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Background: The cardiovascular protection effect of metformin on patients
with type 2 diabetes mellitus (T2DM) remains inconclusive. This systemic
review and meta-analysis were to estimate the effect of metformin on mortality
and cardiovascular events among patients with T2DM.

Methods: A search of the Pubmed and EMBASE databases up to December
2021 was performed. Adjusted hazard ratios (HRs) and 95% confidence
intervals (Cls) were pooled by a random-effects model with an inverse
variance method.

Results: A total of 39 studies involving 2473009 T2DM patients were
adopted. Compared to non-metformin therapy, the use of metformin was not
significantly associated with a reduced risk of major adverse cardiovascular
event (MACE) (HR = 1.06, 95%Cl 0.91-1.22; > = 82%), hospitalization (HR =
0.85, 95%Cl1 0.64-1.13; I> = 98%), heart failure (HR = 0.86, 95%CI| 0.60-1.25; /?
= 99%), stroke (HR = 1.16, 95%Cl 0.88-1.53; /> = 84%), and risk of AMI (HR
= 0.88, 95%Cl 0.69-1.14; > = 88%) in T2DM patients. Metformin was also
not associated with significantly lowered risk of MACE compared to dipeptidyl
peptidase-4 inhibitor (DPP-4i) in T2DM patients (HR = 0.95, 95%CI| 0.73-1.23;
12 = 84%).

Conclusions: The effect of metformin on some cardiovascular outcomes was
not significantly better than the non-metformin therapy or DPP-4i in T2DM
patients based on observational studies.
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Introduction

Cardiovascular disease (CVD) is the predominant cause
of death globally, resulting in a great economic burden and
a tremendous threat to public health. Approximately 19.05
million deaths are estimated to CVD globally (1). Moreover,
the incidence of CVD has been increasing or stagnating
among younger individuals (aged 18-50 years) over the
past few decades (2). Study shows that T2DM significantly
increase the risk of CVD and aggressive glycemic control can
reduce both macrovascular and microvascular events in T2DM
patients (3).

Metformin, a biguanide derivative, has been used as a
first-line hypoglycemic treatment for type 2 diabetes mellitus
(T2DM) patients since 1957 when it was recommended by
the European Association for the Study of Diabetes (EASD)
and the American Diabetes Association (ADA) (4). Apart
from its hypoglycemic effect, metformin has been found to
confer protection against breast cancer (5), polycystic ovary
syndrome (6), and neural recovery in patients with brain
tumors (7). Metformin is also associated with a lower risk of
major adverse cardiovascular events (MACEs) and all-cause
mortality (8, 9). The UK Prospective Diabetes Study (UKPDS)
shows that metformin has an effect of lowering the risk of
cardiovascular morbidity and mortality over 20 years (10).
Metformin can reduce the risk of heart failure, hospitalization,
and stroke in patients with T2DM (10, 11). In T2DM patients
with chronic kidney disease or heart failure, metformin may
also show a cardiovascular protection effect (12, 13). Compared
with other classic hypoglycemic agents (e.g., sulphonylurea),
metformin reduces the risks of all-cause or cardiovascular
mortality, stroke, and heart failure (14). When compared with
new antidiabetic drugs such as sodium-glucose cotransporter-
2 inhibitors, metformin is associated with a low rate of genital
infection and ketoacidosis (15). However, recent conflicting
reports have shown that metformin could not reduce all-
cause and cardiovascular mortality (16, 17). Moreover, the
combination of metformin and other hypoglycemic drugs may
even impose higher death risks (17).

Han et al. (18) found Metformin could reduce cardiovascular
mortality, all-cause mortality, and cardiovascular events in
coronary artery disease (CAD) patients. However, Han’s
study only targeted CAD patients rather than the common
population. Since more observational studies showed up and
current observational evidence on the effect of metformin on
CVD risk was still inconclusive, we carried out this meta-
analysis on a synthesis of published data to estimate adverse
cardiovascular outcomes following metformin treatment in
patients with T2DM.
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Methods

Overall, the corresponding authors designed the research
criteria, and two reviewers independently performed the
literature search, study selection, data abstraction, quality
assessment, and data analysis. Disagreements were resolved
by discussion between two reviewers, or consultation with
Ethical
necessary for this study because only the published studies

the corresponding authors. approval was not

were included.

Inclusion and exclusion criteria

We included observational retrospective or prospective
cohort studies, in which the adverse outcomes were compared
with T2DM treated with metformin
monotherapy and those treated with any other single drug

between patients

or diet/lifestyle modification. The adverse outcomes of interest
included all-cause mortality, MACE, hospitalization, heart
failure, cardiovascular mortality, stroke, and AMI. The primary
outcome was MACE, whereas others were secondary outcomes.
The definitions of the studied outcomes were applied that were
reported in the originally included studies.

