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Abstract

Objective To explore outcomes of metformin (Met) as an antihyperglycemic agent in patients with type 2 diabetes mellitus
(T2DM) combined with chronic heart failure (CHF).

Methods This article employed a meta-analysis approach to systematically search several databases. Stata 15.1 software was
employed for statistical analysis.

Results This meta-analysis encompassed 15 randomized controlled trials, involving 20,595 patients with T2DM and CHF.
The results revealed that in comparison to the non-Met group, the Met group exhibited a significantly reduced risk of all-
cause mortality (RR =0.72, 95%CI: 0.60-0.87) and a notably lower risk of cardiovascular mortality (RR =0.52, 95%
CI:0.29-0.92). However, there was no significant difference in the risk of hospitalization due to heart failure (RR = 0.85,
95%CI: 0.70-1.04). Furthermore, the Met group demonstrated significant improvements in NT-proBNP levels compared to
the non-Met group (WMD = —132.91, 95%CI: —173.03, —92.79). Regarding the enhancement of Left Ventricular Ejection
Fraction and Left Ventricular End-Diastolic Dimension levels, no statistically significant differences were observed between
the two groups.

Conclusion In individuals with T2DM and CHF, the use of Met is linked to a decreased likelihood of all-cause mortality and
cardiovascular-related mortality. Furthermore, it can enhance cardiac function in CHF patients without elevating the risk of
hospitalization due to heart failure, establishing its safety and potential benefits.
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Introduction

The International Diabetes Federation Atlas reveals that as
of 2021, an estimated 537 million individuals are currently
afflicted by diabetes mellitus (DM), with projections indi-
cating an increase to 643 million by 2030 and 783 million
by 2045. Furthermore, as of 2021, approximately 541 mil-
lion individuals exhibited impaired glucose tolerance, and
over 6.7 million individuals between the ages of 20 and
79 succumbed to diabetes-related complications [1]. Among
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these complications, heart failure (HF) ranks as the leading
cause of mortality, surpassing atherosclerotic cardiovascular
disease. Research indicates a 12% prevalence of HF among
individuals with T2DM [2].

Metformin (Met), a prominent biguanide oral anti-
hyperglycemic agent, demonstrates notable advantages in
efficacy, safety, and economic efficiency in managing
hyperglycemia and insulin resistance, especially compared
to other oral antihyperglycemic agents. The most recent
guidelines for the diagnosis and treatment of DM, jointly
issued in 2019 by The American Diabetes Association
(ADA) and The European Association for the Study of
Diabetes (EASD), continue to endorse Met as the primary
pharmacological therapy for T2DM [3]. Simultaneously, the
guidelines emphasize that, unless contraindications are
present, Met should constitute the foundational pharma-
ceutical intervention upon establishing a T2DM diagnosis,
alongside comprehensive lifestyle modifications [3]. In
specific situations, such as in the presence of chronic kidney
disease (CKD), cardiac insufficiency, hypoxic conditions,
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advanced age, or the use of contrast agents, Met adminis-
tration may induce elevated blood lactate levels and, in
severe cases, lead to lactic acidosis (LA). Consequently, HF
has historically been contraindicated for Met use. A
1998 study encompassing the initial million patients treated
with Met in the United States reported 47 cases of lactic
acidosis, of which 43 cases were associated with kidney
failure or CHF. Regrettably, 20 of these cases were fatal [4].

However, in 2006, the FDA rescinded the contra-
indication against Met’s use in patients with HF, a decision
influenced by two observational studies [5]. Animal
experiments have subsequently confirmed Met’s significant
enhancement of left ventricular function and survival rates
through the activation of AMP-activated protein kinase
(AMPK) and its downstream effectors, endothelial nitric
oxide synthase (eNOS) and peroxisome proliferator-
activated receptor gamma coactivator 1-alpha (PGC-
lalpha). No scientific evidence supports an increased risk of
lactic acidosis associated with Met use [6, 7]. Met’s safety
profile positions it as a primary choice for patients with
diabetes and concomitant HF [8]. A substantial observa-
tional study focused on individuals with DM and CHF
revealed that Met was linked to reduced mortality and fewer
CHF-related hospitalizations in comparison to other anti-
diabetic medications (primarily insulin and sulfonylureas).
Notably, the incidence of lactic acidosis was relatively low.
Based on these findings, MacDonald and colleagues pro-
posed that Met might offer a safe and effective treatment for
patients with T2DM and coexisting HF [9].

