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Abstract. Objective To explore the correlation of serum Adropin, 25- hydroxylvitamin D3 [25 (OH)D3] levels with serum lipids
in patients with type 2 diabetes mellitus (T2DM)stratified by different body mass indexes (BMI), and to provide new ideas for
the prevention and treatment of lipid metabolism-related issues in T2DM. Methods A total of 199 T2DM patients hospitalized
in Zhengzhou Central Hospital from May 2023 to July 2024 were selected as research subjects. They were divided into three
groups according to BMI: normal weight group (18.5 kg/m2 <BMI<24 kg/m”, n=50), overweight group (24 kg/m2 <BMI<28
kg/m2 , n=60), and obesity group (BMI =28 kg/m” , n=89). General clinical data, and laboratory indicators including fasting
plasma glucose (FPG), glycated hemoglobin (HbAlc), four blood lipid indicators [total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C), low- density lipoprotein cholesterol (LDL-C)], and 25 (OH)D3 were collected and
measured. Serum Adropin levels in each group were detected by ELISA. The changes of Adropin, 25 (OH)D3, blood lipids and
other indicators among groups and their correlations were analyzed. Results FPG, HbAlc, TC, TG, LDL-C, and fasting insulin in
the obesity group were significantly higher than those in the normal weight group and overweight group (P<0.05), while
HDL-C and serum 25 (OH)D3 in the obesity group were significantly lower than those in the other two groups (P<0.05).
Adropin decreased sequentially in the normal weight group, overweight group, and obesity group (£<0.05). The proportion of
patients with hyperlipidemia was 44.00% in the normal weight group, 56.67% in the overweight group, and as high as 69.66% in
the obesity group, with a statistically significant difference (P<0.05). In each group, T2DM patients complicated with
hyperlipidemia had significantly lower serum Adropin and 25 (OH)D3 levels. The correlation of Adropin and 25 (OH)D3 with TC,
TG, and LDL-C were negative, while those with HDL-C were positive (P<0.05). Conclusion The decrease of serum Adropin and
25 (OH)D3 is closely related to the increased risk of hyperlipidemia in T2DM patients across different BMI strata. They have
potential significance for the prevention and treatment of obesity and hyperlipidemia in T2DM patients.
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Type 2 diabetes mellitus (T2DM) is one of the major
chronic diseases threatening human health. Its typical
clinical manifestations include polydipsia, polyphagia,
polyuria, and weight loss, which are caused by persistent
hyperglycemia. The core pathological mechanisms involve
insulin resistance and insulin deficiency. T2DM is closely
associated with body mass index (BMI); as BMI increases,
the risk of developing T2DM significantly rises. Studies
have indicated that obesity and the onset of T2DM may be
linked to insulin resistance, immune-inflammatory
responses, abnormal microRNA  expression, and
dyslipidemia [1]. The underlying mechanism may be that

insulin promotes fat synthesis and storage while inhibiting
lipolysis, thereby disrupting glucose and lipid metabolism
in T2DM patients, triggering dyslipidemia, exacerbating
the elevation of the homeostasis model assessment of
insulin resistance (HOMA-IR) index, and increasing the
risk of hyperlipidemia simultaneously. Epidemiological
surveys show that the prevalence of dyslipidemia in the
general population ranges from 20% to 40%, whereas in
T2DM patients, the prevalence is as high as 60%, and there
is a strong positive correlation between BMI and the
development of dyslipidemia [2].
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Adropin is a secretory protein discovered by Kumar et
al. [3] in 2008, which is regulated by energy
balance-related genes. It is closely associated with obesity
and T2DM, suggesting that Adropin can enhance insulin
sensitivity and correct lipid metabolism disorders. In
addition, vitamin Ds is another critical factor influencing
the development of T2DM. 25-hydroxyvitamin D;
[25(OH)Ds] is the hydroxylated product of vitamin D3 in
the liver, which exists in a stable form in the body and is
therefore commonly used as an indicator to assess vitamin
D levels in vivo. 1,25-dihydroxyvitamin D3 [1,25(OH):Ds]
is the active form of vitamin D, which can bind to vitamin
D receptors in the body and play a role in insulin synthesis
and secretion [4].

This study is the first to conduct a joint analysis of
two indicators, 25(OH)Ds; and Adropin, to explore their
effects on lipid metabolism in T2DM patients stratified by
BMI and their potential role in the context of dyslipidemia.
It expands the research perspective on lipid metabolism in
T2DM and provides new insights for the individualized
prevention and treatment of lipid metabolism disorders in
T2DM. This study is reported as follows.

1 Subjects and Methods
1.1 Study Subjects

A total of 199 patients with T2DM hospitalized at
Zhengzhou Central Hospital from May 2023 to July 2024
were enrolled as study subjects. Inclusion criteria: (1)
Diagnosed with T2DM in accordance with the 1999
WHO etiological classification system for diabetes
mellitus; (2) Body mass index (BMI) > 18.5 kg/m?; (3)
Aged 18 to 75 years. Exclusion criteria:(1) Complicated
with various acute complications of diabetes, including
hyperosmolar hyperglycemic state, diabetic ketoacidosis,
lactic acidosis, and hypoglycemia; (2) Complicated with
acute or chronic infections; (3) Complicated with
autoimmune diseases, hepatic or renal insufficiency, or
malignant tumors; (4) Suffering from other endocrine
system diseases such as hyperadrenocorticism or
hyperthyroidism; (5) Having taken statins, hormones,
vitamin D, or other drugs that may affect blood lipid or
25(0OH)Ds levels within the past 3 months. Eligible
patients were grouped by BMI according to the standards
of the National Health Commission of the People's
Republic of China: normal weight group (18.5 kg/m? <
BMI < 24 kg/m?), overweight group (24 kg/m? < BMI <
28 kg/m?), and obese group (BMI > 28 kg/m?). This study
was conducted in compliance with the Declaration of
Helsinki and approved by the Medical Ethics Committee
of Zhengzhou Central Hospital (Approval No.:
7ZXYY2024147). All patients were informed of the study
procedures and signed informed consent forms, and all
data were anonymized.

