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ABSTRACT

Aims: Apelin is a circulatory blood peptide acting as a ligand for the orphan G protein-
coupled receptor known as APJ. Whether apelin blood levels can affect the pathogenesis
of type 2 diabetes mellitus is an open question. In the present study, we aimed to assess
the levels of circulatory apelin peptide in the type 2 diabetic subjects using systematic
review and meta-analysis under random-effects model and standardized mean difference
(SMD) as the effect size. For heterogeneity testing, Q and 1% statistic indices as well as
meta-regression were applied.

Methods: Using specialized biomedical online databases of Pubmed, Pubmed Central, Med-
line, Google scholar, Scopus and Embase databases without the beginning date restriction
until July 2018, the systematic review retrieved nine studies for meta-analysis after fulfill-
ing the inclusion and exclusion criteria.

Results: Analysis of Q and I°% statistic indices as well as meta-regression showed a high
heterogeneity in the 16 selected studies (737.578 and 96.475, respectively), thus, the
random-effects model was chosen. The primary analysis for the main hypothesis on a total
number of 1102 cases and 1078 healthy control subjects found that the weighted pooled
SMD for the impact of apelin blood concentration in type 2 diabetes mellitus was as fol-
lows: SMD = 2.136 (95% confidence interval, 1.580-2.693). The P-value for the significance
of the combined SMD examined by the z-test was 0.000 and thus, it was clearly significant.
Conclusions: This meta-analysis presents evidence that apelin circulatory levels are higher

in type 2 diabetic subjects than normal controls.
© 2018 Elsevier B.V. All rights reserved.

1. Introduction

The apelin encoding gene has been localized on X chromo-
some at Xq25-q26.3. Apelin precursor is produced as a pre-
proprotein polypeptide containing a total of 77 amino acids
and finally secreted after cellular processing into mature

* Corresponding author.

apelin peptide. Apelin peptide acts as a ligand for the orphan
G protein-coupled receptor also known as APJ. It is called
“apelin,” for AP] Endogenous Ligand [1]. The ligand part of
the AP] receptor is located at the C-terminal segment of
mature apelin peptide. However, apelin is found in several
forms according to its mature peptide sequence length in
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the body. Indeed, apelin is found in several active forms such
as apelin-36, apelin-17, apelin-13, and the pyroglutamated
form of apelin-13 [2,3]. Apelin is a ubiquitous peptide and
its receptor is expressed in many parts of the body, including
central nervous system, particularly in the hypothalamus and
many peripheral tissues. From the functional aspects, it has
been shown that apelin plays important physiological roles
in the regulations of cardiovascular and fluid homeostasis,
angiogenesis, cell proliferation, food intake, and immune
responses [4-7]. Besides, it is secreted as an adipokine by adi-
pocytes resident in the adipose tissues. Furthermore, apelin
biochemical roles and associated signaling pathways both in
lipid and glucose metabolisms have been amply investigated
in recent years [8-13]. This led to an entirely new field of study
establishing the links among apelin peptide and obesity with
type 2 diabetes mellitus. Recent investigations emphasize
that apelin peptide appears as a beneficial adipokine in meta-
bolic disorders and a promising therapeutic target with anti-
obesity and anti-diabetic properties. Notwithstanding,
whether apelin blood levels can affect the pathogenesis of
type 2 diabetes mellitus is an open question. The majority,
but not all, of the studies have reported increased circulatory
apelin levels in humans and different animal models of meta-
bolic pathologies. In the present study, we aimed to assess the
levels of circulatory apelin peptide in type 2 diabetes subjects
using systematic review and meta-analysis under random-
effects model and SMD as the effect size.

2. Methods
2.1. Protocol of the systematic review and meta-analysis

The PRISMA Checklist 2009 was applied to conduct this sys-
tematic review and meta-analysis [14].

2.2.  Information sources and search strategies

A systematic literature search was independently carried out
by three of authors (A. N., S. B., and S. K.) using specialized
biomedical databases of Medline, Pubmed, Pubmed Central,
Google scholar, Scopus and Embase databases without the
beginning date restriction until July 2018. Publications using
the MeSH and non-MeSH terms “apelin” in combination with
“type 2 diabetes”, “type 2 diabetes mellitus” and “T2DM” with
additional keywords such as “blood samples”, “plasma”,
“serum” and “case-control study” were identified. The har-
vested references from publications were scrutinized to iden-
tify any additional relevant aplein blood level studies. Then,
the search results were restricted to English language and
the review possesses were limited to case-control studies by
three authors independently, which fulfilled our inclusion
and exclusion criteria.

