancer
survivor care plans may offer data to develop better interventions in
these subjects.
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