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Simple Summary: During the 5-year follow-up within the study period, the cumulative incidence of
all-cause death was notably lower in the metformin treatment group compared to the non-treatment
group (27.5% vs. 32.8%). The analysis further revealed a significantly reduced hazard ratio (HR) for
all-cause death in the metformin treatment group (HR: 0.80, 95% CI 0.78–0.82). This population-based
cohort study provides evidence that long-term metformin treatment is associated with a decreased
risk of mortality among individuals who have both diabetes and gastric cancer.

Abstract: Importance: Despite the existing guideline’s recommendation of metformin therapy as the
initial approach for managing diabetes mellitus (DM), there remains a scarcity of comprehensive
documentation regarding metformin’s impact on outcomes that are important for patients. Objectives:
The objective of this study was to assess the potential impact of metformin treatment on the risk of
death in individuals diagnosed with both gastric cancer and pre-existing diabetes mellitus (DM);
Design, Setting, and Participants: The study made use of a dataset encompassing nationwide
health insurance claims, allowing for a retrospective analysis of all patients with a history of gastric
cancer diagnosis (classified under International Classification of Diseases 10th Revision code: C16.X)
spanning from 1 January 2002 to 31 December 2012. The primary objective was to observe death
within a 5-year follow-up period. The study population comprised 63,664 individuals who fell into
two categories: those treated with metformin (n = 29,548) and those who did not receive metformin
treatment (n = 34,116). This classification was based on the initial treatment allocation following the
diagnosis of gastric cancer. Exposures: Metformin treatment, comorbidities, concurrent medication,
and procedural information. Outcomes: All-cause death, disease-specific death, cardiovascular
death. Results: During the 5-year follow-up period, the metformin treatment group exhibited a
lower cumulative incidence of all-cause death (27.5%) in comparison to the group not receiving
metformin treatment (32.8%). Furthermore, the relative hazards for all-cause death were significantly
reduced in the metformin treatment group (HR: 0.80, 95% CI 0.78–0.82), indicating a lower risk of
death when compared to the non-metformin group. In addition, metformin treatment was associated
with lower occurrences of disease-specific death (related to gastric cancer) and cardiovascular death
when compared to the group not undergoing metformin treatment. Conclusions: The findings
demonstrated that the use of metformin was effective at improving prognosis among gastric cancer
patients documented with prior DM. In this population-based cohort study, metformin treatment
was associated with reduced risk of mortality.

Keywords: metformin; gastric cancer; diabetes mellitus; all-cause death

1. Introduction

Malignant neoplasm is the leading cause of death worldwide, contributing to ap-
proximately 19.3 million new cancer cases and 10 million deaths in 2020 [1]. Particularly,
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gastric cancer ranked as the fifth most common cancer, with 1,089,103 newly diagnosed
cases globally, accounting for 768,793 deaths. The highest incidence rate was in Eastern
Asia, with 32.5 cases per 100,000 persons, followed by Eastern Europe (17.4 per 100,000) [2].
Gastric cancer has been one of the leading diagnosed cancers and causes of cancer-related
mortality in South Korea, but it has shown a continuous declining trend over the past two
decades [3,4]. Consistent gains in survival are expected in the future due to recent advances
in early detection and cancer treatment [5,6].

Diabetic patients with concurrent gastric issues are considered to be at an elevated risk
of future mortality and morbidity [7]. Hyperinsulinemia and chronic inflammation, both
associated with diabetes, play significant roles in the neoplastic process. As a result, cancer
patients with diabetes require interventions to reduce blood glucose levels and enhance
insulin sensitivity [8].

According to current guidelines provided by the American Diabetes Association
(ADA) and the European Association for the Study of Diabetes (EASD), metformin is
recommended as the primary oral therapeutic approach for managing diabetes. Met-
formin is a widely utilized medication that offers evident advantages in terms of glucose
metabolism [9]. The prognostic significance of survival outcomes for diabetic patients has
been evaluated in preclinical studies [10–12]. Furthermore, metformin operates through
the 5′-adenosine monophosphate-activated protein kinase (AMPK) mechanism, which
modulates carcinogenesis [13]. Metformin’s anti-tumor effects also involve inhibiting mito-
chondrial complex 1 (mTORC1), allowing it to decrease the generation of reactive oxygen
species (ROS) and trigger autophagy while fostering diversity in the gastric microbiome
(refer to Figure 1) [13,14]. Decreased microbiome diversity is closely associated with H. py-
lori colonization, consistently implicating metformin’s underlying mechanism in managing
gastric cancer [14].
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However, direct evidence that comprehensively supports the efficacy of metformin
in patients with both concurrent diabetes mellitus (DM) and gastric cancer is still lacking.
Physiologically, metformin has been shown to reduce glucose production and potentially
have an anticancer effect [15]. Nevertheless, not all of its effects can be adequately eluci-
dated due to the complexity and incomplete understanding of the underlying mechanism
of action.

In the context of gastric cancer, metformin has recently garnered attention as a potential
treatment with anticancer properties [16]. Moreover, there has been a renewed interest in
the drug’s impact on diabetic patients with gastric cancer [12]. Therefore, the aim of this
study was to assess the potential effect of metformin treatment on the risk of death among
patients with gastric cancer who have previously been diagnosed with diabetes mellitus.
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2. Method
2.1. Study Design, Data Source and Study Population

The study was based on the National Health Insurance Service (NHIS) database.
The NHIS is a nonprofit and single-payer system generally administered by the Min-
istry of Health and Welfare. This study was conducted according to the Declaration of
Helsinki and approved by the independent Institutional Review Board of Yonsei Univer-
sity Health System (IRB 4-2021-0374) with no written informed consent because patients’
records/information was anonymized prior to analysis. The data, comprising health in-
surance claims for the nationwide population, were utilized to retrospectively examine
all patients with a history of gastric cancer diagnosis using the International Classifi-
cation of Diseases 10th (ICD-10) code corresponding to ‘C16.X’ from 1 January 2002 to
31 December 2012. Then, the study was designed to observe the occurrence of death at a
5 year follow-up period.

