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Abstract 

Background: Peripheral atherosclerosis is a common macrovascular complication of diabetes, but the treatment is 
limited. Chinese herbal medicine is the complementary and alternative therapy to delay the progression of athero-
sclerosis and reduce blood glucose and lipids. Shen-Qi Xiao-Tan (SQXT) formula is one of the prescriptions commonly 
used to treat diabetic peripheral atherosclerosis, but there is still a lack of high-quality evidence-based evidence.

Methods: This is a randomized, double-blind, placebo-controlled add-on trial that is expected to enroll 114 dia-
betic patients with peripheral atherosclerosis. After a 2-week run-in period, participants will been randomly assigned 
in a 1:1 ratio and receive 12 weeks of usual treatment and SQXT formula (treatment group) or usual treatment and 
placebo (control group). The primary outcome is the change in carotid intima-media thickness from baseline to 
endpoint. The secondary outcomes are the structure and function of peripheral arteries, blood glucose and lipids, 
traditional Chinese medicine syndrome score, and quality of life, and safety and endpoint events are evaluated. To 
explore the therapeutic mechanism through oxidative stress, inflammation, and advanced glycation end products, 
and lipidomics will be used to screen for biomarkers for diagnosis and efficacy evaluation.

Discussion: The objective of this trial is to evaluate the efficacy, safety and therapeutic mechanism of SQXT formula 
in the treatment of diabetic peripheral atherosclerosis. It will obtain high-quality evidence-based evidence and pro-
mote the treatment of diabetic macroangiopathy and the research and development of new drugs.

Trial registration: This trial is registered on Chinese Clinical Trials.gov with number ChiCTR2100047189 on 10 Jun 
2021, and has been approved by the Ethical Review Committee of Hospital of Chengdu University of Traditional Chi-
nese Medicine with number 2020KL-080.

Keywords: Type 2 diabetes mellitus, Peripheral atherosclerosis, Chinese herbal medicine, Randomized controlled 
trial, Shen-Qi Xiao-Tan formula

Background
Diabetes, as one of the major chronic diseases that 
threaten human health, has become a world-wide public 
health problem. According to the International Diabetes 
Federation Diabetes Atlas (10th edition), there are about 

*Correspondence:  cdgh76@163.com; xhy722@163.com; xiecg@cdutcm.edu.
cn

1 Hospital of Chengdu University of Traditional Chinese Medicine, No. 39 
Shi-Er-Qiao Road, Chengdu, Sichuan Province, People’s Republic of China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12906-022-03813-9&domain=pdf
http://orcid.org/0000-0001-9120-8605


Page 2 of 10Leng et al. BMC Complementary Medicine and Therapies          (2022) 22:337 

537 million people living with diabetes worldwide [1]. It 
estimates that total diabetes-related health expenditure 
will reach USD 1.03 trillion by 2030 [1]. Diabetes and its 
complications have brought heavy medical and economic 
burdens to individuals and society.

Macroangiopathy is the main cause of death and dis-
ability in diabetes, with atherosclerosis as the basic path-
ological alteration. Compared with non-diabetic patients, 
type 2 diabetic patients with atherosclerosis have the 
characteristics of earlier onset, more severe degree, and 
wider range of disease [2–5]. In China, the total number 
of diabetic patients is about 140.9 million, ranking first 
in the world [1]. The China DIA-LEAD study shows that 
the prevalence of macroangiopathy in diabetic patients 
is as high as 55.6% in China, and peripheral vascular 
disease is the most common one, with the prevalence of 
about 31.4% [2]. Atheroscleroses of the carotid and lower 
extremity arteries are one of the most common causes of 
peripheral artery disease. Carotid artery atherosclerosis 
can further cause head and neck artery stenosis, athero-
sclerotic stroke, transient ischemic attack, myocardial 
infarction, etc. [6]. Lower extremity arteries atheroscle-
rosis can further causes lower extremity artery disease, 
diabetic foot ulcers, limb gangrene, amputation, and it is 
an important risk factor for cardiovascular events [7–9]. 
Globally, an adult dies from diabetes and its complica-
tions every 8  s, and a patient is lost to lower extremity 
amputation every 30  s as a consequence of diabetes [1, 
10, 11]. Approximately 75% of diabetics die from mac-
roangiopathy [12, 13]. A series of complications caused 
by peripheral atherosclerosis have caused the increase of 
readmission rates and length of stay, the raise of medical 
costs, and the consumption of a large number of medical 
and public health resources [14, 15]. Therefore, delaying 
peripheral atherosclerosis progression as soon as possible 
to reduce the occurrence of fatal and disabling events is 
the key content of diabetes management.

