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Background: Since chronic hyperglycemia-related damage to small blood vessels results in complications, 
patients with longer durations of type 2 diabetes mellitus (T2DM) are more likely to develop microvascular 
complications, such as retinopathy, neuropathy and nephropathy, which are very harmful to the health of 
humans. Therefore, this study aimed to assess the prevalence of diabetes-related microvascular complications 
and to explore their risk factors in patients with T2DM in Tianjin, China.
Methods: This observational, cross-sectional study was conducted at 8 hospitals in urban and suburban 
regions of Tianjin, China. The information collected from the subjects mainly included demographic 
characteristics, anthropometric measurements and clinical information. Univariate and multivariate logistic 
regression was used to identify the possible risk factors for microvascular complications (retinopathy, 
neuropathy and nephropathy).
Results: A total of 4,490 patients with T2DM from 8 hospitals in Tianjin, China were selected from 
November 2015 to January 2016. Of the study subjects, 2,270 (50.6%) were males. The median age was 
64.0±13.0 years. The percentage of patients with T2DM who had at least one microvascular complication 
was 34.5%. The prevalence rates of neuropathy, retinopathy, and nephropathy were 23.5%, 17.4%, and 
10.8%, respectively. The results of the multivariate logistic regression showed that the duration of diabetes, 
insulin use, and the presence of hypertension and dyslipidemia were the main risk factors for developing 
microvascular complications of T2DM.
Conclusions: The incidence of diabetes complications in Tianjin is high. Increasing the control of risk 
factors can reduce the occurrence of complications to reduce the disease burden and improve the quality of 
life of patients.
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Introduction

Type 2 diabetes mellitus (T2DM) is a progressive endocrine 
disease accompanied by a variety of metabolic disorders that 
manifests clinically as high blood glucose. T2DM has swiftly 
become an urgent health problem because of its associated 
complications. Since chronic hyperglycemia-related 
damage to small blood vessels results in complications, 
patients with T2DM with longer disease durations are 
more likely to develop microvascular complications, such 
as retinopathy, neuropathy and nephropathy, which will 
lead to the decline in patients’ quality of life, disability and 
even death (1). Diabetic retinopathy is one of the most 
common microvascular complications of diabetes and 
irreversible blindness-causing disease in the population. In 
particular, proliferative retinopathy is a unique complication 
of diabetes and is rarely associated with other diseases. 
Diabetic neuropathy can involve the central and peripheral 
nerves; the latter is more common. Diabetic neuropathy 
is related to the duration of diabetes, blood glucose levels 
and other factors. Patients with a diabetes duration of more 
than 10 years are prone to obvious clinical manifestations 
of neuropathy. In China, approximately 20~40% of patients 
with T2DM also suffer from diabetic nephropathy, which 
has become the main cause of chronic kidney disease 
(CKD) and end-stage nephropathy (2). Moreover, the cost 
of the treatment of microvascular complications accounts 
for the majority of diabetes-related costs, bringing a heavy 
economic burden to patients, families and society (3). 
Therefore, the detection and identification of risk factors 
for microvascular complications (retinopathy, neuropathy 
and nephropathy) is imperative and may prevent the 
progression towards blindness, diabetic foot ulcers and 
end-stage renal disease (4). Additionally, the investigation 
of the prevalence and the factors associated with diabetic 
microvascular complications can enhance the knowledge of 
diabetic patients and can provide beneficial information for 
practicable policies and strategies for the prevention and 
treatment of diabetic microvascular complications.

Above all, this study aimed to determine the prevalence 
of and risk factors for type 2 diabetic microvascular 
complications in Tianjin, China.

Methods

Subjects and data collection

This observational, cross-sectional study was conducted 
at 8 hospitals in urban and suburban regions of Tianjin, 

China; of the 8 hospitals, 6 were Grade A, 1 was Grade 2B, 
and the other was a private hospital. The study population 
was outpatients with T2DM who were consecutively 
recruited at each hospital from November 2015 to January 
2016. The exclusion criteria were as follows: (I) patients 
with diagnosed T1DM; (II) patients younger than 18 years 
old; and (III) patients who were not willing to give prior 
informed consent.

