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Abstract: Background In recent years, various peptides have been introduced for the complementary treatment and
management of post-reperfusion injuries. Nesfatin-1, a peptide secreted by the nervous system and periph-
eral tissues, modulates cardiac function, and plays an important role in the cardiovascular response to stress
conditions. This systematic review and meta-analysis aims to investigate the preclinical evidence on the ef-
fect of Nesfatin-1 administration in the improvement of cardiac ischemia/reperfusion injury. Method Online
databases of PubMed, Embase, Web of Science, and Scopus were searched until November 2nd, 2022, for arti-
cles investigating the therapeutic effects of Nesfatin-1 administration on myocardial ischemia/reperfusion in-
jury in preclinical models. Cardiac functions, infarct size, myocardial tissue fibrosis, inflammation, oxidative
stress, apoptosis, necroptosis, and necrosis were chosen as outcomes. The results are reported as an overall
standardized mean difference (SMD) and 95% confidence interval (CI). Results Our results demonstrate that
the administration of Nesfatin-1 improves cardiac parameters such as ejection fraction (SMD = 3.94, 95% CI:
0.30 to 7.58), heart rate (SMD = 3.30, 95% CI: 0.41 to 6.18), and negative dp/dt (SMD = 2.05, 95% CI: 0.60 to 3.50)
and positive dp/dt (SMD = 2.78, 95% CI: 0.56 to 4.99). Nesfatin-1 was shown to significantly reduce myocardial
infarct size (SMD = -4.32, 95% CI: -5.95 to -2.69 and fibrosis (SMD = -3.91, 95% CI: -5.67 to -2.15). Apoptotic
score (SMD = -2.07, 95% CI: -3.51 to -0.63) and oxidative stress were also reduced subsequent to Nesfatin-1 ad-
ministration. Nesfatin-1 was not shown to decrease inflammation, necroptosis, and necrosis. Conclusion: In
conclusion, we demonstrated that Nesfatin-1 could serve as a potential therapeutic agent in ameliorating the
secondary damages during myocardial I/R injury. Nesfatin-1 administration can preserve cardiac function by
reducing oxidative stress, apoptosis, and myocardial necrosis. However, much more studies are required to en-
dorse further clinical translation of Nesfatin-1 to be utilized in the management of myocardial I/R injury.
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1. Introduction

Ischemic heart disease is one of the leading causes of death

and disability worldwide (1). Current therapies are mainly

based on reopening the stenotic vessels and restoring the

blood supply, with the most widely used treatment being

coronary angioplasty (2).

Theoretically reperfusion of tissue should lead to the ces-

sation of tissue damage caused by ischemia and although

reperfusion significantly improves patient outcomes, it is

also accompanied by secondary injuries to the involved tis-
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sue; a phenomenon called ischemia-reperfusion (I/R) injury.

Increased inflammatory reactions, oxidative stress, and stim-

ulation of necrosis and apoptosis precipitate secondary in-

juries post-reperfusion of the involved tissue and cause con-

sequences such as myocardial stunning, endothelial dys-

function, myocyte death, and reperfusion arrhythmias (3-5),

to the extent that 50% of the final myocardial infarction size

is contributed to post-reperfusion injuries (6). Therefore, in

addition to current angioplasty and drug therapies, further

adjunctive therapeutic agents are needed to reduce the sec-

ondary injuries caused by reperfusion.

In recent years, various peptides have been introduced for

the complementary treatment and management of post-

reperfusion injuries (7). Nesfatin-1, a peptide secreted by

the nervous system and peripheral tissues, is involved in en-

ergy homeostasis in relation to food and water intake. Ad-

ditionally, Nesfatin-1 modulates cardiac function and plays

an important role in the cardiovascular response to stress

conditions (8). Administration of Nesfatin-1 increases the

contractile strength of the heart and is associated with in-

creased cardiac function, reduced oxidative stress, and de-

creased collagen deposition in the damaged tissue (9, 10).

Studies have shown that level of Nesfatin-1 decreases after

ischemia/reperfusion injury and external administration of

this peptide attenuates the infarct volume, cardiac troponin

levels, and apoptosis (10). These positive effects of Nesfatin-

1 have led to the hypothesis that the administration of this

peptide may reduce reperfusion injury (10-12).

Several preclinical studies have been conducted to evaluate

the effects of Nesfatin-1 in cardiac ischemia/reperfusion in-

juries. However, there is still no consensus on the preclini-

cal efficacy of Nesfatin-1. This systematic review and meta-

analysis aims to investigate the preclinical evidence on the

effect of Nesfatin-1 administration in the improvement of

cardiac ischemia/reperfusion injury to pave the way for the

translation of the evidence into clinical studies.

