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Abstract: Substantial evidence supports that metabolic syndrome (MetS) affects the incidence of several cancers,
with different effects according to age group. We hypothesized that MetS has an age-specific effect on the oc-
currence of prostate cancer. We studied a National Health Insurance Service health checkup cohort. A total of
5,370,614 men in the cohort were categorized into three age groups in 2009 (20-39, 40-64, >65). Prostate cancer
incidence was estimated on a cumulative basis from 2009 to 2018. We tried to identify the correlation of MetS
components and prostate cancer by age group using this large retrospective cohort. MetS components included the
body mass index (BMI), waist circumference (WC), hypertension, obesity, hyperlipidemia, cardiovascular disease,
smoking, drinking, serum glucose, serum total cholesterol, serum triglyceride, serum high-density lipoprotein (HDL)-
cholesterol and serum low-density lipoprotein (LDL)-cholesterol. A multivariate Cox proportional hazard model was
used for the incidence of prostate cancer according to the MetS component. In the young age (20-39) group, the
MetS component was not related to prostate cancer. In the middle-aged (40-64) group, the presence of MetS, WC,
HDL cholesterol, and hypertension was significantly associated with an increased prevalence of prostate cancer. In
the old age (=65) group, the presence of MetS, WC, HDL cholesterol, triglycerides, and hypertension were significant
factors for the incidence of prostate cancer. This tendency was marked in BMI>30 in the old age group (odds ratio:
1.32; P<0.0001). MetS components were age-specifically associated with an increased incidence of prostate can-
cer. Because the MetS components were related to prostate cancer from middle age to old age, preventing MetS
for these age groups is crucial.
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Introduction Metabolic syndrome (MetS) is a clustering of
the following medical conditions: central obe-

Prostate cancer is on the rise worldwide and sity, hypertension, high fasting blood gluco-

ranks second in the prevalence of male cancer.
[1]. The prostate cancer prevalence in South
Korea has increased significantly, mainly be-
cause of the rise in its incidence. As the inci-
dence and prevalence of prostate cancer in-
creased in Korea, the resulting mortality rate
gradually increased [2]. This trend could be
explained by the increase in obesity due to
Koreans’ westernized eating habits, such as
increased fat and meat intake. However, the
only established risk factors for prostate can-
cer so far are race, age and family history [3].

se, high serum triglycerides and low serum
high-density lipoprotein (HDL). The incidence of
MetS in the cohort of National Health Insurance
Service (NHIS) data was approximately 25-40%
in South Korea [4]. There have been many stud-
ies about the association between MetS and
the prevalence of several cancer types [5].
However, the association of obesity, MetS and
prostate cancer are uncertain [6-8]. Also, be-
cause MetS is composed of several metabolic
diseases, it is not established which metabo-
lic component is the risk of prostate cancer [7].
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There was a large cohort study of the patients
without a prior prostate cancer undergoing
prostate biopsy (2003-2013). In this study, no
individual MetS component was independent-
ly associated with prostate cancer. However,
the increase in the number of MetS compo-
nents was associated with higher grade of
prostate cancer (P<0.001), as well as progres-
sively higher odds of prostate cancer outcomes
compared with no MetS components [9].

For various cancer types, several lines of evi-
dence have shown that old age patients with
MetS are more likely to have cancer than young
age patients with MetS [7, 8, 10]. The effect
of MetS on prostate cancer incidence by age
group has not been confirmed. In the present
large population-based study using the Korean
NHIS, we tried to validate the hypothesis that
MetS has an age-specific impact on the devel-
opment of prostate cancer. This study was con-
ducted according to the STROBE (STrengthen-
ing the Reporting of Observational studies in
Epidemiology) reporting checklist.

Methods
Patient cohort

Most of the Korean population of 50 million
individuals is covered by the NHIS. We assess-
ed 10,585,844 individuals who had received
the KNHIS health checkup in 2009. Those aged
younger than 20 years and female individuals
were excluded. A total of 5,370,614 individuals
were followed until 2018. We determined the
prostate cancer patients if they were given a
diagnostic name of prostate cancer in this co-
hort with a 10-year follow-up duration. Smok-
ing history, alcohol consumption, physical activ-
ity, income status, comorbidities (diabetes mel-
litus, hypertension, dyslipidemia, chronic kid-
ney disease), age, body mass index (BMlI), waist
circumference (WC), blood pressure (systolic,
diastolic), fasting blood glucose, total choles-
terol, high-density lipoprotein (HDL)-choleste-
rol, low-density lipoprotein (LDL)-cholesterol,
triglyceride and glomerular filtration rate were
examined.

