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Abstract

Background

The present systematic review and meta-analysis aimed to ascertain if the circulating levels

of apelin, as an important regulator of the cardiovascular homeostasis, differ in patients with

cardiovascular diseases (CVDs) and controls.

Methods

A comprehensive search was performed in electronic databases including PubMed, Sco-

pus, EMBASE, and Web of Science to identify the studies addressing apelin in CVD up to

April 5, 2021. Due to the presence of different units to measure the circulating levels of ape-

lin across the included studies, they expressed the standardized mean difference (SMD)

and their 95% confidence interval (CI) as summary effect size. A random-effects model

comprising DerSimonian and Laird method was used to pool SMDs.

Results

Twenty-four articles (30 studies) comprised of 1793 cases and 1416 controls were included.

Pooled results obtained through random-effects model indicated that apelin concentrations

in the cases’ blood samples were significantly lower than those of the control groups (SMD

= -0.72, 95% CI: -1.25, -0.18, P = 0.009; I2 = 97.3%, P<0.001). New combined biomarkers

showed a significant decrease in SMD of apelin/high-density lipoprotein cholesterol (apelin/
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HDL-C) ratio [-5.17; 95% CI, -8.72, -1.63, P = 0.000; I2 = 99.0%], apelin/low-density lipopro-

tein cholesterol (apelin/LDL-C) ratio [-4.31; 95% CI, -6.08, -2.55, P = 0.000; I2 = 98.0%] and

apelin/total cholesterol (apelin/TC) ratio [-17.30; 95% CI, -22.85, -11.76, P = 0.000; I2 =

99.1%]. However, no significant differences were found in the SMD of apelin/triacylglycerol

(apelin/TG) ratio in cases with CVDs compared to the control group [-2.96; 95% CI, -7.41,

1.49, P = 0.000; I2 = 99.2%].

Conclusion

The association of apelin with CVDs is different based on the region and disease subtypes.

These findings account for the possible usefulness of apelin as an additional biomarker in

the diagnosis of CVD in diabetic patients and in the diagnosis of patients with CAD. More-

over, apelin/HDL-c, apelin/LDL-c, and apelin/TC ratios could be offered as diagnostic mark-

ers for CVD.

Introduction

Cardiovascular diseases (CVDs) are one of the main life-threatening diseases with high preva-

lence [1, 2]. Globally, CVDs are responsible for 31% of mortality, the majority of this in the

form of coronary heart disease (CHD) and cerebrovascular accident. It has been recom-

mended that improvement of the disease risk factors, including dyslipidemia, smoking, hyper-

tension, diabetes, and abdominal obesity is important in CVD prevention [3–5]. As an active

endocrine organ, white adipose tissue plays crucial roles in obesity-related CVD including the

secretion of adipokines that affect the whole-body homeostasis [6]. One of these adipokines,

apelin, is one of the most potent endogenous positive inotropic compounds yet identified [7].

It is widely distributed in the heart and may act as an important regulator of the cardiovascular

homeostasis [8].

Although previouse reports confirm that apelin is involved in cardiovascular function,

there is controversy about its causative association with CVDs [9]. In addition, the acceleration

of CVD prevention via early diagnosis and treatment of risk factors is still a ctitical issue [10].

It has been revealed that the role of apelin in the cardiovascular field is widespread. Although

it remains to be seen whether apelin will translate into a therapeutic target in the future, the

results of previous studies confirm the importance of further investigation. More functional

studies are required to determine the exact role of apelin/APJ in cardiovascular regulation.

The present systematic review and meta-analysis aimed to summarize the available data about

the circulating levels of apelin as a possible regulator of the cardiovascular homeostasis in

patients with CVDs. Considering the acute influences of apelin on lipid metabolism and its

correlation with total cholesterol (TC), triacylglycerol (TG), low-density lipoprotein choles-

terol (LDL-C), very low density lipoprotein cholesterol (VLDL-C), and high-density lipopro-

tein cholesterol (HDL-C), as crucial factors for the development of atherosclerotic plaque, we

also calculated the ratios of apelin to lipid profile levels for cases and controls. This compre-

hensive data would further enhance our knowledge of the function of apelin and its receptor

in CVDs and help us to assess this receptor system as a future drug target.