2. Method

2.1. Study Design

The current systematic review and meta-analysis was

designed with the aim of investigating the therapeutic

effects of Nesfatin-1 administration on myocardial is-

chemia/reperfusion injury in preclinical models. PICO

was defined as P (population): animal models of my-

ocardial ischemia/reperfusion injury, I (Intervention):

Nesfatin-1 administration, C (Comparison): myocardial

ischemia/reperfusion control group not receiving Nesfatin-1

administration, O (Outcome): cardiac functions, infarct size,

myocardial tissue fibrosis, inflammation, oxidative stress,

apoptosis, necroptosis and necrosis.

2.2. Search Strategy

Relevant keywords were chosen by MeSH terms of Medline

and Emtree terms of Embase databases, reviewing of related

articles and consultation with experts in the field. A system-

atic search was performed in online databased of PubMed,

Embase, Scopus and Web of Science from inception until

November 2nd, 2022. Google and Google Scholar search en-

gines and references of the related articles were also manu-

ally investigated for retrieval of possibly missed articles. Sup-

plementary material 1 includes the search strategy used for

this study.

2.3. Selection criteria

All in vivo studies investigating the therapeutic ef-

fects of Nesfatin-1 administration in myocardial is-

chemia/reperfusion animal models have been included

in this study. Reviews, the absence of a non-treatment

control group, not evaluating the outcome of interest, pre-

treatment administration of Nesfatin-1, not assessing the

correlation between Nesfatin-1 administration and outcome,

and articles not providing the required data were excluded

from the study.

2.4. Data extraction

Two reviewers independently performed title and abstract

screening of the retrieved records and possibly relevant arti-

cles were chosen based on the inclusion and exclusion crite-

ria. The full texts of the chosen articles were investigated, and

fully relevant articles were included. Information provided

by the included articles were gathered and summarized in a

checklist designed by PRISMA guidelines. The checklist in-

cluded study characteristics (first author, publication year),

animal model characteristics (specie, gender, weight, age),

ischemia/reperfusion induction model, Nesfatin-1 adminis-

tration dosage and treatment length, administration method,

follow-up duration and studied outcome. Any disputes were

resolved by consulting a third reviewer.

2.5. Quality assessment

The risk of bias in the included articles was assessed by SYR-

CLE’s risk of bias tool designed for the quality assessment of

the in vivo studies (CITATION). SYRCLEs tool consists of risk

of bias assessment in domains of randomization, blinding,

baseline characteristics, outcome assessment and reporting,

incomplete data assessment, and other risks of bias. Any dis-

agreements were addressed by consultation with the third re-

viewer.

2.6. Statistical Analysis

All analyses were performed using the STATA 17.0 statistical

software. The effects of Nesfatin-1 administration on each
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Table 1: Characteristics of included studies

Study Gender Race Species Age Weight
(g)

Perfusion
method

I/R
induction

model

Ischemia
length
(min)

Dose
of

Nefatin-
1

Fre-
quency of
Nesfatin-

1
adminis-

tration

Route of
adminis-

tration

The
interval of

I/R
induction to

Nesfatin-1
administra-

tion

Type
of

con-
trol

Con-
trol
(n)

Treat
ment
(n)

Angelone et
al., 2013

NR Wistar
Rat

Adult 250 to
300

Langendorff Global,
no-flow

I/R

30 100
pmol/L

1 IV 0 I/R 6 6

Naseroleslami
et al., 2020

Male Wistar
Rat

Adult 250 to
350

In vivo LAD
ligation

30 20 „g/kg 1 I.P. 0 MI 10 10

Sharifi et al.,
2021

Male Wistar
Rat

Adult 250 to
350

In vivo LAD
ligation

30 10,15,20
„g/kg

1 I.P. 0 MI/R 14 42

Su RY et al.,
2021

Male C57BL/6Mouse
10 to

12
weeks

NR In vivo LAD
ligation

30 5,10
„g/kg

1 IM 0 MI/R 7 14

Tasatargil et
al., 2017

Male Wistar
Rat

12
weeks

250 to
300

In vivo ISO-
induced

MI NR 10
„g/kg/day

2* I.P. 0 MI 8 8

Tawfik et al.,
2016

Male Albino Rat Adult 200 to 250 Langendorff Global,
noflow IR

30 100
pmol/L

1 IV 0 I/R 6 12

I/R: ischemia/reperfusion injury, NR: not reported, pmol: picomole, IV: intravenous, I.P.: intraperitoneal, IM: intramyocardial,
ISO: Isoproterenol, MI: myocardial infarction, MI/R: myocardial infarction/reperfusion
* ISO was injected s.c. for two consecutive days at a dosage of 85 mg/kg/day, concomitant with 10 „g/kg/day i.p. Nefatin-1.