The information collected from the subjects mainly 
included demographic characteristics and clinical information. 
The demographic information, including gender, family 
history of T2DM, duration of diabetes, smoking, alcohol 
consumption behavior and physical activity, was collected 
by trained interviewers through the completion of the 
questionnaire. The clinical information, regarding height, 
weight, physical examinations, laboratory examinations and 
biochemical indicators was extracted from field measurement 
and electronic medical records. The height and weight of 
the enrolled participants were measured using standardized 
techniques, and their body mass index (BMI) was calculated. 
The presence or absence of microvascular complications 
and microvascular complication types was identified in 
two ways: a medical history or physical and laboratory 
examinations. Physical examination included ankle reflex, 
pain sense, vibration sense, pressure sense and temperature 
sense, while the laboratory examinations included a routine 
blood examination, a routine urine examination and a renal 
function test. Notably, diabetic neuropathy includes central 
neuropathy and peripheral neuropathy, of which the latter 
is more common. Therefore, only peripheral neuropathy is 
considered in this study.

Definitions

(I) The diagnosis of T2DM was performed according to 
the following international standards (WHO 1999) (5): 
fasting plasma glucose (FPG) ≥7.0 mmol/L and/or 2-hour 
postprandial plasma glucose (PPG) or casual plasma glucose 
≥11.1 mmol/L; (II) the diagnosis of diabetic retinopathy was 
performed according to the following relevant international 
clinical grading standards developed in 2002 (6): diabetic 
retinopathy was divided into proliferative stages and 
non-proliferative stages with a total of 6 stages: (i) the 
nonproliferation period of diabetic retinopathy (NP-DR), 
period I: micro-hemangioma and leakage of small blood 
vessels; period II: rapid seepage; and period III: cotton-wool 
spots; (ii) the proliferation period of diabetic retinopathy 
(PDR), period IV: the formation of new blood vessels and 
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vitreous hemorrhage; period V: fibrous vascular proliferation 
and vitreous occurrence; and period VI: tractional retinal 
detachment and blindness; (III) the diagnosis of diabetic 
neuropathy was performed using the following criteria (7); 
the diagnosis of diabetes along with the occurrence of clinical 
neuropathy symptoms (pain, numbness, paresthesia, etc.) and 
abnormal results in at least 1 of the 5 examinations (ankle 
reflex, acupuncture pain, vibration, pressure, temperature). 
In the absence of clinical symptoms, at least 2 of the  
5 examinations needed to be abnormal for diabetic peripheral 
neuropathy to be diagnosed; (IV) diabetic nephropathy 
was diagnosed using the following criteria (7): diabetic 
nephropathy is usually diagnosed based on an increased urine 
albumin/creatinine ratio (UACR) and a reduced estimated 
glomerular filtration rate (eGFR) with the exclusion of other 
CKDs: (i) a random UACR ≥30 mg/g indicated increased 
urinary albumin; (ii) eGFR <60 mL·min–1·(1.73 m2)–1 can be 
used to indicate GFR decline; (V) smoking was defined as 
smoking more than one cigarette per day for >1 year; (VI) 
alcohol consumption was defined by the following criteria: 
ethanol intake exceeding 20 g per day for more than 1 year. 
Ethanol content was calculated as follows: ethanol content 
= alcohol consumption * alcohol content * 0.8 (8); and 
(VII) regular exercise was defined as performing moderate-
intensity physical activity at least 3 times per week.

Data management and statistical analysis

The data were double-entered and validated by EpiData 
3.1 (EpiData Association, Odense, Denmark). Statistical 
analysis was carried out using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA). For comparison, we divided all 
patients into four groups: (I) patients who did not have any 
diabetic microvascular complications, (II) patients with 
diabetic retinopathy, (III) patients with diabetic neuropathy, 
and (IV) patients with diabetic nephropathy. Patients with 
two or more complications were counted separately in 
the appropriate group. Continuous normally distributed 
variables are presented as the mean and standard deviation 
(SD), while data with a non-normal distribution are reported 
as the median with interquartile range; categorical variables 
are expressed as counts and percentages. Student’s t-test or 
the Mann-Whitney test were used to compare means for 
numerical data, and the Wilcoxon rank sum test was applied 
when variables were nonnormally distributed. Chi-square 
tests were used to analyze the differences in categorical 
between the 4 groups, and if one of the theoretical counts 
was less than 1 or one-fifth of the theoretical frequency was 

less than 5, Fisher’s exact probability test was performed. 
Univariate and multivariate logistic regression were used to 

assess the association between the responses and independent 
variables. Odds ratios (ORs) with 95% confidence intervals 
(CIs) were calculated to assess the risk factors associated with 
microvascular complications. Associations were considered to 
be significant when a P value was less than 0.05.

