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Background: The relationship between metformin intake and prostate cancer incidence remains unclear. Therefore, we examined

the correlation between prostate cancer and metformin use.

Methods: The subjects were diabetes patients aged =50 years who had been diagnosed with prostate cancer and had undergone
surgery at Seoul St. Mary's Hospital. Groups taking metformin (MET(+) group) and not taking metformin (MET(-) group) were divided

and compared.

Results: The mean preoperative prostate-specific antigen (PSA) levels in the MET(-) and MET(+) groups were 10.7£11.9 and
8.0%£5.6 ng/mL, respectively, with no statistically significant difference between the two groups (P=0.387). The average prostate
volume of the MET(-) group was 82.41£98.0 mL, and the average prostate volume of the MET(+) group was 55.4+20.1 mL, but
there was no statistically significant difference between the two groups (P=0.226). The mean PSA velocity also did not show a sig-
nificant difference between the two groups (0.0251£0.102 ng/mL vs. 0.005+0.012 ng/mL, P=0.221).

Conclusions: We did not identify a significant positive correlation between metformin and prostate cancer. However, preoperational
PSA and PSA velocity tended to be lower in the MET(+) group. A sophisticated prospective study with a large sample size should be

planned.
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INTRODUCTION

Most studies have reported a higher rate of cancer inci-
dence in diabetes patients than in people without diabetes
[1-3]. The factors affecting the cancer incidence rate in
diabetes patients are obesity, decreased physical activity,
smoking, and drinking. Metformin (1,1-dimethylbigua-
nide hydrochloride), a medication for diabetes, has gained
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prominence due to its significant role in cancer preven-
tion, in addition to its blood glucose-lowering effects [4,5].
Theoretically, metformin not only activates AMP-activated
protein kinase (AMPK)—which inhibits the growth of can-
cer cells [6]—but also deters cancer through a mechanism
that reduces insulin-like growth factor-1 (IGF-1) levels [7],
which typically promote cancer development. Consequent-
ly, metformin has attracted interest as a novel approach to
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cancer treatment, necessitating further comprehensive clin-
ical research. Metformin administration is known to have
a preventive effect on cancer, and this effect has also been
observed in individuals without diabetes.

Recent studies have reported conflicting findings regard-
ing the effects of metformin on patients with prostate can-
cer. Most studies have reported that metformin lowers the
mortality rate of prostate cancer patients and decreases the
risk of other causes of death [8-10]. However, some studies
have reported no effect on all-cause mortality [11,12]. A
study emphasized that the cumulative dosage of metformin
had a greater effect on cancer-related outcomes than any
single dose of metformin [5]. Specifically, the risk of cancer
decreased as the total amount of metformin dispensed in-
creased.

In summary, we expect varying results regarding the de-
velopment of prostate cancer based on different metformin
dosages. However, there have been no studies to date on the
optimal dosage of metformin for treating prostate cancer.
Consequently, the objective of this study was to investigate
the association between the intake of metformin and the
incidence of prostate cancer. Our goal was to determine
whether metformin use is associated with the occurrence of
prostate cancer.

METHODS
Ethics statements

This study was approved by the Institutional Review Board
of The Catholic University of Korea (No. KC19RNSI0810).
As the data were collected retrospectively and anonymized,
individual informed consent from the patients was not re-
quired. The study adhered to the tenets of the Declaration
of Helsinki.

Study population

This study included patients aged 50 years and above, diag-
nosed with diabetes and prostate cancer, who underwent
surgery at Seoul St. Mary’s Hospital, The Catholic University
of Korea (Seoul, Korea) between 2006 and 2012. We exclud-
ed patients diagnosed with prostate cancer who did not
undergo surgery. The diagnostic criteria for prostate cancer
were established according to the International Statistical
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Classification of Diseases and Related Health Problems,
10th Revision (ICD-10) code C61. We defined patients as
those diagnosed with diabetes and were on antidiabetic
medication. The diagnosis codes for diabetes were deter-
mined based on ICD-10 classifications E11-E14. We exclud-
ed patients with type 1 diabetes mellitus or those on insulin
therapy.