We excluded studies focusing on patients with type 1
diabetes mellitus or patients without T2DM but with metformin
treatment. Studies in which patients with T2DM were treated
with two or more antidiabetic drugs or with one antidiabetic
drug combined with insulin were also excluded. Certain
publication types were excluded (e.g., reviews, comments, case
reports, case series, letters, editorials, and meeting abstracts) due
to insufficient data.

Literature search

A prior meta-analysis by Han et al. (18) has studied
the effect of metformin on adverse outcomes in patients
with T2DM, and the end date of the literature search
in this study was October 2019. Therefore, we abstracted
the included studies for the meta-analysis by Han et al,
and then systemically searched the PubMed and Embase
databases from January 2019 to December 2021 to identify
studies about the effect of metformin monotherapy vs. other
treatments on adverse outcomes in patients with T2DM.
The search terms combined with “AND” were applied
(1) “metformin,” (2) “diabetes mellitus” OR
“diabetes.” No linguistic restrictions were applied in the

as follows:

literature search.
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Study selection and data abstraction

We first screened the titles and abstracts of the retrieved
PubMed and Embase databases,
subsequently, read the full texts of the potential studies.

studies from the and
Those studies included in the prior meta-analysis by Han
et al. (18) were also checked. Eligible studies would be chosen
based on the pre-defined inclusion criteria. The following
information of the included studies was collected: first author,
publication year, country, study design, patient characteristics
(study population, sample size, age, sex), follow-up time, type
of treatment compared to metformin, sample size, and the
number of events in the metformin and control groups, and
adverse outcomes.

Study quality assessment

The Newcastle-Ottawa Scale (NOS) tool was used to assess
the quality of cohort studies. The NOS tool had three domains
with a total of nine points: the selection of population (0-
4 points), the comparability between experimental groups
and control groups in the study (0-2 points), and the
assessment of the outcome (0-3 points). In this meta-analysis,
the study with a NOS score of less than 6 points was
defined as low quality (19). This assessment method was used
previously (20).

Statistical analyzes

The statistical heterogeneity across the included studies
was assessed using the P-value of the Cochrane Q test and
the I? statistic, where a P < 0.10 in the Cochrane Q test or
an I > 50% suggested significant heterogeneity. The adjusted
hazard ratios (HRs) and 95% confidence intervals (CIs) were
considered as the effect sizes, and we converted them to the
natural logarithms and standard errors, which were pooled
by a random-effects model with an inverse variance method.
The data analyses were performed based on the type of
treatment and complications of patients. In the sensitivity
analysis, we re-performed the above-mentioned analyses by
deleting studies in which the sample size was smaller than
1,000 in either the control group or the experimental group.
The publication bias for the reported effect estimates was
assessed by funnel plots, egger and begg tests, and trim and
fill analyses.

All the statistical analyses of this meta-analysis were
performed using the Review Manager version 5.4 software
(the Cochrane Collaboration 2014, Nordic Cochrane Centre
Copenhagen, Denmark; https://community.cochrane.org/). In
this study, a P-value of less than 0.05 was considered
statistically significant.
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Results

Study selection

The flow chart of the literature retrieval is presented in
Supplementary Figure 1. A total of 10,244 studies were retrieved
from the PubMed and Embase databases for the title and abstract
screenings, after which 32 potential studies from databases were
pooled with the other 34 studies included in the prior meta-
analysis by Han et al. (18) to receive full-text screenings. Then we
excluded 27 studies for the following reasons: (1) 21 studies did
not focus on the adverse outcomes we set in the inclusion criteria
(21-39); (2) 3 studies included patients without type 2 diabetes
mellitus (40-42); (3) 1 ongoing study without outcomes (43); (4)
1 research investigated methodology of estimating the effect of
metformin (44); (5) 1 study used metformin as the baseline drug
in combination therapy (45). Finally, 39 studies [8 prospective
cohort studies (15, 46-52) and 31 retrospective cohort studies
(11,13, 19, 26, 53-79)] were included in this meta-analysis.

