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Abstract 

Background: Serum extracellular vesicle (EV)-derived arginase 1 (ARG 1) plays a critical role in diabetes-associated 
endothelial dysfunction. This study was performed to determine the levels of serum EV-derived ARG 1 in T2DM and 
non-T2DM participants and to examine the association of serum EV-derived ARG 1 with T2DM incidence.

Methods: We performed a cross-sectional study in 103 Chinese, including 73 T2DM patients and 30 non-T2DM. 
Serum EVs were prepared via ultracentrifugation. Serum EV-derived ARG 1 levels were measured by enzyme-linked 
immunosorbent assay. The correlations between serum EV-derived ARG 1 and clinical variables were analyzed. The 
association of serum EV-derived ARG 1 levels with T2DM was determined by multivariate logistic regression analy-
sis. Interaction subgroup analysis was used to evaluate the interaction of the relevant baselines on the association 
between serum EV-derived ARG 1 levels and T2DM.

Results: Serum EV-derived ARG 1 levels were significantly higher in T2DM patients compared with non-T2DM 
patients (p < 0.001). Correlation analysis revealed that serum EV-derived ARG 1 levels were positively associated with 
fasting plasma glucose (FPG) (r = 0.316, p = 0.001) and glycated hemoglobin (HbA1c) (r = 0.322, p = 0.001). Serum 
EV-derived ARG 1 levels were significantly associated with T2DM, especially in the subgroup of T2DM for more than 
10 years (OR 1.651, 95% CI = 1.066–2.557; P value, 0.025), after adjusting for confounding factors.

Conclusions: Elevated concentration of serum EV-derived ARG 1 is closely associated with T2DM.
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Background
Type 2 diabetes mellitus (T2DM) has become one of 
the most pressing and prevalent epidemics in the last 
few decades and is associated with an increased risk of 
cardiovascular and cerebrovascular diseases with high 
mortality and disability [1, 2]. Therefore, the precise diag-
nosis of T2DM and T2DM-related diseases is particularly 

important. Currently, the use of body fluids, also called 
liquid biopsy, has attracted great interest for the quan-
tification and specific biomarkers identification in cir-
culating cells and circulating DNA and RNA, allowing a 
noninvasive or minimally invasive way to early diagnose 
tumors, to monitor real-time dynamics of cancer and 
patient follow up [3]. Meanwhile, clinical research has 
focused on the use of extracellular miRNAs or proteins 
as biomarkers as an alternative, noninvasive method for 
diagnosis and disease monitoring. Emerging evidence 
suggests that specific molecules derived from body flu-
ids such as urine [4] and blood [5] are also closely asso-
ciated with the presence of diabetes or diabetes-related 
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diseases. As a new type of biomarker resource, extracel-
lular vesicles (EVs) presented in accessible biofluids have 
garnered considerable attention from researchers due to 
their high stability in body fluids, their easy detection and 
their functional relevance in diseases [6, 7]. Growing evi-
dence suggests that molecules in EVs are associated with 
diabetes or diabetes-related complications. For instance, 
miR-15a-5p and miR-15b-5p in urine EVs were found to 
be lower in diabetic individuals with renal disease [8]. In 
individuals with T2DM, platelet-derived EVs had higher 
expression of CD42 and CD41a, and monocyte-derived 
EVs had higher CD14 expression, compared with healthy 
controls [9]. Recently, a work suggested circulating miR-
1281 as a potential biomarker of diabetic retinopathy 
[10].

ARG 1 is constitutively and most abundantly expressed 
in hepatocytes and functions as a detoxification enzyme 
in the urea cycle to remove ammonia [11]. Meanwhile, 
upregulation of ARG 1 contributes to vascular dysfunc-
tion by reducing l-arginine availability to nitric oxide 
(NO) synthase [12, 13]. Recently, red blood cell-secreted 
ARG 1 was demonstrated to induce endothelial dys-
function in T2DM individuals [14]. Interestingly, a 
chain of clinical evidence suggested that ARG inhibi-
tion improved endothelial function in the population 
of T2DM and T2DM combined with coronary artery 
disease [15, 16]. Our previous basic research indicated 
that serum EV- derived ARG 1 has a higher expression 
level in db/db mice and in diabetic patients compared to 
their counterparts [17]. The evidence led us to hypoth-
esize that there should be a possible correlation between 
serum EV- derived ARG 1 and T2DM.

In the present study, serum EV- derived ARG 1 levels 
in T2DM patients and non-T2DM patients were detected 
by enzyme - linked immunosorbent assay (ELISA). And 
the association of serum EV- derived ARG 1 and T2DM 
was analyzed.

Materials and methods
Study design
This study was a cross-sectional study done in the Beijing 
Anzhen Hospital affiliated to Capital Medical University 
between 2018 and 2019. All participants gave written 
informed consent before enrollment, as appropriate. The 
protocol was approved by the Medicine Ethics Com-
mittee of Beijing An Zhen Hospital (No.2017005) and 
adhered to the Declaration of Helsinki.

