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Background: Cervical cancer is a prevalent malignancy that is a major health problem for women worldwide. The cancer-preven-
tive properties of metformin are well-known, but insufficient data have been reported regarding its relationship to cervical cancer.
Therefore, in a nationwide population-based study, we investigated the association between metformin use and cervical cancer inci-
dence in patients with newly diagnosed type 2 diabetes.

Methods: This retrospective cohort study used the Korean National Health Insurance claims database. Individuals newly diagnosed
with type 2 diabetes between January 2005 and December 2009 were included. The occurrence of cervical cancer was explored by
matching for age, economic status, region of residence, and use of anti-diabetic medication.

Results: In total, 66,013 metformin users and 64,756 non-users were analyzed. Cervical cancer occurred in 219 metformin users
(0.33%) and 274 metformin non-users (0.42%) (hazard ratio [HR], 0.783; 95% confidence interval [CI], 0.655 to 0.036; P=0.007).
Moreover, cervical cancer risk was considerably reduced in those treated with a high dose (>1,200,000 mg) or for an extended period (=
2,000 days) compared to non-users (HR, 0.151; 95% CI, 0.093 to 0.243; P<0.001; and HR, 0.141; 95% CI, 0.077 to 0.258; P<0.001).
The incidence was also significantly lower in metformin users among those over 50 years old (HR, 0.791; 95% CI, 0.650 to 0.961;
P<0.001).

Conclusion: Metformin use in patients with newly diagnosed diabetes was associated with a lower risk of cervical cancer in Korea.
Furthermore, a significant association was found between the use of metformin and cervical cancer in a dose- and duration-depen-
dent manner and among those over 50 years old.
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INTRODUCTION

Diabetes mellitus and cancer are the two most significant health

issues worldwide. Multiple epidemiological studies have proven
that type 2 diabetes increases both the risk of cancer and the
mortality rate from cancer [1]. Cervical cancer is the most prev-
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alent gynecological cancer and the fourth most common cancer
in women, with an incidence of 500,000 cases each year. It is
also the fourth leading cause of cancer-related mortality [2]. Al-
though incidence is on the decline due to efforts such as human
papillomavirus (HPV) vaccination and cytological screening, a
substantial number of patients are still newly diagnosed in Ko-
rea [3].

Metformin is the most commonly used anti-diabetic drug, and
it has been reported to help prevent or treat various cancers [4].
In addition to improving insulin resistance, metformin has been
found to exert anti-cancer effects through multiple mechanisms
such as cell cycle arrest via two major signaling pathways, the
AMP-activated protein kinase (AMPK) pathway and the phos-
phatidyl inositol 3-kinase (PI3K) pathway [5]; the modulation
of mitochondrial energy metabolism in cancer cells [6]; anti-in-
flammatory reactions [7]; epigenetic modification [8]; immune
modulation [9]; and anti-angiogenic effects [10]. Some of those
anti-cancer effects have been studied in cervical cancer cells.
However, unlike many preclinical results, epidemiological stud-
ies are limited on whether the use of metformin prevents cervi-
cal cancer.

This study aimed to investigate the association between met-
formin use and the risk of cervical cancer in patients with newly
diagnosed type 2 diabetes using claims data from the National
Health Insurance Service (NHIS) database in Korea. In addi-
tion, we evaluated the impact of metformin use on the develop-
ment of cervical cancer by cumulative metformin dose, cumula-
tive treatment duration, and age.

METHODS

Data source

This retrospective study evaluated claims data between January
1, 2005, and December 31, 2014 (database no. NHIS-2021-1-
473) in the NHIS database. The NHIS is a compulsory national
insurance system covering the entire Korean population. The
NHIS database has been widely utilized in various epidemio-
logical and health policy studies. The background and data con-
figuration of NHIS have been documented elsewhere in detail
[11]. The authors alone are responsible for the content and writ-
ing of the paper. The Institutional Review Board of National
Health Insurance Service Ilsan Hospital approved this study
(Institutional Review Board No: NHIMC-2021-03-053). The
need for written informed permission from each subject was
waived.
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Study population