The total of 281,906 newly diagnosed gastric cancer patients was derived from the
NHIS claims data after a 1-year washout period, fitting well with the number reported by
Korean National Cancer Registration (KNCR) Statistics. From the selected study population,
patients with missing demographic information (n = 1119) and patients with multiple
cancers (n = 40,683) were excluded. Accordingly, 240,104 gastric cancer patients were
eligible for the analysis between 2003 and 2012.

Of the eligible gastric cancer patients, 154,640 patients with no prior history of DM
were excluded. Additionally, those with less than 30 days of follow-up duration (n = 19,495)
were excluded.

Consequently, this study comprised the remaining 63,664 patients who were treated
with metformin (n = 29,548) and who were never treated with metformin (n = 34,116)
during the initial treatment allocation after a gastric cancer diagnosis (Figure 2).
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2.2. Study Outcomes

All-cause death is determined based on death certificates obtained from the NHIS
(National Health Insurance Service) database. Disease-specific death was defined using the
Tenth Revision of the International Classification of Diseases (ICD-10) codes corresponding
to ‘C16.X’, which were recorded on the death certificates.

In light of metformin’s impact on low-density lipoprotein (LDL) cholesterol and its
potential to stimulate cholesterol transport, this study also incorporated cardiovascular
death as one of the outcome measures [17]. Cardiovascular death cases were identified via
the National Statistical Office of Korea, which provided death certificates with a precision
rate of 92% for specific causes of death [18–20]. Cardiovascular death was identified by a
death certificate containing at least one diagnosis related to cardiovascular conditions (such
as acute myocardial infarction, stroke, heart failure, or sudden cardiac death). A detailed
explanation of each clinical outcome is presented in Table S1.

2.3. Prior History of DM

DM was identified through the ICD-10 code recorded in the claims data. Patients
who received a diagnosis with the ‘E10.X-E14.X’ code in their claims records prior to the
diagnosis of gastric cancer were categorized as having prior DM. The duration of DM prior
to the gastric cancer diagnosis was 4.48 years (SD: 3.09) in the metformin treatment group
and 4.53 years (SD: 3.11) in the no-treatment group. An analysis of variance (ANOVA) was
conducted to test for statistically significant differences in the duration of diabetes between
these two groups, and no significant difference was found (p-value = 0.721).

The severity of DM was assessed based on the patients’ baseline comorbidities and
concurrent medication usage. Comorbidities taken into account included hypertension,
chronic kidney disease, and the Charlson comorbidity index. A comprehensive list of
comorbidities considered in this study is presented in Table S2. Concurrent medications
encompassed the utilization of insulin, as well as oral hypoglycemic agents (OHAs) such
as Sulfonylurea, Biguanide, Thiazolidinedione, and SGLT-2 inhibitors.

2.4. Treatment Allocation

The allocation of treatment was determined based on the number of days metformin
was prescribed during the first year following the diagnosis of gastric cancer. Among the
final sample of 63,664 patients, 29,548 (46.4%) were prescribed metformin for 365 days,
while 29,852 (46.9%) had no metformin prescription. The remaining 4264 patients (6.7%)
in the final sample received less than 90 days of prescription during the first year. These
patients with limited prescription days were included in the no-treatment group to prevent
selection bias [21], as removing this group could lead to a non-representative study sample.

Furthermore, the validity of the treatment allocation was assessed by comparing
the number of days metformin was prescribed during the first year with the number of
days it was prescribed before the cancer diagnosis. Among patients who had received
metformin treatment prior to their gastric cancer diagnosis (47.4%), 46.4% continued to
receive metformin during the first year (p < 0.001) (refer to Figure 3).

This study followed an intention-to-treat (ITT) approach, commonly employed in
randomized clinical trials (RCTs), which involves the inclusion of all patients in the final
analysis. Consequently, the treatment allocation established at baseline remains a fixed ex-
posure (treated vs. not treated) for the patients, and subsequent changes in metformin usage
are not taken into account. Excluding noncompliant patients could introduce prognostic
imbalance among the treatment groups [21].
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2.5. Statistical Analysis

Continuous variables were expressed as mean ± standard deviation, while dichoto-
mous variables were presented as frequencies and percentages. The estimation of inverse
probability of treatment weights (IPTWs) was accomplished using the propensity score,
which was determined through logistic regression involving baseline factors such as age,
sex, comorbidities, concurrent medication, procedural information, and the year of gastric
cancer diagnosis. This approach aimed to minimize confounding bias. In retrospective
observational studies based on historical data, many baseline covariates at the subject level
are likely to impact both the exposure and the outcome [22]. Thus, including all measured
baseline characteristics in the propensity model is safe. Our study selected relevant co-
variates from the data to reduce confounding bias and constructed an elaborate model to
satisfy the strong ignorable condition [23–25].

To stabilize the IPTW, it was multiplied by the marginal probability of receiving
each treatment. The imbalance between the two groups for baseline comorbidities and
medications was assessed by calculating the difference in effect size using standardized
mean difference and visualized using Kernel density plots (refer to Table 1 and Figure S1).
Values of standardized mean difference exceeding 0.1 were considered indicative of the
potential imbalance between the two groups. Survival rates over a 5-year follow-up period
were graphically depicted using the Kaplan–Meier method (refer to Figure 4). The adjusted
hazard ratio (HR) for each study outcome was calculated using the Cox proportional hazard
regression model with a sandwich variance estimate. Specifically, a cause-specific hazard
model was applied to account for death as a competing risk when comparing the incidences
of all-cause, disease-specific, and cardiovascular death.
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Table 1. Baseline characteristics of the study population.