2.3.  Eligibility criteria

Studies were pre-included if they used standardized methods
such as chemiluminescent technique and enzyme-linked
immunosorbent assay (ELISA) for all kinds of apelin blood
level detection. Limitation was applied to the subtypes of

diabetes mellitus and publications investigating only type 1
diabetes were excluded. However, no limitation was applied
to the severity of diabetes, race, or sex of the study partici-
pants. Moreover, studies were excluded if they enrolled popu-
lations other than diabetes as well as reports describing
diabetes interventional therapies. Only publications describ-
ing apelin blood levels in the case and control groups consid-
ered for the pooled effect size calculation.

2.4. Study selection

Only the case-control studies providing enough information
about their results in such a way to compute an estimate of
the effect size (such as mean and standard deviation or stan-
dardized error of the mean, etc.) for apelin blood levels were
included. Due to the different protocol definitions used for cir-
culatory apelin level assessments, only studies which deter-
mined the levels of apelin in comparison with healthy
subjects were considered to be included in the current
meta-analysis. Two authors selected the studies (A. N. and
S. K) and disagreements have been solved by another author
(K. H.).

2.5.  Data collection process

The first author of the selected articles, publication date, the
apelin levels in patients and healthy controls, evaluated crite-
ria for the diabetes and the total number of cases and con-
trols, and other related information were extracted from the
studies that have been provided for systematic review of the
meta-analysis process.

2.6. Summary measures and synthesis of results

Stata version 14.0 (Stata Corporation, College Station, TX,
USA) was employed for data analysis of the systematic review
and meta-analysis. Between-study heterogeneity was
assessed using the y? based Q-test and I? statistics. The Q test
and I” statistics were applied to evaluate the inconsistencies
and heterogeneities among the studies. A significant Q sug-
gests the existence of heterogeneities. Moreover, I? statistic
estimates the magnitude of the inconsistencies among the
studies [15]. Moreover, for further assessment of heterogene-
ity among studies, the meta-regression was applied as well.
The commercial apelin blood level detection kits which have
been reported by the included studies were assessed for the
type of apelin fragment detection and numerical codes (as
1, 2, etc.) donated to them according to the similarity of the
detections. For analysis of an estimated pooled effect size,
the random-effects model and SMD were used. Data were
shown as the estimated SMD with 95% confidence interval
(CI) for each study and pooled studies as well. The signifi-
cance of the total SMD was examined by the z-test and
P<0.05 was considered statistically significant. The data
extracted from each study for calculation of overall effect
size, have been presented in Tables 1 and 2. For meta-
regression analysis, the moderator variable was the type of
the commercial apelin blood level assessment kit (Table 3)
and it was plotted against the SMD.



Table 1 - Studies which have been included in this meta-analysis and the demographic data and clinical characteristics extracted from them for apelin blood levels.

Study Subgroups’ Age in Diabetes BMI (kg/m?) in Diabetes gender Controls gender BMI Age in controls (year)
(years) Diabetes male/female male/female (kg/m?) in

controls

Ling Li [19] t 56 + 10 235+2.4 13/17 13/23 23+3.2 5149

Maria Gisella Cavallo [20] - 61+ 10 304 +4.5 75/43 65/72 27.4+5.6 49 + 11

Marana Habchi [21] - 60+9 345+7 51/47 98/64 24.4+36 47 £ 15

Bulent Bilir [22] a 56.91+7.44 31.99+6.14 23/23 24/29 28.04 57.31+8.41
+3.28

Bulent Bilir [22] b 58.85 +9.04 33.07 £5.33 24/29 24/29 28.04 57.31+8.41
+3.28

Atif E. Abd-Elbaky [23] a 42 +3 324+14 80/0 80/0 21+1.7 38.6 +4.2

Atif E. Abd-Elbaky [23] b 40.3+2.5 326+1.6 80/0 80/0 21+1.7 38.6 4.2

Tarek M. K. Motawi [24] = 553+6 325+1.8 11/34 14/16 21.8+1.3 546+3.1

Sanaa Sayed Gazareen a - - 5/15 5/5 - -

[25]

Sanaa Sayed Gazareen b - = 7/8 5/5 - -

[25]

Sanaa Sayed Gazareen c - = 8/7 5/5 - -

[25]