This study evaluated individuals with newly diagnosed type 2
diabetes between January 2005 and December 2009. We re-
cruited patients diagnosed with diabetes using the International
Classification of Diseases, 10th Revision (ICD-10) Clinical
Modification codes E11-E14, and who had also been prescribed
anti-diabetic medication at least once. Using the same approach
as in previous studies [12,13], we identified participants with
newly diagnosed diabetes by excluding those who submitted
claims for anti-diabetic drugs or diabetes-related claim codes in
the 3 years preceding January 2005. We determined 1,322,981
participants to be eligible based on these criteria. After that, we
excluded patients diagnosed with cancer before the diagnosis of
diabetes and those who were not followed for at least 180 days
after the diagnosis of diabetes. We also excluded patients pre-
scribed insulin more than twice during the study period. The
reason for excluding those patients was that they are highly
likely to have had poor glycemic control, potentially making the
clinical characteristics of the subjects more heterogeneous; we
also wanted to rule out the possible effect of insulin on the de-
velopment or progression of cervical cancer.

Definition of metformin exposure

Metformin users were defined as individuals who had been pre-
scribed metformin for more than 180 days throughout the 365-
day study period; non-users were those who had never used
metformin or had received a prescription for less than 180 days
in the entire study period. Then, 149,605 non-users and 578,207
metformin users were eligible. They were matched by age, sex,
region of residence, economic status, and other anti-diabetic
drugs. We enrolled only women to track cervical cancer inci-
dence among 131,877 metformin users and 131,877 non-users
in the matched populations (Fig. 1).

Definitions and covariates

Cervical cancer was diagnosed with the ICD-10 code C53. We
calculated the follow-up duration from inclusion date to cervical
cancer diagnosis, death, or the end of the study period. The age
of the subjects was divided into 5-year interval for analysis, and
the economic status was classified into quartiles. Residential ar-
eas were classified into three groups: Seoul (the Korean capital),
metropolitan cities (Busan, Daegu, Daejeon, Gwangju, Incheon,
and Ulsan), and rural areas. Non-metformin anti-diabetic medi-
cations included sulfonylureas, thiazolidinediones, dipeptidyl
peptidase-4 inhibitors, alpha-glucosidase inhibitors, and megli-
tinides. Their utilization was collected from claims data and ex-
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January 1, 2005 —December 31, 2009
Newly-diagnosed subjects with type 2 diabetes
prescribed anti-diabetic drug twice or more
(n=1,322,981)

Exclusion
Patients with cancer diagnosis before they were diagnosed with
diabetes (n=129,284)
Patient who were not health insurance subscribers (n=11,179)
Patients who had received insulin prescriptions 3 times or more

from outpatient clinic between 2005 and 2009 (n=69,538)
Patients with an observation period of less than 180 days
(n=15,321)

Subject to analysis
(n=1,097,659)

Exclusion

Among non-users, those exposed more than once to metformin
between January 1, 2005 and December 31, 2014 (n=369,847)

Metformin user Metformin non-user
(n=578,207) (n=149,605)

Total inclusion (n=727,812)

Dropped after 1:1 propensity score matching (n=464,058)
Age, sex, region of residence, economic status, and use of other
anti-diabetic drugs

Metformin user Metformin non-user
(n=131,877) (n=131,877)

Total inclusion (n=263,754)

user)

Exclusion (n=132,985)
Men (65,864 in metformin user, and 67,121 in metformin non-

Metformin user Metformin non-user
(n=66,013) (n=64,756)

Total subjects (n=130,769)

Fig. 1. Study flowchart.

amined as categorical variables.

Statistical analyses

The incidence risk of cervical cancer between metformin users
and non-users was compared using the Cox proportional hazard
regression model adjusted for age, economic status, residential
area, and anti-diabetic medications other than metformin. The
results of the analysis were presented as hazard ratios (HRs) and
95% confidence intervals (CIs). P values below 0.05 were con-
sidered to indicate statistical significance. All analyses were
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performed using SAS version 9.4 statistical software (SAS In-
stitute, Cary, NC, USA).