The thoughtful selection of antidiabetic medications, con-
sidering their implications for cardiac and renal health,
represents a pivotal aspect of T2DM management. Presently,
the absence of high-quality clinical investigations on the
clinical consequences of Met administration in T2DM
patients concurrently experiencing CHF engenders a lack of
consensus regarding the safety profile of Met in this patient
subgroup. Urgent calls for high-quality clinical research to
address this knowledge gap have arisen. The objective of this
study is to employ meta-analysis techniques to synthesize
findings from all pertinent randomized control trials (RCTs)
and meticulously conducted observational cohort studies. The
study aims to elucidate the clinical outcomes associated with
Met in treating individuals affected by T2DM alongside CHF.
By doing so, it seeks to establish a robust evidence-based
foundation that can guide clinical decision-making.

Methods
Literature retrieval strategy

Utilizing the predefined search terms “Chronic heart failure,”
“Type 2 Diabetes mellitus,” “Metformin,” “Randomized
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controlled trial,” and “Cohort studies” as subject headings,
we conducted an extensive search across multiple biblio-
graphic databases, including PubMed, Cochrane Library,
Web of Science, CNKI, Wanfang, and others. The search
scope encompassed all documents published from January
2003 to August 2023 without language restrictions. In
addition, references from the included studies were scruti-
nized, and clinical trial registration websites were thoroughly
explored to identify pertinent literature that may not have
been retrieved through the initial search.

Inclusion criteria

The included studies adhered to the following eligibility
criteria: (1) Study Participants: Adults (aged 218 years)
diagnosed with T2DM, following the 1999 WHO diag-
nostic criteria for T2DM, and with a concurrent diagnosis of
CHF, as outlined in the 2018 Chinese Heart Failure Diag-
nosis and Treatment Guidelines or the 2021 European
Society of Cardiology Guidelines for the Diagnosis and
Treatment of Acute and Chronic Heart Failure. These cri-
teria were applied uniformly across diverse demographic
groups, encompassing variations in race, gender, and dis-
ease duration. (2) Intervention Protocols: The experimental
group received Met either as monotherapy or with other
antidiabetic agents. Dosage was not restricted. The control
group was treated with non-Metformin regimens, which
could include alternative antidiabetic medications, a pla-
cebo, or no specific pharmacological intervention. The
duration of treatment was identical between the two groups.
Both groups adhered to standard therapeutic regimens,
which involved dietary and exercise protocols and included
measures for kidney protection or heart failure management.
(3) Outcome Measures: Primary outcome measures
encompassed significant adverse cardiovascular events,
notably cardiovascular mortality, non-fatal myocardial
infarction, non-fatal stroke, all-cause mortality, or hospita-
lization due to heart failure. Secondary outcome measures
involved metabolic acidosis, alterations in Left Ventricular
Ejection Fraction (LVEF), Left Ventricular End-Diastolic
Dimension (LVEDD), or levels of NT-proBNP. (4) The
study design encompassed RCTs and observational cohort
studies.

Exclusion criteria

The studies were excluded due to non-compliance with the
following criteria: (1) Patients with a history of Met allergy,
prediabetes, metabolic syndrome, gestational diabetes, acute
heart failure, or the co-occurrence of T2DM and CHF. (2)
Repetition of the original study in multiple publications. (3)
Document types such as case-control studies, cross-sectional
studies, case reports, animal experiments, reviews, conference
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abstracts, and similar categories. (4) Studies that were either
incomplete or lacked valid outcome data, whether due to non-
completion or the absence of pertinent results. (5) Studies
characterized by a notably low quality of evidence.

Data extraction and quality assessment of included
studies

Under the predetermined inclusion and exclusion criteria,
two independent researchers conducted a rigorous screening
of the primary literature. Both researchers performed
information extraction and an assessment of the methodo-
logical quality of the studies. Subsequently, a comprehen-
sive cross-verification process was undertaken. Any
discrepancies were resolved through discussion or by
seeking the judgment of a third party. The extracted data
encompassed the following elements: (1) General parti-
culars, such as the first author, publication year, study
design, and sample size; (2) Particulars regarding the
research, encompassing general demographics of the study
participants, such as gender distribution, mean age, body
mass index (BMI), levels of glycosylated hemoglobin
(HbAlc), as well as details on the specific intervention
strategies or exposure variables and the duration of inter-
vention or follow-up; (3) Outcome measures.