Ashraf T. Abd = 58.9+15.3 27.1+4.6 19/11 22/8 264 +4.2 58.1+13.2

Elmouttaleb [26]

G. Erdem [27] = 52.03 + 8.9 299=+3.1 17/23 21/19 289+3.3 49.33 £ 8.0

Federico Soriguer [28] = 434+7.8 53.9+7.5 5/11 4/8 249+3.1 39.3+£6.2

YU Shan [29] a - 28.9+1.9 22/19 44/35 216+17 -

YU Shan [29] b = 28.7+2.6 20/20 44/35 216=+1.7 =

Yong Tao [30] = 52.2+9.8 246+2.8 28/27 13/21 23.8+2.9 62.1+10.4

Mehmet Guney Senol [31] - 57.4+7.9 284+34 20/20 13/9 27.1+2.6 549 +6.2

Hala O. El-Mesallamy [32] a 63.40 £ 0.53 35.16 + 0.63 0/20 0/20 26.10 62.35 + 0.46
+0.21

Hala O. El-Mesallamy [32] b 63.35 + 0.54 26.73 +0.29 0/20 0/20 26.10 62.35 + 0.46
+0.21

Hala O. El-Mesallamy [32] c 64.70 + 0.45 37.66 + 0.40 0/20 0/20 26.10 62.35+0.46
+0.21

Qutaiba A Qasim [33] a 39.0+8.8 27 +£1.8 18/17 13/12 27 £2.1 36.4+10.9

Qutaiba A Qasim [33] b 40.2+7.3 36.7+3.4 17/18 13/12 27 +£2.1 36.4 +10.9

Qutaiba A Qasim [33] C 39.0+8.8 27 +1.8 18/17 13/12 374+34 38.4+8.5

Qutaiba A Qasim [33] d 40.2+7.3 36.7+3.4 17/18 13/12 374+3.4 38.4+8.5

Waleed Mahdy Nada [34] a 55.4+9.4 - 7/13 13/7 - 55.2+8.1

Waleed Mahdy Nada [34] Db 59.7 £ 8.2 - 6/14 13/7 - 55.2+8.1

The data presented as mean + standard deviation.

" a, b, c and d letters show the subgrouping within that study.
T The data not provided by the authors.
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Table 2 — The extracted data from each study which were used to calculate the overall effect sizes.

First author, year of
publication

Apelin detection
kit type

Mean apelin
blood level in
diabetic cases

(ng/ml)

Standard
deviation of
apelin blood level
in diabetic cases

Mean apelin
blood level

in healthy
controls (ng/ml)

Standard
deviation
of apelin blood
level in healthy

controls
Qutaiba A Qasim [33] Type 1 0.134 0.04 0.094 0.028
Qutaiba A Qasim [33] Type 1 0.134 0.04 0.109 0.03
Qutaiba A Qasim, [33] Type 1 0.036 0.017 0.094 0.028
Qutaiba A Qasim [33] Type 1 0.036 0.017 0.109 0.03
Federico Soriguer [28] Type 2 1.87 1.22 1.12 0.51
G. Erdem [27] Type 2 0.44 0.38 0.75 0.42
Hala O. El-Mesallamy [32] Type 2 33.12 0.78 35.28 0.94
Hala O. El-Mesallamy [32] Type 2 28.95 0.89 35.28 0.94
Hala O. El-Mesallamy Type 2 1.66 1.06 35.28 0.94
Mesallamy [32]
Ling Li [19] Type 2 0.498 0.035 0.459 0.032
Marana Habchi [21] Type 2 0.59 0.35 0.43 0.29
Maria Gisella Cavallo [20] Type 2 1.23 1.1 0.91 0.7
Mehmet Guney Senol [31] Type 2 1.6 1.4 1 0.6
YU Shan, 2012a Type 2 0.445 0.049 0.386 0.056
YU Shan [29] Type 2 0.445 0.049 0.421 0.052
Bulent Bilir [22] Type 3 0.093 0.18 0.055 0.187
Bulent Bilir [22] Type 3 0.076 0.112 0.055 0.187
Atif E. Abd-Elbaky [23] Type 4 1.79 0.17 0.79 0.07
Atif E. Abd-Elbaky [23] Type 4 1.99 0.49 0.79 0.07
Sanaa Sayed Gazareen Type 5 4.65 2 0.6 0.35
[25]
Sanaa Sayed Gazareen Type 5 3.67 0.95 0.6 0.35
[25]
Sanaa Sayed Gazareen Type 5 5.85 2.29 0.6 0.35
[25]
Tarek M. K. Motawi [24] Type 5 3.8 0.36 0.96 0.48
Ashraf T. Abd Type 6 1.21 0.72 2.67 0.8
Elmouttaleb [26]
Yong Tao [30] Type 7 12.5 9.7 7.4 4.9
Waleed Mahdy Nada [34] Type 8 0.97 0.3 0.98 0.42
Waleed Mahdy Nada [34] Type 8 1.6 0.5 0.98 0.42