RESULTS

Baseline characteristics

The final cohort included 66,013 metformin users and 64,756
metformin non-users. Table 1 summarizes the demographic in-
formation of the study participants. Metformin users were older,
had a higher proportion of patients enrolled later in the research,
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Table 1. Baseline Characteristics of the Study Population

Metformin Metformin
Characteristic non-users users
(n=64,756) (n=66,013)
Age, yr* 63.9+16.4 64.2+13.7
0-14 269 (0.4) 212(0.3)
15-20 163 (0.3) 226 (0.3)
20-24 333(0.5) 295 (0.4)
25-29 1,145 (1.8) 422 (0.6)
30-34 1,711 (2.6) 571 (0.9)
35-39 1,593 (2.5) 1,205 (1.8)
40-44 2,274 (3.5) 2,050 (3.1)
45-49 3,543 (5.5) 3,633 (5.5)
50-54 4,890 (7.6) 5,203 (7.9)
55-59 5,792 (8.9) 5,534 (8.4)
60-64 7,540 (11.6) 9,967 (15.1)
65-69 9,960 (15.4) 11,399 (17.3)
70-74 8,784 (13.6) 11,979 (18.1)
75-79 7,962 (12.3) 8,007 (12.1)
>80 8,797 (13.6) 5,310 (8.0)
Year of study enrollment*
2005 15,370 (23.7) 16,125 (24.4)
2006 14,158 (21.9) 11,613 (17.6)
2007 12,823 (19.8) 12,209 (18.5)
2008 11,863 (18.3) 12,704 (19.2)
2009 10,542 (16.3) 13,362 (20.2)

Economic status
1-5 (lowest)

21,860 (33.8) 22,175 (33.6)

6-10 11,162 (17.2) 11,452 (17.3)
11-15 14349 (22.2) 14,346 (21.7)
16-20 (highest) 17,385 (26.8) 18,040 (27.3)
Region of residence”
Seoul (capital city) 13,558 (20.9) 13,510 (20.5)
Metropolitan cities 15,690 (242) 16,344 (24.8)
Rural areas 35,508 (54.8) 36,159 (54.8)
Anti-diabetic drugs
Metformin
Yes 0 66,013 (100.0)
No 64,756 (100.0) 0
Sulfonylureas®
Yes 30,135 (46.5) 30,155 (45.7)
No 34,621 (53.5) 35,858 (54.3)
TZD
Yes 2,190 (3.4) 2,204 (3.3)
No 62,566 (96.6) 63,809 (96.7)
(Continued to the next)
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Table 1. Continued
Metformin Metformin
Characteristic non-users users
(n=64,756) (n=66,013)
DPP4i
Yes 1,140 (1.8) 1,138 (1.7)
No 63,616 (98.2) 64,875 (98.3)
AGI*
Yes 5,812 (9.0) 5,534 (8.4)
No 58,944 (91.0) 60,479 (91.6)
Meglitinide
Yes 1,968 (3.0) 1,939 (2.9)
No 62,788 (97.0) 64,074 (97.1)
Daily metformin dose, mean 519 (148)
(range), mg
Cumulative metformin dose, 865,999 (547,170)
mean (range), mg
None 64,756 (100.0) 0
0-239,999 0 9,611 (14.6)
240,000-1,200,000 0 39,900 (60.4)
>1,200,000 0 16,502 (25.0)
Cumulative duration of therapy, 1,666 (912)
mean (range), day
None 64,756 (100.0) 0
0-469 0 9,161 (13.9)
470-1,999 0 30,429 (46.1)
=>2,000 0 26,423 (40.0)
Cervical cancer cases 274 219
Values are expressed as mean+standard deviation or number (%) un-
less otherwise indicated.
TZD, thiazolidinedione; DPP4i, dipeptidyl peptidase-4 inhibitor; AGI,
alpha-glucosidase inhibitor.
*P<0.001; °P<0.05.

had slightly fewer residents in the capital city, and were more
frequently prescribed sulfonylureas or alpha-glucosidase inhibi-
tors than metformin non-users. The economic status of the two
groups did not differ significantly; nor did the prescription of
thiazolidinediones, dipeptidyl peptidase-4 inhibitors, or megli-
tinides. The mean daily dose of metformin was 519+ 148 mg,
the mean cumulative dose was 865,999+547,170 mg, and the
mean cumulative treatment duration was 1,666+912 days in
metformin users.