Characteristics
Before Stabilized IPTW (n = 63,664) After Stabilized IPTW (n = 63,902)

Metformin No Metformin SMD Metformin No Metformin SMD

Total 29,548 (100.0) 34,116 (100.0) 29,335 (100.0) 34,567 (100.0)

Age, years 65.4 ± 9.7 64.9 ± 11.1 0.051 65.2 ± 9.7 65.2 ± 11.0 0.001
Sex, male 20,626 (69.8) 22,992 (67.4) 0.052 20,247 (69.0) 23,931 (69.2) 0.005

Current smoker 4261 (14.4) 5752 (16.9) 0.067 4711 (16.1) 5488 (15.9) 0.005
Current drinker 2147 (7.3) 2983 (8.7) 0.054 2394 (8.2) 2823 (8.2) 0.001

Comorbidity
Hypertension 20,326 (68.8) 18,628 (54.6) 0.295 18,020 (61.4) 21,284 (61.6) 0.003
Dyslipidemia 7908 (26.8) 13,894 (40.7) 0.299 10,019 (34.2) 11,717 (33.9) 0.005

Chronic kidney disease
w/severe renal impairment a 566 (1.9) 532 (1.6) 0.027 514 (1.8) 691 (2.0) 0.018

CCI 4.3 ± 2.5 3.1 ± 2.3 0.475 3.7 ± 2.3 3.8 ± 2.8 0.029
Concurrent medication

Insulin 1209 (4.1) 139 (0.4) 0.250 627 (2.1) 874 (2.5) 0.026
OHAs 6184 (20.9) 8341 (24.5) 0.084 6996 (23.9) 8217 (23.8) 0.002

Acetylsalicylic acid 10,556 (35.7) 8945 (26.2) 0.207 9049 (30.8) 10,685 (30.9) 0.001
Statin 6861 (23.2) 5445 (16.0) 0.184 5669 (19.3) 6773 (19.6) 0.007

Procedural information b

Surgery only 16,082 (54.4) 18,805 (55.1) 0.045 15,964 (54.4) 18,810 (54.4) 0.007
Surgery/chemoradiation 4082 (13.8) 4910 (14.4) 4180 (14.2) 4971 (14.4)

Chemoradiation 2123 (7.2) 2629 (7.7) 2295 (7.8) 2648 (7.7)
No treatment 7261 (24.6) 7772 (22.8) 6896 (23.5) 8139 (23.5)

Year of diagnosis
2003~2005 7640 (25.9) 7635 (22.4) 0.082 7211 (24.6) 8607 (24.9) 0.008
2006~2009 9385 (31.8) 11,216 (32.9) 9488 (32.3) 11,184 (32.4)
2010~2012 12,523 (42.4) 15,265 (44.7) 12,636 (43.1) 14,776 (42.7)

Values are presented as the mean ± standard deviation or numbers (%). IPTW: inverse probability of treatment weighting; SMD: standardized mean difference; CCI: charlsons
comorbidity index; OHA: oral hypoglycemic agents. a Chronic kidney disease with advanced stage requiring intensive medical therapy and financial assistance from health insurance.
b Procedural information categorized based on the treatment patterns outlined in the NCCN Guidelines 2022.
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Landmark analysis was employed to address immortal bias. Participants who were
right-censored due to early death before reaching the landmark time were not included
in the calculation of risk for death [26]. Furthermore, the treatment assignment for the
remaining participants was determined based only on data available up to the specific
landmark time. Consequently, the dynamic nature of treatment allocation over time was
effectively controlled [26,27]. In this study, the landmark time was precisely defined as the
period spanning 2 to 5 years following the diagnosis of gastric cancer.

The average survival duration of untreated gastric cancer patients across TNM stages
has been reported as 63 months for T1, 25 months for T2, 13 months for T3, and 10 months
for T4 [28]. Additionally, T1 gastric cancer has been noted to represent the highest propor-
tion among all gastric TNM stages in South Korea (accounting for 63.9% in 2019) [29]. Select-
ing a landmark time within the range of 2 to 5 years allows for the exclusion of cases of early
death, thereby enabling the estimation of the long-term impact of metformin treatment.

To ensure the robustness of the primary findings, several sensitivity analyses were
performed, including the utilization of a time-dependent Cox proportional hazard model
and conducting a per-protocol analysis. The time-dependent Cox proportional hazard
model takes into account fluctuations in treatment status. In this context, if a patient
undergoing treatment ceases to receive prescriptions for a period of 60 days during the
study duration, this interval is treated as a period of being unexposed [30]. On the other
hand, the per-protocol analysis involves the exclusion of non-compliant patients, which
stands in contrast to the intention-to-treat (ITT) approach [27].

To determine statistical significance, a two-sided p-value of less than 0.05 was con-
sidered as the threshold. All statistical analyses were carried out using SAS version 9.4
(SAS Institute, Cary, NC, USA) and R version 4.0 (The R Foundation, www.R-project.org,
accessed on 10 June 2023).

3. Results

The patients were followed for an average of 4.1± 1.7 years in the metformin treatment
group and 4.0 ± 1.7 years in the no-metformin group. The baseline characteristics of the
study population are presented in Table 1 both before and after applying stabilized IPTW.
These characteristics encompass health-related behaviors (smoking, drinking), comorbidi-
ties, concurrent medication, procedural information, and the year of diagnosis. Following
the application of stabilized IPTW, the study included 63,902 patients who had been diag-

www.R-project.org
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nosed with gastric cancer and documented prior DM: 29,335 patients receiving metformin
treatment and 34,567 patients not receiving metformin treatment. Post-application of stabi-
lized IPTW, no disparities were observed in baseline comorbidities, concurrent medication,
or procedural information (with standardized mean differences < 0.1, as indicated in Table 1
and Figure S1).

Table 2 presents the relative hazards for (1) all-cause death, (2) disease-specific death
(as documented by ICD-10: C16), and (3) cardiovascular death. Over the 5-year follow-
up period, the incidence of all-cause death was significantly lower in the metformin
treatment group (HR: 0.80, 95% CI 0.78–0.82). In comparison to the no-metformin group,
metformin treatment was associated with reduced rates of disease-specific death and
cardiovascular death.

Table 2. Result of Cox proportional hazard model for deaths after stabilized inverse probability of
treatment weighting.