1.2 Study Methods

General data including age, gender, height, body
weight, blood pressure, and disease duration were
collected from patients. Clinical and laboratory indicators
such as liver and kidney function, and C-reactive protein
were measured and collected. Serum Adropin levels in
each group were detected using the enzyme-linked
immunosorbent assay (ELISA) method. Fasting plasma
glucose (FPG), glycated hemoglobin (HbAlc), serum
25-hydroxyvitamin Ds [25(OH)Ds], and blood lipid
indicators including total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C) were
measured using an automatic biochemical analyzer.
Patients were divided into hyperlipidemia and
non-hyperlipidemia groups according to the definition of
hyperlipidemia in the 2023 Chinese guideline for lipid
management [2]. Changes and correlations of serum
Adropin, 25(OH)Ds with hyperlipidemia status and other
indicators were analyzed across groups.

Height and body weight of all subjects were
measured by fixed personnel, and BMI was calculated
accordingly. Physical examinations included
measurements of height, BMI, waist-to-hip ratio, and
blood pressure. Fasting venous blood samples (defined as
8-10 hours of overnight fasting) were collected, and
blood analyses were performed in the Clinical Laboratory
of Zhengzhou Central Hospital to measure biochemical
indicators such as FPG, HbA ¢, fasting C-peptide, insulin,
liver and kidney function, serum 25(OH)Ds, blood lipid
indicators, and HOMA-IR.

1.3 Statistical Methods

All data were processed using SPSS 27.0 statistical
software. Continuous variables conforming to a normal
distribution were expressed as X #s, and comparisons of
clinical data between different groups were performed
using one-way analysis of variance (ANOVA). Variables
not conforming to a normal distribution were expressed
as M(Q., 0s), and comparisons were conducted using
non-parametric  tests. Categorical variables were
expressed as n (%), and comparisons were performed
using the y? test. The relationship between Adropin,
25(0OH)Ds and hyperlipidemia was analyzed using
logistic regression analysis. The correlation between
Adropin, 25(OH)Ds; and blood lipid indicators was
examined using Spearman's rank correlation analysis. A P
value < 0.05 was considered statistically significant.

2 Results
2.1 Comparison of General Data

FPG, HbAlc, TC, LDL-C, TG, fasting C-peptide,
and fasting insulin were significantly elevated in the
obese group compared with the normal weight and
overweight groups (P<0.05), whereas HDL-C and serum
25-hydroxyvitamin Ds [25(OH)Ds] in the obese group
were significantly lower than those in the other two
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groups (P<0.05). Diastolic blood pressure in the obese
group was significantly higher than that in the normal
weight group (P<0.05), and systolic blood pressure in
both the overweight and obese groups was significantly
higher than that in the normal weight group (P<0.05).
Adropin levels decreased sequentially from the normal
weight group to the overweight group and then to the
obese group, while the homeostasis model assessment of
insulin  resistance index (HOMA-IR) increased
progressively across these groups (P<0.05). [Table 1]

2.2 Association Between Different BMI Groups and
Complicated Hyperlipidemia

The prevalence of complicated hyperlipidemia was
44.00% in the normal weight group, 56.67% in the
overweight group, and as high as 69.66% in the obese
group, with a statistically significant difference among
the three groups (P<0.05). [Table 2]

2.3 Relationship Between Complicated
Hyperlipidemia and Serum Adropin, 25(0OH)D:s in
Different BMI Groups

In all three groups, serum Adropin and 25(OH)Ds
levels in patients with complicated hyperlipidemia were
significantly lower than those in patients without
hyperlipidemia, with statistically significant differences
(P<0.05). [Table 3]

2.4 Logistic Regression Analysis of the Effects of
Adropin and 25(OH)Ds on Hyperlipidemia in
Different BMI Groups

Logistic regression analysis was conducted with
hyperlipidemia as the dependent variable in each BMI
group. After adjusting for confounding factors such as
age and disease duration, the results showed that
decreased Adropin and 25(OH)Ds levels were
independent risk factors for hyperlipidemia (P<0.05).
Specifically, for each l-unit increase in Adropin and
25(0OH)Ds in the normal weight group, the risk of
hyperlipidemia decreased by 18.6% and 14.4%,
respectively; in the overweight group, each 1-unit
increase was associated with a 24.6% and 43.1%
reduction in hyperlipidemia risk, respectively; in the
obese group, each 1-unit increase correlated with a 57.4%
and 58.1% decrease in hyperlipidemia risk, respectively.
[Table 4]

2.5 Correlation Between Adropin, 25(OH)Ds and
Blood Lipids in Different BMI Groups

In all BMI subgroups, Adropin and 25(OH)Ds were
significantly negatively correlated with TC, TG, and
LDL-C, and significantly positively correlated with
HDL-C (P<0.05). [Table 5]

Tab.1 Comparison of general data of subjects (¥ £5)

Item Normal weight group (n=50) Overweight group (n=60) Obese group (n=89) F/H value P value
Duration of disease (years) 6.10+2.34 6.87+3.34 5.81£2.71 2.540 0.081
Age (years) 52.92+11.18 53.6249.60 51.28+12.42 0.834 0.436
Systolic blood pressure (mmHg) 127.58+13.00 133.93+13.79° 135.38+16.38> 4.605 0.011
Diastolic blood pressure 77.9417.30 79.60+6.34 82.64+14.470 3.082 0.040
(mmHg)
FPG (mmol/L) 6.33£1.66 6.86+1.24 7.5742.27% 7.484 0.001
HbAlc (%) 7.38+1.51 7.89£1.65 8.7042.24b 8.320 <0.001
TC (mmol/L) 4.17+1.12 4.3941.23 4.72+1.56% 3.075 0.048
TG (mmol/L)* 1.19(0.87, 1.66) 1.44(1.05, 2.02) 1.85(1.30, 2.87) 26.184 <0.001
HDL-C (mmol/L) 1.20+0.38 1.10+0.46 0.74+0.35" 27.359 <0.001
LDL-C (mmol/L) 2.15+0.96 2.2940.85 2.70+0.96% 6.687 0.002
Creatinine (nmol/L) 61.69+17.65 69.09+15.44 67.00+21.31 2.228 0.111
Fasting insulin (nIU/mL) 5.42+2.93 7.93+5.43 10.65+8.82b 9.807 <0.001
FCP (pg/mL)* 1.74(1.17, 2.45) 2.12(1.41,2.69) 2.56(1.20, 3.42) 7.531 0.023
25-(OH)Ds (ng/mL) 22.20+8.06 20.64+8.06 14.50+5.41% 24.282 <0.001
Adropin (ng/mL) 21.76+9.93 17.19+7.69° 14.38+7.71% 12.599 <0.001
HOMA-IR? 1.40(0.81, 2.04) 1.83(1.32, 3.47)® 2.62(1.42, 4.74) 27.927 <0.001

Note:2 Data are expressed as M(Q1, 0s);® P <0.05 compared with the normal weight group;¢ P < 0.05 compared with the overweight group.