Definitions

According to the National Cholesterol Educa-
tion Program-Adult Treatment Panel Il (NCEP-
ATP IlIl) guidelines, abdominal obesity was de-
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fined as a waist circumference >90 cm in men
and 285 cm in women. BMI was a person’s
body weight in kilograms divided by the square
of height in meters. Hypertension was defined
as a blood pressure >140/90 mmHg or at least
one claim per year for the prescription of anti-
hypertensive medication under International
Classification of Diseases (ICD)-10 codes 110-
113, 115.

We defined MetS based on the joint interim
report of the Task Force on Epidemiology and
Prevention by the International Diabetes Fe-
deration (IDF) Special Committee. According to
this criterion, MetS can be diagnosed if it meets
three or more of the following five criteria: cen-
tral obesity (=90 cm for men and >85 cm for
women), high blood pressure (systolic 2130 or
diastolic 285 mmHg or treatment for previous
history of hypertension), hyperglycemia (fasting
blood glucose 2100 mg/dL or previous history
of type 2 diabetes), hypertriglyceridemia (tri-
glyceride 2150 mg/dL or specific treatment for
this lipid abnormality), and low HDL cholesterol
levels (<40 mg/dL for men, <50 mg/dL for wo-
men or specific treatment for this lipid abnor-
mality).

We defined the occurrence of prostate cancer
if the patient had a disease code of C61 by the
Korean Classification of Diseases, 6" revision.
After excluding aged younger than 20 years
and men with prostate cancer diagnosed
before 2009, 5,370,614 men were followed
from 2009 to 2018.

Statistical analysis

We executed the statistical analyses using SAS
software (SAS Institute Inc., Cary, NC, USA, ver-
sion 9.4). We expressed the baseline character-
istics of study subjects as means * standard
deviation (SD) for continuous variables and as a
percentage of the number of categorical vari-
ables according to the existence of MetS. We
compared the values using the t-test for con-
tinuous variables and the chi-square test for
categorical variables. The incidence of prostate
cancer was measured by dividing the number
of patients by 1,000 person-years. We execut-
ed Cox regression to evaluate the association
of MetS components with prostate cancer. Ad-
justing variables were age, smoking status,
drinking level, regular exercise, diabetes, hyper-
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Table 1. Clinical characteristics according to the presence of metabolic syndrome

Metabolic syndrome

Total (n=5,370,614) P value
No (n=3,990,122) Yes (n=1,380,492)
Age (years) 44 (35-55) 42 (33-53) 50 (40-60) <.0001
Cigarette smoking, n (%) <.0001
None 1,628,192 (30.32) 1,231,583 (30.87) 396,609 (28.73)
Ex-smoker 1,317,621 (24.53) 928,473 (23.27) 389,148 (28.19)
Current smoker 2,424,801 (45.15) 1,830,066 (45.86) 594,735 (43.08)
Alcohol consumption, n (%) <.0001
None 1,726,654 (32.15) 1,279,750 (32.07) 446,904 (32.37)
Mild 2,905,836 (54.11) 2,204,748 (55.26) 701,088 (50.79)
Heavy 738,124 (13.74) 505,624 (12.67) 232,500 (16.84)
Physical exercise, n (%) 1,063,256 (19.8) 780,250 (19.55) 283,006 (20.5) <.0001
Low income (20%), n (%) 637,946 (11.88) 455,083 (11.41) 182,863 (13.25) <.0001
Diabetes, n (%) 519,310 (9.67) 174,972 (4.39) 344,338 (24.94) <.0001
Hypertension, n (%) 1,401,703 (26.1) 654,045 (16.39) 747,658 (54.16) <.0001
Dyslipidemia, n (%) 825,563 (15.37) 368,767 (9.24) 456,796 (33.09) <.0001
Chronic kidney disease, n (%) 326,381 (6.08) 206,756 (5.18) 119,625 (8.67) <.0001
Body mass index (kg/m?) 24.13+3.32 23.44+2.76 26.12+3.95 <.0001
Waist circumference (cm) 83.56+8.27 81.49+7.18 89.55+8.27 <.0001
Systolic BP (mmHg) 124.69+14.14 122.08+13.2 132.23+£14.06 <.0001
Diastolic BP (mmHg) 78.05+£9.73 76.53+9.17 82.45+9.95 <.0001
Glucose (mMM) 99.15+25.88 94.22+19.49 113.41+35.13 <.0001
Glomerular filtration rate 87.95+51.4 89.04+53.76 84.78+43.72 <.0001
Total cholesterol (mM) 194.62+40.9 192.52+37.96 200.71+47.89 <.0001
HDL cholesterol (mM) 53.54+31.49 55.48+31.57 47.92+30.57 <.0001
LDL cholesterol (mM) 118.86+197.52 120.96+214.18 112.77+138.36 <.0001