The studies were categorized according to the commercial apelin detection kit type.

17

ES‘EV (6IOZ) S‘VI dD0ILOVYd TVOINITOD ANV HOYVISIY STILIAVIA



DIABETES RESEARCH AND CLINICAL PRACTICE 148 (2019) 43-53 47

Table 3 - The aplein blood level assessment kit types, which have been used by the included studies in this meta-analysis.

Apelin detection kit type’

Apelin commercial kit type and company

Type 1
Type 2
Type 3
Type 4
Type 5
Type 6
Type 7
Type 8

Not reported by the authors
Phoenix Pharmaceuticals
Sunred Biological Technology Co
MyBioSource

Raybiotech

Glory Science

Uscnlife Science

MyBioSource

" The kits were categorized for both apelin isoform similarity detection and company of production. For more information, please study the
text of the included studies, which have been cited in this meta-analysis reference part.

2.7.  Risk of bias across studies

For the risk of bias across studies, papers were scrutinized for
method validation and data processing. From the effect size
estimation of each and overall selected studies, the funnel
plot was developed. For interpretation of any publication bias
among studies, visual inspections of the generated funnel
plot were employed to evaluate the plot symmetry. In this
plot, the X and Y axes represent the standard deviation and
Log of the effect sizes (Log of odds ratio), respectively.

3. Results
3.1.  Study selection

The flowcharts of the study selections in the systematic
review processes have been presented in Fig. 1. The initial
search for apelin blood concentrations identified a total of
7311 potentially eligible studies and 5404 records removed
being as duplicates. Of the 321 records, 302 publications were
excluded after reading the titles or abstracts as being obvi-
ously irrelevant to the goal of this meta-analysis. Because of
insufficient data presented by the authors of such publica-
tions for calculation of the SMD and 95% CI and because of
poor quality, two papers were excluded [16,17]. Moreover,
because of using therapeutics in the cases, one paper was
excluded as well [18]. Finally, 16 studies (which have been
detailed in Tables 1 and 2 and cited in the references part of
the current study as [19-34]); were included in the meta-
analytical processes for apelin blood concentrations (Fig. 1).
Some of the selected studies include more than one case-
control study within them (thereafter, known as within-
article subgroups), which have been presented by letters (a,
b, etc.), if applicable in further analyses and by adding them
to the analysis, the systematic review process retrieved 27
case-control studies in overall (Tables 1 and 2).

3.2.  Study characteristics

For each study, the epidemiological and disease characteris-
tics data, reported by the authors, were extracted. The gender
of type 2 diabetic cases, gender of healthy controls, type of
the commercial kit, body mass index (BMI), mean age in
cases and healthy controls have been presented in Table 1.

Actually, this meta-analysis retrieved a total number of
1102 cases and 1078 control subjects until July 2018 for apelin
blood levels.

3.3.  Risk of bias within studies

The results showed that the selected studies were not
homogenous and actually, they were inconsistent. The Q test
was calculated as 737.578 for apelin concentrations across
studies. As the Q statistic test is only applied for heterogene-
ity testing among the included studies, but not suitable for
heterogeneity extent calculation, a tentative classification of
I? values with the purpose to interpret heterogeneity magni-
tude is proposed. Thus, the percentages of nearly 25%
(1? = 25), 50% (I? = 50), and 75% (I* = 75) would mean low, med-
ium, and high heterogeneity, respectively [15]. The 1°% test for
apelin blood concentrations was calculated as 96.475. As I
index and the between-studies variance, 1%, are directly
related: the higher the 1, the higher the I? index [15], there-
fore, the random-effects model of meta-analysis was applied
for the presentation of apelin forest plot of the selected stud-
ies for type 2 diabetic subjects.