Tab.2 Relationship between different BMI groups and hyperlipidemia

Complicated

Group n Non-hyperlipidemia hyperlipidemia %2 value P value
Normal weight group 50 28 (56.00) 22 (44.00) 8.982 0.011
Overweight group 60 26 (43.33) 34 (56.67)
Obese group 89 27 (30.34) 62 (69.66)
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Tab.3 Relationship between hyperlipidemia and Adropin and 25-(OH)D?3 in different BMI groups (ng/mL)

C licated
Group Index Non-hyperlipidemia hy:;lllinlic;e;ia t value P value
Normal weight group (n=50) 25-(OH)Ds 27.07+£6.27 16.01£5.39 6.580 <0.001
Adropin 27.54+7.75 14.40+7.19 6.144 <0.001
Overweight group (n=60) 25-(OH)Ds 26.86+7.29 15.89+4.69 7.075 <0.001
Adropin 23.49+6.16 12.38+4.69 7.938 <0.001
Obese group (n=89) 25-(OH)Ds 19.38+4.18 11.49+3.56 9.504 <0.001
Adropin 21.9145.35 9.73+4.64 11.34 <0.001
Tab.4 Binary logistic regression of hyperlipidemia with Adropin and 25-(OH)D3 in different BMI groups
Variable Grouping p SE Wald OR 95% CI P value
25-(OH)Ds Normal weight group (n=50) -0.265 0.106 6.305 0.856 0.657 ~ 0.989 0.012
Overweight group (n=60) -0.517 0.234 4.951 0.569 0.328 ~0.971 0.026
Adropin Obese group (n=89) -0.894 0.363 6.079 0.419 0.215 ~ 0.695 0.014
Normal weight group (n=50) -0.187 0.076 5.997 0.814 0.614 ~ 0.956 0.014
Overweight group (7=60) -0.285 0.119 5.783 0.754 0.511 ~0.968 0.016
Obese group (n=89) -0.745 0.236 9.937 0.426 0.228 ~ 0.798 0.001
Note: The dependent variable was hyperlipidemia; adjusted covariates included age, disease duration, blood pressure, and HOMA-IR.
Tab.5 Correlation of Adropin and 25 (OH) D; with blood lipids in different BMI groups
TC TG HDL-C LDL-C
Variable Grouping
r P value r P value r P value r P value
25-(OH)Ds  Normal weight group (n=50) -0.369 0.007 -0.368 0.008 0.585 <0.001 -0.615 <0.001
Overweight group (n=60) -0.062 <0.001 -0.416 0.003 0.356 0.007 -0.627 <0.001
Obese group (n=89) -0.377 <0.001 -0.311 0.003 0.654 <0.001 -0.350 0.001
Adropin Normal weight group (n=50) -0.461 0.002 -0.404 0.003 0.426 0.002 -0.498 <0.001
Overweight group (7=60) -0.482 <0.001 -0.531 <0.001 0.462 <0.001 -0.448 <0.001
Obese group (7=89) -0.403 <0.001 -0.325 0.002 0.64 <0.001 -0.368 <0.001

3 Discussion

Recent studies have revealed that Adropin and
25(OH)Ds influence glucose and lipid metabolism,
offering novel insights and therapeutic targets for the
prevention and management of obesity and
hyperlipidemia in  patients with T2DM. This
cross-sectional study aimed to explore the correlations
between serum Adropin and 25(OH)Ds levels and blood
lipid profiles in T2DM patients stratified by BMI.

Adropin is a newly identified energy-regulating
protein involved in multiple physiological processes such
as glucose and lipid metabolism, and it is closely
associated with obesity, diabetes, and cardiovascular
diseases [5]. In this study, serum Adropin levels
decreased in a stepwise manner with increasing BMI,
suggesting that low Adropin levels may be linked to
metabolic disorders. This finding aligns with conclusions
from animal experiments demonstrating Adropin's
metabolic-improving effects [6]. Additionally, consistent
with previous studies reporting significantly reduced

Adropin levels in obese populations [7], our results
further support this association. Adropin may regulate
metabolism through multiple mechanisms. White adipose
tissue (WAT) and brown adipose tissue (BAT) are the
primary adipose subtypes: excessive WAT accumulation
leads to obesity, while BAT, rich in mitochondria,
enhances energy expenditure to reduce body weight and
regulate metabolism [8]. Adropin promotes BAT
proliferation by activating the PI3K/AKT pathway and
inhibits WAT formation by downregulating the
expression of transcription factors C/EBP-a, C/EBP-B,
and PPAR-y, thereby reducing obesity risk [9]. Skeletal
muscle is another key tissue for Adropin-mediated energy
regulation: Adropin increases the phosphorylation of
protein kinase B (PKB), which upregulates the expression
of glucose transporter 4 (GLUT4) on the skeletal muscle
cell membrane, ultimately enhancing muscle energy
metabolism and alleviating insulin resistance and obesity
[10-11]. Furthermore, Adropin suppresses hepatic
gluconeogenesis via downregulating the cAMP/PKA
signaling pathway, inhibits protein phosphatase 2A
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(PP2A), and activates the AMP-activated protein kinase
(AMPK) pathway to reduce fat accumulation [12].

