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Abstract

Purpose To estimate the effect of metabolic syndrome (MetS) on the prevalence of prostate cancer using a large retrospec-
tive cohort with a 5-year follow-up duration.

Methods National Health Insurance Service health checkup cohort was used for the study. In total, 130,342 men included
in the health checkup cohort in 2009 were divided into two groups according to the presence of prostate cancer. The preva-
lence of prostate cancer from 2009 to 2013 was cumulatively calculated from 2003. A generalized estimating equation was
used to assess the effect of MetS and its component on the prevalence of prostate cancer after adjusting for other variables.
Results Prostate cancer was present in 2369 men (1.8%) in 2009. The prevalence of prostate cancer was significantly higher
in patients with MetS than in those without MetS throughout the entire follow-up duration. Multivariable analysis showed
that in addition to year at evaluation and age, the presence of MetS was associated with an increased prevalence of prostate
cancer. Alcohol consumption and smoking levels were negatively associated with the prevalence of prostate cancer. Among
MetS components, decreased high density lipoprotein (HDL)-cholesterolemia and central obesity were associated with an
increased prevalence of prostate cancer after adjusting for other variables.

Conclusion MetS and its components, especially decreased HDL-cholesterol levels and central obesity, were related to the
increased prevalence of prostate cancer. Preventing MetS, maintaining high HDL-cholesterol level, and maintaining low
waist circumference might be useful ways for decreasing the prevalence of prostate cancer.

Keywords Cohort studies - Dyslipidemia - Metabolic syndrome X - Prostate cancer

Introduction

Prostate cancer is the second most common cancer in men
worldwide, and approximately 1.1 million men were diag-
nosed with prostate cancer in 2012 (Ferlay et al. 2015).
Although unmodifiable variables, such as race, age, and fam-
ily history, are established risk factors for prostate cancer,
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several studies have been performed to determine modifiable
variables for preventing the development of prostate cancer
(Lippman et al. 2009; Klein et al. 2011). As a result, some
diets have been reported as possible risk factors for pros-
tate cancer, although these results remain to be validated
(Gronberg 2003). However, the current clinical guidelines
do not recommend any specific lifestyle modification and/
or treatment to reduce the risk of prostate cancer (Mottet
et al. 2017).

Metabolic syndrome (MetS) is a cluster of several life-
style-associated diseases, and the prevalence of MetS in
the general population is reported to be 25-40% (Yoo et al.
2018). Interestingly, there has been emerging evidence sup-
porting the positive association between MetS and the devel-
opment of several types of cancer (Esposito et al. 2012).
In addition, a recent large cohort study reported that the
presence of MetS was associated with an increased risk of
prostate cancer (Bhindi et al. 2015). Moreover, MetS was
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reported to worsen oncological outcomes of prostate cancer
(Bhindi et al. 2016). However, other studies have reported
opposite results (Gacci et al. 2017), and the effects of MetS
on the risk of prostate cancer remain unclear. In addition,
because MetS is a cluster of metabolic diseases as mentioned
above, the effects of each MetS-related disease on the risk
of prostate cancer remain unknown.

To accurately elucidate the relationships between prostate
cancer and MetS and its components, a large prospective
cohort study with extensive follow-up duration is consid-
ered to be needed; however, this could not be easily per-
formed owing to cost and time consumption. Thus, we
aimed to estimate the effects of MetS and its components
on the prevalence of prostate cancer using a large retrospec-
tive cohort with a 5-year follow-up duration; the cohort was
derived from the National Health Insurance Service (NHIS)
health checkup cohort. Moreover, we also adjusted for some
lifestyle variables, including smoking and drinking levels,
because they are associated with the development of both
MetS and several cancers (Cao et al. 2015; Alexandrov et al.
2016).