Study participants
251 participants were recruited from the endocrinology 
department and otolaryngological department of Beijing 
An Zhen Hospital. Non-diabetic patients were from clini-
cal ENT (ear-nose-throat) inpatients and T2DM patients 

were from endocrinology inpatients. Patients with the 
following conditions were excluded: (1) Hepatic or renal 
dysfunction; (2) Diseases of the central nervous system, 
including stroke, Parkinson’s disease, multiple sclero-
sis, and traumatic brain injury; (3) Tumors, such as acute 
myeloid leukemia, neuroblastoma, squamous cell car-
cinoma, lung cancer and colorectal cancer; (4) Serious 
autoimmune and blood diseases; (5) Subjects with type 
1 diabetes, gestational diabetes and immune system dys-
function were also excluded. Diabetes was defined if any 
of the following characteristics was observed [18]: his-
tory of physician-diagnosed diabetes, or use of medica-
tions or insulin for diabetes, or fasting plasma glucose 
(FPG) levels ≥7 mmoL/L (fasting time 8–12 h), or 2-h 
oral glucose tolerance test (OGTT) ≥ 11.1 mmoL/L, or 
random glucose levels ≥11.1 mmoL/L, or glycated hemo-
globin (HbA1c) ≥ 6.5%. Prediabetes was defined as FPG 
levels from 5.6 to 6.9 mmol/L or OGTT levels from7.8 
to11.0 mmol/L or HbA1c levels form5.7 to 6.4% [19]. Sub-
jects whose fasting blood glucose < 6 mmol/L and all levels 
below the values above were enrolled in the non-T2DM 
group. In addition to meeting all diabetes indicators, newly 
diagnosed diabetes must also meet the requirement that 
they have not been treated with antihyperglycemic agents 
including insulin. Data on patient characteristics including 
clinical/ biochemical factors were collected. Demographic 
data, and laboratory parameters were obtained from 
clinical records. The remaining 103 patients (including 
73 patients with T2DM and 30 patients without T2DM) 
between the age of 32 and 89 were included in the current 
study (Fig. S1).

Anthropometric measuring
Anthropometric determinations and blood extraction 
were performed on a single day. Height and weight were 
measured with participants wearing light indoor clothing 
and barefoot using calibrated portable electronic weigh-
ing scales and portable inflexible height measuring bars. 
Blood pressure was measured after a 5-min rest in the 
sitting position and was determined at least three times 
at the right upper arm, and the mean value was used in 
the analysis. Body mass index (BMI) was calculated using 
the standard BMI formula: body mass (in kg) divided by 
the square of height (in  m2). Nonsmokers were patients 
who had never smoked or had stopped smoking within 
≥1 year before enrollment in the study. All remain-
ing subjects were classified as smokers. Drinkers were 
defined as daily alcohol intake ≥ three times a week.

Blood sample preparation and blood biochemical 
parameter measurement
The participants were asked not to eat after 21:00 the 
night before the session. An overnight fasting blood 
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sample was drawn from each participant into a serum 
collection tube. Blood samples were then centrifuged 
for 10 min at 3000 g under 4 °C. Serum samples were 
subsequently stored in a freezer at − 80 °C within 2 h of 
collection. Samples were thawed at 4 °C prior to assay 
performance. Serum triglycerides (TG), total cholesterol 
(TC), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C) and other serum 
biochemical indexes were measured by biochemical ana-
lyzer (Hitachi 7600, Tokyo, Japan) in the laboratory of 
Beijing Anzhen Hospital.

EV isolation and identification
According to the previous literature with minor changes 
[20], serum EVs were centrifuged at 2000×g (10 min) and 
12,000×g (45 min) to remove dead cells and cell debris 
after mixing 700 μL serum with equal-volume phosphate 
buffered saline (PBS). Supernatants were transferred 
to ultracentrifuge tubes, and EVs were precipitated at 
110,000×g for 70 min (Beckman Coulter, CA, USA). The 
pellet, enriched with EVs, was resuspended in PBS and 
centrifuged again at 110,000×g for 70 min to obtain the 
purified EVs. All the above centrifugation steps were per-
formed at 4 °C. The number and size of EVs was meas-
ured by Nanoparticle Tracking Analysis with a Nanosight 
NS300 instrument (Malvern, UK).

Transmission electron microscopy
Serum-derived EVs were identified as previously 
described [17]. Microscopy images were captured by 
a transmission electron microscope (Hitachi H-7650, 
Tokyo, Japan) at an acceleration voltage of 80 kV.

Measurement of serum EV‑derived ARG 1
EVs extracted from 700 μL serum were melted in 200 μL 
PBS. Protease inhibitor cocktail (Thermo Fisher Sci-
entific, Cat#: 87785) was added into the EV- contain-
ing PBS to protect proteins from degradation, followed 
by five times of freeze-thaw cycle (− 170 °C ∼ 37 °C) to 
rupture the membrane of EVs and release the inner pro-
tein. Serum EV-derived ARG 1 concentration was meas-
ured using Human Arginase 1 Simplestep ELISA Kit 
(ab230930, Abcam, Inc., Burlingame, CA), a highly sen-
sitive enzyme-linked immunosorbent assay kit, accord-
ing to the manufacturer’s instructions. Simply, 50 μL 
PBS with EV protein or standard was placed in each of 
the appropriate wells, and then 50 μL antibody cocktail 
was added to each well. Next, the plate was sealed and 
incubated for 1 h at room temperature on a flat shaker 
set at 400 RPM. Each well was washed three times 
with 1 × Washing Buffer. After the last wash, the plate 
was inverted and tapped gently with the clean tissue to 
remove excess liquid. Then 100 μL TMB Development 

Solution was added to each well and incubated for 
another 10 min in the dark on a flat shaker set at 400 
RPM. The final step was to add 100 μL Stop Solution 
to each well and shake it on a flat shaker for 1 min to 
mix. The OD value at 450 nm was recorded by micro-
plate reader (EnSpire, Perkin Elmer Singapore Pte. Ltd., 
Singapore).

