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Metformin effects on cardiac parameters in non-diabetic Iraqi
patients with heart failure and mid-range ejection fraction —
a comparative two-arm parallel clinical study
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Heart failure (HF) remains a difficult challenge to the healthcare system, necessitating promoting interventions and
multidrug management. Metformin, typically used to manage diabetes, has emerged as a promising intervention in
the treatment of HF. This study aimed to assess the effect of adding metformin to the standard treatment of HF on
cardiac parameters. This clinical study comprised 60 newly diagnosed HI patients randomly assigned to two groups:
Group C received standard HF treatment, while Group M received standard HF treatment in addition to daily
metformin (500 mg). After 3 months of treatment, group M showed a significantly higher ejection fraction (EF) com-
pared to Group C (6.1% and 3.2%, respectively; p-value=0.023) and a reduction in the left ventricular end-diastolic
pressure (LVEDD) (0.28, and 0.21 mm respectively; p-value=0.029). No significant differences were observed in the
interventricular septal thickness (IVST) or left ventricular end-systolic pressure (LVESD). For cardiac markers, N-Ter-
minal pro-BNP (NT-proBNP) showed the highest reduction in Group M compared to Group C (719.9 pg/ml and
271.9 pg/ml respectively; p-value=0.009). No significant changes were reported for soluble ST2. Metformin demon-
strated cardiac protective effects by increasing EI and reducing NT-proBNP. Given its affordability and accessibility,
metformin offers a valuable addition to the current HF treatment options. This positive effect may be attributed to
mechanisms that enhance the impact of conventional HF treatments or vice versa.

Heart failure, N-terminal proBNP, Echocardiography, Metformin

HF: Heart Failure; EF: Ejection Fraction; HFmrEF: Heart Failure with mid-range Ejection
Fraction; LV: Left Ventricle; LVEDD: Left Ventricular End Diastolic Diameter; LVESD: Left Ventricular End
Systolic Diameter; IVST: Interventricular Septal Thickness; NT-proBNP: N Terminal pro-brain natriuretic peptide;
ST2: soluble suppression of tumorigenicity 2; HbA1C: Glycated Hemoglobin A1C; T2DM: Type 2 Diabetes
mellitus; AMPK: Adenosine Monophosphate-Activated Protein Kinase; BMI: Body Mass Index; ARNI: Angiotensin
receptor/Neprilysin inhibitor; ACEIL: Angiotensin-converting enzyme (ACE) inhibitor

INTRODUCTION

Heart failure (HF) is a hemodynamic condition in which
the heart fails to pump sufficient blood to the body or pumps
blood at an inefficient pace due to excessive filling pressures
[1, 2]. Symptoms of HE, such as dyspnea, tiredness, aberrant
left ventricular (LV) and/or right ventricular filling pressure,
and increased filling pressures contribute to the complexity of
this clinical condition [3, 4]. Globally, HF affects an estimated

64.3 million individuals [5]. An estimated 1%-2% of the overall
population is diagnosed with HF in developed countries [6].
The initial long-term management for patients with heart
failure with reduced ejection fraction (HFrEF) includes the
combined use of three types of agents, as tolerated: diuretics, a
renin-angiotensin system blocker (angiotensin receptor/nepri-
lysin inhibitor (ARNI), angiotensin-converting enzyme inhibi-
tor (ACEI), or angiotensin receptor blocker (ARB)) or alternate
therapy with isosorbide dinitrate-hydralazine, and a beta block-
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er, generally administered in the following order [7]. Evidence
that initial therapies used in combination (beta-blocker and an-
giotensin system blocker (ARNI or ACEI)) prolong survival [7,
8] and reduce mortality compared to placebo was borderline
significant for ARB therapy (used as an alternative to ARNI or
ACEI) and for isosorbide dinitrate-hydralazine therapy (used as
an alternative to an angiotensin system blocker) [9].