Cervical cancer incidence according to metformin use
When followed up for an average of 7.2 years, cervical cancer
occurred in 219 metformin users (0.33%) and 274 metformin

Copyright © 2022 Korean Endocrine Society
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Table 2. Risk of Developing Cervical Cancer according to Metformin Use

Cancer cases (%) Incidence of cancer, /100,000 person-years Hazard ratio (95% CI)
Metformin non-user Metformin user Metformin non-user Metformin user Univariate Multivariate®
274 (0.42) 219(0.33) 30.5 242 0.805 0.783

(0.674-0.961)° (0.655-0.936)"

CI, confidence interval.

*The comparisons were made using metformin non-users as the reference group. The hazard ratio was adjusted for age, economic status, region of resi-
dence, and anti-diabetic medications (sulfonylureas, thiazolidinediones, dipeptidyl peptidase 4 inhibitors, alpha-glucosidase inhibitors, and meglitinide);
*P<0.05.

Table 3. Risk of Cervical Cancer among Metformin Users according to Cumulative Duration, Cumulative Dose, and Age

Variable Hazard ratio (95% CI)* Hazard ratio (95% CI)°
Cumulative duration, day

Non-users 1.000 -

0469 1.603 (1.205-2.131)¢ 1.000

470-1,999 1.140 (0.931-1.396)° 0.723 (0.530-0.095)"

=2,000 0.151 (0.093-0.243)° 0.094 (0.055-0.161)°
Cumulative dose, mg

Non-users 1.000 -

0-239,999 1.798 (1.376-2.349)° 1.000

240,000-1,200,000 0.849 (0.692-1.042)° 0.549 (0.356-0.642)°

>1,200,000 0.141 (0.077-0.258)° 0.079 (0.042—-0.151)°
Age, yr

Non-users 1.000 -

<50 0.763 (0.481-1.252)¢ -

=50 0.791 (0.650-0.961) -

CI, confidence interval.

*The comparisons were made using metformin non-users as the reference group. The hazard ratios were adjusted for age, economic status, region of resi-
dence, and anti-diabetic medications (sulfonylureas, thiazolidinediones, dipeptidyl peptidase 4 inhibitors, alpha-glucosidase inhibitors, and meglitinide);
*The comparisons were made using a cumulative duration of 0-469 days or a cumulative dose of 0-239,999 mg as the reference groups. The hazard ra-
tios were adjusted for age, economic status, region of residence, and anti-diabetic medications (sulfonylureas, thiazolidinediones, dipeptidyl peptidase 4
inhibitors, alpha-glucosidase inhibitors, and meglitinide); ¢£<0.001; ‘P<0.05.

non-users (0.42%). Table 2 displays the incidence rate and HRs
of cervical cancer according to metformin exposure. The inci-
dence rate of cervical cancer per 100,000 person-years was 24.2
in metformin users and 30.5 in metformin non-users. According
to the multiple-adjusted HR, the risk of cervical cancer in met-
formin users was significantly lower than in metformin non-us-
ers (HR, 0.783; 95% CI, 0.655 to 0.936; P=0.007) (Table 2).
We also evaluated the risk of cervical cancer according to the
cumulative dose and duration of metformin treatment. A dose-
and duration-dependent protective effect on cervical cancer de-
velopment was observed. The risk of cervical cancer was clearly
low among those who received the highest category of cumula-

Copyright © 2022 Korean Endocrine Society

tive dose (>1,200,000 mg), and similar results were found
among those treated for the longest period analyzed (=2,000
days) compared to metformin non-users (HR, 0.151; 95% CI,
0.093 t0 0.243; P<0.00; and HR, 0.141; 95% CI, 0.077 to 0.258;
P<0.001, respectively). In an analysis according to age, the in-
cidence of cervical cancer was significantly lower in metformin
users over 50 years old (HR, 0.791; 95% CI, 0.650 to 0.961;
P<0.001), but a non-statistically significant tendency for risk
reduction was noted among those under 50 years old (HR,
0.763; 95% CI, 0.481 to 1.252; P=0.235) (Table 3).

www.e-enm.org 933



E n M Kim HM, et al.

DISCUSSION

The present study showed a protective effect of metformin
against cervical cancer development in women with newly di-
agnosed type 2 diabetes using a nationwide population-based
database in Korea. A significant association was found between
the use of metformin and cervical cancer risk in a dose- and du-
ration-dependent manner. The effect was much stronger if pa-
tients were treated with a high cumulative dose or if metformin
was taken for longer than 5 years. In contrast, no significant ef-
fect was observed during the early period of metformin use or
with a lower cumulative dose.