Study design

This study investigated whether the patients included had
been administered metformin and, if so, the total dosage.
Patients who received metformin were categorized into the
MET(+) group, while those who did not were designated as
the MET(-) group. Personal body information, including
sex, age, height, and weight, was extracted for comparisons
between the groups, and the body mass index (BMI) was
calculated using height and weight. Additionally, known
prognostic factors for prostate cancer—such as preoperative
prostate-specific antigen (PSA) level, prostate volume, and
calculated PSA velocity —were also extracted.

Privacy protection

This study was conducted by retrospectively collecting data
from the electronic medical records of Seoul St. Mary’s Hos-
pital, and thus entailed no possibility of physical or mental
harm to patients. All data were anonymized, stored in en-
crypted files, and encrypted on the principal researcher’s
computer. Without additional information, the individuals
corresponding to the data could not be identified.

Statistical analysis

Descriptive statistics were presented as mean + standard
deviation or percentage of the total participants. For contin-
uous variables, we tested whether the means or medians of
the two groups were equivalent, as follows. When variables
were normally distributed for both groups, the t-test was
performed. If the test for homogeneity of variance was not
rejected, the t-test was performed, assuming equal vari-
ances. When variables did not follow a normal distribution,
the Wilcoxon rank-sum test was performed. For categorical
variables, the chi-square test of homogeneity was per-
formed to test whether the proportions of categories in the
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two groups were equivalent. For the correlation analysis,
Kendall test was performed. The analyses were performed
using R ver. 4.2.2 (R Foundation for Statistical Computing).
A P-value of <0.05 was considered to indicate statistical sig-
nificance.

RESULTS

Between 2006 and 2012, 858 prostate cancer patients aged
50 years or older were diagnosed at Seoul St. Mary’s Hos-
pital (Fig. 1). Of these, 446 patients without diabetes were
excluded. Among them, 247 who had been externally di-

858 Patients with prostate cancer

693 Excluded
446 Had no diabetes
247 Had no medication report

A4

A 4

165 Patients with diabetes

100 Excluded (did not have prostate
cancer surgery)

A4

65 Had prostate cancer surgery

|
: !

34 Patients in
MET(-) group

31 Patients in
MET(+) group

Fig. 1. Inclusion and exclusion of patients. MET(-), patients not
taking metformin; MET(+), patients taking metformin.

Table 1. Baseline characteristics

agnosed with diabetes and for whose existing antidiabetic
drugs could not be easily identified were excluded. Six-
ty-five patients were finally included in this study, excluding
100 diagnosed with prostate cancer who had not undergone
surgery. Of those 65 patients, 31 were taking metformin,
whereas 34 were not.

Differences in baseline characteristics according to the
presence or absence of metformin intake

The average age was 67.3+6.1 years in the MET(-) group
and 62.5+13.1 years in the MET(+) group. There was no sig-
nificant age difference between the two groups (P=0.818)
(Table 1). In the MET(-) group, five of 34 patients (14.7%)
were between 50 and 59 years old, 14 patients (41.2%) were
between 60 and 69 years old, and 15 patients (44.1%) were
70 years old or older. In the MET(+) group, five of 31 pa-
tients (16.1%) were between 50 and 59 years old, 13 patients
(41.9%) were between 60 and 69 years old, and 13 patients
(41.9%) were 70 years old or older. No significant difference
in the distribution of these age groups was noted between
the two groups (P=0.980). There was also no significant dif-
ference in height (166.8+5.7 cm vs. 167.1+6.1 cm, P=0.854),
weight (68.0+7.1 kg vs. 70.3+12.4 kg, P=0.524), or BMI
(25.123.6 kg/m’ vs. 24.4+1.93.6 kg/m’, P=0.489) between the
two groups. The total dosage of metformin in the MET(+)
group was 1,269,562+1,530,541 mg.