Metformin, a derivative of biguanide known as dimethyl
biguanide, is considered one of the main drugs used to treat
type 2 diabetes mellitus (T2DM) since its introduction in 1957.
In addition, metformin has also demonstrated effects on car-
diac cell function by altering cardiac metabolism and remod-
eling [10, 11]. Sixty to ninety percent of the heart's energy
comes from fatty acid oxidation, with the rest coming mostly
from glycolysis and the metabolism of lactate from the blood
[12, 13]. As a result of decreased activity of the mitochondrial
respiratory/electron transport chain, decreased utilization of
fatty acids and glucose, and increased production of mitochon-
drial uncoupling proteins, the failing heart has an inadequate
energy supply, resulting in decreased production of adenosine
triphosphate (ATP) and phosphocreatine and decreased oxygen
consumption [14, 15]. Metformin can improve cardiac func-
tion by affecting many metabolic pathways [16]. Metformin
may increase mitochondrial oxidation of fatty acids by lower-
ing the synthesis of the cardiac advanced glycated end product
and decreasing cardiomyocyte apoptosis through activation of
adenosine monophosphate-activated protein kinase (AMPK)
[17]. The mechanisms of metformin in HF were the topic of
two randomized clinical trials. Patients with insulin resistance
and HFrEF were given metformin or a placebo for 4 months in
one trial. The primary outcome (maximal VO2) was unaffect-
ed, while the efficiency of cardiac contractions increased [18].
Improved cardiac mechanical efficiency was also reflected in
a substantial rise in the work metabolic index and a decrease
in myocardial oxygen consumption compared to the placebo
group. Patients with higher plasma metformin levels had great-
er changes in their work metabolic index than those whose met-
formin levels were lower [19]. The aim of the current work was
to assess the effect of adding metformin to the standard treat-
ment of HF on cardiac echocardiographic parameters (ventric-
ular dimension-hypertrophy, septal thickness, and EF) and some
cardiac biomarkers compared to the standard of care in heart
failure with mid-range ejection fraction (HFmrEF).

MATERIAL AND METHODS

Study design and setting

Patients were recruited from the inpatient ward of Al-Di-
waniyah Teaching Hospital in Al-Diwaniyah Province, Iraq,
between September 1%, 2022, and March 1%, 2023. This pro-
spective two-armed parallel-group clinical study involved 60
patients. We initially included 70 patients, but 10 dropped out
during the follow-up (6 patients from group C and 4 from group
M, as illustrated in Figure 1). The age range of participants was
50 to 70 years previously treated for new-onset HF (heart failure
with mildly reduced EF with EF between 41 to 49%, HFmrEF)
according to 2022 American Heart Association (AHA), Amer-
ican College of Cardiology (ACC), and Heart Failure Society
of America (HFSA) guidelines [20]. Patients were divided into
two groups: group C, treated with the standard treatment for
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HE and group M, treated with the standard treatment for HEF,
in addition to Metformin 500 mg daily. The standard treat-
ment for HF included Carvedilol (DILACARD®, MS Pharma,

Jordan) 3.125 mg once daily, Bumetanide (Bumex®, Leo, Den-

mark) 1 mg once to twice daily, Sacubitril-valsartan (Savesto®,
Gatz, Pakistan) 200 mg once daily, Spironolactone (Spironolac-
tone®, accord, England) 25 mg twice daily, and group M was
administered metformin (Glucophage®, Merck Serono, France)
once daily with food given at evening.

All variables, including age, gender, body mass index (BMI),
ejection fraction (EF), left ventricular end-diastolic diameter
(LVEDD), left ventricular end-systolic diameter (LVESD),
interventricular septal thickness (IVST), glycated hemoglo-
bin (HbAlc) levels, N-terminal pro-brain natriuretic peptide
(NT-proBNP) levels, and soluble suppression of tumorigenicity
2 (ST2) levels were collected at baseline and after three months,
through echocardiography and biomarkers measurement.

Inclusion and exclusion criteria

Inclusion criteria comprised non-diabetic patients newly diag-
nosed with HF stage II and III and HFmrEF Exclusion criteria
included individuals with renal impairment, age >70 years, intol-
erance to metformin, presence of cardiac or cerebral issues oth-
er than HE systolic blood pressure equal to or greater than 180
mmHg, symptomatic hypotension, history of ketoacidosis, and
any thyroid diseases.

Randomization

Computer-based randomization was used. Patients were
numbered consecutively and then randomized into two groups
using the online software Research Randomizer.