The quality assessment of the included studies was
conducted using the modified Jadad scale for RCTs and the
Newcastle-Ottawa scale (NOS) for cohort studies. The
Jadad scale assigns a total score of 7 points, where scores
between 1 and 3 denote studies of low quality, and scores
between 4 and 7 indicate studies of high quality. Con-
versely, the NOS scale utilizes a total score of 9 points,
classifying studies with scores between 1 and 3 as low
quality and those with scores of 4 or higher as medium to
high quality [10].

Statistical analysis

In this meta-analysis, all data analysis was conducted using
Stata 15.1 [11, 12]. Statistical heterogeneity analysis of the
included literature was performed by combining the Q test
method and 7? test. Heterogeneity was not significant when
P>0.05 and I°<50%, and in such cases, the fixed-effect
model was employed. Conversely, when P<0.05 and
I?>50%, there was substantial heterogeneity, and the
random-effects model was utilized. Efforts were made to
identify the source of heterogeneity through sensitivity or
subgroup analysis. If the source of heterogeneity could be
determined, subgroup analysis was performed based on this
source. In cases where methodological heterogeneity could
not be eliminated, caution was exercised when interpreting
the combined analysis results. For continuous variables, the
effect size was expressed using weighted mean difference

(WMD) or standardized mean difference (SMD), comparing
differences before and after treatment uniformly. For binary
variables, the effect size was expressed as relative risks
(RR). A 95% confidence interval (95%CI) was utilized for
interval estimates, and statistical significance was defined as
P <0.05. When an outcome indicator included five or more
documents, the Egger linear regression method was
employed to examine the presence of publication bias. A P
value greater than 0.05 signified the absence of publication
bias, while a P value less than or equal to 0.05 indicated the
presence of publication bias [13]. The sensitivity of the
results was assessed using Duval and Tweedie’s trim and
fill test. If the pooled effect size exhibited a substantial
change before and after the test, the study results were
deemed unreliable, necessitating further analysis of the
combined studies [14].

Results

Document screening, basic characteristics and
quality assessment of studies

By conducting a comprehensive search across literature
databases such as Pubmed, Cochrane Library, Web of
Science, CNKI, and Wanfang, and clinical trial registration
websites, a total of 917 relevant documents were initially
retrieved. Utilizing Endnote 21 software for duplicate
checking, 165 duplicate documents were identified and
subsequently removed, leaving us with 752 unique docu-
ments. Subsequently, a meticulous examination of the
abstracts and full texts was carried out following the
inclusion and exclusion criteria. Documents that fail to meet
these criteria, for example, documents concerning irrelevant
topics, not satisfying inclusion criteria, case-control studies,
cross-sectional studies, case reports, animal experiments,
review articles, conference abstracts, or those of low quality
and incomplete data, were excluded. Ultimately, 15 docu-
ments were selected, encompassing 20,595 patients with
T2DM and CHF. These patients were distributed into the
Met group (7,245 patients) and the non-Met group (13,350
patients) (Table 1). A detailed outline of the literature
screening process is provided in Fig. 1.

The 15 documents incorporated in this analysis encom-
passed 3 RCTs, 5 retrospective cohort studies, and 7 pro-
spective cohort studies. These studies spanned a research
duration ranging from 3 months to 10 years. The experi-
mental group received Met monotherapy or a combination
of Met with other hypoglycemic drugs. In contrast, the
control group was subjected to non-Met treatment, which
included either a single placebo or no treatment. Both
groups underwent conventional interventions such as diet-
ary and exercise regimens, as well as HF management.
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Records identified in systematic search (n=917)
Pubmed (n=392)
Cochrane (n=186)
Web of Science (n=226)
WanFang Data (n=27)
China National Knowledge Infrastructure (n=86)

A 4

Records excluded during duplicate removing (n=165)

v

Records retrieved for double-abstract screening (n=752)

Records rejected during double-abstract screening (n=734)
Not related to type II diabetes patients with chronic heart
failure (n=88)
Publications could not provide available data for meta-

analysis, like review, vitro/animal studies, letter,

v

editorial or conference paper (n=132)
Not related to intervention of metformin (n=352)
Not related to comparison of included clinical outcomes

(n=162)

y

Records retrieved for full-text assessing (n=18)

v

Records rejected during full-text assessing (n=3)

\/

Records accepted for analysis (n=15)

Fig. 1 Study selection flowchart
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Primary outcome indicators in studies concerning indivi-
duals with T2DM and CHF encompassed cardiovascular
mortality, all-cause mortality, and hospitalization due to
heart failure. Secondary outcome indicators included var-
iations in LVEF, LVEDD, or NT-proBNP. For detailed
baseline characteristics of these 15 documents, please refer
to Table 2 [15-29].

