Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Serum Apelin-12 as a Novel Marker of Metabolic
Inflammatory Syndrome in elderly Chinese

Xinru Wang
Huashan Hospital Fudan University

Jiantao Wang

Huashan Hospital Fudan University
Jiaogi Ren

Huashan Hospital Fudan University
Xiaoming Zhang

Huashan Hospital Fudan University
Jinxiu Wang

Huashan Hospital Fudan University
Yin Wang

Huashan Hospital Fudan University
Yue Hu

Huashan Hospital Fudan University
Yutu Zhang

Huashan Hospital Fudan University
Chengfeng He

Fudan University
Wenjiao Xue

Fudan University
Lvxuan Xiang

Fudan University
Yinghong Tao

Huashan Hospital Fudan University
Jingchun Guo

Fudan University

Houguang Zhou (% zhg7376@163.com )
Huashan Hospital Fudan University https://orcid.org/0000-0002-5550-1166

Research Article

Page 1/19


https://doi.org/10.21203/rs.3.rs-1767907/v1
mailto:zhg7376@163.com
https://orcid.org/0000-0002-5550-1166

Keywords: apelin-12, metabolic inflammatory syndrome, type 2 diabetes, atherosclerosis, non-alcoholic
fatty liver disease

Posted Date: July 21st, 2022
DOI: https://doi.org/10.21203/rs.3.rs-1767907/v1

License: © ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Page 2/19


https://doi.org/10.21203/rs.3.rs-1767907/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

Purpose: Apelin-12 has been proposed as a novel adipocytokine with vital roles in metabolic disorders. In
this study, we aimed to explore the relationship between serum apelin-12 and metabolic inflammatory
syndrome (MIS) in the elderly.

Methods: The cross-sectional study involved 224 subjects aged over 60. According to their diagnoses of
the four components of MIS (type 2 diabetes, non-alcoholic fatty liver disease, atherosclerosis, and
obesity/overweight), they were divided into two groups: the control group (0 or 1 component n=63) and
the MIS group (=2 components, n=161). Serum levels of apelin-12, adiponectin and C-reactive protein
were measured by ELISA.

Results: Serum apelin-12 was significantly higher in the MIS group than in the control group (1.83 ng/mL
(1.59-2.07) vs 1.66 ng/mL (1.45-1.92), P=0.001). Partial correlation analysis showed that apelin-12 levels
were positively correlated with fasting insulin (/#=0.169), HOMA-IR (*=0.183), ALT (=0.180), AST
(©=0.145) and CRP (#=0.140, all P?<0.05) and negatively associated with adiponectin (=-0.211) and
HDL-C (/#=-0.156) after controlling age, sex and body mass index. Besides, after adjustment for age, sex,
fasting blood glucose, diastolic blood pressure and total triglyceride, apelin-12 was still determined as an
independent predictor for MIS.

Conclusion: Serum apelin-12 can be an independent risk factor predicting metabolic inflammatory
syndrome and may serve as a useful potential marker for the diagnosis of MIS in elderly Chinese.

Introduction

Metabolic inflammatory syndrome (MIS) has been proposed as a novel concept with a cluster of
diseases including type 2 diabetes (T2DM), non-alcoholic fatty liver disease (NAFLD), atherosclerosis
(AS), and obesity/overweight [1]. Due to its high detective rate, MIS has also been proved to be more
effective for the prediction of coronary heart disease than metabolic syndrome (MetS) [1]. It has been
reported that macrophages played a pivotal role in the pathogenesis of MIS, indicating that inflammation
could be a central part of the initiation and the development of the syndrome [2]. However, the
pathophysiology of MIS has not been well understood yet. The early diagnosis in clinical practice will
help a lot in the early intervention of this syndrome, which makes it urgent to identify potential related
biomarkers.

Apelin was originally described as an endogenous ligand [3] of APJ which belongs to the G protein-
coupled receptor family. Recognized as a new kind of adipokines, apelin is expressed and secreted by
adipocytes both in humans and mice and is directly regulated by insulin [4].