3.4.  Synthesis of results

The forest plot for the included studies and their within-
article subgroups in each study have been prepared and pre-
sented in Fig. 2. In this plot, the mean effect sizes and stan-
dard deviations and the SMDs with 95 percent of the
confidence interval for each study and the overall effect size
have been shown as well. The primary analysis for the main
hypothesis found that the weighted average effect size for
the impact of apelin concentration on the type 2 diabetes
mellitus pathogenesis was as follows: SMD = 2.136 (95% confi-
dence interval, 1.580-2.693), using the random-effects model
in the meta-analysis as presented in Fig. 2 for the 16 included
studies (including their corresponding within-article sub-
groups in each study). The P-value for the significance of
the combined SMD examined by the z-test for apelin blood
concentrations was 0.000 and it was clearly significant. In
addition, according the type of the commercial apelin detec-
tion kit, the studies were categorized and subgrouped, then
the overall effect size for each subgroup was calculated and
shown in Fig. 3.
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Fig. 1 - Searching strategy for systematic review. This flowchart illustrates the processes for identifying relevant studies to be
included according to the exclusion and inclusion criteria. 16 included studies fulfilled the inclusion/exclusion criteria. These
studies include within-article subgroups. Including these within-article subgroups, the systematic review process retrieved

27 case-control studies.

3.5.  Risk of bias across studies

The generated funnel plot was considered to be moderately
asymmetrical in shape confirming publication bias in the
related published studies for apelin blood concentrations in
type 2 diabetic patients. For apelin blood levels, this bias
refers mainly to the right part of the plot that has been mainly
occupied by the publications demonstrating the higher SMD
scores for type 2 diabetic subjects as compared to healthy
controls (Fig. 4). Moreover, the moderator variable was plotted
(apelin commercial kit type that has been used for apelin
blood detection in each study) against the SMD in meta-
regression and it has been presented in Fig. 5. It showed that
different apelin commercial kit types influence both accuracy
and precision of the detections in each study. Studies which
have been conducted by numbers 2 and 3 of apelin ELISA

commercial kits had the lowest precision in comparison with
other ELISA commercial kits (Fig. 5). Additionally, numbers 4
and 5 of apelin ELISA kits had the lowest accuracy as com-
pared to others (Fig. 5).

4, Discussion

Even though there are many published papers and systematic
reviews that considered apelin blood concentrations in asso-
ciation with type 2 diabetes mellitus pathophysiology, how-
ever, to the best of our knowledge, meta-analysis has not
performed in this regard so far. In this investigation, the num-
ber of included studies for synthesizing meta-analysis data
was proper and in a number of studies, there were some
within-article subgroups that were also used for calculating
pooled effect size. In the current study, the blood levels of



DIABETES RESEARCH AND CLINICAL PRACTICE 148 (2019) 43-53

49

Meta-analysis for apelin blood levels in diabetic subjects

tudy name Apelin detection kit type Subgroup within study

Std diff Standard
inmeans error Variance

Statistics for each study

Lower Upper
limit  limit Z-Valuep-Value

Jutaiba A Qasim, 2016a 1 Type 1 1126 0281  0.079 0.574 1.677
Jutaiba A Qasim, 2016b 1 Type 1 0.691 0269 0.073 0.163 1.219
Jutaiba A Qasim, 2016¢ 1 Type 1 2610 0354 0.125 1916 3.304
Jutaiba A Qasim, 2016d 1 Type 1 3136 0388  0.151 2.376 3.897
ederico Soriguer, 2009 2 Type 2 0762 0395  0.156 -0.013 1.537
7. Erdem, 2007 2 Type 2 0.774 0232 0.054 0.320 1.228
lala O. El-Mesallamy, 2013a 2 Type 2 2.501 0422 0.178 1.674 3.328
lala O. El-Mesallamy, 2013b 2 Type 2 6915 0835 0.698 5.278 8.553
lala O. El-Mesallamy, 2013¢ 2 Type 2 33.560  3.765 14.178 26.18040.940
Jing Li, 2006 2 Type 2 1168 0267  0.071 0.644 1.692
Aarana Habchi, 2014 2 Type 2 0510 0130 0.017 0255 0.764
Aaria Gisella Cavallo, 2012 2 Type 2 0353 0.127 0.016 0.105 0.601
Aehmet Guney Senol, 2009 2 Type 2 0507 0269 0.073 -0.021 1.035
"U Shan, 2012a 2 Type 2 1122 0239  0.057 0.654 1.591
"U Shan, 2012b 2 Type 2 0475 0228 0.052 0.028 0.922
tulent Bilir, 2016a 3 Type 3 0207 0202 0.041 -0.189 0.603
tulent Bilir, 2016b 3 Type 3 0.136  0.194  0.038-0.245 0.517
itif E. Abd-Elbaky, 2015a 4 Type 4 7692 0458 0210 6.794 8.590
utif E. Abd-Elbaky, 2015b 4 Type 4 3429 0248 0.062 2.942 3916
anaa Sayed Gazareen, 2014a 5 Type 5 2441 0499 0249 1462 3.419
anaa Sayed Gazareen, 2014b 5 Type 5 3972 0.694 0482 2.611 5333
anaa Sayed Gazareen, 2014c 5 Type 5 2917  0.580 0337 1.779 4.054
‘arek M. K. Motawi, 2017 5 Type 5 6.895  0.610 0.373 5.699 8.091
wshraf T. Abd Elmouttaleb, 2016 6 Type 6 1918 0312 0.097 1.307 2.530
“ong Tao, 2010 7 Type 7 0.621 0.223  0.050 0.184 1.058
Valeed Mahdy Nada, 2013a 8 Type 8 0027 0316  0.100-0.592 0.647
Valeed Mahdy Nada, 2013b 8 Type 8 1343 0350  0.123 0.657 2.029