Meta-analysis results
All-cause mortality

12 studies reported all-cause mortality, involving 7066
individuals in the Met group and 17,404 in the non-Met
group. Significant heterogeneity was observed in the stu-
dies (I? =93%, P = 0.0004), warranting the utilization of a
random effects model. The findings indicated that com-
pared to the non-Met group, the Met group exhibited a
significantly reduced risk of all-cause mortality, with a
statistically significant difference between the two groups
(RR =0.72, 95%CTI: 0.60-0.87). Additionally, a subgroup
analysis was conducted based on different exposure drugs
in the control group, specifically categorized into the sul-
fonylureas group and non-sulfonylureas group. The results
indicated no statistically significant difference in the
incidence of all-cause mortality between the Met group
and the sulfonylureas subgroup (RR=0.71, 95%CI:
0.45-1.13). In contrast, compared with the
sulfonylureas subgroup, the Met group displayed a
reduced risk of all-cause mortality, with the difference
being statistically significant (RR=0.72, 95%CI:
0.59-0.89) (Fig. 2).

non-

Cardiovascular mortality rate

The cardiovascular mortality rate was reported in 2 studies,
comprising 1013 cases in the Met group and 376 cases in
the non-Met group. Significant heterogeneity was observed
(I?=91%, P =0.03), necessitating the utilization of a ran-
dom effects model. The findings indicated that, in com-
parison to the non-Met group, the Met group exhibited a
reduced risk of cardiovascular death, and this distinction
was statistically significant (RR =0.52, 95% CI: 0.29-0.92)
(Table 3).

Incidence of hospitalization for heart failure

Five studies reported the incidence of hospitalization for
HF, involving 2585 patients in the Met group and 3214 in
the non-Met group. Heterogeneity testing revealed sub-
stantial heterogeneity (I2=88%, p =0.12), necessitating
the application of a random effects model. The findings
indicated no statistically significant disparity in the risk of
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heart failure hospitalization between the two groups
(RR =0.85, 95% CI: 0.70-1.04) (Fig. 2).

Changes in cardiac function

Two studies assessed the impact of Met on LVEF and
LVEDD, involving 99 patients in the Met group and 96
patients in the control group. Significant heterogeneity was
observed across these studies. Thus, a random effects model
was applied. The findings indicated that there were no
statistically significant differences between the Met and
control groups in terms of enhancing LVEF (WMD = 1.47,
95%CI: —1.79-4.72) and LVEDD (WMD = —2.79, 95%
CI: —6.56 to 0.98). Additionally, two studies investigated
the effects of Met on NT-proBNP in 139 Met group cases
and 134 non-Met group cases. No significant heterogeneity
was detected in these studies (I2= 0%). Thus, a fixed effects
model was employed. The results revealed that the Met
group exhibited superior improvement in NT-proBNP
levels compared to the non-Met group, with a statistically
significant difference (WMD = —132.91, 95%CI: —173.03,
—92.79) (Table 3).

Publication bias and sensitivity analysis

In this study, Egger’s test was employed to identify
potential publication bias within the scope of all-cause
mortality and incidence of hospitalization for HF among
patients afflicted with type 2 diabetes mellitus and chronic
heart failure who underwent metformin treatment. The
findings indicated that neither indicator exhibited sub-
stantial publication bias (Table 4). Furthermore, during
Duval and Tweedie’s trim and fill sensitivity assessment,
the effect sizes for all-cause mortality and incidence of
hospitalization for HF remained unchanged, underscoring
the stability of these effect sizes (Table 4).

Discussion

In recent years, guidelines have emphasized the compre-
hensive management of patients with T2DM. This emphasis
extends beyond fundamental lifestyle enhancements and
encompasses glycemic control, blood pressure regulation,
lipid management, weight reduction, and other therapeutic
modalities. Particular attention is directed toward the
attenuation of cardiorenal complications in individuals with
existing T2DM. This approach seeks to curtail the pro-
gression of diabetic complications, mitigate disability,
reduce mortality, enhance patients’ quality of life, and
extend their overall life expectancy. Met, established as the
primary hypoglycemic agent for T2DM, has demonstrated
its capacity to diminish the risk of cardiovascular events and
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Fig. 2 Forest plot of meta-analysis: (A) all-cause mortality; (B) incidence of hospitalization for heart failure
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Table 3 Summarized results of

included studies Indexes No. of studies Sample size Effect size (95% CI) Heterogene—
ity (%)
P )4
Cardiovascular Mortality Rate 3 2025 0.52 (0.29-0.92) 91.4 <0.001
LVEF 2 195 1.47 (—=1.79-4.72) 82.1 0.018
LVEDD 2 195 —2.79 (—6.56-0.98) 87.2  0.005
NT-proBNP 2 273 —132.91 (-173.03, =92.79) 0.0 0.412