At present, the clinical prevention and control meas-
ures for diabetic macroangiopathy include strict blood 
glucose control, anti-hypertensive agents, lipid lower-
ing therapies, anti-platelet agents, etc. But the compre-
hensive clinical control rate is only 8.1% [2]. A number 
of large clinical trials have shown that strict blood glu-
cose control is associated with increased risk for death 
in diabetic patients at high risk of cardiovascular events 
[16–19]. The Look AHEAD Research found that inten-
sive lifestyle intervention was associated with increased 
risk for primary cardiovascular outcome in patients with 
poor glucose control (HR 1.85, 95%CI 1.32–2.61) [20]. 
How to comprehensively relieve diabetic peripheral ath-
erosclerosis is a challenging clinical issue.

In China, Chinese herbal medicine (CHM) is widely 
used to treat diabetic macrovascular complications. A 

systematic review and meta-analysis has shown that 
CHM can reduce blood glucose and haemoglobin A1c 
(HbA1c), ameliorate lipid metabolism disorders, and 
improve Traditional Chinese Medicine (TCM) syndrome 
scores in the treatment of diabetic macrovascular dis-
ease [21]. Shen-Qi series formulas have efficacy for alle-
viating insulin resistance, promoting b-cell function, 
and improving intestinal microbiota in the treatment of 
patients with type 2 diabetes mellitus (T2DM) [22, 23].
In addition, it can reduce blood interleukin-6 (IL-6), 
hs-C-reactive protein and carotid intima-media thick-
ness (CIMT), alleviate clinical symptoms, and improve 
quality of life in diabetic patients with macroangiopathy 
[24, 25]. Furthermore, the mechanism of Shen-Qi series 
formulas in delaying the progression of diabetic athero-
sclerosis has been proved from epigenetic DNA meth-
ylation, PI3K-Akt pathway, glucagon-like peptide-1 and 
other aspects [26–28]. A systematic review and meta-
analysis has shown that the efficacy of Shen-Qi series 
formulas combined with usual treatment is superior to 
that of usual treatment in the treatment of type 2 dia-
betic macrovascular complications, it can reduce fasting 
and postprandial blood glucose, C-reactive protein and 
leptin, and improve adiponectin [29]. On the other hand, 
it has found that there are deficiency in previous clinical 
trials, such as lack of allocation concealment and blind-
ing methods, and small sample size, which led to limited 
quality of trials.

In summary, CHM can regulate the overall patho-
logical status of diabetic patients with macroangiopathy 
through multi-target, but there is a lack of high-quality 
clinical trials. This trial will comprehensively evaluate the 
efficacy, safety and therapeutic mechanism of Shen-Qi 
Xiao-Tan (SQXT) formula in the treatment of peripheral 
atherosclerosis in T2DM from the structure and function 
of peripheral arteries, cardiovascular events, lipid metab-
olism, inflammation, oxidative stress and advanced glyca-
tion end products (AGEs).

Objective
Primary objective
The primary objective of this trial is to determine 
whether SQXT formula is superior to placebo to relieve 
peripheral atherosclerosis in T2DM by evaluating the fol-
lowing outcomes.

1. Change in CIMT.
2. Changes in the structure and function of peripheral 

arteries, including (1) hyperechoic thickness of the 
arterial lumen wall, vascular internal diameter, peak 
systolic velocity (PSV), end diastolic velocity (EDV), 
mean velocity (Vm), pulse index (PI) and resistance 
index (RI) of lower extremity and carotid arteries; (2) 
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flow-mediated vasodilation (FMD); (3) ankle brachial 
index (ABI).

3. Levels of glucose and lipid profile indices.
4. TCM syndrome score.
5. Quality of life as measured by multiple question-

naires.