2136 0284 0.081 1.580 2.693

Std diff in means and 95% CI

4.002
2.564
7372
8.083
1.928
3339
5.925
8.279
8913
4.369
3.924
2787
1.883
4.694
2.083
1.023
0.701
16.790
13.799
4.888
5.720
5.026
11.297
6.149
2.783
0.087
3.836
7.520

0.000

-
0.010 -

-
-
-—
-
-

L]
L]
-

!

Favours healthy controls Favours diabetic cases

-
——
—_—
——
-

-10.00 -5.0 10.00

tandom-effects model

Fig. 2 - Forest plot of 16 included studies fulfilled the inclusion/exclusion criteria. These studies include within-article
subgroups, which have been presented by letters (a, b, etc.), if applicable. Including these within-article subgroups, the
systematic review process retrieved 27 case-control studies. In this presentation, pooled data evaluating the effects of apelin
blood concentrations in type 2 diabetes mellitus compared to healthy controls have been demonstrated under random-
effects model. The pooled estimate for standardized mean difference (SMD) was calculated as 2.136 (95% confidence interval,

1.580-2.693).

apelin were investigated using systematic review and meta-
analysis in type 2 diabetes mellitus and under random-
effects model the final combined SMD calculated as 2.136
(95% confidence interval, 1.580-2.693). Thus, the result con-
firms that apelin peptide circulatory levels are altered in the
blood of type 2 diabetic subjects. On the other hand, the
results also showed that heterogeneity level is high among
the included studies. Meta-regression confirmed that the type
of the commercial apelin detection kit affects the inaccuracy
and imprecision of each study. This heterogeneity in the
results may stem from the fact that in the body fluids such
as plasma, apelin peptide is found in several active fragments
such as apelin-36, apelin-17, apelin-13, and the pyrogluta-
mated form of apelin-13. Recent investigation hypothesized
that standard immunoassays such as ELISA cannot specifi-
cally detect and quantify each apelin peptide and liquid chro-
matography/tandem mass spectrometry can be adapted to
quantify each form of it [35]. However, the main circulating
fragments of apelin were not surprisingly detected in this
study [35]. This discrepancy between the nature of peptide
fragments and quantification using immunoassays and those
detected by mass spectrometry raises questions and provides

evidence that nature and concentrations of the immunoreac-
tive circulating apelin fragments are very important topic that
must be resolved in the future studies. It is interesting that
apelin is degradable by a monocarboxypeptidase known as
angiotensin-converting enzyme 2 (ACE2) [35]. It hydrolyses
both apelin-36 and apelin-13 with a high catalytic efficiency
to smaller fragments [35,36]. Since different studies have
demonstrated that ACE2 is involved in diabetes pathogenesis
[37], therefore, it is of intense interest to investigate ACE2
blood bioactivity in parallel and alongside with apelin blood
levels. Even though, the current study only studied the blood
concentrations of apelin, more investigations needed to fur-
ther elucidate the role of apelin in type 2 diabetes mellitus
pathophysiology. Several studies in apelin-APJ signaling gene
knockout or obese/diabetic mice have already shown the ben-
eficial effects of apelin [11,38-43]. The studies must pave the
way to answer the question whether the higher level of apelin
is beneficial or, in contrast, destructive and if beneficial,
another question remains to be answered is the ineffective-
ness of its higher levels to revert the pathogenesis to normal
physiological conditions in this disease or maybe apelin
actions depends on its fragment types. Notwithstanding,
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Meta-analysis for apelin blood levels in diabetic subjects according to commercial apelin detection kit