5 Years Endpoint
Metformin No Metformin

Hazard Ratio (95% CI) p-Value
(n = 29,335) (n = 34,537)

All-cause death
1 y 3547 (12.1) 5436 (15.7) 0.75 (0.72 – 0.78) <0.001
2 y 5294 (18.1) 7949 (23.0) 0.76 (0.73 – 0.79) <0.001
3 y 6385 (21.8) 9412 (27.2) 0.77 (0.75 – 0.79) <0.001
4 y 7290 (24.9) 10,473 (30.3) 0.79 (0.76 – 0.81) <0.001
5 y 8052 (27.5) 11,325 (32.8) 0.80 (0.78 – 0.82) <0.001

Disease-specific
death

1 y 2791 (9.5) 4279 (12.4) 0.75 (0.72 – 0.79) <0.001
2 y 4125 (14.1) 6165 (17.8) 0.77 (0.74 – 0.80) <0.001
3 y 4837 (16.5) 7165 (20.7) 0.77 (0.75 – 0.80) <0.001
4 y 5377 (18.3) 7848 (22.7) 0.78 (0.76 – 0.81) <0.001
5 y 5780 (19.7) 8306 (24.0) 0.79 (0.77 – 0.82) <0.001

Cardiovascular
death

1 y 533 (1.8) 773 (2.2) 0.81 (0.73 – 0.91) <0.001
2 y 792 (2.7) 1118 (3.2) 0.83 (0.76 – 0.91) <0.001
3 y 985 (3.4) 1355 (3.9) 0.85 (0.79 – 0.93) <0.001
4 y 1159 (4.0) 1556 (4.5) 0.88 (0.81 – 0.94) <0.001
5 y 1312 (4.5) 1711 (5.0) 0.90 (0.84 – 0.97) 0.004

CI: confidence interval.

Figure 4 illustrates the cumulative incidence of all-cause death. The occurrence of all-
cause death was notably lower in the metformin treatment group (27.5% vs. 32.8%). During
the 2–5 year landmark period after gastric cancer diagnosis, the cumulative incidence and
relative hazards of all-cause death were markedly reduced in the metformin treatment
group (11.4% vs. 12.7%, HR: 0.89, 95% CI 0.85–0.94).

The results of sensitivity analyses are provided in Table S3, including outcomes from
both the time-dependent Cox proportional hazard model and the per-protocol population
model. These models consistently demonstrated a significant association between met-
formin treatment and a reduced risk of death. Specifically, the time-dependent Cox model
indicated an HR of 0.78 (95% CI 0.77–0.79), while the per-protocol model showed an HR of
0.63 (95% CI 0.60–0.64).

Figure 5 displays the outcomes of subgroup analysis, stratified based on baseline
characteristics. Interestingly, there was no significant difference in the treatment effect
when the study population was categorized by age, sex, comorbidities, and procedural
information. The link between metformin treatment and a reduced risk of all-cause death
remained consistent across various baseline characteristics, demonstrating its independence
after the application of stabilized IPTW.
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Figures S2 and S3 depict the cumulative incidence of disease-specific death and
cardiovascular death, respectively. Notably, the incidence of these events was notably
lower in the metformin treatment group compared to the non-treatment group (disease-
specific death: 19.7% vs. 24.0%, cardiovascular death: 4.5% vs. 5.0%).

4. Discussion

The results of the study revealed that the utilization of metformin had a positive impact
on the prognosis of gastric cancer patients with a prior diagnosis of diabetes mellitus (DM).
Within this population-based cohort study, extended metformin treatment was linked to
a decreased risk of multiple outcomes, including (1) all-cause death, (2) disease-specific
death related to gastric cancer, and (3) cardiovascular death. These findings collectively
suggest that metformin treatment holds the potential to lower the incidence of different
types of mortality.

Despite the existing guideline’s recommendation of metformin therapy as the initial
approach for managing diabetes mellitus (DM), there remains a scarcity of comprehensive
documentation regarding metformin’s impact on patient-relevant outcomes. Despite its
availability for over 60 years [31], only a limited number of randomized clinical trials
(RCTs) have delved into the efficacy of metformin concerning a wide range of prognostic
factors. A recent meta-analysis involving 13 RCTs indicated a potential reduction in all-
cause mortality [OR: 0.80; CI 0.60–1.07] when comparing metformin to no therapy [32].
However, it is important to acknowledge that the strength of this evidence is relatively
modest due to the restricted sample size of the eligible RCTs.

In contrast, the present nationwide cohort study included 29,548 gastric cancer patients
with DM who received metformin treatment—approximately ten times the enrolment of
previous RCTs (with enrollments ranging from 174 to 2895). Consequently, this study
showcased a markedly improved statistical power, enabling a more robust demonstration
of the favorable effect of metformin treatment in comparison to no treatment, particularly
concerning all-cause death.
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Patients diagnosed with diabetes mellitus (DM) are at a heightened risk of experi-
encing cardiovascular events, and those with concurrent DM and gastric cancer face an
even greater risk of mortality. Consequently, this specific population necessitates a well-
structured treatment regimen aimed at reducing glucose levels and preventing adverse
cardiovascular outcomes. The cardiovascular safety of metformin has been a topic of
discussion since the publication of the groundbreaking UK Prospective Diabetes Study-34
(UKPDS-34) trial in 1998. The UKPDS study demonstrated that early intensive glycemic
control using metformin is associated with a lowered risk of diabetes-related complica-
tions and mortality [33]. Building upon this significant finding, several clinical practice
guidelines, such as those from the American Diabetes Association (ADA) and the Euro-
pean Association for the Study of Diabetes (EASD), recommend metformin as the initial
therapeutic choice [9].