Apelin-12 is one of the pharmacologically active apelin isoforms involved in various diseases such as
intracranial atherosclerotic diseases [5], diabetes [6] and acute myocardial infarction [7]. Previous studies
have demonstrated that serum apelin-12 was related to metabolic disorders. In Chinese obese girls,
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apelin-12 was observed higher than that in non-obese girls [8]. Clinical evidence also showed significantly
higher levels of serum apelin-12 in patients with metabolic syndrome both in children [9] and adults [10].

To date, the clinical relevance of serum apelin-12 levels with MIS in the elderly remains unknown.
Therefore, the purpose of the current study was to explore the association of serum apelin-12 with MIS
and its components in elderly Chinese to investigate the possible role of apelin-12 in MIS.

Methods
Participants and study design

This was a cross-sectional study. A total of 224 participants aged over 60 were recruited from the
physical examination population of Huashan Hospital affiliated to Fudan University from May 2019 to
June 2021. Among them, 63 subjects with 0 or 1 component of MIS were classified as the control group,
while 161 patients with two or more of the four components—T2DM, NAFLD, AS and obesity/overweight—
were defined as the MIS group. The diagnoses of these constituents were as follows:

(1) T2DM was diagnosed by the criteria of the World Health Organization in 1999 [11];

(2) NAFLD was diagnosed according to the World Gastroenterology Organisation global guidelines in
2014 [12];

(3) AS was diagnosed based on the Guidelines for Prevention of Atherosclerotic Cardiovascular Diseases
2017 [13];

(4) Overweight and obesity were defined as 25 kg/m? < BMI < 30 kg/m? and BMI = 30 kg/m?, respectively
[1,14].

The exclusion criteria were any of the following: (1) type 1 diabetes, or diabetes induced by drugs or other
endocrine disorders. (2) active infection or fever within two weeks before admission; (3) self-reported
severe alcohol abuse; (4) autoimmune diseases, including rheumatoid arthritis, systemic lupus
erythematosus, anaphylactoid purpura; (5) neuropathy or psychiatric diseases, such as multisystem
atrophy, epilepsy, depression; (6) severe organ diseases; (7) tumors; (8) patients with incomplete clinical
information or laboratory results.

Written informed consent was obtained from all the subjects. The research was conducted in accordance
with the Declaration of Helsinki and was approved by the Ethics Boards of Huashan Hospital, Fudan
University.

Questionnaire investigation, anthropometric and blood
pressure measurements
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Questionnaires were used to obtain detailed medical histories of all the subjects and the results were
recorded by trained physicians. Participants who smoked at least 1 cigarette every day for more than 6
months were defined as smokers. Drinking was defined as an alcohol dose of more than 25 g per day for
over 3 times every week. The weight of each individual was measured with an electronic scale with
precision to 0.1 kilogram. The height was measured barefoot without heavy clothing and was recorded
with an accuracy of 1 centimeter. Body mass index (BMI) was calculated as weight (kg) divided by the
square of height (m?). Resting blood pressure including systolic blood pressure (SBP) and diastolic blood
pressure (DBP) was calculated as the average of three measurements measured by an electronic
sphygmomanometer in a sitting position after 15-min rest.

Biochemical measurements and laboratory procedures

Venous blood samples were collected in the morning after overnight fasting, and immediately sent to the
laboratory for detection. Fasting blood glucose (FBG), total cholesterol (TC), serum triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), blood urea nitrogen
(BUN), serum creatinine (Scr), alanine aminotransaminase (ALT), aspartate transaminase (AST) and uric
acid (UA) were detected using the Hitachi Automatic 7600 - 210 analyzer (Hitachi, Ltd., Tokyo, Japan).
Serum insulin, C-reactive protein (CRP), and adiponectin were measured by ELISA kit (DiLab, Shanghai,
China). Glycated hemoglobin A1c (HbA1c) levels were determined using the Variant device (Bio-Rad
Laboratories, Hercules, CA). Homeostasis model assessment of insulin resistance (HOMA-IR) was
calculated as fasting insulin (FINS) (milliunits per liter) x FBG (millimoles per liter)/22.5 [15]. The
evaluation of carotid arteries, vertebral arteries, lower extremity arteries and liver were performed by
ultrasound.

