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Abstract

BACKGROUND: Increasing bodies of evidence suggest that metformin may be beneficial in the primary prevention
of colorectal cancer (CRC), and a dose-response relationship has been reported. However, long-term
epidemiological observations between the treatment period, cumulative dose, and intensity of metformin and
CRC are rarely reported. The aim of this study was to identify the association between the effect of metformin and
CRC development in a nationwide cohort study. METHODS: This nationwide population-based study examined a
cohort of 1,000,000 patients randomly sampled from individuals enrolled in the Taiwan National Health Insurance
system. Patients with newly diagnosed type 2 diabetes mellitus (DM) between 1997 and 2007 were enrolled. A
statistical variables, including the demographic data, treatment period, cumulative dose, and intensity of
metformin use, was compared between patients developing CRC and those without CRC. RESULTS: This study
included 47,597 patients. The mean follow-time was 7.17 + 3.21 years. After adjustment, metformin use was an
independent protective factor against CRC development (P < .001). Although the protective ability of metformin
against CRC development was reduced during long-term therapy, the risk of CRC decreased progressively with a
higher cumulative dose or higher intensity of metformin use (both P <.001). CONCLUS/ON: This study revealed
that metformin use significantly reduced the risk of CRC in a dose-dependent manner in patients with type 2 DM in
the Taiwanese population. However, a gradual decline in medication adherence may reduce the protective ability

of metformin against CRC development during long-term therapy.

Translational Oncology (2018) 11, 5356-541

Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer,
with an estimated 1.4 million new cases and 693,900 deaths occurring
in 2012 worldwide. According to the Ministry of Health and Welfare of
Taiwan, since 2006, CRC has become the most common cancer and
the third most common cause of cancer-related death. In 2015, the
incidence of CRC was 44.3 per 100,000 population, with 24.2 deaths
per 100,000 population and an average of 12.9 years of life lost in
Taiwan (http://mohw.gov.tw/CHT/DOS/Index.aspx; accessed in
December 2016) [1]. Various molecular markers and many clinical
epidemiological factors, such as being overweight or obese, physical
inactivity, certain types of diets, smoking, heavy alcohol use, a personal
history of inflammatory bowel disease, colorectal polyps or CRC, and
family history of adenomatous polyps or CRC, have been identified.
Increasing bodies of epidemiological evidence suggest that people
with type 2 (usually noninsulin dependent) diabetes mellitus (DM)
have an increased risk of CRC [2], with the incidence being to be 1.2
times higher than that in nondiabetic individuals [3]. Patients with
DM also have higher rates of cancer mortality [3]. Moreover, both
type 2 DM and CRC share some of the same risk factors (such as
being overweight and physical inactivity). However, even after
considering these factors, type 2 DM is an independent risk factor for
CRC development, and type 2 DM tends to have a less favorable
prognosis after CRC diagnosis [4]. The hyperinsulinemia hypothesis
suggests that increased circulating insulin and insulin-like growth factor
promote the proliferation of colon cells and lead to a survival benefit of
transformed cells, ultimately resulting in CRC development [5].
Observational epidemiological studies have suggested that some
anti-hyperglycemic agents could affect cancer risk [3,6]. Patients with

DM treated with sulphonylureas or insulin had a higher risk of CRC
than other patients, whereas metformin use may be beneficial in
primary prevention of CRC [3,5-8]. The dose-dependent relation-
ship between metformin and CRC has been reported [9-11];
however, long-term epidemiological observations between metformin
and CRC are rarely reported. Therefore, in the current investigation,
we conducted a nationwide population-based study using the Taiwan
National Health Insurance (NHI) database with a different study
design to investigate the effect of metformin on the incidence of CRC
in patients with type 2 DM.