Triglycerides (mM)

129.13 (129.06-129.19) 111.51 (111.46-111.57) 197.3 (197.12-197.47) <.0001

BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

tension, dyslipidemia and chronic kidney dise-
ase.

Results
Baseline characteristics

The characteristics according to the presence
of MetS are summarized in Table 1. Among
5,370,614 participants, 1,380,492 (25.7%)
were diagnosed with MetS. There was signifi-
cant difference of the mean age between the
group with MetS and the other group without
MetS (P<0.001). The proportions of diabetes,
hypertension, dyslipidemia and chronic kidney
disease were significantly higher in the group
with MetS (P<0.001). The men with MetS had
significantly higher BMI, WC, blood pressure,
fasting blood glucose, total cholesterol, LDL
cholesterol and triglyceride levels than those
without MetS (P<0.001). The glomerular filtra-
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tion rate and fasting HDL cholesterol levels
were significantly lower in those with MetS
(P<0.001) than in those without MetS.

Relationship between obesity and the inci-
dence of prostate cancer by age group

Over the 10-year follow-up duration, 36,958
persons were newly registered as prostate can-
cer. Table 2 presented the results of the asso-
ciation between BMI and prostate cancer risk
by age group through Cox regression analysis.
The young age group (20-39) showed no sig-
nificant difference according to BMI. However,
the middle age group (40-64) and old age gr-
oup (=65) showed a positive association with
increasing BMI, and BMI over 30 showed a sig-
nificantly high incidence of prostate cancer,
particularly in the old age group. The same re-
sults were shown in the analysis of unadjusted
models (1) and adjusted models (2 to 4).
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Table 2. Multivariate Cox proportional hazard model for the incidence of prostate cancer according to the body mass index by age group