Measurement of apelin-12

The serum samples were stored at -80°C until analyzed. Serum apelin-12 concentrations were measured
in duplicate using a commercial enzyme-linked immunosorbent assay kit (CSB-E08639h, CUSABIO,
Wuhan, China) according to the manufacturer’s instructions. The corresponding intra- and inter-assay
coefficients of variation for apelin-12 the ELISA were 5.9% and 8.4%, respectively.

Statistical analysis

Kolmogorov-Smirnov test was used to determine the distribution of continuous variables. Normally
distributed data are presented as the mean + standard deviations, while non-parametric data were
described as median with the interquartile range (IQR). Categorical variables were presented as
percentages (%). Comparisons between the control and the MIS groups were carried out by unpaired
Student’s t-test and Mann-Whitney U test for variables with normal or skewed distribution, respectively.
Chi-squared test and continuity correction test were used for categorical variables. Kruskal-Wallis test
was used to compare the difference in apelin-12 among the four groups. Firth's bias-reduced logistic
regression analysis was adopted to clarify the relationship between serum apelin-12 and MIS.
Correlations between apelin-12 and various clinical parameters were analyzed using Spearman’s rank
correlation and partial correlation analysis. Statistical analyses were performed by SPSS version 26.0
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(IBM Corp., Armonk, NY), Prism 9 (GraphPad, San Diego, CA) and R version 4.1.2 (Foundation for
Statistical Computing). All tests were two-tailed, and P<0.05 was considered statistically significant.

Results
Characteristics of participants

A total of 224 participants were recruited in our study. The basic demographic and clinical characteristics
of two groups are presented in Table 1. The median ages of the control and the MIS group were 73 and
75, respectively (Table 1). Compared with controls, the MIS group exhibited higher BMI, SBP and DBP.
Concerning metabolic parameters, significantly higher levels of FBG, fasting insulin, HOMA-IR, HbA1c, TG,
BUN, Scr, UA, ALT and CRP were found in the MIS group (all P<0.05, Table 1). However, TC, LDL-C, HDL-C
and adiponectin were lower in the MIS group compared to the control group (all P<0.05, Table 1). In
general, the values of FBG, HbA1c and blood lipids (TC, TG, LDL-C, HDL-C) in both groups were mostly
within the normal range, indicating that glycolipid metabolism indexes were basically well-controlled in
most subjects. Besides, no statistical differences were observed in sex, smoking status, alcohol
consumption, and the levels of AST between the two groups (all P>0.05, Table 1).
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Characteristics of study population

Table 1

Characteristic

Subjects

Age (years)

Sex (male/female)
Smoking, n (%)

Drinking, n (%)
BMI (kg/m?)
SBP (mmHg)
DBP (mmHg)
FBG (mmol/L)
Fasting insulin
(mIU/L
HOMA-IR

HbA1c (%)

TC (mmol/L)
TG (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)

BUN (mmol/L)
Scr (umol/L)

UA (umol/L)

ALT (IU/L)

Total
224

74.00 (69.00-
82.00)

215/9
10 (4.46)
18 (8.04)
25.80 (23.10-27.25)

145.13+17.85
77.14£10.37
5.70 (5.23-6.70)
8.66 (7.59-10.06)
2.28 (1.81-2.83)
6.10 (5.70-6.70)

4.61+0.94
1.43 (1.10-1.86)
2.86 (2.10-3.46)
1.15 (0.98-1.31)

5.80 (5.00-6.68)
77.00 (68.00-87.75)