Methods
Patient cohort

In Korea, NHIS covers the medical costs spent by almost the
entire Korean population of 50 million people, and NHIS
provides biannual health checkups for those aged > 40 years.
NHIS offered a health checkup cohort database, which
included > 510,000 individuals who underwent a health
checkup between 2003 and 2013. A detailed explanation of
the database and study cohort was previously described (Yoo
et al. 2018). From these databases, we selected men who had
adequate information regarding MetS and its components,
and 130,342 men were ultimately included in the analysis.
This study was approved by the Institutional Review Board
of Boramae Medical Center.

Definitions

MetS was defined based on the National Cholesterol Educa-
tion Program-Adult Treatment Panel III guidelines (Grundy
et al. 2004), and MetS status was determined by the same
methods used in a previous study (Yoo et al. 2018). Men
diagnosed with prostate cancer from 2003 to 2009 were
considered as patients with prostate cancer at baseline. The
presence of prostate cancer was defined using the Korean
Classification of Diseases, 6th revision code of C61, which
was modified based on the International Classification of
Diseases, 10th revision. The prevalence of prostate cancer
from 2009 to 2013 was calculated cumulatively from 2003
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to 2009-2013, respectively. Weekly alcohol consumption
and lifelong smoking history were assessed using question-
naires included in the health screening performed in 2009.
Residence was classified into two groups (urban vs. rural),
and income was also divided into two groups (low income
vs. non-low income) as described in the previous study (Yoo
et al. 2018).

Statistical analysis

The study cohort was divided into two groups according to
the presence of prostate cancer in 2009. Baseline character-
istics in 2009 were represented and compared based on the
presence of prostate cancer in 2009. The mean + standard
deviation or median and interquartile range were used for
continuous variables. Frequency and percentage were used
for categorical variables. Because the prevalence of prostate
cancer was highly affected by age, the study population was
divided into four groups according to age in 2009 (40 s vs.
50 s vs. 60 s vs. 70 s). The cumulative prevalence of prostate
cancer according to the concomitant MetS status was pre-
sented and compared. In addition, the prevalence of prostate
cancer from 2009 to 2013 was calculated according to the
age categories. Before analysis, a square root transformation
was performed for the level of alcohol consumption because
of its skewed distribution. A generalized estimating equa-
tion was used to assess variables that showed a significant
association with the prevalence of prostate cancer. Similarly,
a generalized estimating equation was used to assess the
effect of each MetS component on the prevalence of prostate
cancer after adjusting for the year at the time of evaluation,
residence, income, and smoking and alcohol consumption
levels. All statistical analyses were performed using the
SAS software version 9.4.2 (SAS institute, Cary, NC) and
R software version 3.4.2 (http://www.r-project.org). p val-
ues < 0.05 were considered statistically significant.

Results
Baseline characteristics

From 2003 to 2009, prostate cancer was detected in 2369
men (1.8%). Men with prostate cancer were older (65.7 vs.
57.6 years, p <0.001), and waist circumference in men with
prostate cancer was higher than that in men without pros-
tate cancer (85.0 vs. 84.4 cm, p <0.001). Men with prostate
cancer were more likely to live in a rural area than those
without prostate cancer (33.0% vs. 32.1%, p=0.034). On
health checkup, systolic (125.9 vs. 126.5 mmHg, p =0.049)
and diastolic blood pressure (77.1 vs. 78.9 mmHg, p <0.001)
were significantly lower in men with prostate cancer than
in men without prostate cancer. Serum triglyceride levels
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were lower in men with prostate cancer than in men without
prostate cancer (132.9 vs. 152.2 mg/dL, p <0.001). MetS
was more common in men with prostate cancer than in men
without prostate cancer (40.1% vs 34.4%, p <0.001), and
among MetS components, central obesity (27.4% vs. 23.7%,
p <0.001), hypertension (66.3% vs. 60.8%, p <0.001),
and decreased HDL-cholesterolemia (33.7% vs. 24.8%,
p <0.001) were more frequently observed in men with pros-
tate cancer than in men without prostate cancer. However,
the incidence of diabetes mellitus and triglyceridemia were
equivalent between the two groups (Table 1).