Prostate ) Incidence HR (95% ClI)
BMI (kg/m?) N(.)' of cancer Duration rates per P P P
patients patients (days) 1000 Model 1 value *Model 2 value SModel 3 P value Model 4 value
Total
<18.5 120,892 765 1,047,548 0.730 1.029 (0.956, 1.107) 0.728 (0.676, 0.783) 0.748 (0.695, 0.805) 0.757 (0.703, 0.814)
18.5-<23 1,80,6349 11,738 16,411,635 0.715 1 (Ref.) <.0001 1 (Ref.) <.0001 1 (Ref.) <.0001 1 (Ref.) <.0001
23-<25 1,446,331 10,920 13,243,706 0.825 1.152 (1.122, 1.182) 1.228 (1.196, 1.26) 1.206 (1.174, 1.237) 1.194 (1.163, 1.226)
25-<30 1,801,172 12,679 16,522,422 0.767 1.072 (1.046, 1.1) 1.279 (1.247, 1.312) 1.249 (1.218, 1.281) 1.227 (1.195, 1.259)
>30 195,870 856 1,797,951 0.476 0.667 (0.622, 0.715) 1.301 (1.213, 1.394) 1.276 (1.19, 1.368) 1.24 (1.156, 1.33)
Age in years (20-39)
<18.5 50,615 2 470,204 0.004 0.678 (0.164, 2.8) 0.774 (0.187, 3.199) 0.79 (0.191, 3.267) 0.797 (0.193, 3.297)
18.5-<23 717,850 42 6,681,204 0.006 1 (Ref.) 0.5377 1 (Ref.) 0.8044 1 (Ref.) 0.8192 1 (Ref.) 0.8355
23-<25 489,522 40 4,553,052 0.009 1.401 (0.908, 2.16) 1.232 (0.799, 1.901) 1.223 (0.792, 1.887) 1.21(0.783, 1.87)
25-<30 618,582 43 5,742,758 0.007 1.199 (0.784, 1.834) 1.002 (0.655, 1.535) 1(0.652, 1.533) 0.976 (0.632, 1.507)
>30 101,818 8 942,147 0.008 1.367 (0.642, 2.913) 1.277 (0.599, 2.719) 1.282 (0.601, 2.733) 1.216 (0.557, 2.654)
Age in years (40-64)
<185 45,202 177 402,699 0.440 0.754 (0.649, 0.877) 0.69 (0.593, 0.801) 0.71 (0.611, 0.825) 0.714 (0.614, 0.83)
18.5-<23 862,597 4,654 7,906,60 0.589 1 (Ref.) <.0001 1 (Ref.) <.0001 1 (Ref.) <.0001 1 (Ref.) <.0001
23-<25 798,793 5,018 7,357,934 0.682 1.157 (1.112, 1.205) 1.159 (1.113, 1.206) 1.137 (1.093, 1.184) 1.132(1.087, 1.178)
25-<30 1,017,839 6,517 9,372,856 0.695 1.181 (1.138, 1.226) 1.218 (1.173, 1.265) 1.187 (1.143, 1.233) 1.177 (1.132, 1.223)
>30 84,491 443 775,225 0.571 0.973(0.883, 1.073) 1.202 (1.091, 1.325) 1.172 (1.063, 1.292) 1.161 (1.052, 1.281)
Age in years (265)
<18.5 2,5075 586 174644 3.355 0.881 (0.81, 0.958) 0.847 (0.779, 0.922) 0.865 (0.795, 0.941) 0.868 (0.797, 0.944)
18.5-<23 2,25902 7,042 1823829 3.861 1 (Ref.) <.0001 1 (Ref.) <.0001 1 (Ref.) <.0001 1 (Ref.) <.0001
23-<25 1,58016 5,862 1332720 4.399 1.135 (1.096, 1.175) 1.16 (1.12, 1.201) 1.143 (1.104, 1.184) 1.14 (1.101, 1.181)
25-<30 1,64751 6,119 1406808 4.350 1.121 (1.083, 1.16) 1.158 (1.119, 1.199) 1.135 (1.096, 1.175) 1.13(1.091, 1.171)
>30 9561 405 80579 5.026 1.297 (1.174, 1.434) 1.351 (1.222, 1.494) 1.325 (1.199, 1.465) 1.32 (1.193, 1.46)

tModel 1: Unadjusted. *Model 2: Adjusted for age. SModel 3: Adjusted for age, cigarette smoking, alcohol consumption, and physical exercise. "Model 4: Adjusted for age, cigarette smoking, alcohol consumption, physical exercise, diabetes,
high blood pressure, dyslipidemia, and chronic kidney disease. BMI, body mass index; Cl, confidence interval; HR, hazard ratio.
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Association of MetS components and prostate
cancer by age group

This study showed that MetS components were
significantly related with the risk of prostate
cancer in all patients by multivariate analysis.
However, the young age group showed no sta-
tistical relationship with all MetS components
by adjusting the models (Table 3). The middle
age group showed significant risk in the pres-
ence of MetS, high waist circumference, low
HDL cholesterol, high blood pressure and high
glucose level. In the older age group, the pres-
ence of MetS, high waist circumference, low
HDL cholesterol, high triglyceride and high bl-
ood pressure were significantly related to the
incidence of prostate cancer (Table 4). These
results were consistent with the unadjusted
Model (1) and adjusted models (2 to 4).

Discussion

In the present study, the study cohort was ana-
lyzed from 2009 to 2018. The main findings
of this population-based study are as follows:
regarding the relationship between obesity and
the incidence of prostate cancer, the middle
age and old age groups showed a positive as-
sociation with increasing BMI, whereas the
young age group showed no significant differ-
ence according to BMI. Using the multivariate
analysis, the younger age group showed no sta-
tistical relationship with all the MetS compo-
nents. However, for the middle age and old age
groups, many MetS components showed a sig-
nificant association with the incidence of pros-
tate cancer.

