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Objective: To investigate the plasma alarin level in newly diagnosed obese type 2 diabetes
mellitus (T2DM) and its correlation with glucose and lipid metabolism and insulin resistance.
Methods: From October 2018 to June 2020, 239 newly diagnosed T2DM patients were
collected. According to obesity, patients were divided into T2DM obese group (n=135) and
T2DM non-obese group (n =104). Gender, age, body mass index (BMI), blood lipids, blood
glucose, glycosylated hemoglobin Alc (HbAlc), fasting insulin (FINS), plasma alarin concen-
tration, homeostasis model assessment for insulin resistance (HOMA-IR), homeostasis model
assessment for B-cell function (HOMA-B) and other clinical data were collected and analyzed.
Results: BMI, triacylglycerol (TG), total cholesterol (TC), low-density lipoprotein-
cholesterol (LDL-C), fasting blood glucose (FPG), HbAlc, FINS, plasma alarin levels and
HOMA-IR in the control group, T2DM non-obese group and T2DM obese group increased
sequentially, and high-density lipoprotein-cholesterol (HDL-L) and HOMA-B decreased
sequentially (P<0.05). Correlation analysis results showed that plasma alarin levels in
T2DM patients were positively correlated with waistline, BMI, TC, LDL-C, FPG, HbAlc,
FINS and HOMA-IR (P<0.05), and negatively correlated with HDL-C and HOMA-§ (P
<0.05), and the correlation coefficient of T2DM obese group was significantly higher than
that of T2DM non-obese group (P<0.05). Multiple linear stepwise regression analysis
showed that BMI, FPG, HbAlc, HOMA-B, and HOMA-IR were independent factors related
to plasma alarin levels in T2DM non-obese and T2DM obese patients, and the correlation
coefficient of the T2DM obese group was significantly higher than that of the T2DM non-
obese group (P <0.05).

Conclusion: Plasma alarin levels increase in newly diagnosed T2DM and obese T2DM
patients, which are affected by TC, BMI, FPG, HbAlc, HOMA-B and HOMA-IR, and may
be involved in development of T2DM.

Keywords: type 2 diabetes mellitus, obesity, plasma alarin level, insulin resistance, blood

sugar, blood lipids, insulin

Introduction

Diabetes is a metabolic disease characterized by hyperglycemia due to insulin
secretion deficiency or insulin dysfunction. At present, more than 90% of the
diabetes mellitus patients in the world have type 2 diabetes mellitus (T2DM).
The incidence of T2DM is increasing year by year, and there is a younger
trend."” It is estimated that by 2040, the total global T2DM population will reach
642 million people. Epidemiological surveys show that the main driving factors for
the global type 2 diabetes epidemic are rising obesity rates, sedentary lifestyles,
high-energy diets and an aging population, among which obesity is the most
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important independent risk factor for T2DM.>* The
occurrence and development of obesity are closely related
to the body’s food intake and energy expenditure. In the
state of excess energy, it can promote the occurrence of
obesity, and obesity is closely related to the occurrence
and development of T2DM and insulin resistance (IR).*?

Alarin is the newest member of the galanin neuropep-
tide family. It is a peptide composed of 25 amino acids,
which is involved in the body’s food intake regulation and
energy metabolism.®’ Studies have confirmed that intra-
cerebroventricular injection of alarin in rats can promote
the increase in food intake and body weight of rats.®'°
Current research suggests that alarin plays an important
role in the occurrence and development of diabetes and
obesity."'"!* However, there are few reports on the rela-
tionship between alarin and the glucose and lipid metabo-
lism and insulin resistance of newly diagnosed T2DM with
obesity. This article explores the relationship between
plasma alarin levels and glucose and lipid metabolism
and IR in obese newly diagnosed T2DM patients, and
provides reference for the study of the mechanism of
alarin in the development of diabetes.