Western blotting
Protein samples prepared from serum or EV-free serum 
were separated by sodium dodecyl sulfate-polyacryla-
mide gels and transferred onto polyvinylidene fluoride 
membranes. The membranes were blocked with 5% fat-
free dried milk in TBST at room temperature for 1 h and 
probed with the primary antibody ARG 1 (ab124917, 
Abcam, USA) overnight at 4 °C. Following incubation 
with specific horseradish peroxidase-conjugated second-
ary antibodies, chemiluminescence signals were visual-
ized using supersensitive chemiluminescent substrates 
(Thermo Fisher Scientific, MA, USA) and detected by an 
imaging system (Bio-Rad, CA, USA).

Statistical analysis
Statistical analyses were conducted using Statisti-
cal Package for the Social Sciences (SPSS) version 25.0 
(IBM Corp; Armonk, NY). Continuous variables were 
expressed as mean ± standard deviation or median 
(interquartile range), and categorical variables were pre-
sented as numerals (percentage). Variables with a skewed 
distribution were log-normal transformed for these anal-
yses. Baseline characteristics between the 2 groups were 
compared with the nonparametric Mann-Whitney U 
test, independent Student’s t-test, or the chi-square test. 
Linear correlations between EV-derived ARG 1 levels 
and other variables were assessed using Spearman’s rho 
correlation coefficients. The associations between serum 
EV-derived ARG 1 levels and T2DM were determined 
by multivariate logistic regression analysis. Differential 
expression of serum EV-derived ARG 1 between T2DM 
and non-T2DM was presented as a violin plot that was 
generated in R software, version 3.2.4. Interaction sub-
group analysis was used to evaluate the interaction of the 
relevant baselines on the association between serum EV-
derived ARG 1 levels and T2DM. P value < 0.05 was con-
sidered statistically significant.

Results
EVs from non-T2DM and T2DM patients were isolated 
from serum by ultracentrifugation and visualized by 
transmission electron microscopy. Most of the serum 
EVs appeared intact with diameters less than 100 nm (Fig. 
S2 A and C). Nanoparticle tracking analysis showed that 
the average diameter of serum EVs was approximately 



Page 4 of 9Li et al. BMC Endocrine Disorders           (2022) 22:62 

80 nm and that there was no significant difference in the 
size of serum EVs from patients with T2DM (Fig. S2D, 
84.2 ± 37.1 nm) versus those from non-T2DM patients 
(Fig. S2B, 70.3 ± 7.9 nm). Whereas, the concentration of 
serum EVs was dramatically higher in T2DM (4.71*109 
particles/mL serum) compared to non-T2DM (4.38*108 
particles/mL serum) (Fig. S2E). Clinical and demographic 
features of the population in this study were summarized 
in Table  1. There were no differences in the parameters 
of sex, smoke, alcohol, high-sensitivity C-reactive protein 
(hs-CRP), triglycerides (TG), and homocysteine (Hcy) 
between T2DM and non-T2DM groups. Compared with 
the non-T2DM group, patients with T2DM had lower 
systolic blood pressure (SBP), diastolic blood pressure 
(DBP), HDL-C, LDL-C, higher age and a higher preva-
lence of coronary heart disease (72.86%). 38.36% T2DM 
patients were taking antihyperglycemic medication. As 
expected, the T2DM group had remarkably higher fasting 
plasma glucose (FPG) (p  < 0.001), Glycated hemoglobin 
A1c (Hb1Ac) (p  < 0.001). Of note, the levels of serum 
EV-derived ARG 1 were higher in the T2DM group com-
pared with the non-T2DM group in this study (p < 0.001) 
(Fig.  1). Similarly, we found that ARG 1 protein levels 
were dramatically higher in the total serum of T2DM 
patients, but in EV-free serum it tended to increase in the 

Table 1 Baseline clinical characteristics of the study population

EV Extracellular vesicles, T2DM Type 2 diabetes mellitus, ARG 1 Arginase 1, SBP Systolic blood pressure, DBP Diastolic blood pressure, FPG Fasting plasma glucose, BMI 
Body Mass Index, HbA1c Glycated hemoglobin A1c, TC Total cholesterol, TG Triglyceride, LDL-C Low-density lipoprotein cholesterol, HDL-C High-density lipoprotein 
cholesterol, Hcy, homocysteine, hs-CRP High-sensitivity C-reactive protein

Data are presented as n, mean ± SD, or median (interquartile range [IQR]) or n (%), unless otherwise stated. Differences between non-T2DM group and T2DM group 
were analyzed by the independent Student’s test, χ2 text, or Mann-Whitney U test

