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Introduction: Despite the increasingly young age at diabetes onset and the increasing

number of deaths caused by type 2 diabetes mellitus (T2DM), why some patients develop

macrovascular complications but others develop microvascular complications remains con-

troversial and unclear. Notably, some patients have good glucose control but still develop

vascular complications, whereas some patients have retinopathy with neither nephropathy

nor neuropathy. This study will be performed to explore the risk factors for T2DM compli-

cations in Chinese patients.

Methods and analysis: Patients with T2DM and healthy people will be recruited from Hebei

General Hospital from September 2019 to September 2020. The subjects will be grouped into a

control group, T2DM without vascular complications group, T2DM with macrovascular com-

plications group, and T2DM with microvascular complications group; they will then be further

subgrouped. The following data will be collected after admission: demographic information such

as age, sex, and education; relevant medical history such as duration of diabetes, family history of

first-degree relatives with diabetes, and age at diagnosis of diabetes; and anthropometric and

blood indicators such as weight, waist circumference, fasting blood glucose level, C-peptide

level, total cholesterol level, and triglyceride level. The statistical analysis will be performed

using SPSS 22.0 (IBM Corp., Armonk, NY, USA). A P value of <0.05 will be considered

statistically significant. The χ2 test, one-way analysis of variance and the rank sum test will be

used to analyze differences between the groups. Logistic regression will be used to analyze the

risk factors for macrovascular and microvascular complications of T2DM.
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Introduction
Type 2 diabetes mellitus (T2DM) has become a global epidemic disease. In 2017,

an estimated 451 million patients aged 18 to 99 years had T2DM worldwide, and

this number of patients is predicted to increase to 693 million by 20451. The global

health-care expenditure for patients with T2DM is currently estimated at $85

billion.1 In 2013, monitoring of chronic diseases and risk factors in China showed

that the prevalence of T2DM in people older than 18 was 10.4%.2

T2DM is a common metabolic disorder that is associated with chronic complica-

tions such as macrovascular and microvascular disease. Almost half of the general

population (49.7%) has T2DM but has not been diagnosed.1 The onset of T2DM is

Correspondence: Guangyao Song
Endocrinology Department, Hebei
General Hospital, 348 Heping West Road,
Shijiazhuang, Hebei 050051, People’s
Republic of China
Tel +86 311 85988556
Email guangyaosong123@163.com

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 2193–2200 2193
DovePress © 2019 Zhao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/DMSO.S213848

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


insidious and often diagnosed approximately 4 to 7 years

after the onset of illness.3 In patiens with T2DM, the patients

often develop associated complications. Arterial stenosis

results in reduced blood flow to the heart, brain, or limbs,

leading to a variety of macrovascular complications.4 T2DM

can also damage microvessels, as patients who develop dia-

betes retinopathy, diabetes nephropathy, and diabetes

neuropathy. Failure to prevent and detect diabetes the macro-

vascular or microvascular complications of T2DM can affect

patients’ health and quality of life, potentially resulting in

visual impairment, pain, paresthesia, muscle weakness, dia-

betes autonomic dysfunction, blindness, myocardial infarc-

tion, cardiac arrest, renal failure, and other serious

consequences.5 T2DM has long been recognized as a disease

that affects older people, but increasingly more young people

aged 20–40 years are being found to have this disease. In

2017, approximately 5 million people aged 20 to 99 years

died of T2DM worldwide.1 Given the younger age at onset

and the increasing number of deaths caused by T2DM, we

should paymore attention to its occurrence and development.

The pathogenesis of diabetes complications is not fully

understood, and why some patients develop macrovascular

complications and others develop microvascular complica-

tions remains controversial and unclear.6 Specifically, why

do some patients with good glucose control still develop

macrovascular or microvascular complications? Why do

some patients develop diabetes retinopathy without diabetes

nephropathy or diabetes neuropathy?6–8 Given the various

hazards of the vascular complications of T2DM and many

outstanding questions in relation to this disease, we plan to

examine subgroups of patients with T2DM who have devel-

oped diabetes complications and identify factors that influ-

ence disease progression.