Results

A total of 4,490 patients with T2DM, including 2,270 
(50.6%) males, were recruited for the study. The median age 
was 64.0±13.0 years. The median BMI was 25.3±4.2 kg/cm2.  
The median diabetes duration was 8.0±8.0 years. The 
proportions of smokers and alcohol consumers were 15.7% 
and 9.6%, respectively. There were 1,779 (39.6%) patients 
with a family history of T2DM. Approximately 9.8% of 
the total subjects used only insulin treatment. Of all the 
study participants, 1,175 (26.2%) had hypertension and 859 
(19.1%) had dyslipidemia. There are 2,943 of the 4,490 
(65.5%) participants without microvascular complication. 
Diabetic neuropathy was the most frequent complication 
(23.5%), followed by diabetic retinopathy (17.4%) and 
diabetic nephropathy (10.8%) (Table 1). The prevalence of 
complications in each center was showed in the Table S1.

The results in Table 2 show that age, smoking, diabetes 
duration, family history of T2DM, insulin use, hypertension 
and dyslipidemia were significantly different between 
patients with and without microvascular complications. 
Table 3 illustrates that the females had a higher prevalence of 
retinopathy complications than males. The difference tests 
conducted on the four groups all illustrated that patients 
with microvascular complications were older and had a 
longer duration of diabetes (Tables 2,3). There was also a 
significant difference between smokers and nonsmokers and 
between alcohol consumers and non-alcohol consumers in 
neuropathy and nephropathy, respectively. Compared with 
patients who were treated with noninsulin treatments, the 
patients treated with insulin showed a significantly higher 
prevalence of retinopathy and neuropathy complications. 
The study also revealed that the prevalence of microvascular 
complications was higher in patients with hypertension 
and dyslipidemia than in those who had no hypertension or 
dyslipidemia (P<0.001). We observed that patients in the 
non-regular physical exercise group had a higher prevalence 
of retinopathy and nephropathy complications, and the 
difference was statistically significant.

The results of the univariate logistic regression are 
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shown in Table 4. The risk factors for retinopathy were 
female sex, older age, longer duration of diabetes, insulin 
use, hypertension and dyslipidemia. The significant risk 
factors for neuropathy were older age, smoking, family 
history of diabetes, duration of diabetes, insulin use, 
hypertension, dyslipidemia and lack of regular physical 
exercise. Again, significant risk factors for nephropathy were 
older age, family history of T2DM, duration of diabetes, 
insulin use, hypertension, dyslipidemia and lack of regular 
physical exercise.

Table 5 shows the results of the multivariable logistic 
regression. The sex and age (continuous variable) of the 
subjects were not associated with any diabetic microvascular 
complications. A longer duration of diabetes, insulin use, 
and the presence of hypertension and dyslipidemia were 
found to be significantly associated with the presence of 
the three kinds of diabetic microvascular complications. 
Smoking was a significant risk factor for neuropathy (OR 
=1.7; 95% CI: 1.41–2.06, P<0.001). A significant association 

was also observed between neuropathy and family history 
of diabetes (OR =1.30; 95% CI: 1.12–1.51; P<0.001). 
Regular exercise was shown to be a protective factor against 
neuropathy (OR =0.68; 95% CI: 0.58–0.80, P<0.001) and 
nephropathy (OR =0.73; 95% CI: 0.58–0.90; P=0.005).