Table 2: Quality control of included studies

Study Allocation
sequence

Baseline
characteris-

tics

Allocation
conceal-

ment

Random
housing

Investigator
blinding

Outcome
assessment

random
selection

Outcome
assessor
blinding

Incomplete
data

assessment

Selective
outcome
reporting

Other risks
of bias

Angelone et al.,
2013

L L U U U U U L U L

Naseroleslami et
al., 2020

U L U U U U U L U L

Sharifi et al.,
2021

L L U L L U L U U L

Su RY et al., 2021 L L U U U U U L U L
Tasatargil et al.,
2017

L L U U L U L L U L

Tawfik et al.,
2016

L L U U U U U L U L

L: low risk of bias, U: unclear risk of bias.

outcome were reported quantitatively and the reported data

were gathered as mean and standard error or standard devi-

ation. The “metan” package was utilized and the results are

reported as overall standardized mean difference (SMD) and

95% confidence interval (CI).

Heterogeneity was assessed by I2 statistics and Chi-squared

test.

Publication bias assessment was deemed to be unnecessary

since less than 10 articles were included in each of the meta-

analyses.

3. Results

3.1. Study characteristics

The systematic search resulted in 127 records, and after re-

moving duplications, 51 studies entered the primary screen-

ing stage. After title and abstract screening, 8 studies were

reviewed in more detail. A manual search resulted in one ex-

tra study. Finally, we included the data from 6 studies in the

present meta-analysis (9, 11-15) (Figure 1). Included stud-

ies consisted of 9 experiments on animal models of myocar-

dial I/R injury, with a cumulative sample size of 92 Nefatin-1

treated animals and 51 non-treatment controls. Two stud-

ies induced ex vivo global ischemia-reperfusion in the per-

fused heart using the Langendorff apparatus, while the other

four established in vivo myocardial I/R injury model. Three

studies induced I/R by ligating left anterior descending (LAD)

artery, and one induced the ischemia by administering Iso-

proterenol (85 mg/kg/day) for two consecutive days (14). Is-

chemia duration was 30 minutes in five studies. All stud-

ies examined the cardioprotective effects of Nefatin-1 using

rats (either Wistar or Albino) and mice (C57BL/6) as animal
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models. Nesfatin-1 was administered in varying doses in-

travenously, intraperitoneally, and intramyocardially without

an interval between administration and I/R injury. Nesfatin-

1 was administered only once in all studies, except for one

study in which Nesfatin-1 was administered twice in two

consecutive days (14). Table 1 summarizes the characteris-

tics of the included studies.

3.2. Risk of bias assessment

The quality of the included studies was assessed by SYRCLEs

risk of bias assessment tool. One study was evaluated as un-

clear risk of bias in the domain of sequence generation. All

studies, except one, were judged to have an unclear risk of

bias in the domain of random housing and all studies except

two were assessed as unclear in risk of bias in domains of

blinding. One study was rated as unclear in risk of bias in

the domain of incomplete data assessment. All studies were

rated as low risk of bias in domains of baseline characteristics

and other sources of bias and all studies were rated as unclear

in domains of allocation concealment, random outcome as-

sessment, and selective outcome reporting (Table 2).