Our data analysis showed that Adropin was
negatively correlated with TC, TG, and LDL-C, and
positively correlated with HDL-C across all three BMI
groups. Notably, the protective effect of Adropin against
hyperlipidemia became more significant with increasing
BMI, suggesting that severe Adropin deficiency in obese
patients may act as an amplifier of lipid metabolic
disorders [13-14]. This finding is supported by animal
experiments focused on hepatic glucose and lipid
metabolism: high Adropin levels reduced TG, TC, and
LDL-C levels while increasing HDL-C levels in
hyperlipidemic rats, a mechanism possibly linked to the
AMPK pathway [15]. In vitro studies have demonstrated
that Adropin increases AMPK phosphorylation in
hepatocytes, which inhibits acetyl-CoA carboxylase
activity and reduces malonyl-CoA production. This
relieves the allosteric inhibition of carnitine
palmitoyltransferase 1 by malonyl-CoA, thereby
promoting fatty acid oxidation [16].

25(OH)Ds not only regulates traditional bone
metabolism and calcium-phosphorus homeostasis but also
modulates insulin sensitivity, immune function, and
inflammatory responses, and is associated with obesity
[17].

In this study, serum 25(OH)Ds levels were
significantly lower in the obese group, which was
inversely correlated with increased homeostasis model
assessment of insulin resistance (HOMA-IR) values. This
suggests that 25(OH)Ds deficiency is associated with
elevated risks of insulin resistance and obesity, consistent
with a previous study showing that 25(OH)Ds levels are
significantly reduced in hyperlipidemic patients and
negatively correlated with TC, TG, LDL-C, fasting
plasma glucose (FPQG), fasting insulin, HOMA-IR, BMI,
waist-hip ratio, and waist-height ratio, while positively
correlated with HDL-C [18]. A relevant meta-analysis
found that each 10 ng/mL increase in vitamin D levels
was associated with an approximately 8% reduction in
abdominal fat content, indicating a significant negative
correlation between 25(OH)Ds levels and abdominal
obesity risk [19]. These findings suggest that 25(OH)Ds
inhibits  preadipocyte differentiation into mature
adipocytes, and its deficiency removes this inhibitory
effect, promoting fat accumulation [20].

However, some studies propose an alternative
perspective: 25(OH)Ds deficiency may not be a cause of
obesity but rather a consequence. Obese patients tend to
have reduced outdoor activity and sun exposure, which
decreases endogenous 25(0OH)Ds synthesis. Additionally,
vitamin D supplementation did not significantly alter
BMI, waist circumference, or waist-hip ratio in obese
patients compared to a placebo group [21-22]. The
underlying  molecular mechanism may involve
obesity-induced inhibition of hepatic cytochrome P450
2R1 (CYP2R1) activity, which is critical for vitamin D
hydroxylation, leading to reduced 25(OH)Ds production
[23-24].

Combining our results with previous literature, we
conclude that there is an interaction between 25(OH)Ds
and BMI. Although numerous studies have established an
association between 25(OH)Ds deficiency and obesity,
the causal relationship remains unclear, and their complex
interaction complicates efforts to definitively establish
causality.

This study found that 25(OH)Ds regulates blood
lipids across all BMI subgroups, with a stronger
protective effect observed in the obese group. Reduced
25(OH)D:s levels are associated with an increased risk of
dyslipidemia, consistent with previous findings [25].
Chang et al. [26] revealed a potential mechanism: high
serum 25(OH)Ds levels increase the AMP/ATP ratio to
enhance AMPK activity, which upregulates the
expression of silent information regulator 1 (SIRT1).
SIRT1 inhibits fat synthesis-related genes and modulates
lipid metabolism. Genetic studies suggest that vitamin D
receptor (VDR) genotypes can regulate lipid
metabolism-related gene expression by influencing VDR
function, thereby reducing the risk of dyslipidemia
[27-28]. Furthermore, 25(OH)Ds may indirectly affect
lipid metabolism by regulating inflammatory responses,
promoting  calcium  absorption, and modulating
parathyroid hormone levels [29-30].

This study has several limitations: (1) The sample
only included inpatients, and did not cover outpatients or
community-dwelling individuals; (2) Confounding factors
such as metabolic status, hypoglycemic medication use,
and personal lifestyle habits were not fully controlled,
which may have reduced the accuracy of the conclusions.
The mechanisms underlying the effects of Adropin and
25(0OH)Ds on metabolic diseases remain incompletely
understood, and further animal experiments and
large-scale prospective studies are needed to validate our
hypotheses.

In conclusion, as BMI increases, the incidence of
hyperlipidemia rises while Adropin and 25(OH)Ds levels
decrease, indicating that both are independent protective
factors against hyperlipidemia in T2DM patients. The
protective effects of Adropin and 25(OH)Ds against
dyslipidemia are enhanced in a BMI-dependent manner,
which may be related to the degree of metabolic disorder
in obese individuals. Therefore, the nutritional status of
Adropin and 25(OH)Ds may have important clinical
implications for obese T2DM patients, suggesting their
potential for greater roles in the prevention and treatment
of metabolic diseases in the future.
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e E