Study name Apelin detection kit type _ Subgroup within study Statistics for each study

Std diffStandard LowerUpper

Std diff in means and 95% CI

in means error Variance limit limit Z-Valug-Value

Qutaiba A Qasim, 2016a 1 Type | 1.126 0.281 0.0790.5741.677 4.002 0.000 —
Qutaiba A Qasim, 2016b 1 Type 1 0.691 0.269 0.0730.1631.219 2.564 0.010 —
Qutaiba A Qasim, 2016¢ 1 Type 1 2.610 0.354 0.1251.9163.304 7.372 0.000 —
Qutaiba A Qasim, 2016d 1 Type 1 3.136  0.388 0.1512.3763.897 8.083 0.000 ——
1.865 0.565 0.3200.7572.973 3.299 0.001 —~
Federico Soriguer, 2009 2 Type 2 0.762  0.395 0.1560.0131.537 1.928 0.054 e
G. Erdem, 2007 2 Type 2 0.774  0.232 0.0540.3201.228 3.339 0.001 _—
Hala O. El-Mesallamy, 2013a 2 Type 2 2.501 0.422 0.1781.6743.328 5.925 0.000 —
Hala O. El-Mesallamy, 2013b 2 Type2 6.915 0.835 0.6985.2788.553 8.279 0.000 —
Hala O. El-Mesallamy, 2013¢ 2 Type 2 33.560 3.765 14.1726.1800.940 8.913 0.000 >
Ling Li, 2006 2 Type 2 1.168  0.267 0.0710.6441.692 4.369 0.000 —_—
Marana Habchi, 2014 2 Type2 0.510 0.130 0.0170.2550.764 3.924 0.000 -
Maria Gisella Cavallo, 2012 2 Type 2 0.353 0.127 0.0160.1050.601 2.787 0.005 -
Mehmet Guney Senol, 2009 2 Type2 0.507 0.269 0.0730.0211.035 1.883 0.060 —_
YU Shan, 2012a 2 Type 2 1.122 0.239 0.0570.6541.591 4.694 0.000 _—
YU Shan, 2012b 2 Type 2 0.475 0.228 0.0520.0280.922 2.083 0.037 —
1.476 0315 0.0990.8592.093 4.692 0.000 -
Bulent Bilir, 2016a 3 Type 3 0.207 0.202 0.0410.1890.603 1.023 0.306 -
Bulent Bilir, 2016b 3 Type 3 0.136  0.194 0.0380.2450.517 0.701 0.484 -
0.170  0.140 0.020:0.1040.445 1.214 0.225 >
AtfE. Abd-Elbaky, 2015a 4 Type 4 7.692 0.458 0.2106.7948.59016.790 0.000 ——
Atf E. Abd-Elbaky, 2015b 4 Type 4 3.429 0.248 0.0622.9423.91613.799 0.000 -
5.543 2,132 4.5451.3659.721 2.600 0.009 R ———————
Sanaa Sayed Gazareen, 2014a 5 Type 5 2.441 0.499 0.2491.4623.419 4.888 0.000 —
Sanaa Sayed Gazareen, 2014b 5 Type 5 3.972 0.694 0.4822.6115.333 5.720 0.000 —_—
Sanaa Sayed Gazareen, 2014¢ 5 Type 5 2917 0.580 0.3371.7794.054 5.026 0.000 —
Tarek M. K. Motawi, 2017 5 Type 5 6.895 0.610 0.3735.6998.09111.297 0.000 ——
4.042 1.015 1.0302.0536.031 3.983 0.000 —_——
Ashraf T. Abd Elmouttaleb, 2016 6 Type 6 1.918 0312 0.0971.3072.530 6.149 0.000 -
1.918 0312 0.0971.3072.530 6.149 0.000 -
Yong Tao, 2010 7 Type 7 0.621 0.223 0.0500.1841.058 2.783 0.005 -
0.621 0.223 0.0500.1841.058 2.783 0.005 >
Waleed Mahdy Nada, 2013a 8 Type § 0.027 0.316 0.1000.5920.647 0.087 0.931 ——
Waleed Mahdy Nada, 2013b 8 Type 8 1343 0.350 0.1230.6572.029 3.836 0.000 —
0.677 0.658 0.4320.6121.965 1.029 0.304 e
-10.00 5.00 0.00 5.00 10.00