LVEF left ventricular ejection fractions, LVEDD left ventricular end diastolic dimension, NT-proBNP
N-terminal pro-B-type natriuretic peptide; Effect size of cardiovascular mortality rate is RR; Effect size of
LVEF, LVEDD and NT-proBNP are WMD

Table 4 Evaluation of
publication bias and sensitivity
analysis

Index

All-cause mortality

Incidence of Hospitalization for
Heart Failure

Egger’s Duval and Tweedie’s trim and fill
regression
Intercept p Original RR Studies Adjusted RR
trimmed
1.004 0.589 0.72 (0.60, 0.87) 0 0.72 (0.60, 0.87)
—2.703 0.420 0.85(0.70, 1.04) 0 0.85 (0.70, 1.04)

mortality in obese patients afflicted with T2DM. Our meta-
analysis encompassed 15 studies meeting the predefined
criteria, involving 20,595 patients affected by T2DM and
CHF. The meta-analysis outcomes signify that Met holds
the potential to reduce the hazard of all-cause mortality and
cardiovascular-related death among patients grappling with
T2DM and CHF. Notably, its utilization does not escalate
the susceptibility to HF hospitalization, and further evi-
dence supports its ability to ameliorate NT-proBNP levels
in these patients.

Since the inception of the UKPDS and its subsequent
investigations in 1998, Met has garnered recognition as a
hypoglycemic agent linked to a diminished risk of diabetes-
related outcomes, encompassing both macrovascular and
microvascular complications, particularly in overweight
individuals afflicted by T2DM [30]. Observational inqui-
ries into T2DM patients concomitantly experiencing HF
have unveiled a favorable association between Met treat-
ment and a reduced likelihood of all-cause mortality and
hospitalization due to HF [23]. Notably, a study by F4cila L
et al. disclosed that over an average follow-up period of 2.4
years, involving 835 subjects with acute heart failure,
patients receiving Met exhibited markedly lower long-term
all-cause mortality compared to their non-Met-receiving
counterparts [31]. Thus, extant research underscores that
Met treatment offers superior clinical outcomes for patients
grappling with T2DM and HF compared to traditional
antidiabetic agents like insulin. Furthermore, com-
plementary animal experiments have substantiated Met’s
protective effects against cardiovascular disease at the
molecular level. These protective mechanisms include

mitigating myocardial ischemia by promoting protein
kinase B and adenylate-activated protein kinase activation
and nitric oxide production. Additionally, Met exerts a
modulatory role in post-vascular inflammation, myocardial
preservation, and the retardation of atherosclerotic pro-
gression. Concurrently, Met demonstrates efficacy in
diminishing cardiac fibrosis and improving lipid profiles by
reducing triglyceride levels. A meta-analysis examining the
impact of Met treatment on HF with preserved ejection
fraction revealed its potential to reduce mortality [32]. In
addition to its potential impact on heart failure outcomes,
metformin, as an antidiabetic medication, significantly
improves glycemic control in T2DM patients by reducing
hepatic glucose production and increasing peripheral
insulin sensitivity [33]. Good glycemic control is particu-
larly important in patients with T2DM and CHF, as
hyperglycemia can exacerbate the progression of heart
failure. Studies suggest that improved glycemic control
may positively influence heart failure outcomes by redu-
cing hyperglycemia-related cardiovascular complications,
such as inflammation and oxidative stress [34, 35].
Therefore, the use of metformin in patients with T2DM and
CHF may improve overall clinical outcomes not only
through direct cardiac protective mechanisms but also by
optimizing blood glucose levels [36].

This study adopted a comprehensive approach by
focusing on all patients with CHF, incorporating the latest
high-quality cohort studies and RCTs for a comprehensive
analysis. The findings further demonstrated that Metformin
can diminish the risks associated with all-cause mortality
and cardiovascular mortality in individuals afflicted with
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T2DM and CHF, all while not elevating the likelihood of
hospitalization due to HF. Furthermore, this investigation
revealed Met’s capacity to ameliorate NT-proBNP levels
among T2DM patients with CHF. Nevertheless, the scarcity
of RCTs to evaluate Met’s influence on clinical outcomes in
patients with T2DM and HF remains a notable gap in the
current literature. Notably, ongoing studies registered in the
clinical trial registry are poised to provide a more precise
answer to whether Met is indeed associated with enhanced
outcomes for HF patients. These forthcoming studies hold
the promise of shedding further light on this matter [37, 38].