*p < 0.05, **p < 0.001

T2DM (n = 73) non‑T2DM (n = 30) P value

Age (years) 63.08 ± 9.25 56.00 ± 12.89 0.002*

Male (n, %) 45 (61.6%) 23 (76.7%) 0.144

Smoke (n, %) 27 (37.0%) 15 (50.0%) 0.222

Alcohol (n, %) 18 (24.7%) 10 (33.3%) 0.369

BMI (kg/m2) 26.00 ± 3.43 27.70 ± 4.71 0.042*

FPG (mmol/L) 8.60 ± 3.69 5.31 ± 0.43 < 0.001**

HbA1c (%) 7.50 (6.60–9.10) 5.75 (5.40–5.90) < 0.001**

SBP (mmHg) 131.88 ± 15.47 142.33 ± 15.12 0.002*

DBP (mmHg) 74.38 ± 11.46 86.00 ± 15.41 < 0.001**

HDL-C (mmol/L) 0.97 (0.82–1.18) 1.15 (0.99–1.50) 0.004*

LDL-C (mmol/L) 2.20 ± 0.89 2.86 ± 0.83 0.001*

TC (mmol/L) 3.69 ± 1.06 4.66 ± 0.90 < 0.001**

TG (mmol/L) 1.45 (1.02–1.87) 1.42 (1.02–1.80) 0.616

Hcy (μmol/L) 11.80 (10.40–14.15) 11.10 (9.53–13.48) 0.372

hs-CRP (mg/L) 1.11 (0.59–3.33) 1.20 (0.45–5.25) 0.758

EV ARG 1 (pg/mL) 104.99 (90.05–126.10) 40.50 (12.67–68.05) < 0.001**

Coronary heart disease (n, %) 51 (72.86%) 7 (22.33%) < 0.001**

Diabetic medication before admission (n, %) 28 (38.36%) 0

Fig. 1 Serum EV-derived ARG 1 levels were higher in T2DM patients 
compared with non-T2DM patients. Serum EV-derived ARG 1 levels of 
T2DM group were higher than the non-T2DM group (104.99[90.05–
126.10] vs. 40.50[12.67–68.05] pg/mL, p < 0.001). It showed the 
probability density of the data with different values on each side. EV 
Extracellular vesicles, T2DM Type 2 diabetes mellitus, ARG 1 Arginase 
1. **p < 0.001
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T2DM group, despite the fact that ARG 1 expression was 
not statistically significant (Fig. S3–4).

We investigated the correlation of serum EV-derived 
ARG 1 levels with clinical and biochemical variables 
using Spearman’s rho correlation analysis. Results showed 
that when all subjects were analyzed together, serum EV-
derived ARG 1 levels were positively correlated with FPG 
(r = 0.316, p = 0.001) and HbA1c (r = 0.322, p = 0.001). 
In addition, serum EV-derived ARG 1 levels were nega-
tively correlated with TC (r  = − 0.242, p  = 0.014). No 
correlations were found between EV-derived ARG 1 
levels and age, SBP, LDL-C, HDL-C, DBP, BMI, TG, hs-
CRP and Hcy, although negative correlation tendency 
was observed in SBP (r = − 0.185, p = 0.062) and LDL-C 
(r  = − 0.186, p  = 0.061). Furthermore, we calculated 
the correlations for the T2DM patients and non-T2DM 
patients, separately. The results showed that serum EV-
derived ARG 1 were positively correlated with FPG 
(r = 0.388, p = 0.001) and HbA1c (r = 0.388, p = 0.001) 
levels in T2DM group, while the correlation was not 
observed in non-T2DM group (Table 2).

We then constructed multivariable logistic regres-
sion models containing covariates to further evaluate 
the association of serum EV-derived ARG 1 levels and 
T2DM. Multivariate logistic regression analysis were per-
formed in the total population as well as in subgroups 
classified by the duration of T2DM and medication. 
Results showed that serum EV-derived ARG 1 levels were 
significantly associated with T2DM, especially in the sub-
group of T2DM for more than 10 years (OR 1.651, 95% 
CI = 1.066–2.557; P value, 0.025), after adjustment for 

age, sex, BMI, smoking and drinking history, SBP, LDL-
C, HDL-C, TG, hs-CRP, and the comorbidities of coro-
nary heart disease. However, no significant association 
between the levels of serum EV-derived ARG 1 and the 
prediabetic group was observed (Table 3). Meanwhile, we 
found that odds ratio was significantly higher in the drug 
treatment subgroup by 1.635 times (95% CI:1.139–2.347) 
compared to newly diagnosed T2DM, after adjustment 
for potential confounding factors (Table  4). To further 
investigate the possibility of relevant baselines attrib-
uted to the association between serum EV-derived ARG 
1 levels and T2DM, we computed the odds ratios in the 
relevant subgroups and performed tests of interaction. 
Results presented that serum EV-derived ARG 1 was 
significantly associated with T2DM after considering all 
various covariates including gender, BMI, age, smoke, 
alcohol, LDL-C, HDL-C, TC, blood pressure and coro-
nary heart disease. However, no specific various covari-
ates could be observed having significant interaction 
(Fig. 2).

Discussion
In this cross-sectional study, we presented that serum 
EV-derived ARG 1 levels were significantly elevated in 
T2DM patients. Meanwhile, we revealed that serum 
EV-derived ARG 1 levels were independently associated 
with the presence and duration of T2DM after adjusting 
potential confounding factors.