Several hypothesis are known about the asso-
ciation between MetS and cancer incidence
[6]. The high association between MetS and
Cancer can be explained as a cause of sharing
common risk factors such as old age, family
history, genetic predisposition, and lack of exer-
cise [11, 12]. The possible mechanisms of can-
cer development through MetS relate to the
abnormal insulin mechanism, inflammatory
change, abnormal sex hormone excretion, dys-
regulated glucose metabolism and dysfunction
of the circadian rhythm [12]. In particular, insu-
lin and the insulin-like growth factor system are
an important factor in the pathophysiology of
MetS [13, 14]. Many studies have shown that
insulin resistance may indicate prostate cancer
risk among obese subjects [15].
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Many lines of evidence exist regarding the re-
lationship between MetS and various cancers.
The results from a systemic review and meta-
analysis of cohort studies showed that the
presence of MetS was associated with liver,
colorectal and bladder cancer in men. However,
the reported relative risks are small and there
was geographic and racial differences. As an
example, in U.S. white men population, Mets
showed protective effect for prostate cancer
[B].

For other cancers, the nationwide cohort study
conducted by Y.H. Joo et al. reported the risk of
laryngeal cancer was dependent on the MetS
components [16]. The combination of fasting
blood glucose elevation, triglyceride elevation,
and low HDL was associated with a high risk of
laryngeal cancer.

KT. Hwang et al. studied the effect of MetS on
breast cancer risk through the nationwide data
of KNHIS. MetS has increased the risk of all
types of breast cancer, and the trend has been
particularly pronounced among those over 55
years of age [10].

There is a controversy of the relation between
MetS and prostate cancer. From the meta-anal-
ysis of 14 articles including 4728 prostate can-
cer patients, MetS is weakly and non-signifi-
cantly associated with prostate cancer risk, but
associations vary with geography. Among com-
ponents of the MetS, hypertension and higher
waist circumference (>102 cm) are significant-
ly associated with increased risk of prostate
cancer [17]. Haggstrom reported that MetS
lowered the risk of prostate cancer being diag-
nosed and did not affect the prognosis [18].
Additionally, other studies have reported a pro-
tective effect of obesity [19, 20].

Many other studies have shown that obesity
and MetS increased the incidence of prostate
cancer. Laukkanen et al. reported that the risk
of prostate cancer diagnosis increased as a
result of statistical analysis by adjusting vari-
ous variables in Finnish men with MetS [7]. The
association between MetS and the risk of pros-
tate cancer was stronger among overweight
and obese men with a BMI >27 kg/m? than in
lighter men [8]. From the meta-analysis of the
association between BMI, height, weight, waist
circumference and waist-to-hips ratio and the
risk of prostate cancer, there was a weak posi-
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Table 3. Multivariate Cox analysis for the risk of prostate cancer according to the each metabolic syndrome component in the young age group

No. of Prostate Duration Incidence HR (95% Cl)
. cancer rates per
patients tients (days) 1000 tModel 1 P value *Model 2 P value sModel 3 P value

Age in years (20-39)
Presence of metabolic syndrome

No 1,668,368 112 15,516,740  0.007 1 (Ref.) 0.6274 1 (Ref.) 0.597 1 (Ref.) 0.6414
Yes 310,019 23 2,872,625 0.008 1.118 (0.713, 1.75) 0.886 (0.565, 1.389) 0.898 (0.572, 1.411)

High waist circumference
No 1,635,734 105 15,211,515  0.007 1 (Ref.) 0.1226 1 (Ref.) 0.313 1 (Ref.) 0.2937
Yes 342,653 30 3,177,850 0.009  1.377 (0.917, 2.065) 1.232(0.821, 1.85) 1.244 (0.828, 1.868)

Low HDL cholesterol
No 1,712,736 120 15,919,220  0.008 1 (Ref.) 0.4273 1 (Ref.) 0.1805 1 (Ref.) 0.187
Yes 265,651 15 2,470,146 0.006 0.805 (0.47, 1.376) 0.693 (0.405, 1.186) 0.696 (0.406, 1.192)

High triglycerides
No 1,274,812 75 11,854,606  0.006 1 (Ref.) 0.0305 1 (Ref.) 0.3747 1 (Ref.) 0.3071
Yes 703,575 60 6,534,759 0.009  1.455 (1.036, 2.043) 1.167 (0.83, 1.642) 1.196 (0.848, 1.688)

High blood pressure
No 1,243,399 88 11,569,600  0.008 1 (Ref.) 0.6053 1 (Ref.) 0.3198 1 (Ref.) 0.33
Yes 734,988 47 6,819,765 0.007  0.911(0.639, 1.298) 0.835 (0.586, 1.191) 0.838 (0.587, 1.196)

High glucose
No 1,527,677 101 14,212,379  0.007 1 (Ref.) 0.4692 1 (Ref.) 0.7929 1 (Ref.) 0.8158
Yes 450,710 34 4,176,986 0.008  1.154 (0.783, 1.703) 0.949 (0.642, 1.402) 0.955 (0.646, 1.411)

Model 1: Unadjusted. *Model 2: Adjusted for age. SModel 3: Adjusted for age, cigarette smoking, alcohol consumption, physical exercise. BMI, body mass index; Cl, confidence inter-
val; HR, hazard ratio.