389.39 +84.29

20.00 (15.00-28.75)

Control

63

73.00 (70.00-
80.00)

59/4
1(1.59)
3 (4.76)
22.20 (20.60~-

23.10)

133.95+ 14.69
73.37£6.31
5.30 (5.10-5.50)
6.43 (5.50-7.52)
1.46 (1.30-1.80)

5.80 (5.60-5.90)

4.85+0.86

1.22 (0.95-1.60)
3.12 (2.45-3.60)
1.15(0.98-1.31)

5.40 (4.80-6.20)

72.00 (65.00-
80.00)

338.14+70.49

18.00 (14.00-
23.00)
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MIS

161

75.00 (69.00—
82.00)

156/5
9 (5.59)
15 (9.32)

26.60 (25.50—
27.70)

149.85+16.97
78.73+11.31
6.10 (5.40-7.40)
9.48 (8.46-10.45)
2.57 (2.21-3.12)

6.40 (5.95-6.90)

4.51+0.95

1.52 (1.13-1.92)
2.75 (1.96-3.38)
1.08 (0.95-1.27)

6.10 (5.10-6.80)

80.00 (70.50-
92.50)

409.45+80

21.00 (15.00-
32.00)

value

0.381

0.464
0.345
0.260

<
0.001
0.001

0.001

A

0.001

A

0.001

A

0.001

<
0.001
0.014
0.001
0.027

<
0.001
0.003

<
0.001

<
0.001
0.002




Characteristic Total Control MIS P

value
AST (IU/L) 20.00 (17.00- 20.00 (17.00- 21.00 (17.00- 0.990
25.00) 25.00) 25.00)
CRP (mg/L) 2.96 (2.55-3.44) 2.42 (2.05-2.61) 3.18 (2.89-3.60) <
0.001
Adiponectin (ug/mL)  7.15(5.73-8.11) 8.84 (7.80-9.62) 6.37 (5.43-7.48) <
0.001
Apelin-12(ng/mL) 1.78 (1.56-2.05) 1.66 (1.45-1.92) 1.83 (1.59-2.07) 0.001

Difference in serum apelin-12 among participants without
and with MIS

The distribution of serum apelin-12 in the study population was skewed with a median of 1.78 ng/mL
(1.56-2.05) (Fig. 1). As shown in Fig. 2, median apelin-12 levels in participants without and with MIS
were 1.66 ng/mL (1.45-1.92) and 1.83 ng/mL (1.59-2.07), respectively (P=0.001, Table 1). Additionally,
serum apelin-12 levels had an increasing trend with the increasing number of MIS components, except
that the median value between patients with two and three components was of no statistical difference
(Fig. 3). Notably, the median levels of apelin-12 in subjects with two (1.77 ng/mL) or four (2.05 ng/mL)
components were significantly higher than that with zero/one (1.65 ng/mL) components (all P<0.05,
Fig. 3).

Association between serum apelin-12 and MIS

Firth's bias-reduced logistic regression model was adopted to determine the relationship between serum
apelin-12 and MIS. After adjustment for potential confounding factors including age, sex, FBG, DBP and
TG, four predictors—apelin-12 (OR =10.381), BMI (OR = 1.654), HbA1c (OR =1.512) and SBP (OR =1.048)
were determined as independent risk factors for MIS (all P<0.05, Table 2).
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Table 2

Firth's bias-reduced logistic regression analysis: independent
predictors for MIS

B OR 95%Cl Pvalue

Lower  Upper

Age 0.033 1.033 0.957 1.120 0.404
Sex -0.540 0.583 0.031 8.426 0.724
BMI 0.503 1.654 1399 2.020 <0.001
FBG 0.411 1.509 0.617 2.672 0.320