3.3. Effect of Nesfatin-1 on cardiac function

Figure 2 illustrates the results of the meta-analysis regarding

the effects of Nefatin-1 on cardiac function. Echocardiog-

raphy was used to measure left ventricular ejection fraction

(EF) in two studies. Treatment with Nesfatin-1 was associ-

ated with higher EF following I/R myocardial injury (SMD =

3.94, 95% CI: 0.30 to 7.58, p = 0.034; I2 = 89.4%, p = 0.002). Two

studies evaluated heart rate (HR) and similar to EF, Nesfatin-

1 administration increased HR (SMD = 3.30, 95% CI: 0.41 to

6.18, p = 0.025; I2 = 80.1%, p = 0.025). Our analysis demon-

strated that Nesfatin-1 does not improve fractional shorten-

ing (FS) (SMD = 3.56, 95% CI: -0.40 to 7.52, p = 0.078) and

left ventricular pressure (LVP) (SMD = 3.27, 95% CI: -0.54 to

7.08, p = 0.092). In two studies using ex vivo perfusion tech-

nique, the maximal rate of left ventricular pressure (positive

LV dp/dt) and the maximal decline in left ventricular pressure

(negative LV dp/dt) were compared between the treatment

and control groups. Animal treated with Nefatin-1, had sig-

nificant increase in both positive LV dp/dt (SMD = 2.78, 95%

CI: 0.56 to 4.99, p = 0.014; I2 = 83.3%, p = 0.009) and negative

of LV dp/dt (SMD = 2.05, 95% CI: 0.60 to 3.50, p = 0.006; I2 =

70.0%, p = 0.054).

3.4. Effect of Nesfatin-1 on myocardial infarct
size

As shown in figure 3A, Nesfatin-1 administration significantly

reduced infarct size compared to the control group after my-

ocardial I/R injury (SMD = -4.32, 95% CI: -5.95 to -2.69, p <

0.0001; I2 = 67.9%, p = 0.017).

3.5. Effect of Nesfatin-1 on cardiac tissue fibrosis

As shown in figure 3B, Nesfatin-1 administration significantly

reduced fibrosis area compared to the control group after

myocardial I/R injury (SMD = -3.91, 95% CI: -5.67 to -2.15,

p < 0.0001; I2 = 68.9%, p = 0.049).

3.6. Effects of Nesfatin-1 on apoptosis

As shown in figure 4, Nesfatin-1 administration significantly

reduced apoptosis compared to the control group after my-

ocardial I/R injury. Eligible parameters that were used as

a marker for cell apoptosis in the studies included apop-

totic score (using TUNEL assay), caspase-3, RPCK-1, ROCK-

2, and RhoA activity. Nesfatin-1 administration significantly

reduced the apoptotic score (SMD = -2.07, 95% CI: -3.51 to

-0.63, p = 0.005; I2 = 74.1%, p = 0.021) and caspase-3 expres-

sion (SMD = -4.79, 95% CI: -7.71 to -1.86, p = 0.001; I2 = 85.8%,

p = 0.001), but had no significant effect on ROCK-1 expres-

sion (SMD = -0.90, 95% CI: -2.31 to 0.51, p = 0.211), ROCK-2

expression (SMD = -1.03, 95% CI: -2.34 to 0.29, p = 0.126), and

RhoA activity (SMD = -1.04, 95% CI: -2.58 to 0.50, p = 0.185).

3.7. Effects of Nesfatin-1 on inflammation

As shown in figure 5, Nesfatin-1 administration did not re-

duce tissue levels of c-reactive protein (CRP) (SMD = -9.18,

95% CI: -19.33 to 0.97, p = 0.076), IL-6 (SMD = -3.87, 95% CI:

-7.98 to 0.24, p = 0.065), and TNF-fi (SMD = -3.13, 95% CI:

-7.63 to 1.37, p = 0.173).

3.8. Effects of Nesfatin-1 on necroptosis and
necrosis

Nesfatin-1 administration did not significantly reduce

necroptosis biomarkers and necrosis compared to the con-

trol group after myocardial I/R injury. As shown in figure 6,

Nesfatin-1 administration did not reduce the expression of

MLKL (SMD = -1.71, 95% CI: -3.49 to 0.69, p = 0.060), RIPK-1

(SMD = -1.06, 95% CI: -2.32 to 0.20, p = 0.098), and RIPK-3

(SMD = -1.08, 95% CI: -2.63 to 0.46, p = 0.170). It also did not

significantly affect the necrosis score (SMD = -2.28, 95% CI:

-5.14 to 0.58, p = 0.119).

3.9. Effects of Nesfatin-1 on oxidative stress

Oxidative stress parameters included in the meta-analysis

were the activity of malondialdehyde (MDA) and superoxide

dismutase (SOD). As shown in figure 7, Nesfatin-1 adminis-

tration reduced MDA content of cardiac tissue (SMD = -2.51,

95% CI: -4.79 to -0.24, p = 0.030; I2 = 87.27%, p < 0.0001). It

also significantly increased SOD level (SMD = 5.55, 95% CI:

4.04 to 7.06, p < 0.0001; I2 = 0.0%, p = 0.926) compared to the

control group after myocardial I/R injury.
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4. Discussion