AN TR) By AR 5 1 i 400 2 BB PR 28 Y LA 5 1003
Adropin \25-%%2@%%% D3 7K FITSE

x|y, AUk, FREL?,  KEFE, fTm
LHT S BB, WIRG BT S 453003; 2. 1 & B A BE M@ M OB Be R, g HB3JH 450000

HE. B F1TA B B R 5 15 50 (BMI) 43 )2 114 2 BB SR (T2DM ) 2 3 155 Adropin 1 25- 5 JE 4l 1) K
D;[25(OH) D; /K- 55 Mg 2Z [ AR DG , S T2DM g AR DG B ia I B 3 i) JE B . ik B 2023 4F 5
H 22024 45 7 A FEAB T H 0 PR BEAE BE A9 T2DM FR 34 199 BIAE A 55 % 52, 742 B8 BMI 4347 15 41 (18.5 kg/m’<
BMI<24 kg/m®, n=50) AT (24 kg/m*<BMI<28 kg/m’, n=60) FIEJELL (BMI=28 ke/m®, n=89) , Kt 4K FI| 452
— R K s I AL 2T 3R L IR DU, 25 (OH) D, 2 5256 28 8 bR, 5% JH ELISA 346 I 4% 25 1M 37 Adropin
K- S BT 4l Adropin .25 (OH) Dy AR FEABFEFR AR B AHDCH: . 53R 2518 MMk (FPG) Ak I 218 1
(HbAle) JHEEL(TC) =P HIM (TG) AR% B2 AR 2 FH I B (LDL-C) (25 JE 1 5 3R AR N A 05 L v 2 R E 20
SR IEAN(P<0.05) , 17 L JPE 4 1 7o 28 B IR 2 11 1B [ B2 (HDL-C) | I3 25 (OH) Do &5 53 AR 21 . 2% F [ (P<0.05) .
Adropin 7F 1F 5 41 #8541 B BB 21 P AR U U (P<0.05) o 1E #2413 IR ILSE /& B R 44.00% , %8 5 41 R
56.67% , HERELELIN 5 35 69.66% , 22 7 A Geit2F 75 L (P<0.05) . 440471 i BB ILAE 1ML 3% Adropin F125 (OH) D7k
W1 @ E A Adropin .25 (OH)D: 5 TC TG \LDL-C £ fi A&, 5 HDL-C R IE A& (P<0.05) . &8 A
[ BMI H', I 3% Adropin F1 25 (OH) D, FFEAR 5 T2DM 52 5 B8 ILE XUS B4 B UIAH G . — 3% %) T2DM 5% 110
JICJe % 2 Mg ILARE 1) Y52 B FTA YT A AR R S
KRR : 2TUBEIRI 5 Adropin; 25-F8EAEAE TR Ds; RIRINE ; BB i P54
FES2ES: R587.2 R589.2 XEAFRIZAD: A XEHS: 1674-8182(2026)01-0057-06

Research on the correlation of serum lipid with serum Adropin
and 25-hydroxylvitamin D; levels in patients with type 2

diabetes mellitus of different body mass indexes
LIU Chang’, ZHU Ling, GUO Yiwen, ZHU Menglu, HE Li
Xinxiang Medical University, Xinxiang , Henan 453003, China
Corresponding author : HE Li, E-mail : hI55105@126.com
Abstract: Objective To explore the correlation of serum Adropin, 25-hydroxylvitamin Ds [25 (OH) Ds] levels with
serum lipids in patients with type 2 diabetes mellitus (T2DM) stratified by different body mass indexes (BMI), and to
provide new ideas for the prevention and treatment of lipid metabolism-related issues in T2DM. Methods A total of 199
T2DM patients hospitalized in Zhengzhou Central Hospital from May 2023 to July 2024 were selected as research
subjects. They were divided into three groups according to BMI: normal weight group (18.5 kg/m’<BMI<24 kg/m’,
n=50) , overweight group (24 kg/m’<BMI<28 kg/m’, n=60) , and obesity group (BMI=28 kg/m’, n=89). General
clinical data, and laboratory indicators including fasting plasma glucose (FPG) , glycated hemoglobin (HbAlc), four
blood lipid indicators [total cholesterol (TC) , triglycerides (TG) , high-density lipoprotein cholesterol (HDL-C) , low-
density lipoprotein cholesterol (LDL-C) ], and 25(OH) D, were collected and measured. Serum Adropin levels in each
group were detected by ELISA. The changes of Adropin, 25(OH)Ds, blood lipids and other indicators among groups and
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their correlations were analyzed. Results FPG, HbAlc, TC, TG, LDL-C, and fasting insulin in the obesity group

were significantly higher than those in the normal weight group and overweight group (P<0.05), while HDL-C and

serum 25 (OH ) D; in the obesity group were significantly lower than those in the other two groups (<0.05). Adropin

decreased sequentially in the normal weight group, overweight group, and obesity group (P<0.05). The proportion of

patients with hyperlipidemia was 44.00% in the normal weight group, 56.67% in the overweight group, and as high as

69.66% in the obesity group, with a statistically significant difference (P<0.05). In each group, T2DM patients

complicated with hyperlipidemia had significantly lower serum Adropin and 25 (OH) D; levels. The correlation of
Adropin and 25 (OH) Ds with TC, TG, and LDL-C were negative, while those with HDL-C were positive (P<0.05).

Conclusion The decrease of serum Adropin and 25(0OH) D is closely related to the increased risk of hyperlipidemia in

T2DM patients across different BMI strata. They have potential significance for the prevention and treatment of obesity

and hyperlipidemia in T2DM patients.

Keywords: Type 2 diabetes mellitus; Adropin; 25-hydroxylvitamin Ds; Hyperlipidemia; Body mass index

Fund program: Science and Technology Research Project of Henan Province (182102310089)

2 FUBE R (type 2 diabetes mellitus, T2DM ) J& 5
M) N\ 2 fedt B 1) 32 A2 M s 22— , L BRI R e R
RFREE R MRS B 2R 2B 2R R
D, RO R AZ O IR TR RARHT LA S =
[ 2 . T2DM 5 B {4 it £ 48 %4 (body mass index,
BMD) {26 R %Y, B2 BMIHS K, T2DM ) %556 KU
P BFIE B, BRI T2DM 1 & AE 7T g 55 1B
FHCHT AP RAE KN /N RNA S8 238 DL K iR
TR EEALA 3, LR n] BE R 5 2K BE AR UE R W
B WCREAE RIS U 3 , BE T 5200 T2DM B85 K
N EBERE G, 51 & BRI 25 LT I B AR S AT
A JiE % 2 3P0 T8 X (homeostasis model assessment of
insulin resistance index, HOMA-IR) ) Ff & , 7] i) 3
Jonies R URE 09 A= KU o A0 2 18 A R B, TE R
LA 55 19 & 95 56 209%~40% , T 7E T2DM B 3
Hh LG S R R R 1k 60% , I H BMI S i jE
ST A S AR DGR

Adropin T 52 Kumar ZEP7E 2008 42 & A —2&
H AE Tt - 7 25 LA 9 B o P B e, SR JRE |
T2DM f4 5 2R %), #2718 Adropin & (7T DAfd i 15 &
MRS N, 2ERR B A AL, b 4R R Dy
o T2DM % AE B 252 K 3R, 25 -5 B 4E A4 R Ds
[25(OH)D; 24 AR 3 D ERFIE N AL IS 5977, 78
RNAFAEIE ARG E | BRI W B S Rl (A N 4 4= 32 D
AKFRFRTR . 1,25- " 4EA R D:[1,25(0H).D; |2
A2 D TR AR, ATl SR LR R D 2 Ak Sh
B AEBRE R G S Wb b AT