Secondary objectives
This trial also aims to evaluate safety and explore thera-
peutic mechanism of SQXT formula in treating patients 
with diabetic peripheral atherosclerosis.

Methods/design
Study design
This trial is registered on Chinese Clinical Trials.gov with 
number ChiCTR2100047189 on 10 Jun 2021. It is a ran-
domized, double-blind, placebo-controlled, add-on trial. 
114 subjects are expected to be enrolled. After a 2-week’s 
run-in period, participants who meet the standards of 
the run-in period are randomly assigned to 12 weeks of 
either placebo group or treatment group on a 1:1 alloca-
tion. The flow chart of the trial is shown in Fig.  1. This 
protocol follows the requirements of the Standard Pro-
tocol Items for Randomized Trials (SPIRIT) and the 

Consolidated Standards of Reporting Trials (CONSORT) 
Extension for CHM Formula [30, 31].

Inclusion criteria

1. According to Standards of Medical Care in Diabetes, 
Guideline for the Prevention and Treatment of T2DM 
in China, and Guideline for Ultrasound Examination 
of Blood Vessels and Superficial Organs, [32–34]

– patients with definite diagnosis of T2DM;
– color doppler ultrasound of the carotid or lower 

extremity arteries showed intima-media thickening 
(IMT ≥ 1  mm) and/or atherosclerotic plaque (lim-
ited IMT ≥ 1.5 mm).

2. Patients with the following symptoms of TCM syn-
dromes: thirst, fatigue, body fat, dietary predilection 
of fat and sweets, etc. According to Guiding Prin-
ciples for New Drug Clinical Research of TCM and 
Guidelines for Prevention and Treatment of Diabe-
tes in TCM, the diagnostic criteria of deficiency of 
both qi and yin with phlegm-turbidity syndrome are 
defined on the standards and expert advice [35, 36].

3. Aged between 30 and 65 years old.

Fig. 1 The flow chart of the trial
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4. Patients participate voluntarily and sign the Informed 
Consent Form (ICF).

5. Women of childbearing age must have a negative 
urine pregnancy test and agree to use reliable contra-
ception during this trial.

Exclusion criteria

 1. Patients with calcified plaques or unstable plaques 
in lower extremity or carotid arteries, arterial ste-
nosis (vascular inner diameter stenosis ≥ 50%), or 
arterial occlusion.

 2. Patients who have been diagnosed with coronary 
heart disease by coronary angiography, or whose 
electrocardiogram and clinical manifestations sug-
gest coronary heart disease, or who have had car-
diovascular and cerebrovascular events, such as 
acute coronary syndrome and cerebral infarction.

 3. ABI ≤ 0.9.
 4. Fasting TG > 5.7 mmol/L.
 5. Patients with abnormal liver and kidney func-

tion, such as the ratio of serum alanine ami-
notransferase (ALT) to aspartate aminotransferase 
(AST) 1.5 times higher than the upper limit of 
normal value of that, creatinine higher than the 
upper limit of normal value of that, estimated 
GFR ≤ 60 ml·min−1·(1.73m2)−1.

 6. Patients with acute metabolic disorders such as 
diabetic ketoacidosis, or severe stress, occurred 
within 1 month before screening.

 7. Patients with serious illnesses whose life expec-
tancy does not exceed 2 years, or malignant tumor, 
or mental diseases.

 8. Patients who are known to be allergic to the ingre-
dients in SQXT formula or its preparations.

 9. Having a history of alcoholism or drug abuse.
 10. Women who are preparing for pregnancy, or preg-

nant, or lactating women.

Recruitment
Participants will be recruited from Hospital of Chengdu 
University of TCM. This is also China National Clinical 
Research Base of TCM for diabetes.

Randomization
The random sequence was generated by the third-party 
statistician from the Sichuan Province Evidence-based 
Medicine Center of TCM using R software (version 
4.0.3), including 114 random numbers in a 1:1 ratio 
between the treatment group and the control group. It 
was concealed by opaque sealed envelopes.

Blinding
Investigators, participants, outcome assessors, and 
data analysts will be blinded. Outcome assessors will 
follow the standard operating procedure to complete 
tests. The third-party drug management staff from the 
Sichuan Province Evidence-based Medicine Center 
of TCM will blind investigational drugs according to 
random sequence, so that the drugs could not be dis-
tinguished according to their numbers. The drug man-
agement staff shall not directly participate.