Sample size estimation

Sample size estimation was based on the following equation:

. . (1 =p)Z8os
minimum sample size (n) = p — a2

Where n was the minimal sample size, p was the prevalence
of HEF, which, according to one study [6], was determined to be
as high as 2% among the general population. The Z represents
the Z-score at a 95 % confidence interval, which equals 1.96; d
represents the marginal error, accepted at 0.05, according to one
study [21]. The minimal sample size was estimated to be approx-
imately 30 for each group.

Analytic procedures

Sample preparation

A 10 ml venous blood sample was collected from each pa-
tient, and after collection, the blood was allowed to clot. The
clot was later removed by centrifuging the sample at 2,000-
3,000 rpm for 20 minutes. The resulting supernatant was di-
vided into two portions. The first portion was used to assess
serum lipid profile, urea, creatinine, and HbAlc, while the re-
maining supernatant was stored in a deep freeze (-80°C) until
biomarkers analysis.


https://www.randomizer.org
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Figure 1. CONSORT flowchart of the study

Human N-terminal Pro-Brain Natriuretic Peptide, NT-proBNP ELISA
Kit (Sunlong, China)

For the detection of BNP sandwich, the ELISA method was
utilized, which is based on antibody reaction to BNP antigen.
The optical absorbance of the product was subsequently con-
verted to concentration using the standard curve provided.

Human soluble ST2 ELISA kit (Sunlong, China)

For the detection of the ST2 sandwich — the ELISA method
was utilized, which is based on the antibody reaction to the ST2
antigen. The optical absorbance of the product was subsequently
converted to concentration using the standard curve provided.

Glycated Hemoglobin (HbA1c) (Linear, Spain)
The N-terminal fructosyl dipeptides of the HbAlc - chain

were specifically measured by the hemoglobin Alc assay using
an enzymatic technique, as mentioned previously [22].

Echocardiography

All patients underwent echocardiographic assessment con-
ducted by a specialist doctor using the Vinno G60 ultrasound
system (serial number: 4011640003). The assessment included
EE, LVEDD, LVESD, and IVST.

Statistical analysis

All analyses were carried out using GraphPad Prism version 9.1
(GraphPad Prism (RRID: SCR_002798). To assess the adherence
of variables to normality, the Anderson-Darling test was employed,
and all variables were found to follow a normal distribution. Dis-
crete variables are presented using numbers and percentages, with
the chi-square test used to analyze these variables. Independent
t-tests were used to assess the difference between both treatments,
and paired t-test was used to assess changes between baseline and
after 3 months in each group. A p-value was considered significant
if it was less than 0.05, and all p-values were two-tailed.
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RESULTS

In this study, 60 patients were divided into 2 groups: Group
C, receiving standard HF medications, and Group M, receiv-
ing standard HF treatment along with Metformin 500 mg dai-
ly. Each group consisted of 30 patients, with no significant
differences in age, gender, or BMI between the two groups,
which helped reduce selection bias.

There was a significant increase in EF in group M compared
to group G (6.1% and 3.2% respectively, p-value=0.023) and
a significant decrease in LVEDD pressure (0.28 and 0.21 mm
respectively, p-value=0.029) between baseline assessment and
the end of the study. There was no significant difference in
LVESD, IVS thickness, or HbA1C between baseline assess-
ment and the end of the study, as indicated in Table 1 and
Figure 2.

A significant decrease was observed in the biomarker
NT-proBNP after 3 months in group M compared to group C
(719.9 pg/ml and 271.9 pg/ml, respectively, p-value=0.009).
However, there was no significant reduction in ST2, as indi-
cated in Table 2 and Figure 3.

DISCUSSION

In the present study, all patients received standard treatment
for HF according to recent guidelines, which included the ad-
ministration of beta blockers, loop diuretics, an ACEI — nepri-
lysin combination, and an aldosterone antagonist. The investi-
gation explored the possible benefits of adding metformin in
HFmrEF and its early benefits in HF in non-diabetic patients
[23].

There is a lack of two-arm clinical studies focusing on pa-
tients with HFmrEF (LVEF, 41-49%), which underscores the
importance of the current study, where metformin use in HFm-
rEF patients without diabetes appeared to improve HF in terms
of EF and LVEDD. There was a significant increase in EF in
group M compared to group C (6.1% and 3.2% respectively,
p-value=0.023) and a significant decrease in LVEDD pressure
(0.28, and 0.21 mm respectively; p-value=0.029) between base-
line and the end of the study. Moreover, NT-proBNP showed a
significant reduction in group M compared to group C (719.9
pg/ml and 271.9 pg/ml respectively, p-value=0.009). These
findings suggest potential survival benefits for the patients, a
factor not thoroughly examined in previous clinical studies.