Circulating EV contents in the body fluid reflect the 
changes in real time caused by a specific disease. For 
instance, endothelial EV-incorporated miRNAs such as 

Table 2 Correlations of serum EV ARG 1 levels with other clinical variables

EV Extracellular vesicles, T2DM Type 2 diabetes mellitus, ARG 1 Arginase 1, SBP Systolic blood pressure, DBP Diastolic blood pressure, FPG Fasting plasma glucose, BMI 
Body Mass Index, HbA1c Glycated hemoglobin A1c, TC Total cholesterol, TG Triglyceride, LDL-C Low-density lipoprotein cholesterol, HDL-C High-density lipoprotein 
cholesterol, Hcy homocysteine, hs-CRP High-sensitivity C-reactive protein

Spearman correlation test

Dependent variable: serum EV ARG 1

*p < 0.05, **p < 0.001

Parameters Total P value T2DM P value non‑T2DM P value

Age (years) −0.013 0.898 0.003 0.983 − 0.109 0.565

BMI (kg/m2) 0.010 0.924 0.075 0.527 −0.196 0.298

SBP (mmHg) −0.185 0.062 −0.228 0.052 0.091 0.632

DBP (mmHg) −0.088 0.375 −0.126 0.288 0.274 0.143

FPG (mmol/L) 0.316 0.001** 0.388 0.001** −0.075 0.695

HbA1c (%) 0.322 0.001** 0.388 0.001** −0.173 0.361

HDL-C (mmol/L) −0.170 0.086 −0.173 0.143 −0.017 0.929

LDL-C (mmol/L) −0.186 0.061 −0.229 0.052 0.113 0.553

TC (mmol/L) −0.242 0.014* −0.257 0.028 0.051 0.787

TG (mmol/L) 0.139 0.160 0.129 0.276 −0.072 0.705

Hs-CRP (mg/L) 0.052 0.599 0.113 0.343 −0.143 0.450

Hcy (μmol/L) 0.096 0.336 0.039 0.745 0.339 0.066
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miR-26a and miR-126 were significantly reduced in T2DM 
compared to non-diabetic patients [21]. Plasma EV-CD14 
levels were found associated with a relative reduction for 
the development of T2DM after adjusting for traditional 
confounding factors in Second Manifestations of ARTe-
rial disease study [22]. Here, we revealed that serum EV-
derived ARG 1 was independently associated with the 
presence and duration of T2DM after adjustment for the 
confounding factors mentioned in this study.

ARG 1 not only acts as a key enzyme in the urea cycle 
in the liver, but also plays a pivotal role in the conversion 
of plasma l-arginine to urea and ornithine to decrease 
substrate availability for nitric oxide synthase, thereby 
affecting endothelial function [23, 24]. ARG activity was 
reported associated with diabetes or diabetes-related 
vascular complications. For example, a recent case-con-
trol study (including men and women from two different 
ethnicities) found that increased plasma ARG activity 

was correlated with the severity of hyperglycemia rather 
than plasma fasting insulin or free fatty acid levels in 
insulin-resistant type 2 diabetic subjects and age/weight-
matched non-diabetic subjects [25]. Basic study of our 
team demonstrated that serum EV-derived ARG 1 has 
higher expression in db/db mice and in diabetic patients 
compared with their counterparts, which is involved in 
diabetes-induced endothelial dysfunction [17]. Likewise, 
in this study, the same elevated trends of serum EV-
derived ARG 1 were evidently observed with the con-
centration almost 2.5-fold increase in diabetes patients. 
Meanwhile, the expression levels of EV-derived ARG 1 
were positively correlated with FPG and Hb1Ac levels 
and independently associated with T2DM after adjusting 
for the confounding factors pointed out in this study.

Other studies proved that vascular ARG activity was 
also reported in hypertensive or apoE-deficient ani-
mal models [26, 27] or positively correlated with SBP in 

Table 3 Multivariate logistic regression analyses of serum EV ARG 1 levels and different duration of T2DM

EV Extracellular vesicles, T2DM Type 2 diabetes mellitus, ARG 1 Arginase 1, SBP Systolic blood pressure, BMI Body Mass Index, TG Triglyceride, LDL-C Low-density 
lipoprotein cholesterol, HDL-C High-density lipoprotein cholesterol, hs-CRP High-sensitivity C-reactive protein, OR Odds Ratio, CI Confidence Interval

Model 1: adjusted for age, sex, and BMI;

Model 2: adjusted for Model 1 + smoke, drink, SBP, TC, TG, hs-CRP

Model 3: adjusted for Model 2 + coronary heart disease

*p < 0.05, **p < 0.001

EV ARG 1 (per 
10 pg/mL 
increase)

No. of 
patients

Unadjusted Model 1 Model 2 Model 3

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Total 103 1.318 (1.165–1.492) < 0.001 1.376 (1.194–1.585) < 0.001 1.450 (1.135–1.851) 0.003 1.388 (1.155–1.669) < 0.001

Non-T2DM 
(Reference)

18 1.000 – 1.000 – 1.000 – 1.000 –

Prediabetes 12 0.857 (0.711–1.034) 0.107 0.880 (0.729–1.063) 0.184 0.889 (0.694–1.139) 0.239 0.897 (0.696–1.157) 0.831

< 4, years 24 1.177 (1.007–1.374) 0.040 1.220 (1.025–1.453) 0.025 1.230 (1.014–1.492) 0.036 1.194 (1.001–1.424) 0.048

4–10, years 26 1.213 (1.051–1.400) 0.008 1.417 (1.065–1.886) 0.017 1.400 (1.071–1.829) 0.014 1.425 (1.098–1.850) 0.008

> 10, years 23 1.386 (1.101–1.743) 0.005 1.488 (1.109–1.997) 0.008 1.734 (1.040–2.890) 0.035 1.651 (1.066–2.557) 0.025