Materials and Methods

Data Sources

In Taiwan, a government-run, single-payer NHI program was
established in 1995. The program has a coverage rate of over 99% of
Taiwan’s 23 million residents. More than 20,000 medical care
facilities, including hospitals, clinics, pharmacies, and medical
laboratories, which represent over 93% of all health care facilities in
Taiwan, were contracted by the NHI scheme [12]. Under the
universal health coverage program, virtually all health care services,
including consulting and treatment expenses for inpatient and
ambulatory care, dental services, traditional Chinese medicine
therapies, physical rehabilitation, and home care, are covered. The
dataset used for this study was a cohort of 1 million patients randomly
selected from the Longitudinal Health Insurance Database 2005. The
database includes all claims for ambulatory care, inpatient care,
prescriptions, and registration entries. Patient identification numbers
were scrambled for confidentiality protect; hence, researchers are
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Table 1. Characteristics of the Diabetic Patients, Classified with the History of Metformin Use
Variables Total Metformin Use P Value
(n = 47597)
No (n = 28515) Yes (n = 19082)
n % n % n %
Age (year)
Mean + SD 54.39+14.19 54.51 £15.37 54.20 £12.21 .020
Grouping 15 -45 12186 25.60 7811 27.40 4375 22.90 <.001
45 - 65 23728 49.90 12923 45.30 10805 56.60
> 65 11683 24.50 7781 27.30 3902 20.40
Gender
Female 22332 46.90 13847 48.60 8485 44.50 <.001
Male 25265 53.10 14668 51.40 10597 55.50
CRC development
No 46683 98.10 27823 97.60 18860 98.80 <.001
Yes 914 1.90 692 2.40 222 1.20
mCCI score
Mean + SD 0.38+0.93 0.43+1.00 0.29+0.79 <.001
Grouping 0 37626 79.10 21864 76.70 15762 82.60 <.001
1-2 7585 15.90 4989 17.50 2596 13.60
>3 2386 5.00 1662 5.80 724 3.80

The modified Charlson Comorbidity Index (mCCI) score was calculated by subtracting two diabetic conditions from the original Charlson Comorbidity Index score.

blinded to patient identities. Using the scrambled personal identifier
for each study patients, researchers can link the files to obtain
sociodemographic information, such as sex, date of birth, occupation
type, income level, and longitudinal medical history [13]. Our study
protocol was approved by the institutional review board of our

hospital (KMUHIRB-EXEMPT-20130056).

Criteria and Definitions of Variables in Diabetic
Cohort

We identified DM diagnosis from both the ambulatory and the
inpatient claim databases, between January 1, 1996, and December
31, 2008. Patients who had at least two claims in ambulatory or one
inpatient claim were selected. The International Classification of
Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code 250.
xx or a code A181 was used for DM diagnosis. Patients with type 1
DM (ICD-9-CM code 250.x1 and 250.x3) were excluded. Patients
with their first DM diagnosis before January 1, 1997, were excluded
(n = 18,039) to ensure newly diagnosed patients were included;
patients with their first DM diagnosis after December 31, 2007, were
also excluded (n = 4,803) to ensure sufficient follow-up periods.
Patients with diagnosis of any neoplasm (/CD-9-CM 140-239 or
A-code A08x—A14x) before their first DM diagnosis were excluded (n
= 14,133). We further excluded patients taking metformin before
their DM diagnosis, diagnosed as having polycystic ovarian syndrome
(ICD-9-CM 256.4), younger than 15 years at their first DM
diagnosis, and with any cancer other than CRC.

Metformin Users and Metformin Nonusers and the
Event

Patients who had used metformin anytime for more than 30 days
were considered metformin users, whereas the rest of the patients in
the cohort were considered metformin nonusers, because the usual
prescription of oral hypoglycemic agents in Taiwan is a 28-day or
30-day supply. The outcome variable was CRC development, defined
by the appearance of a CRC diagnosis (/CD-9-CM codes: 1530,
1531, 1532, 1533, 1534, 1535, 1536, 1537, 1538, 1539, 1540,
1541, 1542, 1543, 1548) at least twice in the ambulatory claims
database or at least once in the inpatient claims database, which was

further confirmed with the Catastrophic Illness Registry. Pathological
confirmation is generally required for reporting a cancer diagnosis to
the Catastrophic Illness Registry. The index date was defined as the
date of the earliest DM diagnosis for each patient, and all patients
were followed up to the development of CRC, end of the study
period, or termination of the record because of death or withdrawal
from the insurance program, whichever came first. To minimize
immortal time bias, the follow-up time used for Cox regression
analyses was calculated from a year after the index date [13].