Correlation between the prevalence of prostate
cancer and Met$S

The prevalence of prostate cancer was significantly higher
in men with MetS than in those without MetS through-
out the entire follow-up duration (2009: 2.12% vs. 1.66%;
2010: 2.31% vs. 1.84%; 2011: 2.51% vs. 2.02%; 2012:
2.78% vs. 2.22%; and 2013: 3.06% vs. 2.42%, p <0.001 for
all) (Table 2). After age stratification, the prevalence of pros-
tate cancer was significantly higher in men with MetS only
in those aged > 70 years. This was observed throughout the
entire study period (2009: 5.91% vs. 4.90%; 2010: 6.47%

Table 2 Prevalence of prostate cancer from 2009 to 2013 according
to age group

2009 2010 2011 2012 2013

All
Without MetS 1.66 1.84 2.02 2.22 242
With MetS 2.12 2.31 2.51 2.78 3.06
P <0.001 <0.001 <0.001 <0.001 <0.001
40 s
Without MetS 0.30 0.33 0.40 0.45 0.51
With MetS 0.35 0.40 0.40 0.47 0.55
P 0.527 0.424 0.997 0.803 0.676
50s
Without MetS 0.88 0.96 1.04 1.18 1.30
With MetS 0.91 0.99 1.13 1.27 1.44
)4 0.723 0.732 0.320 0.392 0.167
60 s
Without MetS 2.81 3.11 3.45 3.88 4.29
With MetS 2.86 3.13 3.45 3.95 4.42
P 0.787 0.932 0.999 0.738 0.600
70s
Without MetS 4.90 5.50 6.13 6.51 7.01
With MetS 5.91 6.47 6.96 7.49 8.08
p 0.005 0.010 0.038 0.019 0.015

Table 1 Baseline patient
characteristics

Without prostate cancer® With prostate cancer® p

No. patients, n (%)
Age, (years), mean + SD

Waist circumference, (cm), mean + SD
Blood pressure, (mmHg), mean + SD

Systolic blood pressure
Diastolic blood pressure

Serum glucose, (mg/dL), mean +SD
Serum triglyceride, (mg/dL), mean +SD
Serum HDL-cholesterol, (mg/dL), mean+SD 53.2+29.9

Low income, n (%)
Residency, n (%)
Urban
Rural

Life-long amount of smoking, n (%)

None
<20PY
> 20PY
Metabolic syndrome, n (%)

Components of metabolic syndrome, n (%)

Central obesity
Hypertension
Diabetes
Triglyceridemia

Decreased HDL-cholesterolemia

127,973 (98.2) 2369 (1.8)
57.6+8.5 65.7+8.9 <0.001
84.4+7.4 85.0+7.6 <0.001
126.5+14.8 125.9+14.2 0.049
78.9+9.8 77.1+94 <0.001
103.2+27.4 102.2+25.4 0.066
152.2+102.8 132.9+83.5 <0.001
52.5+29.8 0.254
23,175 (18.1) 418 (17.6) 0.561
0.034
86,890 (67.9) 1657 (67.0)

41,083 (32.1) 712 (33.0)

<0.001
44,231 (35.8) 1088 (47.1)

46,144 (37.3) 659 (28.5)

33,298 (26.9) 564 (24.4)
43,999 (34.4) 951 (40.1) <0.001
30,339 (23.7) 649 (27.4) <0.001
77,793 (60.8) 1570 (66.3) <0.001
58,833 (46.0) 1128 (47.6) 0.112
55,813 (43.6) 997 (42.1) 0.137
31,763 (24.8) 799 (33.7) <0.001

“Patients were divided into two groups according to the diagnosis for prostate cancer from 2003 to 2009
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vs. 5.50%; 2011: 6.96% vs. 6.13%; 2012: 7.49% vs. 6.51%;
and 2013: 8.08% vs. 7.01%, p < 0.05 for all). The prevalence
of prostate cancer in men aged < 70 years was equivalent
regardless of the presence of MetS.