Table 4. Multivariate Cox analysis for the risk of prostate cancer according to the each metabolic syndrome component in the middle and old
age group

No. of Prostate Duration Incidence HR (95% ClI)
. cancer rates per
patients  _ients (days) 1000 "Model 1 P value *Model 2 P value SModel 3 P value

Age in years (40-64)

Presence of metabolic syndrome
No 1,958,826 10,627 18,039,504 0.589 1 (Ref.) <.0001 1 (Ref.) <.0001 1 (Ref.) 0.0001
Yes 850,096 6,182 7,775,811 0.795 1.354 (1.312, 1.397) 1.067 (1.034, 1.101) 1.063 (1.031, 1.098)
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High waist circumference
No 2,161,890 12,090

Yes 647,032 4,719
Low HDL cholesterol

No 2,212,420 12,479

Yes 5965,02 4,330
High triglycerides

No 1,536,269 9,296

Yes 1,272,653 7,513
High blood pressure

No 1,342,559 6,368

Yes 1,466,363 10,441
High glucose

No 1,626,936 9,053

Yes 1,181,986 7,756

Age in years (=65)
Presence of metabolic syndrome

No 362,928 12,144

Yes 220,377 7,870
High waist circumference

No 423,770 14,070

Yes 159,535 5,944
Low HDL cholesterol

No 425,539 14,429

Yes 157,766 5,585
High triglycerides

No 356,397 12,097

Yes 226,908 7,917
High blood pressure

No 163,162 5,398

Yes 420,143 14,616
High glucose

No 299,239 10,394

Yes 284,066 9,620

19,876,464
5,938,851

20,353,363
5,461,952

14,119,586
11,695,729

12,395,306
13,420,009

15,008,418

10,806,897

3,000,532

1,818,049

3,483,744
1,334,837

3,531,423
1,287,158

2,930,660
1,887,921

1,359,798
3,458,782

2,494,006
2,324,575

0.608
0.795

0.613
0.793

0.658
0.642

0.514
0.778

0.603

0.718

4.047

4.329

4.039
4.453

4.086
4.400

4.128
4.194

3.970
4.226

4.168
4.138

1 (Ref.)
1.307 (1.264, 1.352)

1 (Ref.)
1.294 (1.25, 1.34)

1 (Ref.)
0.977 (0.947, 1.007)

1 (Ref.)
1.52 (1.473, 1.568)

1 (Ref.)
1.194 (1.159, 1.231)
1 (Ref.)

1.071 (1.041, 1.102)

1 (Ref.)
1.101 (1.068, 1.135)

1 (Ref.)
1.064 (1.032, 1.097)

1 (Ref.)
1.016 (0.987, 1.045)

1 (Ref.)
1.066 (1.034, 1.1)

1 (Ref.)
0.995 (0.968, 1.023)

<.0001

<.0001

0.1289

<.0001

<.0001

<.0001

<.0001

<.0001

0.2828

<.0001

0.7248

1 (Ref.)
1.112 (1.075, 1.15)

1 (Ref.)
1.086 (1.049, 1.124)

1 (Ref.)
1.007 (0.977, 1.038)

1 (Ref.)
1.059 (1.026, 1.093)

1 (Ref.)
0.97 (0.941, 1)
1 (Ref.)

1.079 (1.049, 1.11)

1 (Ref.)
1.107 (1.074, 1.141)

1 (Ref.)
1.064 (1.032, 1.098)

1 (Ref.)
1.031 (1.003, 1.061)

1 (Ref.)
1.055 (1.022, 1.088)

1 (Ref.)
1.002 (0.975, 1.03)

<.0001

<.0001

0.6677

0.0003

0.0531

<.0001

<.0001

<.0001

0.0325

0.0008

0.876

1 (Ref.)
1.102 (1.066, 1.14)

1 (Ref.)
1.088 (1.051, 1.127)

1 (Ref.)
1.015 (0.984, 1.046)

1 (Ref.)
1.048 (1.016, 1.082)

1 (Ref.)
0.966 (0.937, 0.996)
1 (Ref.)