Despite great advances in the availability and efficacy of

timely pharmacological thrombolytic therapies and inter-

ventional revascularization in managing MI, secondary dam-

ages from myocardial I/R injury still hinder optimal treat-

ment. Through the decades, efforts have been made to

ameliorate this interactable deleterious process by discov-

ering novel biochemical agents. Formerly, multiple neuro-

hormonal peptides such as brain natriuretic peptide, ghrelin,

and vasonatrin were shown to pose cardioprotective prop-

erties against MYOCARDIAL I/R injury (16-18). Initially,

Nesfatin-1 has discovered as an 82-aminoacid peptide se-

creted from the hypothalamus and reported to be involved

in modulating satiety and feeding behaviors (19). However,

protein and mRNA detection of Nesfatin-1 and its precur-

sor nucleobindin-2 (NUCB2) raised the debate on its phys-

iological role in cardiac function rather than acting only as

an anorexic agent (9). In view of the close interaction of the

central nervous system, gastrointestinal tract, and cardiovas-

cular system, it was not surprising to presume a pathophys-

iological role for Nesfatin-1 in cardiovascular diseases such

as myocardial infarction (20). Correspondent to this notion,

previous studies indicated that the level of Nesfatin-1 was

significantly lower in MI patients compared to the healthy

subject (21), which paved the way for studies performed aim-

ing at evaluating its therapeutic potential in the manage-

ment of MI. In this systematic review with meta-analysis,

we comprehensively appraised preclinical experiments uti-

lizing Nesfatin-1 and demonstrated the protective effects of

Nesfatin-1 against myocardial I/R injury in animal models.

Our meta-analysis revealed that administering exogenous

Nesfatin-1 could mitigate the detrimental cytotoxic effects

that ensued by reestablishing blood flow in the ischemic my-

ocardium. We revealed that Nesfatin-1 could significantly re-

duce infarct size and subsequent tissue fibrosis through abat-

ing apoptosis and oxidative stress, which ultimately evolved

into improved cardiac function reflected by mechanical as-

pects of cardiac performance, including EF, FS, and positive

and negative maximum dp/dt.

Apoptosis is one of the cornerstones in the pathogenesis of

myocardial I/R injury. Multiple cellular disruptions could

end at initiating apoptosis under stress conditions. However,

the mitochondria is believed to be pivotal in instigating and

mounting the complex cascade of apoptosis during ischemia

(22). In the course of ischemia, myocardial deprivation of ad-

equate oxygen and nutrient supply compromises mitochon-

drial membrane redox potential and leads to its structural

instability (13). Over and above, it provokes the overpro-

duction of reactive oxygen species, which are destructive to

cellular components such as lipids, DNA, and proteins and,

per se, deteriorate mitochondrial function in a vicious cycle

(23). Ultimately, these metabolic derangements lead to the

mitochondrial release of cytochrome C into the cytoplasm

and subsequent caspase-dependent apoptosis. Our analysis

supported the beneficial effects of Nesfatin-1 in reducing the

apoptosis rate, as evidenced by TUNEL staining and reduced

caspase-3, a key modulator of apoptosis pathways. In con-

sonance, Erfani et al. also demonstrated that Nesfatin-1 ad-

ministration could alleviate cerebral I/R injury by reducing

apoptosis rate and suppressing the level of caspase-3 (24).

Aside from mitochondria, cardiac I/R can impair the endo-

plasmic reticulum (ER) function. During ischemic insult, the

accumulation of unfolded proteins in ER triggers an adap-

tive response known as ER stress, which, if overwhelmed,

can end in apoptosis (25). Respecting ER stress, in a study

by Su and collaborators, they demonstrated that exogenous

Nesfatin-1 administration could contribute to cell survival

by alleviating ER stress through Akt/ERK pathway activation

(12). As previously discussed, oxidative stress is a key compo-

nent involved in I/R pathogenesis. Owing to its antioxidant

quality, Nesfatin-1 contributes to the compensation of oxi-

dant/antioxidant imbalance, which is supported by our anal-

ysis denoting reduced MDA, an end-product of lipid peroxi-

dation, and increased SOD following its administration as a

post-treatment component. Corroborating our findings, ex-

periments on the effects of Nesfatin-1 in intestinal or renal

I/R have also underlined the inhibitive role of Nesfatin-1 on

oxidative stress leading to attenuated cellular damage (26,

27). Nevertheless, the sophisticated mechanisms through

which Nesfatin-1 alleviates oxidative stress are not fully un-

derstood and yet have to be elaborated by future studies.