Patients and Methods

Patient Inclusion and Exclusion Criteria

From October 2018 to June 2020, 239 newly diagnosed
T2DM patients in our hospital were included in the study.
The criteria for diagnosis and classification of diabetes
mellitus formulated by the World Health Organization in
1999.'* Inclusion criteria were as follows: 1) patients with
T2DM symptoms for less than 1 year; 2) patients were not
treated with any hypoglycemic and lipid-lowering drugs;
3) patients were 18—65 years old. Exclusion criteria were
as follows: 1) excluding patients with type 1 diabetes
mellitus, gestational diabetes mellitus and other special
types of diabetes, acute and chronic complications of
diabetes mellitus; 2) patients with secondary obesity
caused by other reasons, such as hypothyroidism; 3)
patients with severe cardiovascular and cerebrovascular
diseases and liver and kidney dysfunction; 4) pregnant
and lactating women; 5) Patients with age <18 years or
>65 years; 6) patients with mental illness; 7) patients who
take glucocorticoids and receive diabetes-related treatment
affect blood glucose monitoring results; 8) patients with
stress such as trauma and surgery. Patients were divided
into two groups according to obesity: T2DM obese group
(n = 135) and T2DM non-obese group (n = 104). The

diagnostic criteria for obesity refer to research reports and
the constitution of Asian populations. Those with a body
mass index of 18.5kg/m’<body mass index<24 kg/m” are
considered non-obese, and those with a body mass
index>25kg/m® are considered obese.'”””'7 Select 85
healthy non-obese people who underwent health checkups
in our hospital during the same period as the normal
control group. Inclusion criteria were as follows: 1) fasting
blood glucose and postprandial blood glucose were nor-
mal; 2) never took drugs that affect blood sugar and blood
lipids; 3) no stress state, normal liver and kidney function.
All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. This study was
reviewed and approved by the Ethics Committee of
Chongqing Hospital of Traditional Chinese Medicine.
The subjects gave informed consent to the study, and all
subjects signed an informed consent form.

Clinical Data Collection

The age, gender, BMI, waist circumference, hip circum-
ference, blood sugar, blood lipids and other clinical data of
the research subjects were collected and analyzed. The
subjects were fasted for 810 hours, and blood was
drawn from the cubital vein on an empty stomach the
next morning for testing. Enzyme method was used to
detect FPG, TC, TG, LDL-C, HDL-C through the AU-
5811 automatic biochemical analyzer produced by
Beckman in the United States. Detect HbAlc by high-
pressure liquid chromatography (provided by ARKRAY,
model: HA-8180). Use an automatic electrochemilumines-
cence detector (Abbott, USA, Model: 05121LP30) to mea-
sure FINS, and calculate HOMA-IR index (HOMA-IR
=FPGxFINS/22.5) and HOMA-f index [HOMA-
B=FINSx20/(FPG-3.5)]. Plasma alarin was detected by
enzyme-linked immunosorbent assay (ELISA), and the
ELISA Kit were purchased from Becton, Dickinson and
Company in the United States, and detected by THERMO
FISHER Multiskan FC microplate reader.

Statistical Analysis

SPSS 22.0 software was used for statistical analysis.
Normal distribution of the data was tested using the
Kolmogorov—Smirnov test. The variables of non-normal
distribution were skewed and logarithmically transformed
to obtain a normal distribution. Continuous variables were
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presented as mean + SD. Comparisons between groups
were performed using ANOVA, an unpaired #-test or
a paired f-test. Simple and multiple linear regression ana-
lyses were used to assess the association between circulat-
ing alarin levels and the other biomarkers. The difference
was statistically significant with P<0.05.

Result

Comparison of Plasma Alarin Levels,
Glucose and Lipid Metabolism and Insulin
Resistance Indexes Among the Three
Groups

As shown in Table 1, there was no difference in age and
gender among the three groups of patients (P>0.05).
Compared with the control group, the T2DM non-obese
group and the T2DM obese group had significant increases
in waistline, waist-to-hip ratio, BMI, TG, TC, LDL-C, FPG,
HbA ¢, FINS, plasma alarin concentration and HOMA-IR,
while HDL-L. and HOMA- directions are significantly
reduced (P<0.05). Compared with the T2DM non-obese
group, the T2DM obese group had significant increases in
waistline (P<0.05), waist-to-hip ratio (P<0.05), BMI (31.01
+1.43 vs23.08+1.31, P<0.05), TG (P<0.05), TC (5.86+0.38
vs 5.13+0.31, P<0.05), LDL-C (P<0.05), FPG (13.61£1.02
vs 8.77+0.86, P<0.05), HbAlc (14.64£1.79 vs 9.16+1.36,
P<0.05), FINS (P<0.05), plasma alarin concentration (1.03
+0.34 VS 0.55+0.22, P<0.05), and HOMA-IR index (6.86

+1.47 VS 4.04+0.57, P<0.05), while in HDL-L (1.01+0.25
VS 1.3240.23, P<0.05) and HOMA-B (23.53+5.07 VS
39.47+6.24, P<0.05) are significantly reduced.