The protective effects and the underlying mechanisms of met-
formin on various malignancies, including lung, hepatic carci-
noma, breast, and colorectal cancers, have been well studied
[13]. Research on the mechanisms of metformin’s action in cer-
vical cancer has found that metformin inhibited the transform-
ing growth factor-B1-induced epithelial-to-mesenchymal transi-
tion signaling pathway in cervical carcinoma cells [14], sup-
pressed the migration of cancer cells, and induced apoptosis
through increased expression of the p-AMPK-activated protein
kinase and the suppressor p53 protein [15]. In addition, inacti-
vation mutations of liver kinase B1 (LKB1), a tumor suppres-
sor, can contribute to the development and progression of vari-
ous solid cancers, including cervical cancer. Xiao et al. [16] in-
vestigated the effect of metformin and LKBI1 activity in cervical
cancer cell lines. They found that metformin could induce both
apoptosis and autophagy in cervical cancer cells with intact
LKBI expression via the activation of LKB1-AMPK signaling
[16]. Another study revealed that metformin treatment induced
apoptosis, cell cycle arrest, and an enhancement of natural killer
cell cytotoxicity in cervical cancer cells [17]. These data suggest
that metformin may function as a multi-target inhibitor in vari-
ous processes of cervical cancer.

However, despite the mechanistic evidence that has been re-
ported to date, there have been few epidemiological studies on
metformin and the risk of cervical cancer. According to our
knowledge, only one population-based cohort study from Tai-
wan has investigated the association between metformin use
and the incidence of cervical cancer in women with type 2 dia-
betes [18]. Metformin use was associated with a significantly
lower risk of cervical cancer (HR, 0.558; 95% CI, 0.401 to
0.778). In particular, similar to our findings, a longer cumulative
duration was associated with a stronger preventative benefit. No
significant difference was found in cervical cancer incidence
between metformin users and non-users when the drug was ad-

934 www.e-enm.org

ministered for less than 23 months. However, when metformin
was administered for 23.0 to 47.9 months, the HR was 0.523,
and when treated for 47.9 months or more, the HR was 0.109,
indicating a substantial reduction compared to metformin non-
users. In addition, an observational analysis validated the inci-
dence rates of several malignancies, including cervical cancer,
according to drug exposure in two randomized controlled trials
[19]. The extracted data for malignancies from these two tri-
als—A Diabetes Outcome Progression Trial (ADOPT) and
Rosiglitazone Evaluated for Cardiovascular Outcomes and
Regulation of Glycaemia in Diabetes (RECORD)—did not
show a reduction in the overall cancer risk. In ADOPT, howev-
er, the number of cervical/uterine cancers was low (four in non-
metformin users and one in metformin users), and in the RE-
CORD trial, the incidence data were presented as uterine can-
cers, limiting the ability of the data to shed light on the impact
of metformin on cervical cancer specifically. Two meta-analyses
have examined the association between metformin use and cer-
vical cancer risk [20,21]. A 2019 meta-analysis confirmed that
the use of metformin was associated with a reduced risk of gy-
necological cancer incidence [20]. A subgroup analysis revealed
a lower risk of cervical cancer in the Asian population, but no
significant difference in the Caucasian population. Only the two
studies listed above were included in the cervical cancer analy-
sis [18,19]. The latest meta-analysis examining the relationship
between metformin use and the incidence and prognosis of gy-
necological cancer found no evidence that metformin use re-
duced the overall risk of gynecological cancer. No detailed
analysis regarding the type of cancer was performed [21].

A strength of this study is that it examined in depth only cases
of cervical cancer in a database containing the entire population
of newly diagnosed type 2 diabetes cases. In addition to cervical
cancer, gynecological cancers include endometrial, ovarian, and
other cancers. Although these diseases occur in sites closely lo-
cated to each other, each of these cancers has a unique mecha-
nism of pathogenesis and distinct risk factors. Studies on the ef-
fectiveness of metformin have also shown a wide variety of re-
sults [22]. Therefore, combining these cancers makes it difficult
to interpret the results and may lead to confusion. Our study
also included a sufficient number of young people, the age
group most prone to developing cervical cancer. In a subgroup
analysis by age, significant risk reduction was only observed in
subjects under 50 years. One possible explanation relates to the
impact of the length of metformin administration and the cumu-
lative dose. It is also possible that age-related differences in cer-
vical cancer incidence contributed to this result. The incidence

Copyright © 2022 Korean Endocrine Society
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of cervical cancer in Korea in younger patients has recently in-
creased, but the economic burden is higher in older patients due
to more comorbidities and higher disease severity [23]. There-
fore, it is expected that the effect of metformin on cervical can-
cer may substantially reduce medical expenses.