Baseline characteristics of the included
studies

Table 1
included

the
Twenty-seven

of the
investigated the

shows baseline characteristics

studies. studies
effect of metformin on all-cause mortality (13, 19, 46-
53, 55-59, 61, 62, 64-66, 68, 72-74, 77-79), 16 studies
investigated the effect of metformin on risk of MACE
(26, 49, 52, 55, 60, 62, 64, 65, 69, 72, 74-79), 18 studies
investigated the effect of metformin on risk of hospitalization
(11, 13, 15, 47, 49, 50, 52, 56-60, 63, 67, 69, 71-73), 14
studies investigated the effect of metformin on risk of heart
failure (11, 15, 49, 50, 52, 53, 56, 57, 59, 67-69, 71, 73), 14
studies investigated the effect of metformin on cardiovascular
mortality (19, 26, 46, 47, 49, 50, 56, 59, 60, 62, 64, 71, 74, 75),
8 studies investigated the effect of metformin on risk of stroke
(15, 26, 49, 57, 65, 68, 69, 74), and 6 studies investigated the
effect of metformin on the risk of AMI (15, 26, 49, 54, 69, 74).
Only 1 retrospective cohort study by Liu et al. (19) had a low
quality with 4 points assessed by the NOS tool.

Effect of metformin on MACE in T2DM
patients

As shown in Figures 1A-C, the use of metformin was not
associated with a decrease in the risk of MACE when compared
to non-metformin (HR = 1.06, 95%CI 0.91-1.22; I* = 82%).
Specifically, metformin was associated with a decreased risk of
MACE when compared to sulphonylurea (HR = 0.83, 95%CI
0.77-0.90; I> = 48%). What’s more, the use of metformin did
not alter the risk of MACE significantly compared to dipeptidyl
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TABLE 1 Baseline characteristics of included studies.

10.3389/fcvm.2022.944902

Author Year Country Study design Patient Sample Gender Age Follow- Comparison NOS for
characteristics size  male % up quality
(y) assessment
Scheller 2014 Denmark Retrospective T2DM 84,756 52 59.0 (15.2) 4 metformin vs. DPP-4i 9
cohort
Morgan 2014 UK Retrospective T2DM 5,208 36 66.6 (10.4) 2.9/3.1  metformin vs. 9
cohort sulphonylurea
Roumie 2012 USA Retrospective T2DM 161,296 97 65 (57-74) 5 metformin vs. 9
cohort sulphonylurea
Roumie 2017 USA Retrospective T2DM 131,972 97 66 (57-75) 7.5 metformin vs. 9
cohort sulphonylurea
Wang 2017 USA Retrospective T2DM 41,204 All 74.6 (5.8) 9 metformin vs. 7
cohort non-metformin
Fung 2015  China Retrospective T2DM 11,293 40 61.70 (10.75 5 metformin vs. diet 8
cohort
Liu 2016 USA Retrospective T2DM 272,149 44 60.7 7.4 metformin vs. 4
cohort sulphonylurea/ insulin
Facila 2017  Spain Prospective T2DM+HF 835 56 71 (10) 2.4 metformin vs. 8
cohort non-metformin
Shah 2010 USA Retrospective T2DM+HF 131 79 56 (11) 2 metformin vs. 7
cohort non-metformin
Romero 2011 Spain Prospective T2DM+HF 1,184 47 70.5 (7.0) 9 metformin vs. 8
cohort non-metformin
Roussel 2010 France Retrospective T2DM 19,691 66 67.1(9.3) 2 metformin vs. 8
cohort non-metformin
Schramm 2011 Denmark Retrospective T2DM 110,374 51 52.5(14.0) 9 metformin vs. 8
cohort sulphonylurea /insulin
Duncan 2007 USA Retrospective T2DM 1,284 76 65 (58-72) 0 (in-  metformin vs. 7
cohort hospital) non-metformin
Johnson 2005 Canada Retrospective T2DM 4,142 52 64.3 (12.4) 9 metformin vs. 7
cohort sulphonylurea
Evans 2006 UK Prospective T2DM 7,967 51 60.2 5 metformin vs. 9
cohort sulphonylurea
Chen 2016 Canada Retrospective T2DM 179,742 53 52.53 (10.07) 6 metformin vs. diet 6
cohort
Sillars 2010 Australia  Prospective T2DM 1,271 44 60.6 (11.9) 15 metformin vs. 7
cohort sulphonylurea
/insulin/diet
Abualsuod 2015 USA Retrospective T2DM+AMI 720 52 60.42 (13.36) 1 metformin vs. 7
cohort non-metformin
Retwinski 2018 Poland Retrospective T2DM+HF 1,030 70 64.5 (10.5) 1 metformin vs. 8
cohort non-metformin
Pantalone 2009 USA Retrospective T2DM 20,450 42 56.8 (13.9) 6 metformin vs. 7
cohort rosiglitazone/
pioglitazone/
sulphonylurea
Whitlock 2020 Canada retrospective T2DM+CKD 21,996 51 54.7 1.4/1.1  metformin vs. 8
cohort (16.1)/61.8 sulphonylurea
(16.8)
(Continued)
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TABLE 1 (Continued)