Linear Regression Analysis of the
Relationship Between Plasma Alarin
Levels, Glucose and Lipid Metabolism and
Insulin Resistance Indexes in Three
Groups

As shown in Table 2, the plasma alarin level in the control
group was not significantly correlated with Waistline,
waist-to-hip ratio, BMI, TG, TC, LDL-C, FPG, HbAlc,
FINS, HOMA-IR, HDL-C and HOMA-B (P>0.05). In the
T2DM non-obese group, plasma alarin levels were not
significantly correlated with Waistline, waist-to-hip ratio
and TG (P>0.05), but positively correlated with TC
(r=0.206, P=0.005), BMI (r=0.304, P=0.007), LDL-C
(r=0.234, P=0.011), FPG (1=0.394, P<0.001), HbAlc
(r=0.318, P<0.001), FINS (r=0.124, P=0.021) and HOMA-
IR (r=0.418, P<0.001), and negatively correlated with
HDL-C (r=—0.273, P=0.017) and HOMA-B (r=0.347,
P<0.001). Plasma alarin levels in obese patients with
T2DM were positively correlated with Waistline
(r=0.244, P=0.023), BMI (r=0.523, P<0.001), TC
(r=0.352, P<0.001), LDL-C (r=0.326, P=0.002), FPG
(r=0.578, P <0.001), HbAlc (r=0.481, P<0.001), FINS
(r=0.245, p=0.017) and HOMA-IR (r=0.674, P<0.001),

Table | Comparison of Plasma Alarin Levels, Glucose and Lipid Metabolism and Insulin Resistance Indicators in the Three Groups

Parameters Control Group (n=85) T2DM Non-Obese Group (n=104) T2DM Obesity Group (n=135)
Age (year) 41.54+7.56 42.14+8.02 43.32%6.12
Gender (Male/Female) 35/30 58/46 72/63

Waistline (cm) 72.21£9.01 81.39£10.14 112.02+10.62"%
Waist-to-hip ratio 0.78+0.07 0.81+0.06 0.96+0.05"*
BMI (kg/m?) 20.47+1.12 23.08+1.31* 310141437
TG (mmol/L) 1.0620.14 2.01+0.22* 2.5740.29"#
TC (mmol/L) 4.03£0.27 5.13x031% 5.860.38"*
HDL-C (mmol/L) 1.630.18 1.3240.23* 1.01£0.25"#
LDL-C (mmol/L) 2.65+0.28 3.45+0.34* 4.014£041"%
FPG (mmol/L) 4.79+0.37 8.77+0.86* 13.61£1.02"#
HbAlc (%) 5.01+0.4 9.16+1.36* 14.64+1.79"*
FINS (mU/L) 5.44+201 9.2643.47* 12.84+3.67"#
Alarin (ug/L) 0.2120.12 0.55+0.22* 1.03£0.34™#
HOMA-IR 1.1240.31 4.04+£0.57* 6.86x .47
HOMA[ B 79.84+4.54 39.47+6.24* 23.53+5.07"*

Notes: *Indicates compared with the control group, P<0.05; *Indicates compared with the T2DM non-obese group, P<0.05.

Abbreviations: BMI, body mass index; TG, triacylglycerol; TC, total cholesterol; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol;
FPG, fasting blood glucose; FINS, fasting insulin; HbAlc, glycosylated hemoglobin Alc; HOMA-IR, homeostasis model assessment for insulin resistance; HOMA-,
homeostasis model assessment for B-cell function.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

submit your manuscript 381
Dove’


http://www.dovepress.com
http://www.dovepress.com

Zhou et al

Dove

Table 2 Linear Regression Analysis of the Relationship Between Plasma Alarin Levels, Glucose and Lipid Metabolism and Insulin

Resistance Indexes in Three Groups

Parameters Control Group (n=85) T2DM Non-Obese Group (n=104) T2DM Obesity Group (n=135)
r value Corrected p value r value Corrected p value r value Corrected p value

Waistline (cm) 0.034 1.000 0.157 1.000 0.244 0.023*

Waist-to-hip ratio 0.015 1.000 0.132 1.000 0.147 1.000

BMI (kg/m?) 0.171 1.000 0.304 0.007* 0.523 <0.001*

TG (mmol/L) 0.024 1.000 0.157 1.000 0.226 1.000

TC (mmol/L) 0.054 1.000 0.206 0.005* 0.352 <0.001*

HDL-C (mmol/L) 0.045 1.000 —0.273 0.017* —0.341 0.013*

LDL-C (mmol/L) 0.071 1.000 0.234 0.011* 0.326 0.002*

FPG (mmol/L) 0.094 1.000 0.394 <0.001* 0.578 <0.001*

HbAlc (%) 0.104 1.000 0318 <0.001* 0.481 <0.001*

FINS (mU/L) 0.085 1.000 0.124 0.021* 0.245 0.017*

HOMA-IR 0.091 1.000 0418 <0.001* 0.674 <0.001*

HOMA-3 0.224 1.000 —0.347 <0.001* —0.557 <0.001*

Note: *Represents P<0.05 after correction.