The data analysts will be unblinded at the first level 
after the database is locked, and unblinded at the sec-
ond level after statistical analysis is completed. In case 
of emergency such as serious adverse event and sus-
pected unexpected serious adverse reaction, the partic-
ipant’s allocated intervention will be revealed urgently, 
and investigator should treat he and record the time, 
date and reason of unblinding.

In order to ensure stability of the drugs, increase con-
venience of taking medicine, and remove the influence 
factors such as the method of decoction and the ori-
gin of medicinal materials, SQXT formula and placebo 
will be used in granules form. In accordance with the 
Standard for the Use of Food Additives in the National 
Standard for Food Safety, the placebo is made from 
maltodextrin and food additives such as food colorants 
and bitters. SQXT formula and placebo are similar in 
color, smell, taste, appearance, packaging, and tag. Both 
of them are produced by Sichuan Neo-Green Pharma-
ceutical Technology Development Co. Ltd. (Sichuan, 
China).

Interventions
Run‑in period
In order to standardize the usual treatment, obtain the 
baseline values of blood glucose, blood lipid and blood 
pressure (BP), and ensure the compliance of participants, 
participants will enter a 2-week’s run-in period after 
passing the screening.

According to the recommendations of multidiscipli-
nary guidelines, the investigators will decide the usual 
treatment based on the participants’ personal situation 
[32, 33]. All participants will receive the same lifestyle 
behavior management education in diabetes self-man-
agement, diet, and routine physical activity. All of them 
will be treated with standard treatment of glucose-low-
ering medications and antihypertensive medications, as 
well as atorvastatin to lower lipid.

Participants should not use other CHM, acupunc-
ture, Tuina and other TCM interventions outside of 
this trial, as well as drugs with potential risk of car-
diovascular disease events. In consideration of clinical 
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practice and ethical principles, drugs with demon-
strated cardiovascular disease benefits will not prohib-
ited in this trial.

Participants will be assigned randomly to the interven-
tion period only if their blood glucose, blood lipid and 
BP reach the following targets [32, 33, 37, 38]: (1) fast-
ing plasma glucose (FPG) between 4.4 and 7.0 mmol/L; 
(2) non-fasting blood glucose < 10.0 mmol/L; (3) BP ≤ 140 
/ 90  mmHg; and (4) low-density lipoprotein cholesterol 
(LDL-C) < 3.4 mmol/L.

Intervention period
Treatment group: Participants will take usual treat-
ment and SQXT formula granules, which is composed 
of Shengshaishen (Dried fresh Ginseng), Zhihuangqi 
(Astragalus membranaceus), Shanyao (Common Yam 
Rhizome), Shengdihuang (Unprocessed Rehmannia 
Root), Niuxi (Twotoothed Achyranthes Root), Fabanxia 
(Processed Pinellia Tuber), Zexie (Oriental Waterplan-
tain Rhizome), Mugua (Common Floweringqince Fruit) 
and Danshen (Danshen Root). The action of each herb is 
summarized in Table 1. The dosage of SQXT formula is 3 
times a day, one bag (15 g per bag) at a time. Participants 
will dissolve the granules in hot water (100 ml), then stir 
and cover for 3 to 5 min, then take it orally between 30℃ 
to 36℃ (ante cibum).

Control group: Participants will take usual treatment 
and placebo granules. The specifications and usage of 
placebo are exactly the same as SQXT formula.

Outcome measurement
Changes of the following outcomes from baseline (week 
0) to endpoint (week 12) of intervention will be evaluated.

Primary efficacy outcome
CIMT [39].

Secondary efficacy outcomes

1. Hyperechoic thickness of the arterial lumen wall, vas-
cular internal diameter, PSV, EDV and Vm of bilat-
eral carotid arteries (common carotid and internal 
carotid artery) and lower extremity arteries (femoral 
artery, anterior tibial artery, posterior tibial artery 
and dorsalis pedis artery), and PI, RI and S/D will be 
calculated according to the formula: PI = (PSV-EDV) 
/ Vm; RI = (PSV-EDV) / PSV; S/D = PSV / EDV.