A defined daily dose (DDD) of metformin of 2 g [14] was used to
measure the medication unit. Three predictors were used to examine
the association between metformin use and the incidence of CRC.
The first predictor was years of use compared with no use. The second
predictor was the cumulative dose of metformin use, which was
calculated as the cumulative defined daily dose (cDDD). The third
predictor was the intensity of metformin use during the treatment
period, which was calculated by dividing the cDDD by the period of
metformin use. In addition to the demographic variables, the
modified Charlson Comorbidity Index (mCCI) score was calculated
by subtracting two diabetic conditions from the original Charlson
Comorbidity Index score [15], which were treated as covariates.

Statistical Methods

Descriptive analyses were performed to compare numbers and
percentages between metformin use and nonuse. The distributions of
all variables were presented for those who developed CRC and those
who did not. The variables included demographic data, mCCI score,
follow-up years, treatment period, cumulative dose, and intensity of
metformin use. Student’s t test and the chi-squared test were used to
compare continuous and categorical descriptive variables, respective-
ly. Kaplan—Meier survival analyses with the log-rank test and
multivariable Cox regression analyses were performed with adjust-
ment for age, sex, and mCCI score. We used a sequential approach to
estimate metformin use, including the treatment period (Model 1),
cDDD of metformin (Model 2), and intensity of metformin use
(Model 3). Microsoft SQL Server 2005 (Microsoft Corporation,
Redmond, WA, USA) was used for data linkage, processing, and
sampling. Results are expressed as the mean with a standard deviation
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Variables Total CRC Development P Value
(n =47597)
No (n =46683) Yes (n =914)
n % n % n %
Age (year)
Mean + SD 54.39+14.19 54.25+14.19 61.54+11.77 <.001
Grouping 15 - 45 12186 25.60 12102 25.92 84 9.19 <.001
45 - 65 23728 49.85 23293 49.90 435 47.59
> 65 11683 24.55 11288 24.18 395 43.22
Gender
Female 22332 46.92 21910 46.93 422 46.17 <.001
Male 25265 53.08 24773 53.07 492 53.83
mCCI score
Mean + SD 0.38+0.93 0.38+0.93 0.36+0.96 499
Grouping 0 37626 79.05 36877 78.99 749 81.95 .104
1-2 7585 15.94 7466 15.99 119 13.02
>3 2386 5.01 2340 5.01 46 5.03
Ever use of metformin
No 28515 59.91 27823 59.60 692 75.71 <.001
Yes 19082 40.09 18860 40.40 222 24.29
Follow-up time (year), mean + SD 7.17+3.21 7.22+3.2 4.81+2.69 <.001
Period of metformin use
Mean + SD (months) 18.2+31.13 18.26+31.11 15.09+32.11 .002
Grouping (years) Never use 28515 59.91 27823 59.6 692 75.71 <.001
<5 13294 27.93 13186 28.25 108 11.82
5-10 5172 10.87 5072 10.86 100 10.94
>10 616 1.29 602 1.29 14 1.53
cDDD of metformin use
Mean + SD 234.97£561.33 238.19£565.48 70.75£222 <.001
Grouping Never use 28515 59.91 27823 59.6 692 75.71 <.001
<300 9121 19.16 8972 19.22 149 16.3
300-600 3898 8.19 3857 8.26 41 4.49
600-900 2159 4.54 2145 4.59 14 1.53
>900 3904 8.2 3886 8.32 18 1.97
Intensity of metformin use (DDD/month)
Mean + SD 5.98+14.01 6.07+14.12 1.51+4.49 <.001
Grouping Never use 28515 59.91 27823 59.60 692 75.71 <.001
<10 8658 18.19 8489 18.18 169 18.49
10-20 6639 13.95 6598 14.13 41 4.49
>20 3785 7.95 3773 8.08 12 1.31

The modified Charlson Comorbidity Index (mCCI) score was calculated by subtracting two diabetic conditions from the original Charlson Comorbidity Index score. The cumulative dose of metformin use

was presented as cumulative defined daily dose (cDDD). The intensity of metformin use during the treatment period was calculated with dividing cDDD by the period of metformin use.

or an effect and a 95% confidence interval (CI) where appropriate. A
Pvalue of <0.05 denoted statistical significance. All statistical analyses
were performed using IBM SPSS statistical software, version 19.0
(SPSS Inc., Chicago, IL, USA).