Abbreviations: BMI, body mass index; TG, triacylglycerol; TC, total cholesterol; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol;
FPG, fasting blood glucose; FINS, fasting insulin; HbAlc, glycosylated hemoglobin Alc; HOMA-IR, homeostasis model assessment for insulin resistance; HOMA-B,

homeostasis model assessment for B-cell function.

and negatively correlated with HDL-C (r=—0.341,
p=0.013) and HOMA-B (r=—0.557, P<0.001), and the cor-
relation coefficient was significantly higher than that of
T2DM non-obesity group.

Multiple Linear Regression Analysis of
Plasma Alarin Levels, Glucose and Lipid
Metabolism and Insulin Resistance
Indexes in T2DM Obese Group and

T2DM Non-Obese Group

As shown in Table 3, BMI, FPG, HbAlc, HOMA-f, and
HOMA-IR are independent factors related to plasma alarin
levels in non-obese T2DM and obese T2DM patients
(P<0.05). Among them, TC, BMI, FPG, HbAlc and
HOMA-IR are positively correlated, HOMA-IR -B nega-
tive correlation (P<0.05). Compared with non-obese
T2DM, the correlation coefficients of TC (P<0.001),
BMI (P<0.001), FPG (P<0.001), HbAlc (P=0.005),
HOMA-B (p=0.002) and HOMA-IR (P<0.001) in the
obese T2DM group were higher, which indicated that
T2DM with obesity had a more significant effect on
plasma alarin levels.

Discussion

Obesity, as a disorder of energy metabolism, has become
a worldwide health problem.'®'” Many studies have
shown that obesity is closely related to the occurrence

and development of T2DM, hypertension, hyperlipidemia,
coronary heart disease and other diseases.'® 2 When the
body has excess energy, the energy will be stored in the
body in the form of fat, leading to the proliferation and
hypertrophy of fat cells, causing obesity. Excessively
enlarged fat cells can produce a variety of cytokines,
which can interfere with glucose and lipid metabolism,
lead to
resistance.”'*> Studies have shown that obesity, especially

reduce insulin sensitivity and insulin
central obesity, is the main risk factor for IR, and the
occurrence of insulin resistance (IR) is closely related to
the degree of obesity.*** Obesity and diabetic patients
often have glucose and lipid metabolism disorders and
IR,>'* As the most basic pathological mechanism of
T2DM, IR continues throughout the entire course of
T2DM. In this study, we found that compared with the
control group, BMI, TG, TC, LDL-C, FPG, HbAlc, FINS
and HOMA-IR were significantly increased in the T2DM
non-obese group and T2DM obese group, while HDL-L
and HOMA-B were significantly reduced, and this trend
was more obvious in the T2DM obese group. This result
suggests that the disorder of glucose and lipid metabolism
in obese T2DM patients is more serious than that in non-
obese T2DM. Abnormal glucose and lipid metabolism
aggravates the occurrence and development of IR and
pancreatic dysfunction in obese T2DM patients.

Studies have shown that the galanin neuropeptide

family is involved in the regulation of appetite, insulin
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Table 3 Multiple Linear Regression Analysis of Plasma Alarin Levels, Glucose and Lipid Metabolism and Insulin Resistance Indexes in

T2DM Obese Group and T2DM Non-Obese Group

Parameters Control Group (n=85) T2DM Obesity Group (n=135)