Methods

PRISMA guideline (the Preferred Reporting Items for Systematic Reviews and Meta-analysis)

was used to design and perform the current meta-analysis (S1 Checklist) [11]. Moreover, no

external board review was conducted before doing this study.
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Search strategy

Two independent authors (MH-B and SS) performed a comprehensive search to identify the

relevant published English language studies through inception up to April 5, 2021. The contro-

versies were checked by a third expert person (MN). Electronic databases including PubMed,

Scopus, EMBASE, and Web of Science were searched by using the following MeSH (Medical

Subject Heading) terms and text keywords: (Apelin) AND ("Coronary Artery Disease" OR

"Myocardial Ischemia" OR "Acute Coronary Syndrome" OR "Angina, Stable" OR "Angina,

Unstable" OR "Coronary Disease" OR "Coronary Stenosis" OR "Myocardial Infarction" OR

"Non-ST Elevated Myocardial Infarction" OR "ST Elevation Myocardial Infarction"). We also

conducted a manual search in the reference list’s included articles and pervious relevant

reviews to increase the sensitivity of searches to find additional articles. Pubmed search strat-

egy is presented in Supp 2. a in S1 File.

Study selection

English published articles that met the inclusion criteria were selected. Inclusion criteria were

as follows: original observational studies including cross-sectional, case-control, and clinical

cohort studies; and studies providing detailed information regarding blood circulating levels

of apelin in patients diagnosed with heart diseases such as coronary artery disease (CAD),

myocardial infarction (MI), congenital heart disease (CHD), congestive heart failure (CHF),

heart failure (HF), atrial fibrillation (AF), ischemic heart disease (IHD), hypertensive heart dis-

ease (HHD) and controls (participants without heart diseases and other chronic/metabolic dis-

eases). Studies were also excluded if they investigated animal models, using animal models,

tissue-based cultures, cell cultures, and mRNA expression; and case reports, conference

abstracts, comments, review articles, editorials, and articles without insufficient data. The title

and the abstract of each article were reviewed by two independent investigators (FM and HA).

Following this initial screening step, potential articles were included in our full-text review

process. Any existing discrepancies were resolved by consensus or consultation with a third

author (AM).

Data extraction and quality assessment

Following the identification of eligible studies, data extraction was done by three individual

authors (HA, SH, and HA) using pre-designed data collection sheets in Excel. The first

author’s name, publication year, geographical region, age, study design, study sample size, and

apelin concentration in CVD patients and controls (means ± standard deviation (SD)) were

collected. The quality of the study was evaluated using the Newcastle-Ottawa Quality Assess-

ment Scale (NOS) [12], which involved evaluation of study design and analysis, selection bias,

measurements of exposure and outcome, and generalizability of results. The NOS tool includes

nine items with scores ranging from 0 to 9. Based on the type of study, quality scores� 5 in

cross-sectional designs and� 7 in case-control or cohort designs represented good quality.

Statistical analysis

All meta-analyses were performed using STATA 11.0 (STATA Corp, College Station, TX).

Given the different units of blood circulation levels of apelin across the included studies, they

were expressed as standardized mean difference (SMD) and their 95% confidence interval (CI)

was presented as summary effect size using Hedges and Olkin standard error. Moreover, with

respect to the bias-correlation factor in effect size, an exact computation was used. For calcu-

lating the ratios of apelin to lipids, we used the following formula: To calculate the apelin/
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HDL-c ratio: mean aeplin / mean HDL-c in both groups (cases and controls). Then, the SD

ratio using the following formula: (meanapelin
2 / meanHDL

2) × [(SDapelin
2 / meanapelin

2)– 2 (R×
SDapelin × SDHDL / meanapelin × meanHDL) + (SDHDL

2 / meanHDL
2)] [13, 14]. The correlation

coefficients (Rs) for HDL-c, LDL-c, TC, and TG were included based on the studies conducted

by Bilik et al. and Sun et al. [15, 16]. The selected studies were combined using the DerSimo-

nian and Laird random effects model or the inverse variance fixed-effect model, depending on

the existence of significant heterogeneity (I2� 50% with P< 0.05) [17]. Subgroup analyses

were conducted on study design, comorbidities of diabetes/MetS, body fluid, type of heart dis-

ease, and continent to explore the source of heterogeneity. Sensitivity analyses were performed

as additional analyses using the leave-one-out method to examine the influence one by one

study on the validity of the pooled SMDs. Egger’s test and Funnel plot were also applied to

assess the potential publication bias.

Results

Literature search and study characteristics

Fig 1 demonstrates the step by step process of identification and selection of relevant studies

with more detail. The primary systematic search resulted in the retrieval of 4061 records. Of

Fig 1. The flowchart of study identification and selection process.

https://doi.org/10.1371/journal.pone.0271899.g001
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these, 2670 were excluded as duplicates and 1391 remained as the screened records. Finally, 24

articles (30 studies) were included as the final records of the current meta-analysis [6, 15, 16,

18–38]. The included studies had been published between 2006 and 2020 and were comprised

of 1793 cases and 1416 controls. The number of participants in each group varied from 8 to

202. Twelve studies reported data on CAD, and the remaining were based on other CVDs. Ten

studies were performed in Asia, 13 in Europe, five in Africa, and two in America. Twenty-

four, four, and two studies were conducted with case-control, cohort, cross-sectional design,

respectively. The characteristics of selected studies are summarized in Table 1.