Studies have shown that early prevention and identifi-

cation of risk factors for complications may delay or pre-

vent the further development of T2DM into conditions

such as blindness, end-stage renal disease, foot ulcers,

heart failure and hemiplegia. Screening for macrovascular

and microvascular complications is important for delaying,

preventing, and managing T2DM, as well as reducing

complications and health care expenditure.

Methods And Analysis
This will be a case-control study

Aims Of Study
In summary, this study will be performed to:

(I) determine the proportion of macrovascular and

microvascular complications in Chinese patients

with T2DM,

(II) determine the differences in the relevant indica-

tors between the subgroups of diabetes vascular

complications and

(III) identify the risk factors for the various macrovas-

cular and microvascular complications of T2DM.

Risk factors may include demographic information (age,

gender, education, place of residence, occupation, income),

relevant medical history (duration of T2DM, family history of

first-degree relatives of T2DM, family history of hyperten-

sion, age at diagnosis of T2DM, sleep, history of smoking,

history of drinking, exercise), anthropometric indicators

(height, weight, BMI, waist circumference, hip circumference,

blood pressure, heart rate) and blood indicators (fasting blood

glucose, C-peptide, total cholesterol, triglyceride, high-density

lipoprotein, low-density lipoprotein, apolipoprotein A1, apo-

lipoprotein B, glycated hemoglobin, creatinine, 2 hr postpran-

dial blood glucose, 2 hr postprandial C-peptide, 2 hr

postprandial total cholesterol, 2 hr postprandial triglycerides,

2 hr postprandial high-density lipoprotein, 2 hr postprandial

low-density lipoprotein).

Subjects
Patients with T2DM and healthy subjects will be recruited

from Hebei General Hospital Medical Examination Center

from September 2019 to September 2020. Two researchers

(Linyi Shu and Wenli Huang) will explain to each subject

the purpose, significance, and process of the study and the

tests to be performed. All subjects will participate in the

study on a voluntary basis and will be enrolled after

providing written informed consent. The investigator will

ask patients whether they have been previously diagnosed

with macrovascular or microvascular complications of

T2DM; if they have a previous diagnosis, the investigator

will request medical records. If patients do not have an

existing diagnosis or are uncertain, the relevant examina-

tions will be carried out.

Definitions
Macrovascular complications of T2DM refer to athero-

sclerosis affecting the aorta, coronary artery, basilar artery,

or renal artery. Microvascular complications of T2DM

refer to microcirculation abnormalities. Microvascular

lesions mainly manifest in the retina, kidney, and nervous

tissue.
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Grouping Of Patients
If a patient has two or more complications at the same

time, the patient will be assigned to two or more than

groups according to the clinical assessment as follows:

(I) Control group: healthy subjects

(II) T2DM without vascular complications group:

patients with T2DM who have not developed vas-

cular complications

(III) T2DM with microvascular complications group:

patients with T2DM who have developed micro-

vascular but no macrovascular complications

Subgroups: (i). diabetes retinopathy group, (ii) diabetes

nephropathy group, and (iii) diabetes peripheral neuropa-

thy group

(IV) T2DM with macrovascular complications group:

patients with who have developed macrovascular

but no microvascular complications

Subgroups: (i) cerebrovascular disease group, (ii) coronary

heart disease group, and (iii) peripheral vascular disease group

Selection Criteria
Inclusion Criteria

(I) Diagnostic criteria for T2DM

China currently uses the diagnostic criteria for T2DM

issued by the World Health Organization Diabetes Expert

Committee in 1999, shown in Table 1.

(I) Diagnostic criteria for macrovascular complications.

i. Cerebrovascular disease: computed tomogra-

phy or magnetic resonance imaging findings

will be used as the diagnostic criteria.

ii. Coronary heart disease: typical angina or myocar-

dial infarction symptoms, confirmed by electro-

cardiography, plate test, or coronary angiography.

iii. Peripheral vascular disease: typical symptoms

such as intermittent claudication, confirmed by

ultrasound, angiography, or other tests as

indicated.