Results

In total, 47,597 patients with newly diagnosed type 2 DM were
identified initially and were followed from 1997 to 2008. The mean
follow-time was 7.17 + 3.21 years. The mean age was 54.39 + 14.19
years, and 53.10% of the patients were men; 914 (1.90%) patients
developed CRC during the follow-up period (Table 1). In the
identified cohort, 19,082 patients (40.09%) had used metformin for
more than a month (metformin users). Compared with metformin
nonusers, metformin users involved a significantly higher percentage
of men (55.50% vs. 51.40% in the rest of the patients; 2<.001), had
a lower incidence of CRC development (1.20% vs. 2.40%; P<.001),
and had a lower mean mCCI score (0.29 + 0.79 vs. 0.43 + 1.00; P<
.001) (Table 1).

Compared with patients without CRC (Table 2), the patients in
the CRC group were older (61.54 + 11.77 vs. 54.25 + 14.19), with a
higher percentage of them being men (53.83% vs. 46.17%; P <
.001). In the patients developing CRC, we observed less use of
metformin (24.29% vs. 40.40%, P < .001), a shorter period of

metformin use (15.09 + 32.11 vs. 18.26 + 31.11 months, P =
.002), lower cDDDs of metformin (70.75 + 222 ¢cDDD vs. 238.19
+ 565.48 ¢cDDD, P <.001), and a lower intensity of metformin
use (1.51 + 4.49 DDD/month vs. 6.07 + 14.12 DDD/month, P <
.001).

Multivariable Cox regression models indicated that older age and
the male sex were independent risk factors for CRC incidence (both
P < .05) (Table 3). After adjustment, metformin use was an
independent protective factor (2 < .001, Table 3). For the treatment
period predictor, the likelihood of developing CRC increased from
36% (95% CI, 0.29-0.44) in <5 years to 59% (0.34-1.00) in >10
years in metformin users compared with nonusers (Model 1). The
cDDD of metformin (Model 2) and intensity of metformin use
(Model 3) were both hierarchically associated with a diminished
reduction in the incidence of CRC (both P < .001, Table 3).
Consider, for example, the cumulative dose of metformin; in
patients who had cDDDs of <300, 300-600, 600-900, and >900,
the risk levels of developing CRC were 30%, 59%, 77%, and
86%, respectively, compared with nonusers. (?<.001, Table 3).
Figure 1 present the results of Kaplan—Meier analyses for variables
of the treatment period: the cumulative incidence and intensity of
metformin use among patients differed significantly in the log-rank test
(all P<.001).
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Table 3. Multivariable Cox Regression Analysis of the Related Factors for Developing Colorectal Cancer in Diabetic Patients
Variables Multivariable Cox Regression Analysis
Model 1 Model 2 Model 3
HR 95% CI P Value HR 95% CI P Value HR 95% CI P Value
Llower Upper Lower Upper Lower Upper
Age (year)
15-45
45-65 3.00 2.37 3.79 <.001 3.03 2.39 3.82 <0.001 3.00 2.37 3.79 <.001
>65 5.38 4.24 6.82 <.001 5.27 4.16 6.68 <0.001 5.27 4.16 6.68 <.001
Gender
Female
Male 1.25 1.10 1.43 .001 1.25 1.10 1.43 0.001 1.26 1.11 1.44 .001
mCCI score
0
1-2 0.86 0.71 1.05 130 0.84 0.69 1.02 0.074 0.85 0.70 1.04 107
>3 1.04 0.77 1.40 796 1.02 0.75 1.37 0.920 1.03 0.76 1.39 846
Period of metformin use (year)
never use
<5 0.36 0.29 0.44 <.001
5-10 0.60 0.49 0.74 <.001
>10 0.59 0.34 1.00 .048
cDDD of metformin use
never use 0.70 0.59 0.84 <0.001
<300 0.41 0.30 0.56 <0.001
300-600 0.23 0.13 0.38 <0.001
600-900 0.15 0.10 0.24 <0.001
>900
Intensity of metformin use (DDD/month)
never uses 0.73 0.61 0.86 <.001
<10 0.24 0.17 0.33 <.001
10-20 0.14 0.08 0.24 <.001
>20