Table 1 Demographic and clinical characteristic of the patients

Demographic and clinical characteristic 
N (%)/median ± 

interquartile range

Gender 4,490

Male 2,270 (50.6)

Female 2,220 (49.4)

Age (years) 64.0±13.0

Smoking (yes) 706 (15.7)

Drinking (yes) 432 (9.6)

BMI (kg/m2) 25.3±4.2

Duration (years) 8.0±8.0

Family history of T2DM (yes) 1,779 (39.6)

Insulin use (yes) 442 (9.8)

Hypertension (yes) 1,175 (26.2)

Dyslipidemia (yes) 859 (19.1)

Regular exercise (yes) 4,386 (97.7)

No microvascular complications (yes) 2,943 (65.5)

Microvascular complications

Diabetic retinopathy 783 (17.4)

Diabetic neuropathy 1,054 (23.5)

Diabetic nephropathy 486 (10.8)

Age, BMI and duration were non-normal distribution.

Table 2 Comparison of demographic characteristics of patients 
between with and without microvascular complications

Variables

Without microvascular complications, N (%)/
median ± interquartile range

Yes No§ Statistics P

Gender

Male 1,509 (66.5) 761 (33.5) 1.759 0.185

Female 1,434 (64.6) 786 (35.4)

Age 63.0±14.0 65.0±12.0 7.064 <0.001

Smoking

Yes 385 (54.5) 321 (45.5) 27.842 <0.001

No 2,458 (65.0) 1,326 (35.0)

Drinking

Yes 256 (59.3) 176 (40.7) 3.391 0.066

No 2,587 (63.7) 1,471 (36.3)

BMI 25.3±4.3 25.3±3.9 −0.073 0.942

Duration 8.0±8.0 10.0±10.0 6.392 <0.001

Family history of T2DM

Yes 1,041 (58.5) 738 (41.5) 29.258 <0.001

No 1,802 (66.5) 909 (33.5)

Insulin use

Yes 247 (55.9) 195 (44.1) 11.672 0.001

No 2,596 (64.1) 1,452 (35.9)

Hypertension

Yes 724 (40.8) 1,051 (59.2) 641.520 <0.001

No 2,119 (78.1) 596 (21.9)

Dyslipidemia

Yes 197 (22.9) 662 (77.1) 745.886 <0.001

No 2,646 (72.9) 985 (27.1)

Regular exercise

Yes 2,783 (63.5) 1,603 (36.5) 1.451 0.228

No 60 (57.7) 44 (42.3)
§, patients with at least one microvascular complication. 
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Table 4 Univariate logistic regression for T2DM microvascular complications 

Variables
Diabetic retinopathy Diabetic neuropathy Diabetic nephropathy

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

Gender (female) 1.20 (1.03–1.40) 0.019 1.08 (9.47–1.24) 0.235 0.84 (0.70–1.02) 0.079

Age 1.02 (1.01–1.03) <0.001 1.01 (1.00–1.02) <0.001 1.01 (1.00–1.02) 0.001

Smoking 1.04 (0.84–1.29) 0.675 1.58 (1.33–189) <0.001 1.27 (0.99–1.62) 0.055

Drinking 0.80 (0.61–1.06) 0.131 1.15 (0.92–1.45) 0.206 0.87 (0.62–1.22) 0.438

Family history of T2DM 1.12 (0.95–1.31) 0.153 1.44 (1.25–1.66) <0.001 1.30 (1.08–1.58) 0.005

BMI 0.99 (0.97–1.01) 0.493 0.99 (0.97–1.01) 0.472 1.01 (0.99–1.03) 0.106

Duration 1.07 (10.50–1.08) <0.001 1.05 (1.04–1.06) <0.001 1.06 (1.05–1.08) <0.001

Insulin use 1.66 (1.31–2.09) <0.001 1.29 (1.03–1.60) 0.023 1.61 (1.22–2.12) 0.001

Hypertension 2.83 (2.42–3.32) <0.001 3.68 (3.18–4.25) <0.001 4.03 (3.29–4.94) <0.001

Dyslipidemia 2.89 (2.43–3.43) <0.001 2.40 (2.05–2.82) <0.001 4.91 (4.03–5.99) <0.001

Regular exercise 0.90 (0.76–1.05) 0.202 0.64 (0.55–0.75) <0.001 0.69 (0.56–0.85) 0.001