Table 4 Association of serum EV ARG 1 with diabetic medication and newly diagnosed T2DM in fully adjusted models

EV Extracellular vesicles, T2DM Type 2 diabetes mellitus, ARG 1 Arginase 1, SBP Systolic blood pressure, BMI Body Mass Index, TG Triglyceride, TC Total cholesterol, 
hs-CRP High-sensitivity C-reactive protein, OR Odds Ratio, CI Confidence Interval

Model 1: adjusted for age, sex, BMI;

Model 2: adjusted for Model 1 + age, sex, BMI, SBP, smoking, drinking, TC, hs-CRP and TG

Model 3: adjusted for Model 2 + coronary heart disease

*p < 0.05, **p < 0.001

EV ARG 1 (per 10 pg/mL 
increase)

Newly diagnosed T2DM (n = 45) T2DM with diabetic medication (n = 28)

OR (95%CI) P value OR (95%CI) P value

Unadjusted 1.257 (1.110–1.422) < 0.001** 1.366 (1.147–1.628) < 0.001**

Model 1 1.290 (1.124–1.480) < 0.001** 1.490 (1.201–1.849) < 0.001**

Model 2 1.272 (1.086–1.490) 0.003* 1.563 (1.160–2.106) 0.003*

Model 3 1.335 (1.096–1.625) 0.004* 1.635 (1.139–2.347) 0.008*
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hypertensive animal models [28]. Whereas, our results 
demonstrated a negative correlation or tendency between 
the expression of serum EV-derived ARG 1 and TC or 
SBP in the general population and lower TC, LDL-C, and 
SBP levels in T2DM compared with non-T2DM subjects. 
The inconsistency existing between our findings and pre-
vious reports may be due to the clinical administration 
of cardiovascular drugs, such as statins [29], etanercept 
[30], diclofenac [31], cilostamide [32] and lisinopril [33] 
that influence ARG activity, but we did not successfully 
collect the information in this study.

We presented that serum EV-derived ARG 1 levels 
were significantly associated with T2DM by multivari-
ate logistic regression analysis and noticed that the odds 
ratios gradually increased with the extension of T2DM 
course of time. Similarly, compared with the newly dis-
covered T2DM group, we also found a higher odds ratio 
in the hypoglycemic drug treatment group. Considering 
the positive correlation between the duration of T2DM 
and diabetic medication, the consistent increase trends 
in the odds ratio of these two groups are reasonable. We 
observed a significant association between serum EV-
derived ARG 1 levels and T2DM, no matter whether 
adjusting for the confounding factors or not. In line with 
this result, interaction subgroup analysis revealed that 
most of the relevant baselines including gender, BMI, 

age, smoke, alcohol, LDL-C, blood pressure, and coro-
nary heart disease did not reverse the significantly asso-
ciated trends between serum EV-derived ARG 1 levels 
and T2DM. Even in subgroups of female, BMI ≥ 25 kg/
m2, ≥65 years old, drinker, LDL ≥ 3.5 mmol/L, 
SBP ≥ 140 mmHg and coronary heart disease, odds ratios 
were higher than their counterparts.

There are certain limitations in this study. Firstly, owing 
to the limited inclusion, non-diabetic patients in our 
recruitment had higher rates of smoking and drinking, 
a status that may be related to the higher blood pressure 
and hyperlipidemia in non-diabetic patients. Meanwhile, 
we did not investigate the effect of antihypertensive as 
well as lipid-lowering medications, partially reflected by 
the lower serum lipid profile and blood pressure in T2DM 
group on the levels of serum EV-derived ARG 1.The exist-
ence of all these unbalanced confounding factors might 
underestimate the difference in serum EV-derived ARG 1 
levels between non-T2DM and T2DM patients, although 
we adjusted blood pressure and lipid levels and divided 
into subgroups in the latter multivariate logistic regression 
analysis to compensate these defects as much as possible. 
Secondly, we cannot exclude the possibility that the asso-
ciation of serum EV-derived ARG 1 with the presence of 
T2DM is related to other factors in the EVs and not only 
ARG 1 per se, which is worthy of further investigation in 

Fig. 2 Subgroup analysis for interaction. P value is the value for interaction. BMI Body mass index, LDL-C Low-density lipoprotein cholesterol, HDL-C 
High-density lipoprotein cholesterol, TC Total cholesterol, SBP Systolic blood pressure CAD Coronary heart disease
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the future. Moreover, although a significant difference of 
serum EV-derived ARG 1 was obtained in T2DM and non-
T2DM groups based on the limited sample size, large-scale 
studies are still required. In addition, we did not investigate 
whether the changes in serum EV-derived ARG 1 reflect 
the T2DM-associated vascular complications, it would be 
of great interest to the study. Finally, the important limi-
tation of this study was its cross-sectional design, which 
makes it only be able to suggest associations rather than 
causal relationships between serum EV-derived ARG 1 and 
T2DM, and the limitation could be overcome by designing 
the study as a cohort (prospective or retrospective).

In conclusion, this study reports a significant associa-
tion between serum EV-derived ARG 1 levels and the 
presence and duration of T2DM. It would help explain 
in part that more vascular diseases occur in T2DM 
compared to non-T2DM.