The glucose-lowering effects of metformin primarily involve inhibiting hepatic gluco-
neogenesis and enhancing insulin sensitivity in musculoskeletal tissues. The mechanisms
of metformin action are multifaceted, encompassing both AMPK-dependent and AMPK-
independent pathways. These include inhibiting mitochondrial respiration, restraining
mitochondrial glycerophosphate dehydrogenase activity, and involving lysosomal mech-
anisms [34–37]. Metformin’s influence on improving glycemia is primarily attributed to
AMPK activation in the liver, although its effects extend to a more intricate network of
actions [37]. Despite this progress in understanding, further research is essential to fully
grasp how the drug operates within its target population.

Regarding gastric cancer, metformin has recently gained attention as a potential
treatment with anticancer properties [14,16]. The actions of metformin and its potential
to mitigate the risk of gastric cancer have been highlighted in a recent study by Lan et al.
Notably, metformin, which is commonly used to manage diabetes, is associated with
favorable effects in cancer prevention due to its therapeutic anti-tumor mechanisms [14].
This has sparked renewed interest in investigating the impact of metformin on diabetic
patients diagnosed with gastric cancer [12].

A randomized clinical trial (RCT) conducted by Lee et al. demonstrated that in gastric
cancer patients with diabetes, an extended cumulative duration of metformin usage was
linked to decreased rates of all-cause mortality and cancer-specific mortality [12]. In our
analysis, which is based on health insurance claims covering a nationwide population,
we specifically examined the efficacy of metformin treatment in newly diagnosed gastric
cancer patients with diabetes. The findings suggest that metformin treatment potentially
delivers favorable outcomes even within this subgroup, characterized by a higher risk of
mortality and morbidity. As indicated in Table 2, metformin treatment was associated
with a reduction in the risks of all-cause death, disease-specific death (attributed to gastric
cancer), and cardiovascular death.

Conversely, concerns surrounding the potential adverse effects of metformin usage
have been raised. Among these concerns, gastrointestinal symptoms such as diarrhea,
abdominal pain, dyspepsia, and constipation are the most commonly reported due to met-
formin’s impact on reducing hepatic gluconeogenesis and glucose uptake [38,39]. A prior
study indicated that the accumulation of metformin in the intestines could be a primary
cause of these gastrointestinal side effects. This may be attributed to the limited absorption
of metformin hydrochloride in the stomach, with stronger accumulation occurring along-
side reduced gluconeogenesis [40]. Consequently, cautious control over the drug dosage is
imperative to avert the risk of severe hypoglycemia. It is important to recognize that our
findings should be approached as hypothesis-generating and call for further prospective
confirmation concerning the safety of long-term and/or intensive metformin treatment.
While our study provides valuable insights, the potential adverse effects of metformin must
be carefully weighed and investigated in dedicated studies to establish a comprehensive
understanding of its safety profile.

High levels of heterogeneity are likely to emerge in pharmacological observational
studies that explore the relationship between metformin usage and the risk of adverse
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outcomes. One factor contributing to this heterogeneity is the presence of immortal time
bias, which has been a longstanding concern in observational studies [41,42]. Immortal
time bias can lead to an overestimation of the benefits of a drug, potentially creating a false
perception that metformin exerts a highly protective effect on morbidity and mortality
risk. To mitigate the impact of immortal time bias, the present study employed a time-
dependent Cox regression analysis. This approach accounted for variations in prescription
patterns after the initial treatment assignment, helping to minimize bias in the estimates.
Additionally, the analysis focused exclusively on individuals who had survived up to the
landmark time (2~5 years) following the initial treatment assignment. This strategy was
adopted to control against the potential overestimation of the drug’s effect. These rigorous
methodological choices represent some of the key strengths that set this study apart from
previous pharmacological observational studies. By addressing and minimizing immortal
time bias, the study enhances the reliability of its findings and contributes to a more accurate
understanding of the relationship between metformin and outcomes in this context.

A recent publication from the National Cancer Center highlighted temporal trends in
5-year survival rates among gastric cancer patients, revealing rates of 68.4% in 2006~2010
and 78.0% in 2016~2020 [43]. In comparison, the 5-year survival rate estimated for the
overall population in our study was 69.7% (with the metformin group at 72.5% and the
no-metformin group at 67.2%). Our study encompassed patients diagnosed between 2003
and 2012, with 5-year survival being assessed individually across different time periods
due to variations in the date of diagnosis. Consequently, our observed rate falls within
the range of the national statistics for gastric cancer survival spanning 2006 to 2020. It is
worth noting that the claims data utilized in our study originated from the Korea National
Health Insurance System (NHIS), a comprehensive single-payer system. This characteristic
lends a high degree of external validity to our findings, bolstering the credibility and
generalizability of the results.

The current study is subject to several limitations. First, the absence of detailed in-
formation regarding gastric cancer stages (e.g., stages I to IV) represents a limitation, as
these data were not available. Instead, the prognosis of gastric cancer was inferred from
procedural information during the initial year following diagnosis. Patients’ procedural
data were categorized according to the National Comprehensive Cancer Network (NCCN)
Guidelines for gastric cancer, factoring in the TNM stage (detailed in Table S4) [44]. Conse-
quently, caution should be exercised in interpreting the findings of this study. Second, due
to the nature of the National Health Insurance System (NHIS) data, only claims data were
available, precluding access to medical records and limited access to health examination
results. Third, it is important to acknowledge that this analysis was conducted using
retrospective observational data, which inherently carries limitations such as the potential
for unmeasured confounding, including drug interactions and inappropriate medication
usage. Fourth, the study was unable to explore dose–response relationships. Future in-
vestigations that explore various treatment intensities could provide valuable insights for
guiding safer treatment strategies for patients. Finally, the retrospective cohort design
based on claims data imposes inherent limitations. Consequently, the results presented
in this study cannot establish causal relationships, and residual confounding factors may
persist even after employing stabilized IPTW to minimize bias. It is crucial to interpret the
study’s conclusions within the context of these limitations.

5. Conclusions

Indeed, the study findings suggest that prolonged metformin treatment is linked
to a decreased risk of all-cause death, disease-specific death (related to gastric cancer),
and cardiovascular death among patients who have both diabetes and gastric cancer. This
observation underscores the potential benefits of metformin therapy in improving outcomes
for individuals facing this dual medical challenge.