(II) Diagnostic criteria for microvascular complications.

i. Diabetes retinopathy: confirmed by an ophthal-

mologist using ophthalmoscopy or fundus fluor-

escein angiography.

ii. Diabetes nephropathy: at present, there are no

unified clinical diagnostic criteria for diabetes

nephropathy in China. The consensus on pre-

vention and treatment of diabetes nephropathy

(2014 edition) suggests that among most

T2DM patients, one of the following can be

used to diagnose diabetes nephropathy: heavy

albuminuria (>0.3 g/24 h); diabetes retinopathy

with any stage of chronic kidney disease. Non-

diabetes nephropathy should be excluded dur-

ing diagnosis. Renal puncture pathology should

be used for identification when it is difficult to

identify.

iii. Diabetes peripheral neuropathy: (a) a clear his-

tory of diabetes; (b) neuropathy that occurs at

or after the diagnosis of T2DM; (c) clinical

symptoms and signs consistent with of diabetes

peripheral neuropathy; (d) clinical symptoms

(such as pain, numbness, or paresthesia) and

one abnormality among the following five

examinations: sputum reflex, acupuncture pain

sense, vibration sense, pressure sense, and tem-

perature sense) (or two abnormalities among

the of five examinations in patients without

clinical symptoms); and (e) exclusion of neu-

ropathy of other causes.

Exclusion Criteria

(i) Failure to meet the above diagnostic criteria (ii)

Infection at the time of admission, such as pneu-

monia or urinary tract infection

(ii) Pregnancy or lactation

(iii) Mental illness caused by physical illness or psy-

choactive substances

Table 1 Diagnostic Criteria For T2DM

Diagnostic Criteria Venous Plasma Glucose

(mmol/L)

Diabetes symptoms + random

blood glucose

≥11.1

Or fasting blood glucose (FPG) ≥7.0

OGTT 2 hrs blood glucose ≥11.1

Notes: Symptoms of diabetes: polyuria, polydipsia, and unexplained weight loss. It

needs to be tested again to confirm, so the diagnosis can be established. Random

blood glucose refers to blood glucose at any time of the day regardless of the meal

time.

Abbreviations:OGTT, Oral glucose tolerance test; T2DM, type 2 diabetes mellitus.
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(iv) Incomplete information

(v) Acute phase of diseases such as cerebral infarc-

tion, myocardial infarction, or malignant tumor

(vi) Unsuitability for the study

Data Collection
On the day of admission, a researcher will collect demo-

graphic information in the form of questions and answers:

education (primary school, junior high school, high school,

or university and above), place of residence (rural or

urban), occupation (mental worker or manual worker),

income (<2000, 2000–5000, or >5000 yuan), age, and sex.

Unified measurement of the body indicators will be

performed on the day of admission: height, weight, waist

circumference, hip circumference, blood pressure, and

heart rate.

The relevant medical history will include information

regarding the disease course, family history of first-degree

relatives with diabetes, family history of hypertension, age

at diagnosis of diabetes, sleep (good, average or poor),

history of smoking, history of drinking, exercise [rarely,

occasionally (1–2 times a week), or often (>3 weeks per

week)], other diseases, and medications.

For the oral glucose tolerance test, the participants will

be given a normal diet the day before the test and then

fasted after 22:00. The next morning, the fasting blood

glucose, C-peptide, cholesterol, triglyceride, high-density

lipoprotein, low-density lipoprotein, apolipoprotein A1,

apolipoprotein B, glycated hemoglobin, and creatinine

levels will be measured. After collecting the fasting

blood samples, 75 g of anhydrous glucose will be dis-

solved in 300 mL of water, which the patient will drink

within 5 mins. The time point at which the first mouthful is

taken will be recorded; 2 hrs later, the blood glucose, C-

peptide, total cholesterol, triglyceride, high-density lipo-

protein and low-density lipoprotein levels will be

measured.

Planned Analyses
The statistical analysis will be performed using SPSS 22.0

(IBM Corp., Armonk, NY, USA). Numerical variables with

a normal distribution will be expressed as mean ± standard

deviation, and those with a non-normal distribution will be

expressed as median (interquartile range). A P value of

<0.05 will be considered statistically significant.