Table 5 Multivariate logistic regression for T2DM microvascular complications

Variables
Diabetic retinopathy Diabetic neuropathy Diabetic nephropathy

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

Gender (female) 1.11 (0.95–1.31) 0.178 – – – –

Age 1.00 (1.00–1.01) 0.053 1.00 (0.99–1.00) 0.670 0.99 (0.98–1.01) 0.637

Smoking – – 1.70 (1.41–2.06) <0.001 – –

Family history of T2DM – – 1.30 (1.12–1.51) <0.001 1.12 (9.15–1.37) 0.271

Duration 1.05 (1.04–1.06) <0.001 1.04 (1.03–1.05) <0.001 1.05 (1.04–1.07) <0.001

Insulin use 1.81 (1.42–2.31) <0.001 1.44 (1.14–1.82) 0.002 1.90 (1.41–2.56) <0.001

Hypertension 2.01 (1.69–2.40) <0.001 3.01 (2.57–3.52) <0.001 2.48 (1.98–3.10) <0.001

Dyslipidemia 2.13 (1.76–2.57) <0.001 1.47 (1.23–1.76) <0.001 3.37 (2.72–4.18) <0.001

Regular exercise – – 0.68 (0.58–0.80) <0.001 0.73 (0.58–0.90) 0.005

Discussion

China has become the country with the highest number 
of people with diabetes and will face major challenges 
associated with diabetic complications (9). Therefore, the 
prevention of complications is very important with regard to 
the general protection of diabetic patients (10). This study 
aimed to report the characteristics of various type 2 diabetic 
microvascular complications (retinopathy, neuropathy, 
nephropathy) and explore their possible risk factors.

Our study assessed the prevalence of microvascular 
complications in 4,490 outpatients from 8 hospitals in 

urban and suburban regions of Tianjin, China and found 
that 65.5% of subjects presented without microvascular 
complication. The overall prevalence in our study was 
lower than that reported in Australia, Colombia, and Iran 
(11-13) but was higher than that reported in a study from  
Ireland (14). Compared with the prevalence of microvascular 
complications identified in a cross-sectional hospital-based 
study carried out in four major cities of mainland China in 
2007 (34.7%) (15), the prevalence in our study was similar 
(34.5%), which meant that although complications related 
to diabetes were well controlled in Tianjin, China, type 2 
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diabetic microvascular complications have still placed a very 
large burden on the healthcare system.

Multiple logistic regression analysis showed that 
the duration of T2DM, insulin use, hypertension and 
dyslipidemia were the factors responsible for the development 
of diabetic complications (nephropathy, neuropathy and 
nephropathy). Consistent with previous studies (16-18), 
the present study demonstrated that a longer duration of 
diabetes, hypertension and dyslipidemia were independently 
associated with all kinds of microvascular complications. 
A reasonable explanation is that hypertension hastens the 
development and progression of microvascular complications 
due to increased intracellular hyperglycemia (16). 
Dyslipidemia may cause or exacerbate diabetic complications 
by altering the coagulation-fibrinolytic system, changing 
membrane permeability, damaging endothelial cells and 
increasing atherosclerosis. Hyperlipidemia was also associated 
with a faster decrease in GFR and progression of albuminuria 
and nephropathy (19). The association between insulin use 
and the occurrence of microvascular complications has been 
reported in several studies (13,16), and our findings also 
showed a concurrent result. Insulin on its own does not seem 
to be associated with the development of complications. A 
common phenomenon in China is that the primary reason 
for starting insulin therapy in patients with T2DM is poor 
glycemic control despite taking oral hypoglycemic agents. 
This phenomenon indicates that insulin is used only when 
microvascular damage has already occurred, suggesting that 
poor glycemic control could be the reason for the association 
between insulin treatment and complications in this study.

The prevalence of diabetic neuropathy stood out at 
23.5%, which was ranked as the most common diabetic 
microvascular complication. The prevalence of neuropathy 
was higher than that found in other studies in China 
(10.7%) and Colombia (14.5%) (13,15). In addition, the 
prevalence was lower than that found in studies performed 
in Iran (44.6%), Korea (33.5%), and India (26.8%) 
(12,20,21). Pradeepa et al. (22) also found a predominance 
of neuropathy in individuals with T2DM compared with 
the prevalence of the other microvascular complications. 
In addition to the common risk factors mentioned above, 
smoking, family of T2DM and lack of regular exercise 
also were risk factors of diabetic neuropathy. The harmful 
mechanism of smoking to diabetic neuropathy has not been 
clear. Tracey et al. (14) reported that smoking was identified 
as a risk factor for the development of the three types of 
microvascular complications, whereas others have reported 
that there was not a significant association between smoking 