2. FMD of the brachial artery.
3. ABI.
4. FPG and HbA1c.
5. Total cholesterol (TC), triglycerides (TG), high den-

sity lipoprotein cholesterol (HDL-C) and LDL-C.
6. TCM syndrome score [35].
7. The indices for evaluating the quality of life are as fol-

lows:  (1)  The MOS 36-item short-form health sur-
vey (SF-36); (2) Quality of life scale for patients with 
T2DM (DMQLS); (3)  Chinese version of diabetes 
management self-efficacy scale (C-DMSES).

Table 1 The action of each Traditional Chinese Medicinal herb

PinYin name English name Latin name Action / Pharmaceutical study

Shengshaishen Dried fresh Ginseng Radix Ginseng 1. Enhancing immune function; 2. Anti-thrombosis effect; 3. Inhibi-
tion of oxidative stress

Zhihuangqi Astragalus membranaceus Radix Astragali seu Hedysari 1. Enhancing immune function; 2. Promoting metabolic effect; 3. 
Lipid-lowering effect; 4. Inhibition of platelet aggregation; 5. Anti-
thrombosis effect

Shanyao Common Yam Rhizome Rhizoma Dioscoreae 1. Enhancing immune function; 2. Lipid-lowering effect; 3. Glucose-
lowering effect; 4. Inhibition of oxidative stress

Shengdihuang Unprocessed Rehmannia Root Radix Rehmanniae Recens 1. Bidirectional regulatory effect on immune; 2. Anti-inflammatory 
effect; 3. Shortening of blood clotting time; 4. Cardiovascular system 
protecting effect

Niuxi Twotoothed Achyranthes Root Radix Achyranthis Bidentatae 1. Enhancing immune function; 2. Anti-inflammatory effect; 3. 
Analgesic effect

Fabanxia Processed Pinellia Tuber Rhizoma Pinelliae Preparatum 1. Anti-atherosclerosis effect; 2. Inhibition of oxidative stress; 3. Anti-
hypertensive effect; 4. Anti-aging effect

Zexie Oriental Waterplantain Rhizome Rhizoma Alismatis 1. Lipid-lowering effect; 2. Inhibition of oxidative stress; 3. Anti-
inflammatory effect; 4. Anti-atherosclerosis effect; 5. Diuresis effect

Mugua Common Floweringqince Fruit Fructus Chaenomelis 1. Enhancing immune function; 2. Hepatoprotective effect; 3. Anti-
inflammatory effect

Danshen Danshen Root Radix Salviae Miltiorrhizae 1. Inhibition of platelet aggregation; 2. Anti-atherosclerosis effect; 3. 
Lipid-lowering effect; 4. Inhibition of oxidative stress
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Endpoint outcomes
The incidence of endpoint events and the time to pro-
gression to endpoint will be evaluated. Endpoints events 
include:

1. The progression of peripheral artery disease is 
defined as bilateral carotid and lower extremity arter-
ies stenosis or arterial occlusion.

2. Major adverse cardiac events include cardiovascu-
lar death, non-fatal myocardial infarction, ischemic 
stroke, and hospitalization for heart failure.

3. Diabetic foot ulcer.

Safety outcomes
Adverse event (AE) will be collected after the participants 
begin to receive drugs. The record of AE includes the fol-
lowing: descriptive analysis, time of occurrence and ter-
mination, severity, frequency of occurrence, whether 
treatment is needed, and if necessary, the treatment given 
needs recording.

Participants will be monitored for vital signs (body 
temperature, respiration, heart rate, BP) during the out-
patient visit every 4 weeks, and will be asked for if they 
have any symptoms of discomfort.

Participants will have the following tests at the begin-
ning and end of intervention: blood, urine and stool rou-
tine examination, electrocardiogram, liver function test 
(ALT, AST, TBIL, AKP, GGT), and renal function test 
(blood urea nitrogen, creatinine). Systemic symptoms of 
participants will be closely observed. If a participant has 
suspicious symptoms of respiratory system, circulatory 
system, liver or kidney disease, he will be immediately 
tested on safety.

Therapeutic mechanism outcomes

1. Tumor necrosis factor-α (TNF-α), IL-6.
2. Reactive oxygen species (ROS), superoxide dismutase 

(SOD).
3. AGEs.
4. Lipidomics.