1.071 (1.041, 1.102)

1 (Ref.)
1.097 (1.064, 1.131)

1 (Ref.)
1.06 (1.027, 1.093)

1 (Ref.)
1.034 (1.005, 1.064)

1 (Ref.)
1.043 (1.011, 1.076)

1 (Ref.)
0.996 (0.969, 1.024)

<.0001

<.0001

0.3454

0.0035

0.025

<.0001

<.0001

0.0002

0.021

0.0083

0.7786

TModel 1: Unadjusted. *Model 2: Adjusted for age. SModel 3: Adjusted for age, cigarette smoking, alcohol consumption, and physical exercise. BMI, body mass index; Cl, confidence

interval; HR, hazard ratio.
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tive correlation between obesity and the preva-
lence of prostate cancer [21]. Other prospec-
tive cohort study investigated the relation of
BMI, weight change and the incidence of pros-
tate cancer. The results of this study suggest
that obesity is associated with the more aggres-
sive prostate cancer [19].

Meta-analysis of MetS and prostate cancer
showed that the incidence of high-grade pros-
tate cancer was statistically different accord-
ing to the presence of MetS, however, any sin-
gle metS component was not the determinant
of the risk of prostate cancer [22]. From the
study of ‘Cancer of the Prostate Strategic
Urologic Research Endeavour’ database, they
found that men with overweight and obesity
were somewhat more likely to be diagnosed
with high-risk prostate cancer [23]. In the meta-
analysis, a 15% higher risk of prostate cancer
mortality was estimated with each 5 kg/m?
increase in the body mass index [24].

From the Norwegian cohort study of 16,209
middle age group followed for 27 years, combi-
nations of any two or three Mets components
using quartile values of risk factors were pre-
dictive of prostate cancer. The results of this
long-term prospective cohort study presented
a basis for the association of prostate cancer
with the components of metS [25].

According to the study of Korea NHIS health
checkup cohort, there was significant differ-
ence of the incidence of prostate cancer bet-
ween the patients with MetS and without it
over the follow-up period. The presence of MetS
significantly increased the risk of prostate can-
cer by multivariate analysis [7].

Little evidence exists regarding an age-speci-
fic effect of MetS on cancer. From the Korean
nationwide study of breast cancer, the pres-
ence of MetS increased the risk of breast can-
cers in postmenopausal women but decreased
the risk in premenopausal women [11]. In a ret-
rospective cohort study of the Korean NHIS, the
effect of MetS on prostate cancer prevalence
was significant only in the elderly over 70 years
of age. One reason may be that the association
MetS and prostate cancer could be more sig-
nificant with increasing age [8]. In a prospective
population-based study Finnish study, there
was a significant risk of prostate cancer in the
middle-aged men with MetS [7].
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The distinctive feature of our study is that it is
a population-based observational study con-
cerning the effect of MetS on the incidence of
prostate cancer by age group. For men aged
240 years, an increasing BMI was significantly
associated with the risk of prostate cancer. In
particular, for old age, the risk of prostate can-
cer was significantly higher in men with BMI
>30 (HR, 1.32; 95% Cl, 1.193-1.460). For the
middle age and older age groups, many meta-
bolic components were significant factors for
prostate cancer using the multivariate Cox pro-
portional hazard model. The presence of metS,
high WC, low HDL cholesterol, and hyperten-
sion were common risk factors for prostate
cancetr.

However, for young men aged <40 years, no
significant association was found between
prostate cancer and BMI or MetS components.
Therefore, for men aged older than 40 years,
the risk of prostate cancer could be reduced by
improving MetS components, such as lifestyle
changes and appropriate medical treatment.

For the limitation of this study, the first is that
tumor marker, pathology, and staging were not
known. The second was selection bias beca-
use there was different medical accessibility
according to the presence of MetS. Finally, this
study was retrospective cohort study. However,
this study included more than 5,000,000 men
and had a 10-year follow-up duration. Compar-
ed to previous studies, the research results are
meaningful because they were analyzed for a
long period of time for large-scale population.
In addition, the advantage of this study is that
the significance of the MetS component was
confirmed through various adjusted models in
statistical analysis by age group.

In conclusion, we found that MetS components
could be age-specifically associated with an
increased incidence of prostate cancer. Be-
cause the MetS components were related to
prostate cancer from middle age to old age,
preventing MetS in these age groups is crucial.
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