Categorical data will be analyzed using the χ2 test, whereas
data with a normal distribution will be analyzed using one-

way analysis of variance. If a normal distribution is not met,

the rank sum test will be used to analyze differences

between the groups. Logistic regression will be used to

analyze the risk factors for macrovascular and microvascu-

lar complications in patients with T2DM. The final infor-

mation is shown in Table 2–4. A flow chart of the study is

shown in Figure 1.

Ethics And Dissemination
This study has been approved by the Ethics Committee of

Hebei General Hospital and will be carried out according

to the guidelines of the Declaration of Helsinki.

Patient Rights
Patiens can withdraw at any time. After all indicators and

test results are available, we will explain the state of the

illness to the patient. The paper version of the report will

be issued to the patient within one week after admission.

We will bear the extra cost of the patients.

Discussion
The data obtained from this study will allow calculation of

the proportions of various macrovascular and microvascu-

lar complications in patients with T2DM. The United

Kingdom Prospective Diabetes Study reported that the

current incidence of diabetes macrovascular complications

is 22.9% and that the incidences of cerebrovascular dis-

ease, peripheral vascular disease, and myocardial infarc-

tion are 3.7%, 1.0%, and 15.3%, respectively.9 Traditional

risk factors such as hypertension, obesity, and hypercho-

lesterolemia are associated with cardiovascular mortality.

One study showed that the incidences of diabetes retino-

pathy, diabetes nephropathy, and diabetes neuropathy

were: 14.8%, 15.0%, 5.6%, respectively, in patients with

T2DM.

The mechanisms of these chronic vascular complica-

tions are not fully understood, but it is generally believed

that chronic hyperglycemia, elevated levels of reactive

oxygen species, decreased levels of nitric oxide, and accu-

mulation of advanced glycation end products (AGEs) lead

to changes in vascular responses.10 Extensive deposition

of AGEs inside and outside cells exacerbates persistent

vascular injury induced by hyperglycemia. AGEs increase

vascular permeability, induce procoagulant activity, cause

intimal migration of T cells and macrophages, and impair

endothelium-dependent relaxation.11 Inhibition of AGEs

attenuates the severity of atherosclerosis associated with

T2DM. Hyperlipidemia causes endothelial dysfunction,

which leads to the formation of diabetes retinopathy and
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Table 2 Demographic Information In Each Group

NC ND MA MI

CV CHD PVD DR DN DPN

Age (year, mean±SD)

Gender

Male (n)

Female (n)

Education

Primary school (n)

Junior high school (n)

High school (n)

≧University (n)

Place of residence

Rural area (n)

Urban area (n)

Occupation

Mental worker (n)

Manual worker (n)

Income

RMB< 2000 (n)

RMB 2000–5000 (n)

RMB>5000 (n)

Abbreviations: NC, Control group; ND, T2DM without vascular complications group; MA, T2DM with macrovascular complications group; CV, Cerebrovascular disease

group; CHD, Coronary heart disease group; CV, Peripheral vascular disease group; MI, T2DM with microvascular complications group; DR, Diabetes retinopathy group; DN,

Diabetes nephropathy group; DPN, Diabetes peripheral neuropathy group; T2DM, type 2 diabetes mellitus.

Table 3 Relevant Medical History In Each Group

NC ND MA MI

CV CHD PVD DR DN DPN

Duration of T2DM (year, mean±SD)

Family history of first-degree relatives of T2DM (n)

Family history of hypertension (n)

Age at diagnosis of T2DM (year)

Sleep (n)

Good

Average

Poor

History of smoking (n)

History of drinking (n)

Exercise (n)

Rarely: <1 time

Occasionally: 1–2 times a week

Often: >3 weeks a week

Abbreviations: NC, Control group; ND, T2DM without vascular complications group; MA, T2DM with macrovascular complications group; CV, Cerebrovascular disease

group; CHD, Coronary heart disease group; CV, Peripheral vascular disease group; MI, T2DM with microvascular complications group; DR, Diabetes retinopathy group; DN,

Diabetes nephropathy group; DPN, Diabetes peripheral neuropathy group; T2DM, type 2 diabetes mellitus.
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macular edema by reducing the bioavailability of nitric

oxide and destroying the blood-retinal barrier, causing

leakage of serum lipids and lipoproteins.12 However,

Cetin et al13 found no a correlation between blood lipid

levels and the severity of diabetes retinopathy. In addition,

the effects of statins on microvascular complications in

patients with T2DM are controversial. One study in

Denmark showed that the use of statins before the diag-

nosis of T2DM could reduce the incidenct of diabetes

retinopathy and neuropathy,14 while Mansi et al15 reported

that statins were associated with an increased risk of

complications of T2DM.