Effect of MetS on the prevalence of prostate cancer

Multivariable analysis showed that MetS was associated with
an increased prevalence of prostate cancer (odds ratio [OR]:
1.170, p=0.002) after adjusting for the year at evaluation,
age, residence, and smoking and alcohol consumption lev-
els (Table 3). Alcohol consumption (OR: 0.972, p <0.001)
and smoking (OR: 0.996, p <0.007) levels were negatively
associated with the prevalence of prostate cancer. In addi-
tion, year at evaluation (OR: 1.118, p <0.001) and age (OR:
1.094, p <0.001) were related to an increased prevalence of
prostate cancer. Among MetS components, decreased HDL-
cholesterol levels (OR: 1.303, p <0.001) was the strongest
associated factor for the increased prevalence of prostate
cancer after adjusting for other variables (Table 4). In addi-
tion, central obesity (OR: 1.149. p <0.001) was another
significantly related factor for the increased prevalence of
prostate cancer.

Discussion

Prostate cancer is the most common solid cancer in Western
men and is rapidly increasing in prevalence in Asian and
developing countries (Stewart and Wild 2017). In the cur-
rent study, prostate cancer incidence rate per year in Korean
men aged >40 years was approximately 0.2%, which was

similar to those in other Asian countries (Baade et al. 2013).
Because the risk of prostate cancer dramatically increases
with age (Baade et al. 2013), the incidence of prostate cancer
is not considered to be decreased in the near future owing
to increased life expectancy in modern society. If useful
methods for preventing prostate cancer could be identified,
a huge amount of socioeconomic costs would be saved, and
the health of elderly men would be greatly improved. In this
regard, more attention is needed to prevent prostate cancer.
As described previously, MetS is another health issue that
has recently become more widespread, and some studies
have reported that MetS increases the risk of cancers, includ-
ing prostate cancer, through several pathways (Cowey and
Hardy 2006). However, the association between prostate
cancer and MetS remain unclear, and more reliable studies
that are focused on these associations are awaited. In this
regard, we evaluated the effects of MetS and its components,
in addition to other lifestyle factors, on the prevalence of
prostate cancer using a large historical cohort.

In this large retrospective cohort study with a 5-year fol-
low-up duration, we showed that the presence of MetS and
the prevalence of prostate cancer were positively correlated,
which was in concordance with that reported in a previous
study (Gacci et al. 2015). Moreover, the results of the cur-
rent study are considered to be useful because MetS status
was associated with the increased prevalence of prostate
cancer in the 5 years of follow-up. However, based on the
results of the current study, the effects of MetS on the preva-
lence of prostate cancer are only significant in elderly men
aged > 70 years. Although preventing MetS does not seem
to be effective in decreasing the prevalence of prostate can-
cer in men aged < 70 years, it would be more appropriate to

Table 3 Variables associated
with the increased prevalence of
prostate cancer: multivariable

analysis

Table 4 Impacts of each
metabolic component on the
increased prevalence of prostate

cancer after adjusting other
variables

P Odds ratio (OR) 95% CI
Lower Upper
Year (continuous) <0.001 1.118 1.108 1.129
Age (continuous) <0.001 1.094 1.089 1.099
Residency (urban vs. rural) 0.125 1.088 0.977 1.211
Metabolic syndrome (yes vs. no) 0.002 1.170 1.059 1.294
Pack-year (continuous) 0.007 0.996 0.993 0.999
Alcohol (g/week, sqrt), (continuous) <0.001 0.972 0.964 0.981
p Odds ratio (OR) 95% CI
Lower Upper
Central obesity (yes vs. no) <0.001 1.149 1.065 1.240
Hypertension (yes vs. no) 0.105 0.940 0.873 1.013
Diabetes (yes vs. no) 0.540 0.979 0914 1.048
Triglyceridemia (yes vs. no) 0.142 1.053 0.983 1.128
HDL-cholesterolemia (yes vs. no) <0.001 1.303 1.212 1.402
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interpret these results because the effect of MetS on prostate
cancer seemed to gradually and significantly increase with
age. Moreover, because men in their 70 s showed an inci-
dence of prostate cancer of >5.0%, which was significantly
higher than that in men in their 60 s or younger, a decrease
in prostate cancer prevalence in men in their 70 s should not
be underestimated. Based on the current study, the preven-
tion of MetS using adequate exercise and/or diet improves
general health and may also be a novel method to prevent
prostate cancer. Although the causal relationship between
the two diseases remains to be evaluated, several possible
mechanisms between MetS and prostate cancer development
have been suggested in previous studies (Rhee et al. 2016).
The current study may be helpful in providing more reliable
data for the correlation between MetS and prostate cancer,
and future studies, which focus on the causal relationship
between the two diseases, should be conducted based on the
results of the current study.