This study demonstrated that the protective effect of metfor-
min against cervical cancer was dose- and duration-dependent.
Compared to metformin non-users, the risk of cervical cancer
was high when metformin was administered at an early stage or
at a relatively low cumulative dose. Obesity has been suggested
as a weak risk factor for cervical cancer [24]. Although the
claims data did not contain information on subjects’ body mass
index, we might carefully consider the possibility that physi-
cians preferred to prescribe metformin for obese patients with a
slightly higher risk of cervical cancer. This might have resulted
in contradictory findings during the early phase of metformin
use. In addition, because there were slight differences in the re-
gion of residence of the metformin users, there may have been
differences in the opportunity for cervical cancer detection
through the frequent usage of healthcare services or gynecologi-
cal screening examinations, and the adjustment performed in
this study may not have accounted for this phenomenon. The
effect of metformin on reducing cancer incidence was evident
after substantial doses were given for a sufficient length of time
in previous observational studies [25,26].

This analysis did not present data about metformin-related
cervical cancer outcomes, because it was beyond the scope of
this study. However, several observational studies on metformin
use and the outcomes of cervical cancer have been published. A
retrospective cohort study using the Ontario health database
showed that metformin use after cervical cancer diagnosis
among older women (> 66 years) with diabetes might be associ-
ated with a significant decrease in mortality [27]. For every ad-
ditional 365 g of metformin, there was a 21.4% decrease in cer-
vical cancer—specific mortality. A study from Thailand also
showed benefits in disease-free survival in metformin users, but
not in overall survival [28]. However, another study in the Unit-
ed States showed no survival benefit at all [29]. A meta-analysis
including all three of the above studies showed that metformin
use did not affect the overall survival of cervical cancer [21]. In
addition to studies that have elucidated the mechanisms of met-
formin’s anti-cancer effects against cervical cancer cells [15-
17], it has recently been observed that adding metformin to con-
ventional therapy can enhance the therapeutic efficacy [30].
Based on the promising results of preclinical studies, a clinical
trial evaluating the efficacy of adding metformin to standard
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chemoradiation treatment for women without diabetes has been
completed (NCT02394652), and another is now ongoing
(NCT04275713). These findings will clarify whether metformin
has a therapeutic effect on cervical cancer.

This study has some limitations. First, important risk factors
for cervical cancer, such as HPV infection or vaccination, sexu-
al behavior, and smoking, as well as information regarding cer-
vical cancer screening that could contribute to a detection bias,
could not be considered because they were not included in the
claims. Second, the claims data lack laboratory test findings.
Thus we were unable to evaluate the level of glycemic control.
We believed, however, that the effect of an extreme gap in gly-
cemic control was attenuated since we matched individuals
newly diagnosed with diabetes and maintained comparable pre-
scriptions of medications, with the exclusion of those who re-
ceived insulin therapy. Third, cervical cancer has various stages
and prognoses, ranging from carcinoma in sifu to invasive can-
cer. However, it was not possible to analyze these details.
Fourth, the cumulative doses and durations of anti-diabetic
drugs other than metformin were not considered. Lastly, infor-
mation on drug adherence was not available.

In conclusion, this population-based data suggest that metfor-
min use could be associated with reduced cervical cancer risk in
Korea. A significant association was found between the use of
metformin and cervical cancer in a dose- and duration-depen-
dent manner. In individuals with diabetes who had a longer
treatment duration and higher cumulative dose, the risk reduc-
tion for cervical cancer was very strong; however, this associa-
tion was not found in the early phase of treatment, in subjects
treated with an insufficient cumulative doses, and in the younger
age group. Future large-scale epidemiological research, includ-
ing sufficient information on the major cervical cancer risk fac-
tors in a variety of racial and ethnic groups, may contribute to
validating the cervical cancer-preventative effect of metformin.
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