Favours healthy controls Favours diabetic cases

tandom-effects model

Fig. 3 - Forest plot for 27 case-control studies according to each type of apelin commercial detection kit. These studies include
within-article subgroups, which have been presented by letters (a, b, etc.), if applicable. Including these within-article
subgroups, the systematic review process retrieved 27 case-control studies. In this presentation, pooled data evaluating the
effects of apelin blood concentrations in type 2 diabetes mellitus compared to healthy controls have been demonstrated for
each type of apelin detection kit (as numbers) under random-effects model.

recent studies have shown that apelin exerts a pleiotropic
effects on metabolism of numerous tissues and recent exper-
imental investigations have enhanced the role of apelin on
the whole body. Apelin is an adipokine and several studies
have admitted apelin protective activities in the obesity-
associated diseases in this regard [8,44,45]. It is well-known
for decades that BMI in the diabetic subjects is significantly
higher than that of controls [46-50] and a risk factor for those
suffering from metabolic syndrome [51,52], and apelin are
considered to be an adiopkine secreted from adipose tissue,
which means the level of apelin might be influenced by
BMI. In seems that body fat and apelin levels and insulin
resistance are inter-connected. On the other hand, relation-
ship between obesity, insulin resistance predisposes affected
individuals to coronary heart disease. Interestingly, recent
meta-analysis reported that circulating apelin was a promi-
nent athero-protective marker against the development of
coronary heart disease [53]. As apelin mimics the insulin
effects on glucose metabolism, it can be considered as an
insulin-sensitizing agent and hopeful and encouraging in
the context of developing new therapeutics for treating type

2 diabetic patients. Therefore, studies in humans will be
essential to confirm the role of apelin on carbohydrate meta-
bolism and indeed recent study has shown that apelin
improves insulin sensitivity in healthy volunteers [54]. In
addition, a line of evidence suggests that apelin exerts regula-
tory effects on lipid metabolism by promoting fuel consump-
tion and fat mass reduction, which is consistent with an
insulin sensitivity improvement as well [11,13,55]. These find-
ings highlight the protective and beneficial effects of apelin in
obesity-associated diseases and hoist apelin peptide on the
list of anti-diabetic therapies. Furthermore, since numerous
clinical studies have reported a very wide range of apelin
plasma levels, in both healthy controls and patients with dif-
ferent pathologies, it is notable that the bioavailability of ape-
lin also deserves to be better defined, especially regarding the
predominant isoforms circulating in the blood. Meanwhile,
another apelin-related peptide known as Apela/Elabela also
plays part in APJ receptor signaling and function [56,57] and
it could be considered alongside to apelin blood concentra-
tions as well. This meta-analysis paves the way to provides
preliminary evidence that apelin blood concentration is asso-
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Funnel Plot of Standard Error by Std diff in means
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Fig. 4 - Funnel plot for 27 case-control studies. For interpretation of any publication bias among studies, visual inspection of
the generated funnel plot under random-effects model employed to evaluate the asymmetry. The funnel plot appears
asymmetrical and with publication bias toward studies reporting higher apelin blood levels in type 2 diabetic patients in
comparison with healthy controls. In this plot, the X and Y axes represent the standardized mean differences (SMDs) and

standard errors, respectively.

Regression of Apelin detection kit type on Std diff in means
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Fig. 5 - Meta-regression for commercial apelin ELISA kit type (as numbers) and standardized mean difference (SMD). As it is
evident, studies which have been conducted by numbers 2 and 3 of commercial apelin ELISA kits have the lowest precision
and numbers 4 and 5 of apelin ELISA kits have the lowest accuracy as compared to other commercial apelin ELISA kits.
The X and Y axes represent the ELISA commercial kit type and SMD, respectively.

ciated with diabetes mellitus, however, more sophisticated
laboratory methods needed to more specifically determine
each apelin fragment type in the blood of diabetic patients.

5. Conclusions

This meta-analysis presents evidence that apelin circulatory
levels are higher in type 2 diabetic subjects than normal
controls.
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