The modified Charlson Comorbidity Index (mCCI) score was calculated by subtracting two diabetic conditions from the original Charlson Comorbidity Index score. The cumulative dose of metformin use
was presented as cumulative defined daily dose (cDDD). The intensity of metformin use during the treatment period was calculated with dividing cDDD by the period of metformin use. The follow-up
time was calculated from a year after the initial diagnosis of diabetes mellitus to either the development of cancer, end of the study period, or termination of the record because of death or withdrawal from

the insurance program, whichever comes first.

Discussion
The high prevalence of type 2 DM in patients with CRC is a crucial
public health concern worldwide [2,16], and the high blood sugar
levels also significantly affect the prognosis of patients with CRC
[17,18]. Emerging research on CRC risk for people with DM suggests
that patients with DM with inadequate glycemic control may have an
even higher risk of CRC and often receive polytherapy [19]. A
national study in the United States of the trends in glucose-lowering
medications determined that more patients were treated with
multiple glucose-lowering medications; the mean number of
antidiabetic agents per treated patient increased from 1.14 (95%
CI, 1.06-1.22) in 1994 to 1.63 (1.54-1.72) in 2007 [20].
Metformin, a biguanide, remains the most widely used first-line
medication for type 2 DM, being the oldest oral therapeutic class
[6,7]. Metformin use has almost doubled over the past decade, and
approximately one in every two noninsulin antidiabetic drug
prescriptions was for single-ingredient metformin in 2012 [6].
According to the guidelines issued by the American Diabetes
Association, metformin monotherapy is the first choice at the early
stage of the disease, and a second medication is concomitant to help
maintain glycated hemoglobin levels at the target if the metformin
monotherapy is insufficient. In the present study, 40.09% of the
patients were metformin users, and they comprised a relatively
healthy population as evidenced by the lower mCCI (metformin
users, 0.29 + 0.79 vs. metformin nonusers, 0.43 + 1.00; 2 < .001).
Metformin may exert cancer chemopreventive effects by suppressing
the transformative and hyperproliferative processes that initiate

carcinogenesis [7]. Although the precise molecular mechanisms by
which metformin affects various cancers have not been fully elucidated,
suppression of mechanistic target of rapamycin (mTOR) signaling in
AMP-activated protein kinase (AMPK)-dependent and
AMPK-independent pathways, along with energy metabolism aberra-
tion, cell cycle arrest, and apoptosis or autophagy induction, has
emerged as a crucial regulator in these processes [3]. Chemoresistant
colon cancer cell lines were treated with incremental doses of
metformin, which was determined to inhibit growth and migration
in a dose-dependent manner [11]. Some investigators have hypothe-
sized that the dose of metformin may determine the effect of this
medication. In 2013, Yi et al. demonstrated that a low concentration of
metformin induced p53-dependent senescence in hepatoma cells,
whereas higher doses induced apoptotic cell death [21]. In ovarian
cancer, metformin inhibits tumor growth in nude mice in a
dose-dependent manner and reduces the number of lung metastases,
proliferation (determined by Ki-67), vascular density, and angiogenesis,
as measured using the vascular endothelial growth factor [22,23].
Metformin may also reduce the levels of the human epidermal growth
factor receptor 2 (HER2) and its expression in cell lines in a
dose-dependent manner. At low doses (in the micromolar range), the
tyrosine kinase activity of HER?2 is blocked, but its expression levels are
unaffected, whereas at higher concentrations (in the millimolar range),
HER?2 protein expression is down-regulated [24].