AHFFEE RIS 43T 25 (OH) D3 Al Adropin P Ff
FEbR , PRI HAE BML 432 T X T2DM B35 B il 52
WE FE IS S 4 75 5 T P RERYAEH], #1€ T2DM R X
BT A ALET , 2 T2DM i B AR 2 AL ay AL B R

RO D . BURGE T .
1 M&5FH%

L1 AFRar % BEHC2023 4F 5 ] & 2024 457 A AE
PN T r e B B A BE 14 199 1] T2DM £ 35 7 R i 5%
X G WARRIE: (1) AR4E WHO (1999 4F) FBE R I
g PR 27 43 AR 2215120 T2DM 5 (2) BMI=18.5 kg/m’;
(3) 4Fl 18~75 % . HEBRFRIE: (1) & IF 25 FlbE IR
1) 20 I ACE A4 van I 5 B IR A W DR v T A
b FLIRIR haE S AR MAERE S 5 (2) G IF SPEER
MY ; (3) BIF A B RIEERGLIN I TIfE
A aCEPEIRE 5 (4) B BRI RETTAE R
Ji% ) BE U A5 A N 2 W R SR 5 (5) R34 A
IR AT AT 26259 R (R4 R D 5 A RERZ I
ML 25 (OH) D K-35 o B G ALL A PF R
P MR 5 T R 22 By 2 b e EAT BMI 320« 1R
2H (18.5 kg/m’<BMI<24 kg/m*) . 4 H 2H (24 kg/m’<
BMI<28 kg/m?) AL JiE 4 (BMI=28 kg/m®) . ASff 5%
P OMRZR R H 5 )R, G T v B2 B B2 2
e B A8 22 b1 2t (AL 5 ZXYY2024147) , BT A
AR R SR AR T A5 2 T [ H , P Kl
A4 AAE B

1.2 Briar WORBE YRS M) B A
LS GRS RORE AR R R E TS 2
AE . C B A S5l PR S 28 28 AL 46 A , >R FH ELISA
73 5 [ (fasting plasma glucose, FPG) Ak Il 21 25
H (glycated hemoglobin, HbAlc) | IfiLiE 25(OH ) D; ., I
Jig [ AH & (total cholesterol, TC) \ = H i (triglycer-
ide, TG) .75 % B2 i 4 FH IH & % (high-density lipopro-
tein cholesterol, HDL-C) %% B g 2 11 1A [&] B (low -
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density lipoprotein cholesterol, LDL-C) %5 ¥8 45, % &
Crf 6] ot B A S i 2023 R HRORT i INLAE ) A
53 R 8 I AR ILRE F0 TG & A I E L 53 A & 4 i
Adropin 25 (OH) Ds 576 JC = A5 IUAE A A 4547 9 722
S AHAE

JIA A TE XS G o 8 7 N G i B e R A B
FFTHE BML, (A% 4G A (0,45 £ i L BMLL M8 e A i
JE4 . REZIE GE CHIR AR 8~10 h) Ik bR
AR TEFBPHTIT 0 B2 e A6 30 52 50 28 R AT LV 20 Ar L 0
L ARAEBR, W FPG (HbATe 25 C K 6 S & ITE
TIRE ML7E 25(OH) Dy ML AFFEHR &2 HOMA-IR %%,
13 it F i AU AL B SPSS 27.0
GEAHERAF S8 o IR DA TE 2 53 A 1Y) 3% 738 2R FH s
o, AN TR o3 AL PR BBk bE SR B 2R 7 22
ST AFFEIER S M(Q), Q) FR, LR
HAESEG 50 5 0 28 5 DU (%) o, LR
X R85 Adropin . 25 (OH) D; 5 /=1 A8 MILAE 19 ¢ & R H
logistic [ 5341 ; Adropin . 25 (OH) D, 5 Ifil fig i) 5C 5
K H Spearman R . P<0.05 NZERA G

2 & R

2.1 —f&FARE FPG.HbAle TC.LDL-C.TG .55
1§ C Kk .25 I8 B 5 2 e I Rk 4H 4% 1F B 41 AN
2 3 B m (P<0.05) , 1 AR JHE 41 HDL-C | I

25(0H) D ¥ 73 i 2H 1 2 T B (P<0.05) o EJHEZH &F
5 R B 25 5 T IR 41 (P<0.05) , 11 A8 5 2 FNAC BEZH
45 534 B3 TR 24H (P<0.05) . TEH4 T
A R 21 Adropin MK VR 3 U, HOMA -TR 4 YR 336 38 (P<
0.05), W1,

22 ARBMISAL & &Mz X F  EHA
A I EBINIE 5 Ry 44.00% , B T 2H K 56.67% , IERE
ZH I35 69.66% , — 4 i 22 A Gt # E X (P<
0.05)., W2,

23 R F BMI % 414-5F & g dn 2 5 o 7 Adropin &
25(0H)D: 9 % & =415 I @ IR INUAE # 117 Adrop-
in F125(OH) Ds K- PS4 T8 e B LE #  E RRAIG, 22 5%
A 4GiFm L (P<0.05), W3,

24 RF BMI &40+ Adropin & 25(OH)D; 3+ & i o
JE % 70 89 logistic &1 )2 547 7E AN [A] BMI 43 20 Hols
e B ILE 7 A PR A B E 45 logistic [8] I3 43 BT, 2%
R FEAL IE AR IS e FE SF IR 4% P 2 )5 L Adropin Al
25 (OH) Ds B A% Ry & A 1 R ILRE 1Y) 28 37 A5 6 R 38
(P<0.05), ELKTM 7, Adropin 125 (OH) Dy 7E iF %
2 R RGN 1 B AR I AE & AR RV 43 ) R
18.6% F1 14.4% ; {F 48 7 2 A5 38 0 1 3047, 5 BE 1L
S KU 23 59 °F B 24.6% 1 43.1% 5 75 AR R4 v, 45
B 1 BT i R IURE 22 A KU 43 ) B 57.4% 11
581%. W34,

2.5 A F BMI %41 F 9 Adropin . 25(OH) D 5 . fig 44

R ZAERBORRTE Goss)

Tab.1 Comparison of general data of subjects (xs)