Among MetS components, decreased HDL-cholesterol
levels were determined to be the most significant factor
associated with the increased prevalence of prostate cancer,
which was similar to the results of previous studies (Ahn
et al. 2009; Mondul et al. 2011; Van Hemelrijck et al. 2011).
In a previous study, in addition to inhibition of oxidation and
inflammation, cholesterol transportation from cells by HDL-
cholesterol was suggested as a reason for the prevention of
prostate cancer development by HDL-cholesterol.

(Kwiterovich 2000). Although some other studies showed
opposite results (Mondul et al. 2011), these controversies
could be owing to incomplete information regarding serum
HDL-cholesterol level and medication usage. Because the
current study used the medication usage data from the NHIS
database and serum HDL-cholesterol level from the NHIS
health checkup database, the results of the current study are
thought to be reliable with regard to this aspect, although
racial differences could be another reason. In addition, the
presence of central obesity was determined to be associ-
ated with an increased prevalence of prostate cancer, which
was in accordance with that reported in a previous study
(Parikesit et al. 2016). Although the detailed pathophysi-
ology remains unknown, adipokines may be the molecular
mediator between the diseases, as reported previously (Mis-
try et al. 2007).

Alcohol consumption per week was determined as a
negatively associated factor with the prevalence of prostate
cancer, which is supported by previous studies (Schoonen
et al. 2005; Zuccolo et al. 2013). However, because other
studies suggested a positive association between alcohol
consumption and prostate cancer, including advanced
prostate cancer (Sawada et al. 2014; Dickerman et al.
2016), it is not appropriate to consume alcohol to prevent

prostate cancer. Although the pathophysiology of alcohol
consumption on prostate cancer has not been completely
understood, a previous study reported that alcohol con-
sumption could deplete testosterone levels (Oremosu and
Akang 2015), and this could be a possible explanation for
our findings. However, the association between alcohol
consumption and prostate cancer in this study could be
affected by the early detection of prostate cancer in men
who have a greater interest in their health status. In other
words, the characteristics of men with a high level of inter-
est in their health could be interpreted as factors related to
the prevalence of prostate cancer. Similarly, although the
increased amount of smoking was also determined to be a
factor associated with a decreased risk of prostate cancer
with an upper limit of 95% confidence interval of nearly
1.000, these results should be carefully interpreted.

The limitation of the current study was its retrospective
design, although the current study included a large num-
ber of men (over 130,000) and had a follow-up duration
of 5 years. In addition, the prevalence of prostate cancer
could be underestimated because the prevalence of pros-
tate cancer in 2009 was calculated from 2003. Another
limitation is the lack of data regarding the severity of pros-
tate cancer, such as pretreatment prostate-specific antigen
level, Gleason score, and/or clinical/ pathologic stage. In
other words, there might be a chance to early detection
of prostate cancer in men with MetS because these men
with MetS might have more opportunity to visit clinics
and more interests on their health status. However, despite
these limitations, the current study could be useful for
clinicians to educate and manage their patients, especially
men who had a high risk for prostate cancer.

In conclusions, based on this large retrospective cohort
study with 5-year follow-up, MetS and its components,
including decreased HDL-cholesterol levels and central
obesity, were determined to be variables associated with
an increased prevalence of prostate cancer. Preventing
MetS and maintaining HDL-cholesterol level and waist
circumference might be useful ways for decreasing the
prevalence of prostate cancer, although these findings
remain to be validated in future studies.
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