Sample size
This is a randomized, double-blind, placebo-controlled 
superiority trial. The primary outcome indicator, CIMT, 
is used as the basis for sample size estimation. The mean 
of CIMT of the placebo group is 1.12 mm [40–42]. In this 
trial, the mean of CIMT of the treatment group is esti-
mated at 1.03  mm, and the standard deviation of two 
groups is 0.10. The superiority margin is 0.03 (one-sided 

test, α = 0.025, 1-β = 0.8). The sample allocation ratio 
between the two groups is 1:1. Using PASS 15 software, 
the minimum sample size is calculated to be 90. In addi-
tion, considering the dropout rate of 20%, we plan to 
enroll a total of 114 participants.

Data collection
The basic data are as follows: (1) demographic includ-
ing gender, age, height, weight, waist circumference, hip 
circumference, body mass index and waist-to-hip ratio; 
(2) vital signs; (3) duration of diabetes; (4) other medical 
history and treatment history; (5) women of childbearing 
age should have a urine pregnancy test, and be inquired 
at each visit to record their menstrual history.

Blood and urine samples should be collected in the 
morning with an empty stomach for at least 8  h. The 
fasting serum samples for detection of TNF-α, IL-6, 
ROS, SOD and AGEs will be stored at -20  °C. It will be 
detected with enzyme-linked immunosorbent assay by 
an independent laboratory from JUJIN BIOTECHNOL-
OGY CORPORATION (Chengdu, China). The fasting 
plasma samples for detection of lipidomics will be stored 
at -80 °C. It will be detected with non-targeted lipidom-
ics analysis platform based on Q Exactive (Thermo Scien-
tific™) mass spectrometry system by Shanghai Lu Ming 
Biotech Co., Ltd. (Shanghai, China). Other outcomes will 
be measured by Hospital of Chengdu University of TCM  
on the same day.

Drop‑out criteria

1. Participants who have intolerable adverse reaction 
and withdraw voluntarily during the trial.

2. The ratio of ALT to AST of participants is 3 times 
higher than the upper limit of normal value of that, 
and it is still abnormal after review within a week.

3. Creatinine of participants is 1.5 times higher than 
the upper limit of normal value of that, and it is still 
abnormal after review within a week.

4. Participants who fail to take the drugs as required or 
have incomplete data.

5. Participants violate the protocol to change or add 
drugs that are not within the prescribed scope and 
affect the assessment of efficacy.

6. Participants who are lost to follow-up without expla-
nation.

7. Participant who is unblinding.

They will be required to return for the last observa-
tion as much as possible, and the relevant data will be 
included in the datasets.
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Termination criteria
This trial will be terminated under the following criteria: 
(1) clustered serious adverse events are related to inter-
vention measurement with supportive evidence; (2) the 
administration requested that this trial be discontinued.

Data management
The original data included ICF, CaseReport Form (CRF), 
record form of distribution and withdrawal of drug, med-
ication administration monitoring form and medication 
self-assessment form.

Paper CRF will be used to record data, and EpiData 
software (version 3.1) will be used for data management. 
Developing a data verification plan to set up logic veri-
fication. Consistency testing will be carried out through 
double data entry, and the inconsistent results will be 
checked and corrected against CRF item by item until 
they are completely consistent. The data administrator 
will screen the questions according to the manual verifi-
cation plan in the data verification plan.

Finally, the electronic database will be locked after the 
project leader, data analyst and data administrator sign 
the database locking record, then will be submitted to the 
data analyst.

Data analysis
The statistical analysis will be conducted by the third-
party statistician from the Sichuan Province Evidence-
based Medicine Center of TCM using Stata software 
(version 16.0). The statistical analysis plan is completed 
and confirmed before the start of trial.

The Full Analysis Set (FAS) includes participants who 
have been randomized to receive the drugs at least once. 
Missing data will be used the last observation carried 
forward (LOCF) method. The Per-protocol set (PPS) 
includes participants who follow the protocol to imple-
ment the inclusion and exclusion criteria and interven-
tions, and complete all the visit plans. It does not include 
participants who drop-off, lost to follow-up, and discon-
tinue medication for any reason. Only participant with 
an effective medication rate between 80 and 120% can be 
included in PPS analysis. The safety set (SS) includes par-
ticipants who have been randomized to receive the drugs 
at least once and have experienced AE.