TitH IEH 41 (n=50) T (n=60) JIEHEZH (n=89) F/HAE P8

e (4F) 6.10+2.34 6.87+3.34 5.81+2.71 2.540 0.081
AR () 52.92+11.18 53.62+9.60 51.28+12.42 0.834 0.436
i i (mmHg) 127.58+13.00 133.93+13.79" 135.38+16.38" 4.605 0.011
&Pk (mmHg) 77.94+7.30 79.60+6.34 82.64+14.47" 3.282 0.040
FPG(mmol/L) 6.33£1.66 6.86+1.24 7.5742.27" 7.484 0.001
HbAlc(%) 7.38+1.51 7.89+1.65 8.70+2.24" 8.320 <0.001
TC(mmol/L) 4.17£1.12 4.39+1.23 4.72+1.56" 3.075 0.048
TG (mmol/L)* 1.19(0.87,1.66) 1.44(1.05,2.02) 1.85(1.30,2.87)" 26.184 <0.001
HDL-C(mmol/L.) 1.200.38 1.10+0.46 0.74+0.35" 27.359 <0.001
LDL-C(mmol/L) 2.150.96 2.29+0.85 2.7020.96" 6.687 0.002
ML ALEF (umol/L) 61.69+17.65 69.09+15.44 67.00£21.31 2228 0.111
23 W 2R (plU/mL) 5.4242.93 7.93+5.43 10.65+8.82" 9.807 <0.001
231 C K (ng/mL)* 1.74(1.17,2.45) 2.12(1.41,2.69) 2.56(1.20,3.42)" 7.531 0.023
25(0OH)D;(ng/mL) 22.20+8.06 20.64+8.06 14.50+5.41" 24282 <0.001
Adropin(ng/mL) 21.76+9.93 17.19+7.69" 14.38+7.71" 12.599 <0.001
HOMA-IR® 1.40(0.81,2.04) 1.83(1.32,3.47)" 2.62(1.42,4.74)" 27.927 <0.001

T BRI M(Q), Q) F% s SIEH 4 H A, "P<0.05; Sl 4] Fe i, P<0.05,
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A& FEAIE BMIZr2HH, Adropin, 25(OH)Ds 5
TC.TG .ILDL-C Y& B M, 5 HDL-C £ B E1E A
F(P<0.05), W35,

£3 A BMISH AT RIGIAE S 1055 Adropin A
25(0H)D:EHR  (ng/mL)
Tab.3 Relationship of hyperlipidemia with Adropin and

25(0H)D; in different BMI groups  (ng/mL)
F2 AR BMISAL S EIFRIRILERCR  [41(%) ] AL ARMRIAE EIFRIRIGE i P
Tab.2 Relationship between different BMI groups and IEH4A 25(0H)Ds  27.07x6.27 16.01+5.39 6.580 <0.001
hyperlipidemia  [case(%) | Adropin 27.54+775  14.40+7.19 6144 <0.001
bl P TElRMAE  AIRRIEIAE  fH PE 4l 25(0H)D,  26.86£7.29  15.89x4.69  7.075 <0.001
IEH A 50 28(56.00) 22(44.00) Adropin 23.49+6.16 12.38+4.69 7.938 <0.001
B 60 26(43.33) 34(56.67) 8.982 0.011 AEREZH 25(0H)D, 19.38+4.18 11.49+3.56 9.504 <0.001
HEAELH 89 27(30.34) 62(69.66) Adropin 21.91£5.35 9.73+4.64  11.340 <0.001
R4 A[FEBMIZHE IS S Adropin M 25(OH) D, A —JC logistic 117
Tab.4 Binary logistic regression of hyperlipidemia with Adropin and 25(OH)D; in different BMI groups
At 4151 B SE Wald ORTH 95%ClI P
25(0H)D; IER4 -0.265 0.106 6.305 0.856 0.657~0.989 0.012
B -0.517 0.234 4.951 0.569 0.328~0.971 0.026
A fie -0.894 0.363 6.079 0.419 0.215~0.695 0.014
Adropin IER4 -0.187 0.076 5.997 0.814 0.614~0.956 0.014
B -0.285 0.119 5.783 0.754 0.511~0.968 0.016
A fe -0.745 0.236 9.937 0.426 0.228~0.798 0.001
T RS R IR AR s M E P B 4 i LR (HOMA-IR.
x5 AlA BMIZHAT Y Adropin . 25(OH) Ds 5 L AR A ARG
Tab.5 Correlation of Adropin and 25(OH)D; with blood lipids in different BMI groups
Ak g5 TC TG HDL-C LDL-C
i PlE r{f PIE i PlE rfif PIH
25(0H)D; EH -0.369 0.007 -0.368 0.008 0.585 <0.001 -0.615 <0.001
B -0.621 <0.001 -0.416 0.003 0.356 0.007 -0.627 <0.001
ACf4H -0.377 <0.001 -0.311 0.003 0.654 <0.001 -0.350 0.001
Adropin IEHA -0.461 0.002 -0.404 0.003 0.426 0.002 -0.498 <0.001
ek el -0.482 <0.001 -0.531 <0.001 0.462 <0.001 -0.448 <0.001
ARl -0.403 <0.001 -0.325 0.002 0.640 <0.001 -0.368 <0.001
3 Wi 7 yspaw iR iSRG B S NP S RN

VTR 5T % B Adropin A 25 (OH) D, X B Bg 4 15
FEMA, A T2DM S8 (4 PP K e B A i 1) 35 577 Ty
SPERAL TR R AL A AR R TR W 5
BT, AN A BMI ) T2DM 35 A9 1L 7 Adropin il
25(OH)Ds K- 5 IMLAR 22 ] A AH DG o
Adropin & T 4F R & I —FhBE R AT, )
DLZ SR M DA 4 2 A AR B AR, SR RE
BRI O L SR B G R TT
AT h i E BMI T, M Adropin R
TR, $2 R AIK Advopin 7KV AT BB SR ZEFLAHOC, X
— 45 R 53 S50 W Adropin BCE AT 1Y 45 16 40 X
N AN ST K AL HE A B T Adropin 7K 5 3
REAR , AR5 B 25 R 5 H—30" . Adropin 1] GEIE i