Author

Roumie

Clegg

Ritsinger

Baksh

Jung

Richardson

Jong

He

Chen

Wang

Gu

Khan

Fralick

Bromage

Kim

Tseng

Tseng

Year

2019

2021

2020

2020

2021

2021

2019

2021

2020

2021

2020

2021

2021

2019

2021

2021

2019

Country Study design Patient

America

America

Sweden

America

Korea

America

Taiwan,

China

China

Taiwan,

China

China

China

America

America

England

Korea

Taiwan,

China

Taiwan,

China

Retrospective
cohort
Retrospective
cohort
Prospective
cohort
Retrospective
cohort
Retrospective
cohort
Retrospective
cohort
Prospective
cohort
Retrospective
cohort
Retrospective

cohort

Retrospective
cohort
Retrospective
cohort
Retrospective
cohort
Prospective
cohort
Prospective
cohort
Retrospective
cohort
Retrospective
cohort
Retrospective

cohort

characteristics

T2DM+CKD

T2DM+CKD

T2DM+AMI

T2DM

T2DM+AMI

T2DM+CKD

T2DM

T2DM

T2DM

T2DM+HF

T2DM

T2DM+HF

T2DM

T2DM+AMI

T2DM+CKD

T2DM

T2DM

10.3389/fcvm.2022.944902

Sample Gender Age Follow- Comparison NOS for
size male % up quality
(y) assessment
96,725 98 70 1/1.2 metformin vs. 9
sulphonylurea
3,490 61 68.33 NA metformin vs. 8
non-metformin
70,270 70 68 (11) 3.4 metformin vs. diet 7
445,701 53 51 (35-65) 341 days metformin vs. 8
DPP-4i/sulphonylurea
35,348 68 64.6 (9.52) 4.3 metformin vs. 7
non-metformin
96,741 97 70 1/1.2 metformin vs. 8
sulphonylurea
1,157 72 64.4 1.5 metformin vs. 7
non-metformin
24,099 44 59.2 (15) 2 metformin vs. 7
non-metformin
41,020 56/63% 59.3 1.5/1.6  metformin vs. SGLT2i 8
(12.9)/57.6
(13.0)
372 52 71 4 metformin vs. 8
non-metformin
390 58/55%  68.1(6.9)/68.9 6 metformin vs. 7
(6.6) non-metformin
5,852 48 75 1 metformin vs. 7
non-metformin
19,928 48 54 213 days / metformin vs. SGLT2i 7
147days
4,030 62/57% 71.3/76.1 343 days metformin vs. 8
non-metformin
97,713 63/70%  66.0 (8.9)/66.3 5.3 metformin vs. 9
(9.5) non-metformin
195,064 54/53% 68.77/64.23 6 metformin vs. 8
non-metformin
216,286 54/50% 59.17/65.81 NA metformin vs. 6

non-metformin

T2DM, Type 2 Diabetes Mellitus; HE, Heart Failure; AMI, Acute Myocardial Infarction; CKD, Chronic Kidney Disease; RCT, Randomized Controlled Trial; DPP-4i, Dipeptidyl Peptidase-4
inhibitor; SGLT2i, Sodium-Dependent Glucose Transporter 2 inhibitor; NOS, Newcastle-Ottawa Scale; NA, Not Available.

peptidase-4 inhibitor (DPP-4i) in T2DM patients (HR = 0.95,
95%CI 0.73-1.23; IZ = 84%).

Effect of metformin on all-cause

mortality in T2DM patients

The results of the effect of metformin on all-cause mortality

in T2DM patients were presented in Figures 2B-F, showing

that the use of metformin was associated with a significantly
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lower all-cause mortality in T2DM patients compared to non-
metformin therapy (HR = 0.82, 95%CI 0.77-0.88; I* = 73%),
sulphonylurea (HR = 0.58, 95%CI 0.49-0.68; I* = 74%), and
diet therapy (HR = 0.76, 95%CI 0.64-0.90; I* = 0%). Also,
there was a significant reduction in all-cause mortality in T2DM
patients with heart failure (HR = 0.84, 95%CI 0.84-0.88; I’
= 40%) or CKD (HR = 0.79, 95%CI 0.75-0.82; I* = 0%)
using metformin vs. non-metformin therapy. In addition, two
studies by Scheller et al. (78) and Chen et al. (57), respectively,
compared the effect of metformin on all-cause mortality in

frontiersin.org
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T2DM patients with DPP-4i (HR = 0.8, 95%CI 0.58-1.09) and
sodium-dependent glucose transporter-2 inhibitor (SGLT-2i)
(HR = 2.04, 95%CI 1.82-2.27).