Cancers 2023, 15, 4134 12 of 14

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/cancers15164134/s1, Figure S1. Distribution of stabilized
inverse probability of treatment weighting. The density plot depicted as red color and blue color
indicates metformin therapy and no metformin therapy, respectively; Figure S2. Time-to-event
curve for disease-specific death; Figure S3. Time-to-event curve for cardiovascular death; Table S1.
Definitions and ICD-10 codes used for adverse events; Table S2. ICD-10 codes used for Charlson
comorbidity index. Table S3. Result of sensitivity analysis for death. Table S4. Types of treatment
patterns according to TNM stages.

Author Contributions: J.-H.J. is the first author of the study. J.-H.J. wrote the first draft and conducted
the main analysis of the study. J.-H.J., H.-S.Z. and S.P. designed the study and were responsible for
the integrity of the data. J.-H.J., H.-S.Z. and J.C. collected the data and contributed to the discussion.
E.-C.P. and S.P. reviewed and edited the manuscript. S.P. reviewed the statistical analysis and
provided guidance in performing the analysis. S.P. is the guarantor of this work and, as such, has full
access to all of the data. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Research Foundation (NRF) of Korea under
Project number 2020R1A2C1012488, and by the National R&D Program for Cancer Control through
the National Cancer Center (NCC), funded by the Ministry of Health & Welfare, Republic of Korea
under Project number HA23C0534.

Institutional Review Board Statement: This study was conducted according to the 2008 Declaration
of Helsinki and approved by the independent Institutional Review Board of Yonsei University Health
System (IRB 4-2021-0374) with no written informed consent because patients’ records/information
was anonymized prior to analysis.

Informed Consent Statement: The need for patient consent was waived by the local ethics committee
of Yonsei University Severance Hospital in view of the retrospective nature of the study. The data
used in the study is secondary data with encrypted personal information.

Data Availability Statement: Data used in this study are provided in the Korea National Health
Insurance Service database (https://nhiss.nhis.or.kr, accessed on 10 June 2023) and can be viewed
upon reasonable request.

Acknowledgments: We would like to thank the members of the Department of Public Health at
Yonsei University for their advice for the further development of this study.

Conflicts of Interest: The authors have no relevant financial or non-financial interest to declare.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Jung, K.-W.; Won, Y.-J.; Hong, S.; Kong, H.-J.; Im, J.-S.; Seo, H.G. Prediction of cancer incidence and mortality in Korea, 2021.

Cancer Res. Treat. Off. J. Korean Cancer Assoc. 2021, 53, 316–322. [CrossRef]
3. Balakrishnan, M.; George, R.; Sharma, A.; Graham, D.Y. Changing trends in stomach cancer throughout the world. Curr.

Gastroenterol. Rep. 2017, 19, 1–10. [CrossRef]
4. Kang, M.J.; Won, Y.-J.; Lee, J.J.; Jung, K.-W.; Kim, H.-J.; Kong, H.-J.; Im, J.-S.; Seo, H.G. Cancer statistics in Korea: Incidence,

mortality, survival, and prevalence in 2019. Cancer Res. Treat. Off. J. Korean Cancer Assoc. 2022, 54, 330–344. [CrossRef] [PubMed]
5. Ganz, P.A. Impact of tamoxifen adjuvant therapy on symptoms, functioning, and quality of life. JNCI Monogr. 2001, 2001, 130–134.

[CrossRef] [PubMed]
6. Litwin, M.S. Quality of life following definitive therapy for localized prostate cancer: Potential impact of multiple therapies. Curr.

Opin. Urol. 2003, 13, 153–156. [CrossRef]
7. Ross, R.; Blair, S.N.; Arena, R.; Church, T.S.; Després, J.-P.; Franklin, B.A.; Haskell, W.L.; Kaminsky, L.A.; Levine, B.D.; Lavie,

C.J. Importance of assessing cardiorespiratory fitness in clinical practice: A case for fitness as a clinical vital sign: A scientific
statement from the American Heart Association. Circulation 2016, 134, e653–e699. [CrossRef]

8. Amin, M.N.; Hussain, M.S.; Sarwar, M.S.; Moghal, M.M.R.; Das, A.; Hossain, M.Z.; Chowdhury, J.A.; Millat, M.S.; Islam, M.S.
How the association between obesity and inflammation may lead to insulin resistance and cancer. Diabetes Metab. Syndr. Clin. Res.
Rev. 2019, 13, 1213–1224. [CrossRef]

9. Davies, M.J.; D’Alessio, D.A.; Fradkin, J.; Kernan, W.N.; Mathieu, C.; Mingrone, G.; Rossing, P.; Tsapas, A.; Wexler, D.J.; Buse, J.B.
Management of hyperglycaemia in type 2 diabetes, 2018. A consensus report by the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD). Diabetologia 2018, 61, 2461–2498. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers15164134/s1
https://nhiss.nhis.or.kr
https://doi.org/10.3322/caac.21660
https://doi.org/10.4143/crt.2021.290
https://doi.org/10.1007/s11894-017-0575-8
https://doi.org/10.4143/crt.2022.128
https://www.ncbi.nlm.nih.gov/pubmed/35313102
https://doi.org/10.1093/oxfordjournals.jncimonographs.a003450
https://www.ncbi.nlm.nih.gov/pubmed/11773306
https://doi.org/10.1097/00042307-200303000-00011
https://doi.org/10.1161/CIR.0000000000000461
https://doi.org/10.1016/j.dsx.2019.01.041
https://doi.org/10.1007/s00125-018-4729-5


Cancers 2023, 15, 4134 13 of 14

10. Shi, Y.-Q.; Zhou, X.-C.; Du, P.; Yin, M.-Y.; Xu, L.; Chen, W.-J.; Xu, C.-F. Relationships are between metformin use and survival in
pancreatic cancer patients concurrent with diabetes: A systematic review and meta-analysis. Medicine 2020, 99, e21687. [CrossRef]
[PubMed]