Table 1. Assessment of demographic and echocardiographic characteristics

Variable Group C
Number 30
Age (y), meanSD 60.0+6.0
Sex, n (%)
Female 12 (40%)
Male 18 (60%)
BMI (kg/m?), mean+SD 26.6+2.9
EF (%)
Baseline 45.1+2.4
After 3 months 48.3+3.5
LVEDD (mm), meanSD
Baseline 6.69+0.38
After 3 months 6.48+0.40
LVESD (mm), mean+SD
Baseline 4.85+0.36
After 3 months 4.65+0.37
IVS thickness (mm), mean+SD
Baseline 0.88+0.19
After 3 months 0.83+0.17
HbA1c (%), mean+SD 4.97+0.32

2Independent t-test, ®Chi-square test

Group M p-value

30

59.2+6.0 0.608°
0.602°

14 (46.7%)

16 (53.3%)

26.1£2.9 0.520°

44.612.4 0.482°

50.7+4.6 0.0232[S]

6.55+0.36 0.1471°

6.27+0.34 0.029° [S]

4.86+0.39 0.946°

4.63+0.44 0.824°

0.86+0.17 0.614°

0.83+0.17 0.940*

4.99+0.32 0.749*

S: Significant Difference, LVEDD: Left Ventricular End-Diastolic Diameter, LVESD: Left Ventricular End-systolic Diameter, IVS: Interventricular Septum,
EF: Ejection Fraction, BMI: Body Mass Index, n: Number, HbA1c: Glycated Hemoglobin Alc, SD: Standard Deviation

The comparison was conducted at different times
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Figure 2. Comparison of EF
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Table 2. Assessment of cardiac biomarkers levels

Variable Group C Group M p-value
Number 30 30 =
NT-proBNP (pg/ml), mean+SD
Baseline 1,923.20+622.0 1,910.8+673.7 0.941
After 3 months 1,651.3+611.8 1,190.9+£711.0 0.009 [S]
Mean reduction 2719 719.9
Soluble ST2 (ng/ml), mean+SD
Baseline 30.00+2.00 30.05+2.80 0.937
After 3 months 25.95£1.59 24.99+2.26 0.061
Mean reduction 4.04 5.06
Independent t-test
S: significant difference, SD: standard deviation
The comparison was made between groups at different times
Figure 3. Assessment of
3000 B Group C NT-proBNP according to
] the study group (inde-
h -1 == Group M pendent t-test)
= ] *
£ 2000
o ]
= .
o .
=z .
& .
2 ]
G 4
5 1000-_
5 ] 1923.20 1651.34 1910.81 1190.88
= T T
Baseline 3 months Baseline 3 months
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Recently, there has been a change in the label of metformin
use in HE and the contraindication of use was removed. This
change was based on a growing body of evidence highlighting
the safety and advantages of metformin in individuals with dia-
betes and HE. This information was gathered from clinical obser-
vations and experimental investigations [24].

A meta-analysis of observational studies shows that metformin
is safe for individuals with DM and HE including those with de-
creased LVEF or chronic kidney failure. Conversely, no studies
have shown that metformin increases the risk of lactic acidosis
more than other hypoglycemic drugs [25].

A limited number of studies examined the relationship be-
tween metformin and non-diabetic HE. In a study that examined
6-month treatment with metformin in patients with metabolic
syndrome, metformin improved EF compared to control (p-val-
ue <0.003) [26]. In another study that examined the effect of
metformin in DM patients, metformin treatment reduced B-type
natriuretic peptide (BNP) by 40% compared to the control group.
BNP is an approved marker for diagnosis and therapeutic assess-
ment of HF [27]. In a meta-analysis that involved 754 non-di-
abetic patients with LV hypertrophy, metformin treatment im-
proved LVEF after 12 months of treatment [28].