Effect of metformin on the risk of
hospitalization in T2DM patients

Figures 1D-F, 2A presented the effect of metformin on
hospitalization in T2DM patients. Metformin was not associated
with a significant lower risk of hospitalization in T2DM patients
compared to non-metformin therapy (HR = 0.85, 95%CI 0.64-
1.13; I* = 98%) and SGLT2i (HR = 1.42, 95%CI 0.87-2.32; I
= 49%), but it significantly lowered the risk of hospitalization
compared to non-metformin therapy (HR = 0.86, 95%CI 0.78-
0.95; I’ = 53%) in T2DM patients with heart failure and
sulphonylurea (HR = 0.83, 95%CI 0.78-0.88; I> = 40%) in
T2DM patients. And as reported by Baksh (69) the use of
metformin was not associated with a significantly lower risk of
hospitalization compared with DPP-4i in T2DM patients (HR =
1.04, 95%CI 0.77-1.40).

Effect of metformin on the risk of heart
failure in T2DM patients

As shown in Figure 3, the use of metformin was not
associated with a significantly lower risk of heart failure in
T2DM patients compared to non-metformin therapy (HR
= 0.86, 95%CI 0.60-1.25; I* = 99%). However, metformin
significantly lowered the risk of heart failure compared to
sulphonylurea (HR = 0.80, 95%CI 0.76-0.85; I = 0%) and the
risk of recurrent incidents of heart failure compared to non-
metformin therapy (HR = 0.82, 95%CI 0.76-0.87; I = 7%) in
T2DM patients. And metformin was not significantly associated
with reduced risk of heart failure compared to diet therapy (HR
= 0.688, 95%CI 0.435-1.086) in T2DM patients in the study
by Fung et al. (68) and compared to rosiglitazone (HR = 0.86,
95%CI 0.58-1.28) in T2DM patients in the study by Pantalone
et al. (53).

Effect of metformin on cardiovascular
mortality in T2DM patients

Figures 4A-C showed the effect of metformin on
cardiovascular mortality in T2DM patients. The use of
metformin was not only significantly associated with lower
cardiovascular mortality in T2DM patients (HR = 0.83,
95%CI 0.70-0.98; I> = 85%) and in T2DM patients with heart
failure (HR = 0.78, 95%CI 0.74-0.82; I* = 0%) compared
to non-metformin therapy, but also significantly lowering

Frontiers in Cardiovascular Medicine

06

10.3389/fcvm.2022.944902

cardiovascular mortality compared to sulphonylurea in T2DM
patients (HR = 0.70, 95%CI 0.58-0.84; I> = 0%). Liu et al. (19)
reported that metformin vs. diet therapy was not associated
with significantly lower cardiovascular mortality (HR = 0.87,
95%CI 0.45-1.68).

Effect of metformin on the risk of stroke
and AMI in T2DM patients

The effect of metformin on the risk of stroke and AMI
in T2DM patients was shown in Figures 4D-F. The use of
metformin was not associated with a significant decrease in the
risk of stroke compared to non-metformin therapy (HR = 1.16,
95%CI 0.88-1.53; I> = 84%) and SGLT2i (HR = 1.03, 95%CI
0.65-1.63; 1> = 87%) in T2DM patients. The use of metformin
significantly lowered the risk of stroke compared to diet therapy
in T2DM patients (HR = 0.698, 95%CI 0.511-0.954) in the study
by Fung et al. (68) while the alteration of risk of stroke was
not significant compared to DPP-4i (HR = 0.81, 95%CI 0.6-
1.09) in T2DM patients in the study by Baksh et al. (69). And
the risk of AMI did not decrease significantly in T2DM patients
with metformin therapy vs. non-metformin therapy (HR = 0.88,
95%CI 0.69-1.14; I> = 88%). What's more, the use of metformin
was not associated with a significantly lower risk of AMI in
T2DM patients compared to DPP-4i (HR = 0.95, 95%CI 0.72-
1.27) and SGLT2i (HR = 1.10, 95%CI 0.66-1.85) in the study by
Baksh et al. (69) and Fralick et al. (15), respectively.