Abbreviations
EV: Extracellular vesicles; T2DM: Type 2 diabetes mellitus; ARG 1: Arginase 
1; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting 
plasma glucose; BMI: Body Mass Index; HbA1c: Glycated hemoglobin A1c; TC: 
Total cholesterol; TG: Triglyceride; HDL-C: HDL cholesterol; LDL-C: LDL choles-
terol; Hcy: Homocysteine; hs-CRP: High-sensitivity C-reactive protein; OR: Odds 
Ratio; CI: Confidence Interval.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12902- 022- 00982-z. 

Additional file 1. 

Acknowledgements
We thank the patients who participated in this study. We also appreciate Dr. 
Yongcheng Hao and Dr. Na Yang (Beijing Institute of Heart Lung and Blood 
Vessel Disease, Beijing, China) for their help in statistical analysis.

Authors’ contributions
X.L. and W.Z. contributed equally to this work. X.L. was responsible for data 
collection and wrote the first draft of the manuscript. W.Z. analyzed and 
interpreted the results. W.Z. and X.L. conducted the experiments. Y.L. and L.P. 
participated in data interpretation and revised the manuscript. H.Y. collected 
the information and participated in data interpretation. Y.Q. and S.N. helped 
to collect the clinical samples. H.Z. conceived the study and made significant 
contributions in interpreting the data and revising the manuscript. All authors 
read and approved the final manuscript.

Funding
The study was supported by the Beijing Natural Science Foundation, Grant No. 
7192031.

Availability of data and materials
The data used and/or analyzed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was performed in accordance with the ethical guidelines of the 
Declaration of Helsinki and was reviewed and approved by the Medicine 

Ethics Committee of Beijing An Zhen Hospital (No.2017005). All patients 
provided written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Beijing Anzhen Hospital, Capital Medical University, Beijing Institute of Heart 
Lung and Blood Vessel Disease, No. 2 Anzhen Road, Beijing 100029, China. 
2 Department of Emergency, Beijing Anzhen Hospital, Capital Medical Univer-
sity, Beijing, China. 

Received: 24 May 2021   Accepted: 1 March 2022

References
 1. Li Y, Teng D, Shi X, Qin G, Qin Y, Quan H, et al. Prevalence of diabetes 

recorded in mainland China using 2018 diagnostic criteria from the 
American Diabetes Association: national cross sectional study. BMJ. 
2020;369:m997.

 2. Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of 
type 2 diabetes mellitus and its complications. Nat Rev Endocrinol. 
2018;14(2):88–98.

 3. Ye Q, Ling S, Zheng S, Xu X. Liquid biopsy in hepatocellular carci-
noma: circulating tumor cells and circulating tumor DNA. Mol Cancer. 
2019;18(1):114.

 4. Chen CJ, Liao WL, Chang CT, Liao HY, Tsai FJ. Urine proteome analysis by 
C18 plate-matrix-assisted laser desorption/ionization time-of-flight mass 
spectrometry allows noninvasive differential diagnosis and prediction of 
diabetic nephropathy. Plos One. 2018;13(7):e0200945.

 5. Raciti GA, Longo M, Parrillo L, Ciccarelli M, Mirra P, Ungaro P, et al. Under-
standing type 2 diabetes: from genetics to epigenetics. Acta Diabetol. 
2015;52(5):821–7.

 6. Properzi F, Logozzi M, Fais S. Exosomes: the future of biomarkers in medi-
cine. Biomark Med. 2013;7(5):769–78.

 7. Latifkar A, Cerione RA, Antonyak MA. Probing the mechanisms of extra-
cellular vesicle biogenesis and function in cancer. Biochem Soc Trans. 
2018;46(5):1137–46.

 8. Noren Hooten N, Evans MK. Extracellular vesicles as signaling mediators in 
type 2 diabetes mellitus. Am J Physiol Cell Physiol. 2020;318(6):C1189–99.

 9. Muller G. Microvesicles/exosomes as potential novel biomarkers of meta-
bolic diseases. Diabetes Metab Syndr Obes. 2012;5:247–82.

 10. Greco M, Chiefari E, Accattato F, Corigliano DM, Arcidiacono B, Mirabelli 
M, et al. MicroRNA-1281 as a novel circulating biomarker in patients with 
diabetic retinopathy. Front Endocrinol (Lausanne). 2020;11:528.

 11. Choi S, Park C, Ahn M, Lee JH, Shin T. Immunohistochemical study 
of arginase 1 and 2 in various tissues of rats. Acta Histochem. 
2012;114(5):487–94.

 12. Romero MJ, Platt DH, Tawfik HE, Labazi M, El-Remessy AB, Bartoli M, et al. 
Diabetes-induced coronary vascular dysfunction involves increased 
arginase activity. Circ Res. 2008;102(1):95–102.

 13. Yao L, Chandra S, Toque HA, Bhatta A, Rojas M, Caldwell RB, et al. Preven-
tion of diabetes-induced arginase activation and vascular dysfunction by 
rho kinase (ROCK) knockout. Cardiovasc Res. 2013;97(3):509–19.

 14. Zhou Z, Mahdi A, Tratsiakovich Y, Zahoran S, Kovamees O, Nordin F, et al. 
Erythrocytes from patients with type 2 diabetes induce endothelial 
dysfunction via arginase I. J Am Coll Cardiol. 2018;72(7):769–80.

 15. Beleznai T, Feher A, Spielvogel D, Lansman SL, Bagi Z. Arginase 1 contrib-
utes to diminished coronary arteriolar dilation in patients with diabetes. 
Am J Physiol Heart Circ Physiol. 2011;300(3):H777–83.