11. Lee, J.H.; Kim, T.I.; Jeon, S.M.; Hong, S.P.; Cheon, J.H.; Kim, W.H. The effects of metformin on the survival of colorectal cancer
patients with diabetes mellitus. Int. J. Cancer 2012, 131, 752–759. [CrossRef] [PubMed]

12. Lee, C.-k.; Jung, M.; Jung, I.; Heo, S.J.; Jeong, Y.H.; An, J.Y.; Kim, H.-I.; Cheong, J.-H.; Hyung, W.J.; Noh, S.H. Cumulative
metformin use and its impact on survival in gastric cancer patients after gastrectomy. Ann. Surg. 2016, 263, 96–102. [CrossRef]

13. Marín-Aguilar, F.; Pavillard, L.E.; Giampieri, F.; Bullón, P.; Cordero, M.D. Adenosine monophosphate (AMP)-activated protein
kinase: A new target for nutraceutical compounds. Int. J. Mol. Sci. 2017, 18, 288. [CrossRef] [PubMed]

14. Lan, W.-H.; Lin, T.-Y.; Yeh, J.-A.; Feng, C.-L.; Hsu, J.-T.; Lin, H.-J.; Kuo, C.-J.; Lai, C.-H. Mechanism Underlying Metformin Action
and Its Potential to Reduce Gastric Cancer Risk. Int. J. Mol. Sci. 2022, 23, 14163. [CrossRef] [PubMed]

15. Ikhlas, S.; Ahmad, M. Metformin: Insights into its anticancer potential with special reference to AMPK dependent and independent
pathways. Life Sci. 2017, 185, 53–62. [CrossRef]

16. De Censi, A.; Puntoni, M.; Goodwin, P.; Cazzaniga, M.; Gennari, A.; Bonanni, B.; Gandini, S. Metformin and cancer risk in diabetic
patients: A systematic review and meta-analysis. Cancer Prev. Res. 2010, 3, 1451–1461. [CrossRef]

17. Lv, Z.; Guo, Y. Metformin and Its Benefits for Various Diseases. Front. Endocrinol. 2020, 11, 191. [CrossRef]
18. Choi, E.-K. Cardiovascular research using the Korean national health information database. Korean Circ. J. 2020, 50, 754–772.

[CrossRef]
19. You, S.C.; Rho, Y.; Bikdeli, B.; Kim, J.; Siapos, A.; Weaver, J.; Londhe, A.; Cho, J.; Park, J.; Schuemie, M. Association of ticagrelor

vs clopidogrel with net adverse clinical events in patients with acute coronary syndrome undergoing percutaneous coronary
intervention. JAMA 2020, 324, 1640–1650. [CrossRef]

20. Won, T.Y.; Kang, B.S.; Im, T.H.; Choi, H.J. The study of accuracy of death statistics. J. Korean Soc. Emerg. Med. 2007, 18, 256–262.
21. Mi, X.; Hammill, B.G.; Curtis, L.H.; Lai, E.C.; Setoguchi, S. Use of the landmark method to address immortal person-time bias in

comparative effectiveness research: A simulation study. Stat. Med. 2016, 35, 4824–4836. [CrossRef] [PubMed]
22. Austin, P.C. An introduction to propensity score methods for reducing the effects of confounding in observational studies.

Multivar. Behav. Res. 2011, 46, 399–424. [CrossRef]
23. Rosenbaum, P.R. Model Based Direct Adjustment. J. Am. Stat. Assoc. 1987, 82, 387–394. [CrossRef]
24. Tanner-Smith, E.E.; Lipsey, M.W. Identifying baseline covariates for use in propensity scores: A novel approach illustrated for a

nonrandomized study of recovery high schools. Peabody J. Educ. 2014, 89, 183–196. [CrossRef]
25. Brookhart, M.A.; Schneeweiss, S.; Rothman, K.J.; Glynn, R.J.; Avorn, J.; Stürmer, T. Variable selection for propensity score models.

Am. J. Epidemiol. 2006, 163, 1149–1156. [CrossRef]
26. Zhang, H.S.; Yang, Y.; Lee, S.; Park, S.; Nam, C.M.; Jee, S.H. Metformin use is not associated with colorectal cancer incidence in

type-2 diabetes patients: Evidence from methods that avoid immortal time bias. Int. J. Color. Dis. 2022, 37, 1827–1834. [CrossRef]
[PubMed]

27. Lachin, J.M. Statistical Considerations in the Intent-to-Treat Principle. Control. Clin. Trials 2000, 21, 167–189. [CrossRef]
28. Oh, S.-Y.; Lee, J.-H.; Lee, H.-J.; Kim, T.H.; Huh, Y.-J.; Ahn, H.-S.; Suh, Y.-S.; Kong, S.-H.; Kim, G.H.; Ahn, S.J.; et al. Natural History

of Gastric Cancer: Observational Study of Gastric Cancer Patients Not Treated During Follow-Up. Ann. Surg. Oncol. 2019, 26,
2905–2911. [CrossRef]

29. Korean Gastric Cancer Association-Led Nationwide Survey on Surgically Treated Gastric Cancers in 2019. J. Gastric Cancer 2021,
21, 221–235. [CrossRef]

30. Murphy, S.A.; Sen, P.K. Time-dependent coefficients in a Cox-type regression model. Stoch. Process. Their Appl. 1991, 39, 153–180.
[CrossRef]

31. Bailey, C.J. Metformin: Historical overview. Diabetologia 2017, 60, 1566–1576. [CrossRef]
32. Monami, M.; Candido, R.; Pintaudi, B.; Targher, G.; Mannucci, E.; Delle Monache, L.; Gallo, M.; Giaccari, A.; Masini, M.L.;

Mazzone, F. Effect of metformin on all-cause mortality and major adverse cardiovascular events: An updated meta-analysis of
randomized controlled trials. Nutr. Metab. Cardiovasc. Dis. 2021, 31, 699–704. [CrossRef]

33. Group, U.P.D.S. Effect of intensive blood-glucose control with metformin on complications in overweight patients with type 2
diabetes (UKPDS 34). Lancet 1998, 352, 854–865.