Sensitivity analysis and publication bias

Supplementary Table 2 showed the results of sensitivity
analysis for the outcomes. The majority of the re-analyses
showed similar results as the analysis before deleting studies with
a sample size smaller than 1,000 in either the control group or
the experimental group. However, only 1 study by Roussel et al.
(64) remained after deleting the data in the analyses studying the
effect of metformin on all-cause mortality and cardiovascular
mortality vs. non-metformin therapy in T2DM patients with
heart failure. And 0 study was left in the analyses studying the
effect of metformin on the risk of hospitalization and the risk of
heart failure vs. non-metformin therapy in T2DM patients with
heart failure. Besides, the effect of metformin on cardiovascular
mortality vs. non-metformin therapy in T2DM patients altered
significantly (HR = 0.85, 95%CI 0.69-1.06; I*> = 78%) in the
re-analysis compared to the one before deleting the data (HR
= 0.83, 95%CI 0.70-0.98; I* = 85%). This might mainly result
from the long follow-up period (9 years) in the study by Romero
etal. (50), suggesting that a longer follow-up period might better
demonstrate the efficacy of metformin.
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A Hazard Ratio Hazard Ratio
H i 0, 0

Bromage 2019 35.2% 1.09 [1.00, 1.18]
Clegg 2020 -0.094 0.09 25.0% 0.91[0.76, 1.09]

Kim 2021 0.182 0.026 37.9% 1.20 [1.14, 1.26]
Komaru 2019 -1.109 0.517 1.9% 0.33[0.12,0.91] * T
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FIGURE 1

(A) Forest plot of hazard ratio of MACE among patients with metformin therapy vs non-metformin therapy. (B) Forest plot of hazard ratio of
MACE among patients with metformin therapy vs. sulphonylurea therapy. (C) Forest plot of hazard ratio of MACE among patients with
metformin therapy vs. DPP-4i therapy. (D) Forest plot of hazard ratio of hospitalization among patients with metformin therapy vs
non-metformin therapy. (E) Forest plot of hazard ratio of hospitalization among patients with metformin therapy vs. SGLT2i. (F) Forest plot of
hazard ratio of hospitalization among heart failure patients with metformin therapy vs non-metformin therapy. Cl, confidence interval; SE,
standard error; 1V, inverse of the variance.
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FIGURE 2
(A) Forest plot of hazard ratio of hospitalization among patients with metformin therapy vs. sulphonylurea therapy. (B) Forest plot of hazard ratio
of all-cause mortality among patients with metformin therapy vs. non-metformin therapy. (C) Forest plot of hazard ratio of all-cause mortality
among patients with metformin therapy vs. sulphonylurea therapy. (D) Forest plot of hazard ratio of all-cause mortality among patients with
metformin vs. diet therapy. (E) Forest plot of hazard ratio of all-cause mortality among heart failure patients with metformin therapy vs.
non-metformin therapy. (F) Forest plot of hazard ratio of all-cause mortality among patients with CKD treated with metformin therapy vs
non-metformin therapy. Cl, confidence interval; SE, standard error; IV, inverse of the variance.
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(A) Forest plot of hazard ratio of heart failure among patients with metformin therapy vs non-metformin therapy. (B) Forest plot of hazard ratio
of heart failure among patients with metformin therapy vs. sulphonylurea therapy. (C) Forest plot of hazard ratio of the recurrent incident of
heart failure among heart failure patients with metformin therapy vs. non-metformin therapy. Cl, confidence interval; SE, standard error; 1V,

Hazard Ratio

metformin  sulphonylurea
Hazard Ratio

metformin  non-metformin

Publication bias

The funnel plots and the results of egger and begg tests
and trim and fill analyses in Supplementary Figures 2-22
indicated publication  biases for the

no potential

adverse outcomes.

Discussion

We included 39 subjects in this study involving 2473009
T2DM patients. We found:

(1) Metformin couldn’t remarkably reduce the risk of
MACEs compared to non-metformin therapy but could
remarkably reduce the risk when compared with sulphonylurea
in T2DM patients. (2) Metformin could significantly reduce
cardiovascular mortality compared to non-metformin therapy
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in T2DM patients with or without heart failure or when
compared with sulphonylurea in T2DM patients. (3) Metformin
could significantly reduce all-cause mortality compared to non-
metformin therapy, sulphonylurea, and diet therapy, and it
could also significantly reduce all-cause mortality compared to
non-metformin therapy in T2DM patients with heart failure or
CKD. (4) Compared with non-metformin therapy, metformin
was not effective in reducing the risk of heart failure in
patients with T2DM, but it did reduce the risk of heart failure
recurrence. Metformin was effective in reducing the risk of
heart failure when compared with sulphonylurea in T2DM
patients. (5) Metformin couldn’t significantly reduce the risk of
hospitalization compared to non-metformin therapy but could
remarkably reduce the risk when compared with sulphonylurea
in T2DM patients. Particularly, in patients with T2DM and
heart failure, metformin can significantly reduce the risk of
hospitalization. (6) Metformin couldn’t remarkably reduce the
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FIGURE 4
(A) Forest plot of hazard ratio of cardiovascular mortality among patients with metformin therapy vs non-metformin therapy. (B) Forest plot of
hazard ratio of cardiovascular mortality among heart failure patients with metformin therapy vs. non-metformin therapy. (C) Forest plot of
hazard ratio of cardiovascular mortality among patients with metformin therapy vs. sulphonylurea. (D) Forest plot of hazard ratio of stroke
among patients with metformin therapy vs. non-metformin therapy. (E) Forest plot of hazard ratio of stroke among patients with metformin
therapy vs. SGLT2i. (F) Forest plot of hazard ratio of AMI among patients with metformin therapy vs. non-metformin therapy. Cl, confidence
interval; SE, standard error; IV, inverse of the variance.
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risk of stroke compared to non-metformin therapy and SGLT2i
in T2DM patients. (7) Metformin couldn’t remarkably reduce
the risk of AMI compared to non-metformin therapy in
T2DM patients.

Major (MACEs) have
different definitions in different studies. In this meta-analysis,

adverse cardiovascular events
some of the events were counted together as follows: AMI,
stroke, heart failure, cardiovascular death, cardiac arrest,
hospitalization, coronary angioplasty, transient ischemic
attack, and unstable angina. T2DM is always related to
cardiovascular complications. Since 1988, the study showed
that in patients with T2DM, lowering blood glucose could
reduce microvascular complications (80). There are usually
exit raised levels of inflammatory cytokines among patients
with T2DM. hyperglycemia and these inflammatory cytokines
would harm the vascular endothelial cells, which would result
in atherosclerosis in T2DM patients (81). At the same time,
this condition decreases pro-angiogenic factors especially
vascular endothelial growth factors and other collateral vessel
growth-related parameters, which would impede collateral
vessel growth (82). All of these are associated with CVD in
T2DM patients to a great extent. Metformin has been thought
to be protective of the cardiovascular system in the human
body and here are some possible mechanisms: (I) Metformin
was found to decrease cardiovascular inflammation and/or
oxidative stress through activation of (AMP sensitive protein
kinase) AMPK phosphorylation (83). (II)Metformin would
attenuate atherosclerosis by the Inhibition of Drpl-mediated
mitochondrial fission (84). However, in this meta-analysis,
we found that metformin could not significantly reduce the
risk of MACEs in T2DM patients. It might indicate that
SGLT2i and DPP-4i have relatively the same cardiovascular
protection ability as metformin. Considering the cardiovascular
protection mechanism we mentioned above, it seemed to be
unreasonable. And these results are opposite to some previous
studies. A meta-analysis of randomized controlled trials found
that metformin is significantly associated with lower risks of
MACEs compared to placebo or other anti-hyperglycemic
drugs among T2DM patients (85). A retrospective cohort
analysis in China showed that metformin monotherapy
could reduce the risk of heart failure in T2DM patients
when compared with no metformin medications (59). A
recent retrospective cohort analysis in Korea showed that
metformin would significantly decrease the risk of AMI in
all patients (54). But there also exist some studies showing
the same results. Chang-Qian Wang found that metformin
wasn’t associated with a reduced risk of MACEs (76). A
meta-analysis of 13 randomized trials showed that metformin
couldn’t remarkably reduce AMI and stroke (86), so there
remains uncertainty about whether metformin reduces the
risk of MACEs, AMI, stroke, and heart failure in patients
with T2DM or not, and our included studies were limited
(3 AMI studies, 3 stroke studies, and 4 MACEs studies) in
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this meta-analysis. More studies need to be implemented to
test them.