and microvascular complications (23). Likewise, the 
association between diabetic microvascular complications 
and family history of diabetes has also been equivocal. 
Maghbooli et al. (24) found that family history was an 
independent risk factor for retinopathy, while our finding 
showed that family history was associated with neuropathy 
only. Further investigation is needed to provide more 
evidence for this relationship. Regular exercise is associated 
with numerous beneficial health effects. Regular exercise 
is considered important and can prevent diabetes-related 
complications. Many complications of diabetes mellitus 
seem to be attenuated by regular physical exercise (25)  
because regular physical exercise can increase energy 
expenditure. Therefore, it is an effective way to lower blood 
glucose levels. 

In the present study, diabetic retinopathy ranked second in 
terms of frequency of occurrence (17.4%), which was similar 
to the findings of a study conducted in Hong Kong (26). A 
publication from the UK reported that in 10,709 patients with 
type 2 diabetes, the percentage of patients with retinopathy 
was 16.5%, which closely matched our findings. The figure in 
our study was much lower than those identified in Iran (35.7%), 
India (32.5%) and Pakistan (43%) (12,21,27). A meta-analysis 
of chronic complications that included 19 epidemiologic 
studies conducted from 1991 to 2012 in China indicated that 
the diabetic retinopathy prevalence was 23.0% (28).

Our study results showed that 10.8% of the subjects had 
diabetic nephropathy. In a study conducted in 4 cities in 
China from 1991 to 2000, the prevalence of nephropathy was 
observed to be higher than that in our study (39.7%) (26). 
A higher prevalence was also found in a study in Shanghai, 
China (33.2%) (29). Agrawal et al. (21) also found a high 
nephropathy prevalence in their study (30.2%). In addition, 
regular exercise also could prevent patients from developing 
nephropathy, of which the reason is the same as mentioned 
above.

There were several limitations to our study. First, a 
cross-sectional study does not allow inferences about 
the cause and effect relationship between microvascular 
complications and the factors that were explored. The 
study provided only partial evidence of causal associations. 
Second, several important values were not assessed at the 
time of observation, including blood pressure, plasma 
glucose, and HbA1c. Finally, although we have provided 
a unified definition of complications, the diagnosis of the 
disease is still subjective. Different doctors may combine 
their own experience to diagnose the disease, which will 
lead to the existence of confounders. This limitation is 
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beyond our control.

Conclusions

This study mainly focused on microvascular complications 
because of their serious consequences. The prevalence of 
microvascular complications was high according to the 
present study. Longer diabetes duration, the presence 
of hypertension and dyslipidemia and insulin use were 
significantly associated with type 2 diabetic microvascular 
complications. Therefore, increasing the control of risk 
factors can reduce the occurrence of complications and 
improve the quality of life of patients. Nevertheless, this was 
only a cross-sectional study. Further cohort or trial studies 
should be carried out to confirm the causal relationship 
between risk factors, especially glycemic control-related risk 
factors, and diabetes microvascular complications.
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Table S1 Description of populations in each center for four groups [n (%)]

Center
The number of 

participants
No microvascular 

complications
Diabetic retinopathy Diabetic neuropathy Diabetic nephropathy

1 388 344 (88.7) 16 (4.1) 33 (8.5) 6 (1.5)

2 992 572 (57.7) 116 (11.7) 384 (38.7) 116 (11.7)

3 471 367 (77.9) 71 (15.1) 35 (7.4) 30 (6.4)

4 628 421 (67.0) 165 (26.3) 89 (14.2) 95 (15.1)

5 644 484 (75.2) 83 (12.9) 135 (21.0) 24 (3.7)

6 667 269 (40.3) 228 (34.2) 252 (37.8) 112 (16.8)

7 515 301 (58.4) 104 (20.2) 126 (24.5) 103 (20.0)

8 185 185 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)

The total population 4,490 2,943 (65.5) 783 (17.4) 1,054 (23.5) 486 (10.8)
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