Inflammation is another key component involved in the ag-

gravation of necrosis, activating pro-apoptotic pathways and

tissue remodeling during myocardial I/R injury (28). Inter-

estingly, in our review, we couldn’t find a significant effect of

Nesfatin-1 on inflammatory markers of CRP, TNF-a, and IL6

in myocardial I/R injury. Contrary to our results and respect-

ing the immunomodulatory effect of Nesfatin-1, several lines

of evidence on various inflammatory disorders, including

necrotizing enterocolitis, gastric ulcers, and traumatic brain

injuries, endorsed the anti-inflammatory effects of Nesfatin-

1 by demonstrating inhibited expression of proinflammatory

cytokines, suppression of NF-KB, and attenuating neutrophil

infiltration (29-31). Nevertheless, the few studies included in

our meta-analysis on the inflammatory markers are insuffi-

cient to draw a firm conclusion on the anti-inflammatory ef-

fect of Nesfatin-1 against myocardial I/R. Hence, it warrants

further studies to confirm the effect of Nesfatin-1 on inflam-

matory responses in myocardial I/R injury.

We acknowledge that our study is subject to some limitations

that one should take into consideration when interpreting

our results. First, we could not establish a dose-dependent

protective effect for Nesfatin-1 against myocardial I/R in-
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jury. Second, although the studies were consistent on the

duration of ischemia, the extent of induced ischemia var-

ied among studies, with some established global ischemia in

isolated hearts, whereas others produced ischemia by liga-

tion of one major coronary vessel. Third, the experimental

studies of myocardial I/R injury on isolated hearts mounted

on the Langendorff apparatus preclude the neuroendocrine

and brain-heart axis role, which is implied in the MI patho-

genesis (32). This limitation with isolated heart experiments

becomes more prominent when considering the fact that

Nesfatin-1 has been shown by studies to be involved in the

central regulation of the circulatory system through altering

the autonomic nervous system activity (33). Fourth, despite

the favorable effects of Nesfatin-1 on reversing the deleteri-

ous effects of reperfusion injury, included studies in our re-

view did not investigate the safety of Nesfatin-1 and there is a

demand for future studies assessing the possible side effects

of Nesfatin-1.

5. Conclusion

In conclusion, we demonstrated that Nesfatin-1 could serve

as a potential therapeutic agent in ameliorating the sec-

ondary damages during myocardial I/R injury. Nesfatin-1 ad-

ministration can preserve cardiac function by reducing ox-

idative stress, apoptosis, and myocardial necrosis. However,

much more studies are required to endorse further clinical

translation of Nesfatin-1 to be utilized in the management of

myocardial I/R injury.
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oxidative status by nesfatin-1 in intestinal ischemia-

reperfusion. Int J Clin Exp Med. 2015;8(3):3318-24.

27. Jiang G, Wang M, Wang L, Chen H, Chen Z, Guo J, et al.

The protective effect of nesfatin-1 against renal ischemia-

reperfusion injury in rats. Ren Fail. 2015;37(5):882-9.

28. Diwan A, Tran T, Misra A, Mann DL. Inflammatory

mediators and the failing heart: a translational approach.

Curr Mol Med. 2003;3(2):161-82.

29. Tang CH, Fu XJ, Xu XL, Wei XJ, Pan HS. The anti-

inflammatory and anti-apoptotic effects of nesfatin-1 in

the traumatic rat brain. Peptides. 2012;36(1):39-45.

30. Karadeniz Cerit K, Koyuncuoğlu T, Yağmur D, Peker
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Figure 1: PRISMA flow diagram.
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Figure 2: Forrest plot of the effect of Nesfatin-1 administration on the improvement of cardiac function after ischemia/reperfusion. Some

studies included more than one experiment. CI: confidence interval, SD: standard deviation, EF: ejection fraction, FS: fractional shortening,

HR: heart rate, LVP: left ventricular pressure, Negative dp/dt: maximum rate of negative changes in LVP, Positive dp/dt: maximum rate of

positive changes in LVP.
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Figure 3: Forrest plot of the effect of Nesfatin-1 administration on A) infarct size, B) fibrosis after ischemia/reperfusion injury. Some studies

included more than one experiment. CI: confidence interval, SD: standard deviation.
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Figure 4: Forrest plot of the effect of Nesfatin-1 administration on apoptosis after ischemia/reperfusion. Some studies included more than

one experiment. CI: confidence interval, SD: standard deviation.
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Figure 5: Forrest plot of the effect of Nesfatin-1 administration on inflammation after ischemia/reperfusion. Some studies included more

than one experiment. CI: confidence interval, SD: standard deviation.
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