All-cause mortality and cardiovascular mortality, which
are vital living indicators in CVD patients, were found to
be reduced significantly in T2DM patients with the use of
metformin in this study. These results are similar to lots of
previous studies (9, 85). Research showed that heart disease,
cancer, stroke, and diabetes are the major causes of death in
the US population (87). Metformin, as one kind of classic
first-line hypoglycemic agent, has cardiovascular protection,
and it could also protect against many kinds of cancers (e.g.,
breast, colorectal, and prostate cancer) (88). These might lead
to reduced risks of all-cause and cardiovascular mortality.
However, Liu et al. (19) reported that metformin vs. diet therapy
was not associated with significantly lower cardiovascular
mortality in T2DM patients. Dietary therapy always refers to
a low carbohydrate diet or/and a low-fat diet, which is also
called a low-calorie diet (89). A low-calorie diet could reduce
the risk of CVD by reducing the body weight, body mass index,
fat mass, and low-density lipoprotein cholesterol levels (90,
91), which may contribute to lowing cardiovascular mortality.
In T2DM patients, a low-calorie diet also could normalize
insulin sensitivity and improve pancreatic beta-cell function by
reducing pancreatic fat content (92, 93), which may show similar
function as metformin.

The risk of hospitalization can be used to evaluate the
quality of life among patients with T2DM. Studies show different
opinions on whether metformin is associated with reducing
the risk of hospitalization. A propensity-matched study in
the community showed that metformin would remarkably
reduce the hospitalization rate (50). While a 2021 retrospective
cohort study found that metformin could not significantly
reduce the risk of hospitalization (73). In this meta-analysis,
we found metformin could not significantly reduce the risk
of hospitalization in T2DM patients compared to the control
group. We included 8 studies without differentiating the
reasons for hospitalization, which may exist some biases.
More research is needed to analyze the relationship between
metformin management and the risk of hospitalization divided
by different diseases.

Sulphonylurea, which has been existing for approximately
70 years, is recommended as a second-line treatment in the
management of type 2 diabetes (94). Many studies have testified
that compared with metformin, sulphonylurea was associated
with higher risks of MACEs, heart failure, hospitalization
rate, all-cause, and cardiovascular mortality (14, 71, 72). In
our meta-analysis, these results were proved. Therefore, it is
reasonable to recommend metformin considering its benefits
above. SGLT2i and DPP-4i are relatively new hypoglycemic
agents. In recent studies, these two kinds of drugs show
cardiovascular benefits beyond glycemic control through anti-
inflammatory pathways (95, 96). In this meta-analysis, we
found there existed no significantly different effect of SGLT2i
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or DPP-4i vs. metformin on reducing the risk of MACEs,
hospitalization, stroke, and AMI in different studies. It suggests
that SGLT2i and DPP-4i may have cardiovascular protective
capacity comparable to metformin. However, due to the
data limitation, we couldn’t make related assessments and
we hope more studies could be included to find some
results. In this meta-analysis, we also found metformin
could reduce the risk of heart failure, and hospitalization
compared with non-metformin therapy in T2DM patients
with heart failure, while the difference was not significant in
T2DM patients, which indicated that metformin might have
higher cardiovascular protection among patients with heart
failure. Related research needs to be implemented to find
some mechanisms.

Our results support that metformin should be recommended
as a first-line hypoglycemic drug to all T2DM patients,
including those with heart failure or CKD. Because it can
reduce all-cause mortality and cardiovascular mortality. Dietary
management is supposed to popularize among all T2DM
patients since its effect on reducing all-cause mortality has no
significant difference with metformin. Metformin significantly
reduced MACE, heart failure, in-hospital all-cause mortality,
and cardiovascular mortality compared with sulfonylureas.
Thus, we have more reasons to recommend metformin as an
antidiabetic drug between these two drugs. Metformin could
reduce cardiovascular mortality while it couldn’t reduce the
risk of MACEs, heart failure, and AMI. Perhaps metformin can
reduce the severity of cardiovascular events and more studies
need to testify to it. The studies on the effect of metformin
monotherapy on the risk of AMI, stroke, heart failure, and
hospitalization are insufficient, more multicenter studies should
be implemented to guide us in the use of metformin on T2DM
patients better.

Limitations

Our meta-analysis still had several limitations. First,
although we included observational studies in this study, we
didn’t include RCTs in this study and therefore more data from
large RCTs were still needed to bring clarity to the effect of
metformin on adverse outcomes in T2DM patients. Second, the
comparison between metformin and SGLT2i or DPP-4i needs
to be further explored because of limited data in our study in
which only 2 studies were pooled for analysis, and there was
still limited data focusing on comparing the long-term effect of
metformin and SGLT2i or DPP-4i in T2DM patients, remaining
an empty field for meta-analysis in the future. Third, significant
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heterogeneity with I> > 50% was found in a major part of our
data analyses with a random-effects model, of which the results
should be explained cautiously.

Conclusions

The effect of metformin on some of the adverse outcomes
was not significantly better than the non-metformin therapy or
DPP-4i in T2DM patients based on observational studies.
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