Pooled effect of apelin and its ratios to lipid profile levels between cases

and controls

Based on the 30 selected studies, the meta-analysis finding indicated that the blood apelin con-

centrations among cases were significantly lower than those of the control groups (SMD =

-0.72, 95% CI: -1.25, -0.18, P = 0.009; I2 = 97.3%, P<0.001). Findings of new combined mark-

ers demonstrated a significant decrease in SMD of apelin/HDL-c ratio [-5.17; 95% CI, -8.72,

-1.63, P = 0.000; I2 = 99.0%], apelin/LDL-c ratio [-4.31; 95% CI, -6.08, -2.55, P = 0.000; I2 =

98.0%] and apelin/TC ratio [-17.30; 95% CI, -22.85, -11.76, P = 0.000; I2 = 99.1%]. However,

no significant differences were found in the SMD of the apelin/TG ratio in cases with CVDs

compared to the control group [-2.96; 95% CI, -7.41, 1.49, P = 0.000; I2 = 99.2%]. Forest plots

that indicated the pooled SMD and each study on the apelin and new combined markers con-

centrations between cases and controls are shown in Fig 2A–2E.

Sensitivity analyses showed that the exclusion of each study did not change the pooled

SMD for apelin levels. In addition, the lower and higher pooled effects for our outcomes, after

the one-by-one exclusion of the studies, are shown in Fig 3.

Additional analyses

As observed in Table 2, the subgroup findings showed that the apelin levels in studies with a

cohort or cross-sectional design, without medical comorbidities of diabetic/metabolic syn-

drome (MetS), plasma body fluid, patients with other disease, and studies conducted in Europe

or Asia were statistically significant when compared to other strata. Meanwhile, the findings of

univariate meta-regression analyses based on total sample size, publication year, and quality

score did not indicate any significant associations with apelin levels (P� 0.05 for all moderator

variables).

Publication bias

Egger’s tests indicated no significant evidence of possible publication bias for apelin (Coef =

-1.44, P = 0.556) levels. The visual-filled funnel plots and Egger’s test were used to evaluate the

potential publication bias across the included studies as shown in Supp 2. b in S1 File.

Discussion

CVDs are the leading global cause of death worldwide. As highly prevalent diseases, the early

detection and cure of CVDs is a critical issue [4, 6]. In obesity, as one of the important risk fac-

tors of CVD, dysregulation of adipokines such as apelin originating from adipose tissue may

result in the association between obesity and CVD [6, 41, 42]. To the best of the author’s

knowledge, this is the first systematic review and meta-analysis to summarize available data

regarding the circulating levels of apelin and its ratio to lipid profile in patients with CVDs.

Findings obtained from the present meta-analyses revealed the significantly lower circulating
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levels of apelin among patients with CVD in comparison to those of the controls. Moreover,

apelin was significantly lower in patients without diabetes/MetS. Furthermore, apelin/HDL-c,

apelin/LDL-c, and apelin/TC ratios were associated with risk of CVD development.

Apelin, an endogenous peptide ligand of the 7-transmembrane G-protein, coupled with its

receptor (APJ), is a strong inotrope and vasodilator [9, 43]. Apelin is secreted by white adipose

tissue and its expression has also been identified in other tissues, including the heart, kidney,

and endothelium [44–46]. Increased apelin expression has been found in cardiovascular tis-

sues such as cardiomyocytes, endothelial cells, and vascular smooth muscle cells [47]. The ape-

lin–APJ axis plays an important role in the cardiovascular system [48, 49]. Additionally, apelin

has recently been implicated in the physiology of cardiovascular system in regard to cardiac

contractility, endothelium-dependent vasodilation, and the reduction of vascular wall inflam-

mation [9]. As a regulating peptide of cardiovascular, gastrointestinal, hypothalamus-hypoph-

ysis, and immune systems, apelin apears to regulate lipid metabolism and adiposity since it

increases uncoupling protein 1 (Ucp1) mRNA levels (a marker of peripheral energy

Fig 2. The forest plots of pooled estimates of standardized mean differences of circulating apelin (A), apelin/HDL-c (B), apelin/LDL-c (C), apelin/

triglycerides (D), and apelin/total cholesterol (E) levels between cases with CVDs and controls.

https://doi.org/10.1371/journal.pone.0271899.g002
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expenditure) in brown adipose tissue and Uco3 mRNA levels (a regulator of fatty acid export)

in skeletal muscle [50, 51].