In a study that examined 37 patients with HFrEF that received
3 months of treatment with metformin (in addition to standard
of care) compared to the control group (which received standard
of care), the authors found a 1% increase in EF compared to the
control group [29]. These findings were consistent with another
study by Wong and coworkers that examined non-diabetic HE,
in which patients received 4 months of metformin and reported
non-significant improvements (0.35%5.5) in EF compared to the
control group [30]. In another study, metformin use was found
to be a negative predictor of high BNP levels in patients with
T2DM, indicating an inverse relationship between them [31].

According to the guidelines provided by the American Heart
Association (AHA), American College of Cardiology (ACC), and
Heart Failure Society of America (HFSA), assays for N-terminal
pro-B-type natriuretic peptide (NT-proBNP) are commonly em-
ployed to determine the presence and severity of heart failure
(HF). A reduction in NT-proBNP has been associated with better
outcomes, underscoring the importance of N'T-proBNP as a di-
agnostic and prognostic marker [20].

In the present study, both groups had a decrease in NT-proB-
NP levels after three months of follow-up, but metformin group
M showed a significant reduction in NT-proBNP compared to
the control group.

In a large study that examined diabetic patients with HE, the
use of metformin was associated with a 16% reduction in HF
events when compared to individuals not using metformin. The
author concluded that metformin should be continued since the
acute use of metformin showed the maximum benefit compared
to non-use. Additionally, patients who discontinued metformin
lost the benefits they had gained from its use [32].

Metformin was examined in several studies, including an ex-
ploratory analysis of the AVOCADO trial, which examined pa-
tients with T2DM at risk of developing HE, where metformin
use was assoclated with low levels of NT-proBNP. Further anal-
ysis using a multivariate regression model found metformin to
be independently associated with N'T-proBNP [31]. Metformin
medication may reduce the risk of HF by slowing LV remodeling.
Given that NT-proBNP is an independent marker of developing
HE this might be very beneficial [31]. Experimental evidence
from Sasaki et al. supports this idea by showing that metformin
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reduces cardiac remodeling and slows the development of HF
in dogs while also increasing AMPK activation and nitric oxide
(NO) generation [33]. Both AMPK activation [34-36] and NO
generation [37] have been demonstrated to prevent cardiac re-
modeling in the pressure overload model and to reduce myocar-
dial ischemia/reperfusion damage in the ischemic model in rats
[38]. Using an experimental non-diabetic rat model of myocar-
dial infarction (MI), Yin et al. showed that metformin decreased
infarct size by 22%, leading to a 52% increase in LVEF com-
pared to placebo [39].

The Wong et al. study showed a modest reduction in BNP
compared to the control group (-20.2+78.7 pg/ml) [30]. In the
Larsen e al. study, 4 months of treatment with metformin did not
cause a significant change in BNP [29]. These findings raise the
possibility that metformin's cardioprotective impact is unrelated
to its ability to lower blood sugar.

In the present study, both groups had a significant decrease in
soluble ST2 levels after three months of follow-up. Metformin
did not show a statistical difference compared to the control
group. No study examined the effect of metformin on ST2, and
this study is the first to examine their effect on ST2.

ST2 is one of the promising new biomarkers for heart failure
(HF). Numerous studies conducted in acute and chronic HF pop-
ulations have shown that this biomarker holds predictive value
when assessed individually and combined with other biomarkers
[40].

One animal study that examined the effect of metformin on
post-MI in rats found that metformin therapy reduced ST2 levels
after 4-weeks of administration. This effect was associated with
the downregulation of ST2 expression and the upregulation of
IL-33, a protective marker in myocardial tissue that inhibits the
phosphorylation of IxBa and the activation of NF-xB in the bor-
der tissue of cardiac muscles [41]. The lack of significant change
in soluble ST?2 levels observed in the current study following met-
formin treatment may be attributed to the relatively short du-
ration of the study. It is possible that this marker may require a
longer duration to achieve significant reduction.

This study has several limitations, including the short duration
and the fact that no compensated morbidity and mortality out-
comes were observed (because of the short duration). Finally, the
open-label nature of the study might introduce bias in contrast to

double-blinded trials.

CONCLUSION

Metformin produced cardiac protective effects by increasing
EF and reducing N'T-proBNP. Its affordability and widespread
availability make it a promising addition to existing HI therapies.
This beneficial effect is possibly exerted by mechanisms related
to a potentiation of the effect of standard treatment for HF or
vice versa.
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