Met, a first-line antidiabetic medication for T2DM, has
garnered global recognition for its enduring utility due to its
established safety, efficacy, and cost-effectiveness. With
revisions made by the FDA concerning Met prescriptions
for individuals with HF in 2006 and 2016 and the 2018
guidance from the European Society of Cardiology (ESC)
suggesting its potential safety and efficacy in T2DM and HF
patients, the utilization of Met is expected to continue its
upward trajectory. Nonetheless, it remains unsuitable for
those individuals with preexisting contraindications or who
necessitate cautious administration [39]. This meta-analysis
demonstrated that, compared to conventional antidiabetic
agents, Met use within these patient cohorts substantially
enhances long-term prognoses and retards the progression
of comorbid conditions. Moreover, this study bolsters the
assertion that Met can be judiciously employed within the
CHF population, a demographic hitherto considered con-
traindicated for its use.

While the FDA currently permits the use of Met in
patients with mild to moderate CHF, clinical practice often
sees hesitancy, particularly among T2DM patients with
cardiorenal comorbidities. This hesitation primarily arises
from concerns regarding Met’s association with LA, which
has an observed high mortality rate of approximately 50%
[40]. Furthermore, it is noteworthy that most ongoing RCT
studies involving Met treatment exclude individuals with
comorbid conditions.

Most RCT studies registered on clinical trial registration
websites previously categorized as contraindicated cases
align with the recommended criteria. However, their pro-
gress has been hindered by the limited availability of high-
quality RCT evidence that supports such clinical decisions.
This study included only three RCTs, which impedes an in-
depth examination of this issue. In conclusion, to ensure the
safety of Met treatment for T2DM patients with comor-
bidities, there is an urgent need for more high-evidence
research. Multi-center, randomized, placebo-controlled
trials should be prioritized to comprehensively assess the
long-term safety of Met’s clinical application, thereby
instilling confidence in patients with comorbid conditions
who may benefit from Met treatment.
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The 2023 European Society of Cardiology (ESC)
guidelines recommend the use of SGLT2 inhibitors, such as
dapagliflozin or empaglifiozin, in heart failure patients,
regardless of ejection fraction. This recommendation
reflects an evolving approach to heart failure management
and could impact future research and treatment strategies
[41]. This is particularly important for patients with T2DM
and chronic heart failure, as the interaction between dif-
ferent antidiabetic medications and heart failure outcomes is
becoming increasingly complex. Incorporating SGLT2
inhibitors into standard care may influence the future use
and study of metformin in this patient population. Further
research is needed to understand the long-term effects of
combining metformin with SGLT2 inhibitors and their
combined impact on cardiovascular outcomes.

Nonetheless, this study has certain limitations. Firstly,
meta-analysis faced challenges in including all pertinent
studies, as some were excluded due to unreported outcome
data or the absence of valid outcome information. Secondly,
handling the disparities between studies was complex, and
the potential influence of heterogeneity had to be con-
sidered. The heterogeneity test in this study revealed high
levels of heterogeneity among the included studies, neces-
sitating a cautious interpretation of the results. Thirdly, the
study was marked by variations in the types of interventions
or exposure drugs within the control group, discrepancies in
intervention periods, varying lengths of follow-up, and the
presence of other confounding variables. As a result, certain
outcome indicators could not undergo subgroup analysis,
making it challenging to eliminate the impact of con-
founding factors from the comprehensive analysis results.

Conclusion

In individuals with T2DM and CHF, the use of Met is
linked to a decreased likelihood of all-cause mortality and
cardiovascular-related mortality. Furthermore, it can
enhance cardiac function in CHF patients without elevating
the risk of hospitalization due to heart failure, establishing
its safety and potential benefits.
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Abbreviation

Met Metformin

T2DM Type 2 Diabetes Mellitus

CHF Chronic Heart Failure

LVEF Left Ventricular Ejection Fraction
LVEDD Left Ventricular End-Diastolic Dimension
RCTs Randomized Controlled Trials
NOS Newcastle-Ottawa Scale

SD Standard Deviation

RR Relative Risks

CI Confidence Intervals

WMD Weighted Mean Difference

SMD Standardized Mean Difference
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