Inflammation is closely associated with atherosclerosis16

and T2DM.17 Dasu et al18 reported that monocytes in high-

concentration glucose in patients with poorly controlled

T2DM are activated that and inflammatory mediators

such as protein kinase C and nuclear factor-κB are also

activated. In vitro studies have reported similar effects of

hyperglycemia on the atherogenic effects of T lymphocytes

and inflammatory cells.19

Previous studies have concluded that the age of the

patient and the duration of T2DM are the main predictors

of complications.20 Patients with a >20-year history of

T2DM have a 30% higher risk of complications than

patients with a <10-year history of T2DM. For each addi-

tional year of age, the incidence of microvascular compli-

cations increases by 4% and that of macrovascular

complications increases by 2%. Patients with T2DM who

have poor glucose control and a longer duration of dia-

betes have a higher prevalence of large blood vessels and

microvessels.4 A study of 400 patients with T2DM aged

30–60 years in a hospital in Bangladesh showed that

female sex, a housewife status, a low level physical activ-

ity, increased age, poor glucose control, hypertension, and

a longer duration of diabetes were likely to be risk factors

for microvascular disease.21 To date, studies have shown

that the serum asymmetric dimethylarginine and arginine

levels can predict macrovascular and microvascular com-

plications in patients with T2DM.22

Table 4 Anthropometric Indicators And Blood Indicators In Each Group (mean±sd)

NC ND MA MI

CV CHD PVD DR DN DPN

Height (cm)

Weight (kg)

BMI (kg/m2)

Waist circumference (cm)

Hip circumference (cm)

Blood pressure (mmHg)

Heart rate (times/min)

FBG (mmol/L)

C-peptide (pmol/L)

TC (mmol/L)

TG (mmol/L)

HDL (mmol/L)

LDL (mmol/L)

ApoA1 (mmol/L)

ApoB (mmol/L)

HbA1c (%)

Creatinine (μmol/L)

Blood glucose 2h (mmol/L)

C-peptide 2h (pmol/L)

TC 2h (mmol/L)

TG 2h (mmol/L)

HDL 2h (mmol/L)

LDL 2h (mmol/L)

Abbreviations: NC, Control group; ND, T2DM without vascular complications group; MA, T2DM with macrovascular complications group; CV, Cerebrovascular disease

group; CHD, Coronary heart disease group; CV, Peripheral vascular disease group; MI, T2DM with microvascular complications group; DR, Diabetes retinopathy group; DN,

Diabetes nephropathy group; DPN, Diabetes peripheral neuropathy group; BMI, body mass index; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; HDL,

high-density lipoprotein; LDL, low-density lipoprotein; HbA1c, glycated hemoglobin; T2DM, type 2 diabetes mellitus.
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Previous studies of T2DM complications have been be

limited to large blood vessels or microvessels. Our study

combines the observation of macrovascular disease and

microvascular disease and will use stratified analysis of

the influencing factors in each subgroup (macrovascular

diseases include cardiovascular disease, cerebrovascular

disease, and peripheral vascular disease; microvascular

diseases include diabetes retinopathy, diabetes nephropa-

thy, and diabetes neuropathy).

Our study can explain why patients with T2DM

develop different complications. If differential factors are

found, it can guide clinical work in this field. Targeted

positive preventions and interventions could be conducted

to reduce the incidence of complications in patients with

different risk factors.

Limitations
Case studies are more limited and less representative than

multi-center, large-sample studies. The enrollment of all

patients with T2DM from one hospital will lead to a bias

in the reported results.
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