Results of numerous clinical studies have indicated that metformin
use, and possibly the cumulative duration of therapy and cumulative
dose, was associated not only with decreased incidence of cancer in
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Figure 1. Colorectal cancer-free survival curves of patients with
DM, classified by the treatment period of metformin (P < 0.001)
(Model 1, Figure 1A), cumulative defined daily dose (cDDD) of
metformin (P < 0.001) (Model 2, Figure 1B), and intensity of
metformin use (DDD/month) (P < 0.001) (Model 3, Figure 1C).

the diabetic population but also with more favorable outcomes in
patients with cancer [7,25]. A decrease in cancer diagnoses in patients
taking insulin and metformin was observed in another study [26].
Another meta-analysis reported a 31% reduction in the cancer rate in
patients taking metformin and determined that this relationship was
also dose-dependent [9]. In a retrospective study of patients with type

Translational Oncology Vol. 11, No. xx, 2018

2 DM, reduced cancer rates were found in patients who had been
treated with metformin, and this relationship was again
dose-dependent [10]. A prospective observational trial followed
patients who had used metformin and other sugar-lowering
medications for 9.6 years [27]. The trial revealed that metformin
use was associated with lower mortality due to cancer with an adjusted
hazard ratio of 0.43, and this association was also dose-dependent,
resulting in a 42% probability of mortality because of cancer for every
1 g increase in the metformin dose [27]. In the present study, the
incidence of CRC decreased by more than 50% if the patients had
been treated with metformin with a cumulative dose of >300 cDDD
(Model 2) or an intensity of >10 DDD/month (Model 3). Our study
indicated that the cumulative dose of metformin and intensity of
metformin use are hierarchically associated with reductions in CRC
development, consistent with high volume and intensity.

Compared with metformin nonusers, the HR for developing CRC
in metformin users decreased by 64% to 51%, depending on the years
of use (Model 1). In a longitudinal retrospective cohort study that
evaluated early nonadherence in new-user cohorts by using electronic
medical record data from 1992 to 2001, 90% of patients filled their
first prescription for metformin or sulfonylurea within 30 days
[16,28]. High rates of early discontinuation were observed and, after
6 months, only 73% of patients continued therapy. In an extensive
study of electronic records for various medications in patients with
DM, among 8,191 patients prescribed glucose-lowering therapies,
only 39.6% continued after 24 months, and 4% never filled their
prescription (primary nonadherence), despite 53% having glycated
hemoglobin 27% [16,29]. Although the risk of developing CRC
decreased progressively with a higher cumulative dose or a higher
intensity of metformin use (both P < 0.001), the decline in
medication adherence to long-term therapy for chronic illnesses may
account for the decreasing protective ability in the present study.

A number of limitations in this study have been identified. First,
some widely known potentially key clinical covariates, such as diet
type, smoking, and alcohol use, are unavailable in the NHI database.
Second, some recent epidemiological studies have provided conflict-
ing conclusions about the anticancer effect of metformin [30].
However, the present results are similar to the results of several other
observational studies that have been conducted using the Health
Information Network database of the United Kingdom, the Market-
Scan® Commercial Claims and Encounters database of the United
States, and the Taiwanese NHI database [26,31-33]. In these studies,
metformin was associated with a statistically significant risk reduction
of 27% to 44% in CRC incidence. A dose-dependent protective
effect between metformin use and reduced risk of CRC was
demonstrated in the present study. However, to the best of our
knowledge, the present study is the first to report long-term
epidemiological evidence between metformin and CRC. Third, as
in many observational studies on this topic, time-related biases were
inevitable [13]. The inclusion of all patients with type 2 DM without
metformin use and prior history of cancer as the control group not only
avoided selection bias but also minimized the effects of time-related
biases [13]. In addition, both the cumulative dose of metformin and the
intensity of metformin use showed consistent results, and the effects of
these biases were minimal [13]. Furthermore, the dose-dependent effect
shown in the multivariable Cox regression analyses increases the
reliability of our present results [13].

In summary, metformin use in patients with type 2 DM was
associated with a decreased risk of CRC in a dose-dependent manner in
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this nationwide cohort study. However, a decline in medication
adherence may reduce the protective ability of metformin during the
treatment period. Preventing CRC development in healthy individuals

by treating them with metformin would be a worthwhile study topic.
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