The findings obtained from the present study showed that the circulating levels of apelin in

patients with CVD were significantly lower than those in the controls. Subgroup analyses

based on medical comorbidities of diabetes/MetS revealed that apelin levels were significantly

lower in CVD patients without diabetes and MetS than in the controls. Apelin synthesis in adi-

pocytes is stimulated by insulin and its plasma levels are demonstrated to increase in relation

to diabetes mellitus, IR, and hyperinsulinemia [52]. Furthermore, it appears that in obese

patients, such as those with diabetes or CVD, in addition to obesity, the type of disease also

impacts the levels of inflammatory or anti-inflammatory mediators [53]. Moreover, subgroup

Fig 3. The sensitivity analysis results for standardized mean differences of circulating apelin levels between cases

with CVDs and controls.

https://doi.org/10.1371/journal.pone.0271899.g003

Table 2. Subgroup analyses results.

Outcomes Subgroups No. studies SMD 95% CI I2 (%)

Apelin Study design Case-control 24 -0.66 -1.42, 0.10 97.7

Cohort 4 -0.90 -1.72, -0.08 95.5

Cross-sectional 2 -0.76 -1.05, -0.47 0.0

Comorbidities of diabetes/MetS With 14 -0.35 -1.23, 0.52 97.7

Without 14 -1.20 -1.96, -0.43 96.7

NR 2 -0.22 -1.96, -0.43 96.7

Body fluid Plasma 19 -1.57 (-2.13, -1.02) 96.4

Serum 10 1.13 -0.31, 2.57 98.4

NR 1 -1.38 -1.82, -0.95 -

Heart diseases CAD 12 -0.78 -1.85, 0.28 97.9

Other disease 18 -0.65 -1.27, -0.03 96.8

Continent Africa 5 3.23 -0.45, 6.91 99.2

Europe 13 -0.85 -1.24, -0.46 87.5

America 2 -0.66 -1.93, 0.61 97.6

Asia 10 -2.31 -3.14, -1.47 94.6

https://doi.org/10.1371/journal.pone.0271899.t002
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analyses based on the CVD type demonstrated that apelin levels were significantly lower in

other CVD subgroups such as CHD, CHF, HF, AF, and AMI than in the controls. These find-

ings account for the possible usefulness of apelin as an additional biomarker in the diagnosis

of CVD in diabetic patients and in diagnosis of patients with CAD. The findings on new com-

bined markers indicated a significant decrease in SMD of the apelin/HDL-c ratio, apelin/LDL-

c ratio, and apelin/TC ratio. However, no significant differences were found in the SMD of the

apelin/TG ratio in cases with CVDs compared to the control group. The effects of apelin on

lipid metabolism have been described by previous studies; apelin was shown to inhibit lipolysis

and increase the stability of lipid vacuoles by making them resistant to lipases. Accordingly,

apelin is related to enhanced serum lipids and can be utilized as a predictor of premature ath-

erosclerosis in T1DM patients [54, 55].

Despite a number of unresolved questions, it appears that apelin has significant therapeutic

potential. The observed cardiovascular roles of apelin suggest that this peptide could be consid-

ered a potential candidate for addition to the standard therapy of CVDs.

It should be noted that this meta-analysis had strengths and limitations that must be taken

into account. As the first comprehensive meta-analysis, the present study ascertained the asso-

ciation between apelin and CVDs. Publication bias was not detected in our study. Subgroup

analysis was performed to identify the possible sources of heterogeneity. The findings of the

present study may have important implications for future research into whether apelin and its

receptor could have a clinical value in the prevention and treatment of the diseases. The

obtained results should be interpreted with caution due to the high heterogeneity of the

selected studies. Therefore, further large-scale studies are required to confirm these findings.

Conclusion

The findings showed that the circulatory levels of apelin are significantly lower in CVD

patients than in the controls. In addition, apelin levels were affected by the region and disease

subtypes. Apelin could be considered an additional biomarker in the diagnosis of CVD in dia-

betic patients and patients with CAD. In addition, apelin/HDL-c, apelin/LDL-c, and apelin/

TC ratios could be offered as diagnostic markers for CVD. However, as other factors, includ-

ing smoking, dietary patterns, and coronary medication may also impact the plasma levels of

apelin, further studies are required to define the risk factors affecting the levels of apelin and

confirm these findings.
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