 16. Shemyakin A, Kovamees O, Rafnsson A, Bohm F, Svenarud P, Settergren 
M, et al. Arginase inhibition improves endothelial function in patients 
with coronary artery disease and type 2 diabetes mellitus. Circulation. 
2012;126(25):2943–50.

https://doi.org/10.1186/s12902-022-00982-z
https://doi.org/10.1186/s12902-022-00982-z


Page 9 of 9Li et al. BMC Endocrine Disorders           (2022) 22:62  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 17. Zhang H, Liu J, Qu D, Wang L, Wong CM, Lau CW, et al. Serum exosomes 
mediate delivery of arginase 1 as a novel mechanism for endothelial 
dysfunction in diabetes. Proc Natl Acad Sci U S A. 2018;115(29):E6927–36.

 18. Petersmann A, Muller-Wieland D, Muller UA, Landgraf R, Nauck M, Freck-
mann G, et al. Definition, classification and diagnosis of diabetes mellitus. 
Exp Clin Endocrinol Diabetes. 2019;127(S 01):S1–7.

 19. Loy SL, Ku CW, Lai AEQ, Choo XH, Ho AHM, Cheung YB, et al. Plasma gly-
cemic measures and fecundability in a Singapore preconception cohort 
study. Fertil Steril. 2021;115(1):138–47.

 20. Joncas FH, Lucien F, Rouleau M, Morin F, Leong HS, Pouliot F, et al. Plasma 
extracellular vesicles as phenotypic biomarkers in prostate cancer 
patients. Prostate. 2019;79(15):1767–76.

 21. Jansen F, Wang H, Przybilla D, Franklin BS, Dolf A, Pfeifer P, et al. Vascular 
endothelial microparticles-incorporated microRNAs are altered in 
patients with diabetes mellitus. Cardiovasc Diabetol. 2016;15:49.

 22. Kranendonk ME, de Kleijn DP, Kalkhoven E, Kanhai DA, Uiterwaal CS, van 
der Graaf Y, et al. Extracellular vesicle markers in relation to obesity and 
metabolic complications in patients with manifest cardiovascular disease. 
Cardiovasc Diabetol. 2014;13:37.

 23. Morris SM Jr. Regulation of enzymes of the urea cycle and arginine 
metabolism. Annu Rev Nutr. 2002;22:87–105.

 24. FKJ WD, Johnson RA. Arginase: a critical regulator of nitric oxide synthesis 
and vascular function. Clin Exp Pharmacol Physiol. 2007;34(9):906–11.

 25. Kashyap SR, Lara A, Zhang R, Park YM, DeFronzo RA. Insulin reduces 
plasma arginase activity in type 2 diabetic patients. Diabetes Care. 
2008;31(1):134–9.

 26. Zhang C, Hein TW, Wang W, Miller MW, Fossum TW, McDonald MM, 
et al. Upregulation of vascular arginase in hypertension decreases 
nitric oxide-mediated dilation of coronary arterioles. Hypertension. 
2004;44(6):935–43.

 27. Badaut J, Copin JC, Fukuda AM, Gasche Y, Schaller K, da Silva RF. Increase 
of arginase activity in old apolipoprotein-E deficient mice under Western 
diet associated with changes in neurovascular unit. J Neuroinflammation. 
2012;9:132.

 28. Rodriguez S, Richert L, Berthelot A. Increased arginase activity in 
aorta of mineralocorticoid-salt hypertensive rats. Clin Exp Hypertens. 
2000;22(1):75–85.

 29. Holowatz LA, Santhanam L, Webb A, Berkowitz DE, Kenney WL. Oral 
atorvastatin therapy restores cutaneous microvascular function by 
decreasing arginase activity in hypercholesterolaemic humans. J Physiol. 
2011;589(Pt 8):2093–103.

 30. Totoson P, Maguin-Gate K, Prigent-Tessier A, Monnier A, Verhoeven 
F, Marie C, et al. Etanercept improves endothelial function via pleio-
tropic effects in rat adjuvant-induced arthritis. Rheumatology (Oxford). 
2016;55(7):1308–17.

 31. Verhoeven F, Totoson P, Marie C, Prigent-Tessier A, Wendling D, Tournier-
Nappey M, et al. Diclofenac but not celecoxib improves endothelial 
function in rheumatoid arthritis: a study in adjuvant-induced arthritis. 
Atherosclerosis. 2017;266:136–44.

 32. Chen B, Calvert AE, Meng X, Nelin LD. Pharmacologic agents elevating 
cAMP prevent arginase II expression and proliferation of pulmonary 
artery smooth muscle cells. Am J Respir Cell Mol Biol. 2012;47(2):218–26.

 33. Kosenko E, Tikhonova L, Suslikov A, Kaminsky Y. Impacts of lisinopril and 
lisinopril plus simvastatin on erythrocyte and plasma arginase, nitrite, and 
nitrate in hypertensive patients. J Clin Pharmacol. 2012;52(1):102–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Elevated serum extracellular vesicle arginase 1 in type 2 diabetes mellitus: a cross-sectional study in middle-aged and elderly population
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Study design
	Study participants
	Anthropometric measuring
	Blood sample preparation and blood biochemical parameter measurement
	EV isolation and identification
	Transmission electron microscopy
	Measurement of serum EV-derived ARG 1
	Western blotting
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