HbA1c 0.414 1.512 1.041 8.162 0.029

SBP 0.047 1.048 1.012  1.090 0.007
DBP 0.012 1.012 0.947 1.081 0.720
TG 0.334 1.396 0.696  3.506 0.371

Apelin-12 2340 10.381 1.842 69.050 0.007

Correlations between serum apelin-12 and other measured
parameters

Spearman’s rank analysis showed that apelin-12 had positive associations with BMI (r=0.135), SBP (r=
0.159), FBG (r=0.144), fasting insulin (r=0.191), HOMA-IR (r=0.195), ALT (r=0.240), AST (r=0.145) and
CRP (r=0.153), and negative associations with HDL-C (r=-0.178) and adiponectin (r=-0.221, all P<0.05,
Table 3).
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Table 3
Correlations between serum apelin-12 and other measured parameters

variable Apelin-12 Apelin-12 (age, sex, BMl-adjusted)
r Pvalue P =2
Age -0.076 0.258 - -
BMI 0.135 0.046 - -
SBP 0.159 0.021 0.135 0.054
DBP 0.099 0.155 0.090 0.199
FBG 0.144 0.031 0.118 0.083
Fasting insulin 0.191 0.004 0.169 0.013
HOMA-IR 0.195 0.003 0.183 0.007
HbA1c 0.112 0.095 0.055 0.417
BUN 0.012 0.857 0.026 0.701
Scr -0.003 0.964 -0.010 0.879
UA 0.077 0.249 0.057 0.404
TC -0.088 0.189 -0.131 0.053
TG 0.090 0.181 -0.029 0.670
LDL-C -0.072 0.284 -0.090 0.183
HDL-C -0.178 0.008 -0.156 0.021
ALT 0.240 <0.001 0.180 0.008
AST 0.145 0.030 0.145 0.032
CRP 0.153 0.022 0.140 0.038
Adiponectin -0.221 0.001 -0.211 0.002
r. Spearman’s correlation coefficient.
rand P are the unadjusted correlation coefficients and associated p-value. 2 and P? are values after
adjustment with age, gender and BMI.

Furthermore, after adjusting for age, sex and BMI, serum apelin-12 remained positively correlated with
fasting insulin (=0.169), HOMA-IR (/#=0.183), ALT (/#=0.180), AST (/*=0.145) and CRP (#=0.140, all
P4<0.05) by partial correlation analysis. Remarkably, negative correlations of apelin-12 with HDL-C

(P*=-0.156) and adiponectin (/#=-0.211) were also observed (all P<0.05, Table 3). In addition, the

associations between serum apelin-12 and other clinical parameters were not statistically significant.
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Discussion

In the current study, we found that serum apelin-12 was significantly higher in the MIS group than that in
the control group and was independently correlated with MIS. To the best of our knowledge, this is the
first study to evaluate the correlation of apelin-12 with MIS in elderly Chinese, thus indicating the potential
role of apelin-12 in the pathogenesis and the development of MIS.

As a ubiquitously expressed peptide, apelin was identified as a novel kind of adipokine expressed and
secreted by adipocytes in both murine and human [16]. Due to the wide expression of apelin and its
receptor APJ, it has been reported that apelin participated in various physiological processes, including
energy metabolism such as glucose and lipid metabolism [17], endocrine response to stress, homeostasis
and so on [18]. Previous clinical studies reported increased concentrations of apelin in T2DM and obesity
in humans and animals [19, 20], which further confirms its essential role in metabolic disorders.

There are several isomers produced by enzymatic cleavage of proapelin that are bioactive, such as
apelin-12 [21], which also has a variety of physiological and biological functions. Few studies have
explored the levels of apelin-12 in patients with metabolic disorders [22]. Significantly elevated apelin-12
was found in obese children with metabolic syndrome (MetS) compared to those without MetS and was
determined to be the independent risk factor for MetS [9]. Similar findings were reported by Helske et al. in
middle-aged individuals [10]. This was also verified in our study that apelin-12 was increased in elderly
patients with MIS in comparison with the control group. When divided by the number of four components,
a general increasing trend of apelin-12 was found as the number of components increased, although no
difference was found between the third group and other groups, which might be attributed to the small
number of individuals.