Differences in prostate variables according to the pres-
ence or absence of metformin intake

The mean preoperative PSA levels in the MET(-) and
MET(+) groups were 10.7+11.9 and 8.0+5.6 ng/mL, respec-

Characteristic MET(-) group (n=34) MET(+) group (n=31) P-value
Age (yr) 67.316.1 65.2+13.1 0.818
50-59 5(14.7) 5(16.1) 0.980
60-69 14 (41.2) 13 (41.9)
270 15 (44.1) 13 (41.9)
Height (cm) 166.8+5.7 167.1+6.1 0.854
Weight (kg) 68.0+7.1 70.3+12.4 0.524
Body mass index (kg/m?) 24.4+1.9 25.1+3.6 0.489
Metformin dose (mg) 0 1,269,562+1,530,541

Values are presented as meanzstandard deviation or number (%).
MET(-), patients not taking metformin; MET(+), patients taking metformin.
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Fig. 2. Differences in prostate variables according to the presence or absence of metformin intake. (A) The mean preoperative pros-
tate-specific antigen (PSA) levels. (B) The average prostate volume. (C) The mean PSA velocity. MET(-), patients not taking metformin;

MET(+), patients taking metformin.

tively, with no significant difference between the groups
(P=0.387). (Fig. 2) The average prostate volume in the
MET(-) and MET(+) groups were 82.4+98.0 and 55.4+20.1
mL, respectively, with no statistically significant differ-
ence between the two groups (P=0.226). The mean PSA
velocity also did not differ significantly between the groups
(0.025+0.102 ng/mL vs. 0.005 + 0.012 ng/mL, P=0.221).

Correlation analysis of variables in the MET(+) group

In the MET(+) group, no significant correlation was ob-
served between the total dose of metformin and preoper-
ative PSA level (P=0.985), between the total dose of met-

formin and prostate volume (P=0.691), or between the total
dose of metformin and prostate velocity (P=0.496).

DISCUSSION

Globally, the number of patients with diabetes has surged
in recent decades [13]. Numerous epidemiological studies
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have established that diabetes elevates the risk of various
cancers, including pancreatic, breast, endometrial, and
bladder cancers [14]. The mechanisms through which
diabetes heightens the incidence rates of these cancers
encompass cell proliferation due to chronic inflammation
and diabetic acidosis, which is worsened by hyperglycemia.
Consequently, it is theoretically advisable for individuals
to maintain adequate blood glucose control to mitigate the
risk of cancer. In the same vein, diabetes medications can
potentially reduce these risks. In contrast to other cancers,
the relationship between diabetes and the risk of prostate
cancer has been extensively researched. Numerous studies
have found that patients diagnosed with diabetes are more
susceptible to prostate cancer. However, as the duration of a
diabetes diagnosis increases [15], the incidence rate of pros-
tate cancer has been observed to decline [16]. In essence,
a longer duration of diabetes is associated with a reduced
incidence of prostate cancer. While numerous hypotheses
have been proposed to explain this phenomenon, the most
plausible explanation is the reduced insulin dosage. This
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that as the duration of diabetes extends, the concentration
of insulin decreases in insulin is associated with relatively
low testosterone levels the risk of prostate cancer [17].

According to the literature, all oral hypoglycemic agents
that reduce blood glucose levels also decrease the incidence
rate of prostate cancer. Specifically, as the dosage and dura-
tion of administration increased, there was a suppression of
cancer progression. As the duration of treatment with oral
hypoglycemic agents and other medications increases, the
risk of prostate cancer decreases in patients with diabetes.
One study showed that male participants who were admin-
istered antidiabetic drugs such as metformin, sulfonylurea,
and insulin had a 16% reduced risk of prostate cancer. This
study also identified factors that influenced the duration
and dosage of diabetic medications [18]. Male patients who
had been diagnosed with diabetes within the past three
years exhibited a slightly higher risk of prostate cancer com-
pared to those without diabetes. However, some patients
who had been living with diabetes for more than four years
demonstrated a one-third reduction in the risk of prostate
cancer [19]. Interestingly, while the early stages of diabetes
increase the risk of prostate cancer, the risk decreases over
time. There appeared to be no significant difference in the
ability of various oral hypoglycemic agents to reduce the
risk of cancer, but metformin was found to inhibit the prolif-
eration (or division) of prostate cancer cells [20]. Metformin
is an oral hypoglycemic agent that is commonly used as the
first-line treatment for patients with type 2 diabetes. This
medication has recently gained renewed attention due to its
effectiveness in cancer treatment. While further research is
required, many existing studies suggest that metformin re-
duces both the incidence of cancer and mortality rates fol-
lowing a prostate cancer diagnosis. Despite the promising
results associated with metformin, this study was unable to
confirm its preventive effect on prostate cancer due to the
small sample size.