The descriptive statistics of enumeration data will be 
presented as frequency and percentage. Normally dis-
tributed variables will be presented as mean and standard 
deviation, and non-normally distributed variables will 
expressed by median and interquartile range. Difference 
between groups will be assessed with t-test, analysis of 
variance (ANOVA), rank sum test, and chi-square (χ2) 
test. Survival analysis will be used for comparison of end-
point outcome between groups, and Kaplan–Meier curve 

will be used to explore each possible relevant factor. The 
cox multiple regression model will be used to detect the 
influence of prognostic factors on endpoint outcome 
if the amount of data allows. AE will be analyzed and 
described in detail, and the χ2 test will be used to com-
pare the differences between groups if necessary. The sta-
tistical significance is defined as p ≤ 0.05.

Subgroup analysis will be based on HbA1c. Level of 
HbA1c will be stratified into ≥ 8.0% and < 8.0% to evaluate 
correlation between glycemic control of diabetic patients 
with macroangiopathy and outcome indicators [37].

Discussion
Thickening of CIMT is an early sign of atherosclerosis 
and a recognized risk factor for arteriosclerotic cardio-
vascular disease. A systematic review and meta-analysis 
showed that each 0.1 mm increase in CIMT is associated 
with a 15% increase in the risk of coronary heart disease 
and a 17% increase in the risk of stroke [43]. It is recom-
mended as an early assessment of peripheral atheroscle-
rosis in patients with T2DM [44, 45]. Because diabetic 
peripheral atherosclerosis is a chronic disease, it is diffi-
cult to observe sufficient endpoint events in short-term 
studies. Hence, CIMT is often used as the objective sur-
rogate indicator for primary efficacy outcome or end-
point outcome in clinical studies and systematic reviews 
of diabetic macrovascular complications [39, 46]. There-
fore, CIMT is used as the primary efficacy outcome in 
this trial.

Color doppler ultrasound has unique value in the 
qualitative and positioning diagnosis of vascular lesions, 
which can evaluate the structure of arterial lumen, the 
nature of atherosclerotic plaque and the hemodynamics. 
ABI test is a good tool to evaluate the degree of steno-
sis and obstruction of lower extremity arteries, with high 
sensitivity and specificity [47, 48]. Brachial artery FMD 
can evaluate nitric oxide releasing function of endothe-
lial cells to reflect the vascular endothelial function [49]. 
Vascular endothelial cells regulate the balance between 
vasodilation and contraction, anti-inflammatory and 
pro-inflammatory, anti-oxidation and pro-oxidation, and 
release vasoactive substances to maintain vascular tone 
and structure [50–52]. Vascular endothelial dysfunc-
tion is an early warning of cardiovascular disease [53]. 
Therefore, FMD test plays an important role in early rec-
ognition and effective intervention of vascular disease 
progression [54]. The above tests have the advantages of 
convenience, non-invasiveness, and repeatable measure-
ment. They are used to objectively evaluate the changes 
in structure and function of peripheral arteries.

This trial will evaluate short-term efficacy from the 
vascular structure and function of carotid and lower 
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extremity arteries, glucose and lipid level, and quality 
of life, and long-term benefits from cardiovascular and 
lower extremity vascular events, and explore whether 
the effectiveness of the drug is related to improve inflam-
mation, oxidative stress, and accumulation of AGEs. 
Moreover, lipidomics will be used to screen the bio-
markers for this disease diagnosis and treatment. Lipid 
metabolism disorders are involved in the onset and pro-
gression of diabetes and atherosclerosis. Lipidomics pro-
vides a systematic quantitative and qualitative analysis of 
lipids in  vivo and reveals the regulation of lipid metab-
olism [55]. However, the limitation of this trial is that 
the elderly (> 65  years) will not be included in order to 
exclude the influence of aging on vascular damage within 
a limited sample size, which leads to insufficient evi-
dence for extrapolation of the trial results to the elderly 
population.

Trial status
The recruitment of participants has started in June 2021 
and is going.
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