34. Chen, S.; Gan, D.; Lin, S.; Zhong, Y.; Chen, M.; Zou, X.; Shao, Z.; Xiao, G. Metformin in aging and aging-related diseases: Clinical
applications and relevant mechanisms. Theranostics 2022, 12, 2722. [CrossRef]

35. Alvim, R.O.; Cheuhen, M.R.; Machado, S.R.; Sousa, A.G.P.; Santos, P.C. General aspects of muscle glucose uptake. An. Da Acad.
Bras. De Cienc. 2015, 87, 351–368. [CrossRef] [PubMed]

36. Fujii, N.; Jessen, N.; Goodyear, L.J. AMP-activated protein kinase and the regulation of glucose transport. Am. J. Physiol. Endocrinol.
Metab. 2006, 291, E867–E877. [CrossRef]

37. Rena, G.; Hardie, D.G.; Pearson, E.R. The mechanisms of action of metformin. Diabetologia 2017, 60, 1577–1585. [CrossRef]
38. Aroda, V.R.; Edelstein, S.L.; Goldberg, R.B.; Knowler, W.C.; Marcovina, S.M.; Orchard, T.J.; Bray, G.A.; Schade, D.S.; Temprosa,

M.G.; White, N.H. Long-term metformin use and vitamin B12 deficiency in the diabetes prevention program outcomes study.
J. Clin. Endocrinol. Metab. 2016, 101, 1754–1761. [CrossRef] [PubMed]

https://doi.org/10.1097/MD.0000000000021687
https://www.ncbi.nlm.nih.gov/pubmed/32925714
https://doi.org/10.1002/ijc.26421
https://www.ncbi.nlm.nih.gov/pubmed/21913184
https://doi.org/10.1097/SLA.0000000000001086
https://doi.org/10.3390/ijms18020288
https://www.ncbi.nlm.nih.gov/pubmed/28146060
https://doi.org/10.3390/ijms232214163
https://www.ncbi.nlm.nih.gov/pubmed/36430639
https://doi.org/10.1016/j.lfs.2017.07.029
https://doi.org/10.1158/1940-6207.CAPR-10-0157
https://doi.org/10.3389/fendo.2020.00191
https://doi.org/10.4070/kcj.2020.0171
https://doi.org/10.1001/jama.2020.16167
https://doi.org/10.1002/sim.7019
https://www.ncbi.nlm.nih.gov/pubmed/27350312
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1080/01621459.1987.10478441
https://doi.org/10.1080/0161956X.2014.895647
https://doi.org/10.1093/aje/kwj149
https://doi.org/10.1007/s00384-022-04212-9
https://www.ncbi.nlm.nih.gov/pubmed/35831458
https://doi.org/10.1016/S0197-2456(00)00046-5
https://doi.org/10.1245/s10434-019-07455-z
https://doi.org/10.5230/jgc.2021.21.e27
https://doi.org/10.1016/0304-4149(91)90039-F
https://doi.org/10.1007/s00125-017-4318-z
https://doi.org/10.1016/j.numecd.2020.11.031
https://doi.org/10.7150/thno.71360
https://doi.org/10.1590/0001-3765201520140225
https://www.ncbi.nlm.nih.gov/pubmed/25761221
https://doi.org/10.1152/ajpendo.00207.2006
https://doi.org/10.1007/s00125-017-4342-z
https://doi.org/10.1210/jc.2015-3754
https://www.ncbi.nlm.nih.gov/pubmed/26900641


Cancers 2023, 15, 4134 14 of 14

39. Al-Abri, S.; Hayashi, S.; Thoren, K.; Olson, K. Metformin overdose-induced hypoglycemia in the absence of other antidiabetic
drugs. Clin. Toxicol. 2013, 51, 444–447. [CrossRef]

40. Tarry-Adkins, J.L.; Grant, I.D.; Ozanne, S.E.; Reynolds, R.M.; Aiken, C.E. Efficacy and Side Effect Profile of Different Formulations
of Metformin: A Systematic Review and Meta-Analysis. Diabetes Ther. 2021, 12, 1901–1914. [CrossRef] [PubMed]

41. Suissa, S. Immortal time bias in pharmacoepidemiology. Am. J. Epidemiol. 2008, 167, 492–499. [CrossRef] [PubMed]
42. Yadav, K.; Lewis, R.J. Immortal time bias in observational studies. JAMA 2021, 325, 686–687. [CrossRef] [PubMed]
43. Kang, M.J.; Jung, K.-W.; Bang, S.H.; Choi, S.H.; Park, E.H.; Yun, E.H.; Kim, H.-J.; Kong, H.-J.; Im, J.-S.; Seo, H.G. Cancer Statistics

in Korea: Incidence, Mortality, Survival, and Prevalence in 2020. Cancer Res. Treat. 2023, 55, 385–399. [CrossRef] [PubMed]
44. National Comprehensive Cancer Network. NCCN Guidelines. 2022, Gastric Cancer. Available online: https://www.nccn.org/

guidelines/category_1 (accessed on 16 July 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3109/15563650.2013.784774
https://doi.org/10.1007/s13300-021-01058-2
https://www.ncbi.nlm.nih.gov/pubmed/34075573
https://doi.org/10.1093/aje/kwm324
https://www.ncbi.nlm.nih.gov/pubmed/18056625
https://doi.org/10.1001/jama.2020.9151
https://www.ncbi.nlm.nih.gov/pubmed/33591334
https://doi.org/10.4143/crt.2023.447
https://www.ncbi.nlm.nih.gov/pubmed/36915245
https://www.nccn.org/guidelines/category_1
https://www.nccn.org/guidelines/category_1

	Introduction 
	Method 
	Study Design, Data Source and Study Population 
	Study Outcomes 
	Prior History of DM 
	Treatment Allocation 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