D AR CAR T , U DT i AR R 2 R UL , T A
LR IDT & & GORLA , 7T 3 N B BT AR B A 5T
AR AT A VE RS . Adropin BT 38 33 TS PI3K/
B B (protein kinase B, PKB) ifi & Sl Al oF 4 {0
Jig 107 B B4 58, I R %% sk A F C/EBP-ou, C/EBP-B I
PP AR-y 1B AAN 11 i/ A= 78, ST P AL
KA BB L Adropin I 1 BE & A 4110 B 22
2, Adropin R i H2 7 PKB (BERR AL , AT i
5 JUL 20 L R 2% TRT 1) ) 268 W 5% 45 25 1 4 (glucose trans-
porter 4, GLUT4) )4t , le & 42 m LA ZH LAY RE
PR, IR B 8 e e i3 AR HRBT AL SR A A T i
A1, Adropin A AT 3 1 T I8 c AMP/PK A 15 538 0 il AT
JEHE S A= J0H 2 B RS 2A (protein phosphatase 2,
PP2A) , i AMP AR5 1) £ 1 3 i ( AMP-activated
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protein kinase , AMPK ) i B/ 18 i i FR g2

R FTEAE AT KB, 341 Adropin H5TC,
TG .LDL-C £ A5, 5 HDL-C 2 1IEA ¢ , B % BMI
3 AN, Adropin X 98070 v A I & 2B XURS: /) 4 FH B
L RSB R Adropin 87 5 Bt Z AT BERL N IR
AR ZE AL AT AR L X — K IR AE A (4 B A
A2 RS 24 52 56 524 L 95 7K 7 Adropin 1] DB
A 735 B 1t 4 A B P9 19 TG . TC #1 LDL-C, -3 fin
HDL-C, 4 H T fE 5 AMPK 8 A5, IRAMSLEG:
th 2B, Advopin P LAXE TN FAHMIAY AMPK W52 1k , i
AN 2R A R AL AT PE T/ T — B
A A B, DT AR P9 — Tl Tt A XoF PR B T Tk Tty
1A AR R AIRIVE F , T4 28 B s P 4R

25(OH) D MU S 540 2 S B A AN S
AT AT, S 00 B i ) 2R sk e D e S R
i S IS, I SRR AR

AW 5T 45 S K B, R i 40 1) 1l 7 25 (OH) D 1)
K53 R B, 3% 5 HOMA-IR B9 T & A I, 328
25 (OH)D; ik = 5 9 5 R ARG LI HE Y 2 AU A
Ko ARBFIINEERE 5 — W5 4518 2 - = g i
it 5 11 25 (OH) D /KB i AR, H 5 TC . TG \LDL-
C.FPG 255§ 55 2% . HOMA-IR . BMI % v, s 1
BRI, 5 HDL-C 2IEAHZE"™, 1AM, HH5E Meta 73
Prok B, 4= % D AETHES 10 ng/mL, BEFRRE I & T [
1124 8% ,25(OH) D 7K -5 I FIAE e IXUS: 77 b 25 1Y)
TAHE", 255 DL 25 R, 25(OH) Ds AT # i A
I i A0 A oA TS i 5 4, 1 25 (OHD D i = 45
FRBRIX R EILE A, S AR AR

SRIMT, A A7 35 40 W 98 3 8 AS [ 9 0 4, I
25 (OH) D,k = v REFFARAE Bk i I H] , B8 AT e AT e
A5 B JHE R 3 P A Sk 2 535 H BRI R AS 2
PR 25(OH) D& 1L, BAbFEAEA: R D411y
JIEL R £ 2 1 BMIL V2 ] MR b S 5 22 Tt R 2 A L TG
B AR AL 22 RO (4 0 T B R RESE: < HE AR
A LR AR 4 (2 K P450 2R1(CYP2R1) A3
PE,TEFAE S CYP2R1 RS 544 K D ik, HiE
PERFAR 2025 (OH) D, FEAE =2,

S5 G RIS WRAE SR, nT LA 25(0H) D 5
BMIAFERR BAE . R HETF 25 e &R T
25(OH) D,k = 55 B 22 [a] 9 S, (EATS TG vk v B H:
PR SG 2, ORI A 4 0 AH B FH A I A PRLAR C R 1
WFFE ARG o ELB R

AHFFE K B TE BMI 432 5, 25 (OH) D 4354 1L
AT VRSV, L A R 2 52 B0 O 5 A PR 4 20

25(OH) Ds /K P REAIK 5 1R 5% B 36 A 26, iX 5
WEAE AT 5T 25 SR ML . Chang™ BIBFFEHE /R T 1%
Fh RS vl e S IA < 25 7K (4 1M 3 25 (OH) Ds W] 7 i
BT IR IR/ = W R IR (AMP/ATP) 1Y) L R 5F 448 58
AMPK 754, #F i 59 50 TR 94 5 25 1 1 (silence infor-
mation regulator 1, SIRT1) #Y33A5, 1fif SIRT1 A DL
il B 107 BOAE OC JE DR, 99T i AR . B
AT A R A AR R D A2 AR R R AT 3 O ) 4
A2 D ZARBYAg , P8 1 B A AR DG R R0k B
I A S8 9 &0 U 7, 41, 25 (OH) DS 1] fig
3 2oL 9 T LA 8 RE SN A2 2 A R s 5T H IR
55 BRI Z K45 Rl s ma AR AR

A FEAEAE LR SR B (1) FEARUAN A B i
HOAREEI2EGE AR (2) T B E K
SF- | AR 24 W (R i L B A AT ST AR TR AR R R
KAEsE P h, Uil e SRS IS I EE F %, B
HI & T Adropin K 25 (OH ) D: % G459 (1) 5 M AL
il 1 AR 52 4 A, BEUESE R HENGA 75 EE R s
SIS B RFEASHTRE MR 5T

25 Tk B BMIASHE N, Adropin 5 25(OH) D,
IR B g g I 1) & A 2R BT T, SR 32
T2DM & 3 /& g IUAE 19 2 7 A 37 [ 25, Adropin 5
25 (OH) D3 X 1fil i 5555 9 £ 47 8007 222 B BMIL AR i 14
W5, 3R] BE 58 MR A TR ML A AR i 3K LR
Ko L, B X AR BE RS T2DM B, Adropin
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