To determine the predictive power of apelin-12 for MIS, Firth's bias-reduced logistic regression analysis
has been performed. As a result, we identified apelin-12 as a risk predictor for MIS, even after the
adjustment for several variates, which was also in accordance with the previous study in obese children
[9]. In addition to apelin-12, BMI, HbA1c and SBP were also determined as independent factors for the
presence of MIS, indicating the involvement of obesity, blood glucose and blood pressure in MIS.

Several studies described MIS as a state characterized by chronic low-grade inflammation (CLGI) [1, 14,
23, 24]. It had been widely accepted that CRP plays a huge part in the process of inflammation and the
response to infection. During inflammatory conditions, the expression of CRP increases. Hence, it is
considered to be a traditional marker of inflammation [25]. As one of the most abundant adipocytokines,
adiponectin has been proved to be a classic adipocytokine with anti-inflammatory properties, as well as
antidiabetic and anti-atherogenic activity [26, 27]. Various reports suggest the decline of plasma
adiponectin concentration in obesity, diabetes and MetS and can be considered a potent predictor for
MetS [28, 29]. Recently, circulating adiponectin was observed lower in elderly patients with MIS at the
cross-sectional population level [24]. In our study, the MIS group exhibited higher levels of CRP and lower
levels of adiponectin compared to controls, revealing the relatively inflammatory conditions in patients.
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Most importantly, apelin-12 showed a significant positive correlation with CRP and a negative correlation
with adiponectin in our research, which further confirmed the potential role of apelin-12 in MIS.

It is well-known that insulin resistance is a common mechanism of obesity, diabetes [30], NAFLD [31] and
atherosclerosis [32], the four components of MIS. Insulin sensitivity is compromised in metabolic
deterioration. The current study found that apelin-12 was positively related to fasting insulin and HOMA-
IR after age-, sex- and BMI-adjustment, suggesting the underlying role of apelin-12 in insulin resistance.
Besides, the expression of apelin has been reported to be directly up-regulated during adipocyte
differentiation stage. This may partly explain the possible link between apelin and insulin [4]. In our study,
positive associations of apelin-12 with liver function indexes (ALT and AST) and a negative correlation
with HDL-C were also observed.

Both clinical and experimental studies illustrated that UA was a contributory causal factor in metabolic
disorders [33]. We found an apparent increase in UA in the MIS group, whereas no significant association
was found between apelin-12 and UA. Contrary to our expectations, lower levels of TC and LDL-C were
found in the MIS group, which could be explained by the use of lipid-lowering drugs in these patients.

There are several limitations of our study to be noted. First, this is a cross-sectional study with no follow-
up data. Therefore, the causal role of apelin-12 in MIS remains unclear. Second, since the participants in
our study were over 60, it is unknown whether our results can be generalized to middle-aged or younger
subjects. Moreover, the number of subjects was not large enough in this study, resulting in the wide width
of the confidence interval of OR of apelin-12 by Firth's bias-reduced logistic regression analysis.
Subsequent studies with a larger population should be conducted to follow up on the changes in serum
apelin-12 over a few years both in healthy controls and MIS patients.

Conclusions

In conclusion, we found that serum apelin-12 was an independent risk predictor for MIS and was closely
correlated with CRP and adiponectin, which could be a potential diagnostic indicator for MIS. Our findings
provide deeper insights into the potential role of apelin-12 in the pathogenesis of MIS.
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Figure 1
Distribution of serum apelin-12 in the participants

(created by SPSS)
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Figure 2

Serum apelin-12 in the control and MIS group. Data are expressed as median (IQR), P<0.01(**)

(created by Prism)
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Figure 3

Serum apelin-12 in participants with 0/1, 2, 3 and 4 components. Data are expressed as median (IQR).
P<0.05(*), P<0.0071 (***)

(created by Prism)
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