Metformin is known for its ability to reduce mortality
rates by inhibiting the proliferation of prostate cancer cells.
A study involving 3,837 individuals diagnosed with both
diabetes and prostate cancer found that the administration
of metformin reduced the mortality rate from prostate can-
cer by 24% every 6 months. As the duration of metformin
administration lengthened, the mortality rate from prostate
cancer and other causes also declined. Metformin was
found to increase the survival rate of prostate cancer pa-
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tients [10] and reduce the mortality rate from other causes.
Other antidiabetic drugs, with the exception of metformin,
did not demonstrate a significant reduction in the mortal-
ity rate. Finnish research [21] conducted over seven years
with 50,000 subjects reported that as the duration of dia-
betic medication use increased, the risk of prostate cancer
decreased also found that the growth of cancer cells was
inhibited in proportion to the duration of administration
in patients who had already been diagnosed with prostate
cancer. Therefore, metformin prevents the risk and exacer-
bation progression of prostate cancer in proportion to the
duration of medication used to lower blood glucose levels
in patients with diabetes [22]. Another study divided 13,409
patients who had type 2 diabetes with prostate cancer to
evaluate the effects of metformin. The results indicated that
while metformin did not increase the overall risk of prostate
cancey, it did increase the risk of low-grade prostate cancer
by 14%, and conversely, it decreased the risk of high-grade
prostate cancer by 25% [12].

Numerous studies have indicated that metformin not
only reduces the incidence of cancer but also decreases
the mortality rate associated with it [23]. Specifically, met-
formin has been demonstrated to inhibit the proliferation
of prostate cancer cells. While there is no definitive mecha-
nism explaining how metformin reduces the risk of prostate
cancer, several hypotheses have been put forward. The
most credible of these suggests that an increase in morbidi-
ty is associated with a decrease in insulin concentration [24],
leading to a subsequent reduction in IGF-1. This process
leads to the suppression of the human epidermal growth
factor receptor-2, thereby lowering the incidence of prostate
cancer [25]. Metformin also activates AMPK, which inhibits
cancer cells [5] and displays antitumor effects. As testoster-
one levels decrease with prolonged diabetes, the incidence
of prostate cancer testosterone contributes to the hypertro-
phy of prostate tissue and accelerates the rapid progression
of cancer [26].

Although metformin has shown various positive effects
on prostate cancer, we were unable to establish a clear
correlation in this study. However, due to the limitations
of a small sample size and retrospective study design, it is
challenging to definitively state that there is no association
between metformin and prostate cancer [27,28]. To address
these limitations, a prospective study with a larger sample
size is necessary. Furthermore, given that blood glucose
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control can potentially influence tumor growth, a multivari-
able analysis that includes factors such as blood glucose,
hemoglobin Alc, and other medications used in conjunc-
tion with metformin should be conducted to reduce biases.
Future studies should aim for a larger sample size and a
more rigorous study design.

As research into the anticancer effects of metformin, a
primary diabetes medication, continues to expand, there
is increasing interest in its potential application for cancer
patients. Most studies examining the efficacy of metformin
have focused on patients with both diabetes and prostate
cancer. However, there have been no studies that confirm
the same effect in patients diagnosed solely with prostate
cancer. Furthermore, the specific role and mechanism of
action of metformin in prostate cancer have yet to be defin-
itively established. While this study did not find a positive
correlation between metformin and prostate cancer, a ran-
domized controlled trial with a larger sample size is neces-
sary to further explore the potential of metformin.
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