B value 95% CI Corrected P value B value 95% CI Corrected P value
Waistline (cm) - - - 0.347 0.094-0.247 0.464
BMI (kg/m?) 1.321 1.074-4.145 <0.001* 2.124 1.241-6.848 <0.001*
TG (mmol/L) 0.431 0.173-1.319 0.007* 0.714 0.249-1.758 <0.001*
TC (mmol/L) - - - 0.345 0.124-0.542 0.392
HDL-C (mmol/L) —0.481 —0.282-1.374 0.304 0.759 —0.342-1.814 0.221
LDL-C (mmol/L) 0.651 0.235-1.982 0.534 1.245 0.671-2.525 0.402
FPG (mmol/L) 0.741 0.376-1.571 0.006* 1.461 0.784-3.271 <0.001*
HbAlc (%) 0914 0.347-2.387 0.010* 1.734 0.984-4.756 0.005*
FINS (mUI/L) 0.324 0.114-0.724 0.304 0.543 0.106—1. 013 0.247
HOMA-IR 1.141 0.634-3.578 <0.001* 1.946 1.340-5.378 <0.001*
HOMA-f 0.571 0.134-1.314 0.008* 0.861 0.270-2.7865 0.002%*

Note: *Represents P<0.05 after correction.

Abbreviations: BMI, body mass index; TG, triacylglycerol; TC, total cholesterol; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol;
FPG, fasting blood glucose; FINS, fasting insulin; HbAlc, glycosylated hemoglobin Alc; HOMA-IR, homeostasis model assessment for insulin resistance; HOMA-,

homeostasis model assessment for f-cell function.

resistance, obesity, hypertension and metabolism.*’
Alarin is the newly discovered galanin neuropeptide
family member and was first discovered in the ganglion
cells of neuroblastoma. Follow-up studies have con-
firmed that Alarin also exists in the perivascular area of
the skin, locus coeruleus, arcuate nucleus, olfactory bulb,
amygdala, and so on. At present, further studies have
shown that the administration of alarin stimulation to
the cerebral ventricle and periphery of rats can reduce
the blood glucose level of T2DM rats, promote the
uptake of skeletal muscle glucose, and improve IR in
25727 These that
a regulatory factor related to the body’s diet and energy

rats. studies  suggest alarin is
balance, which is closely related to the occurrence and
development of diabetes mellitus. For example, leptin,
which can inhibit appetite, can inhibit insulin secretion.
When insulin secretion increases, it can promote leptin
secretion, thus regulating glucose and lipid metabolism
and participating in the occurrence and development of
diabetes and obesity.?*?’

As a regulator of diet and energy balance, there are few
reports on the relationship between alarin and IR, glucose
and lipid metabolism in diabetic patients. Hu et al found
that serum alarin level was significantly increased in
patients with impaired glucose tolerance (IGT) and
T2DM, that

increased from pre-diabetic state to diabetic stage.'' In

indicating circulating alarin gradually

this study, we found that alarin levels were elevated in
both the T2DM non-obese group and the T2DM obese

group. But the T2DM obesity group was significantly
higher than the T2DM non-obese group, which indicated
that the T2DM with obesity patients had a more significant
effect on plasma alarin levels. In the linear correlation
analysis, we found that the plasma alarin level was posi-
tively correlated with waistline, BMI, TG, TC, LDL-C,
FPG, HbAlc, Fins, HOMA-IR, and negatively correlated
with HDL-C and HOMA-B, and the correlation coefficient
was significantly higher than that of T2DM non-obese
group. In the further multiple regression analysis, we
found that TC, BMI, FPG, HbAlc, HOMA-B and HOMA-
IR were the independent factors influencing the plasma
alarin level in diabetic patients. In addition, compared
with non-obese T2DM, the correlation of TC, BMI, FPG,
HbAlc, HOMA - § and HOMA-IR was higher in the obese
T2DM group. These results suggest that alarin may be
related to the occurrence and development of T2DM, and
the increase of alarin level may be an early defense
response to obesity, IR and glucose and lipid metabolism
disorders. Of course, we still can not exclude that high level
of alarin is a risk factor for the occurrence and development
of diabetes, so more in-depth prospective studies are needed
to clarify the relationship between them.

Our research also has some limitations. First of all, this
study is a cross-sectional study, so we cannot infer the
causal relationship between circulating alarin, obesity and
T2DM, and further prospective studies are needed to illus-
trate the exact relationship between them. Second, this
study is a small sample, single-center study, and the results
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of the study have limitations. Large samples and multi-

center studies further are needed to confirm the results of

this study. Third, due to genetic, population, diet and other

differences, the results of this study have inherent errors

and biases. Fourth, this study has inherent limitations and

risks of bias in research design.

Conclusion

In conclusion, the plasma alarin level was increased in
newly diagnosed T2DM and obese T2DM patients and
which was correlated with independent risk factors, such
as TC, BMI, FPG, HbAlc, HOMA-$ and HOMA-IR.
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