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Yali Lin, Wei Xie, Xiaobing Wu

Abstract:

BACKGROUND: Diabetic retinopathy (DR) is one of the serious complications of diabetes
mellitus (DM). Many studies have identified the risk factors associated with DR, but there is not much
evidence on the importance of these factors for DR. This study aimed to investigate the associated
factors for patients with type 2 DM (T2DM) and calculate the importance of the identified factors.

MATERIALS AND METHODS: Using probability proportionate to size sampling method in this
community-based cross-sectional study, 22 community health service centers were selected from
10 administrative districts in Shenzhen, China. Approximately 60 T2DM patients were recruited from
each center. The participants completed a structural questionnaire, had their venous blood collected,
and underwent medical examinations and fundus photography. Logistic regression models were used
to identify the risk factors of DR. The classification and regression tree (CART) model was used to
calculate the importance of the identified risk factors.

RESULTS: This study recruited 1097 T2DM patients, 266 of whom were identified as having DR,
yielding a prevalence rate of 24.3% (95% confidence interval [Cl]: 21.7%—26.9%). Results showed
that a longer duration of DM, indoor-type lifestyle, and higher levels of hemoglobin A1c (HbA1c) or
urea increased the risk of DR. Patients with HbA1c values =7% were about 2.45 times (odds ratio:
2.45; 95% CI: 1.83-3.29) more likely to have DR than their counterparts. The CART model found
that the values of variable importance for HbA1c, DM duration, lifestyle (i.e., indoor type), and urea
were 48%, 37%, 10%, and 4%, respectively.

CONCLUSION: The prevalence of DR is high for T2DM patients who receive DM health management
services from the primary healthcare system. HbA1c is the most important risk factor for DR. Integration
of DR screening and HbA1c testing into the healthcare services for T2DM to reduce vision impairment
and blindness is urgently warranted.
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from impaired insulin secretion. Type 2
DM (T2DM) accounts for the vast majority of
DM, and diabetic retinopathy (DR) is one
of the serious complications of DM.PI DR not
only impacts DM patients’” health-related
quality of life but also predicts vascular

Introduction

Diabetes mellitus (DM) is a common
chronic disease that occurs as a
result of increased blood levels of glucose
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and all-cause mortality.*’! An analysis of 35 studies
worldwide reports that almost 33% of DM patients
develop DR, and more than 10% of patients develop
vision-threatening DR.Il Although early screening and
prompt treatment of DM patients can effectively prevent
the occurrence and development of DR, it is still a serious
public health problem in view of the dramatic rise in the
prevalence of DM worldwide."”!

Many studies have identified the risk factors associated
with DR, such as poor blood pressure and glycemic
control, and longer DM duration.®'"! Higher levels
of hemoglobin Alc (HbAlc) are associated with the
progression of DR, and intensive glycemic control can
reduce the incidence and deterioration of DR.["! Other
factors included smoking, higher body mass index (BMI),
and diabetic nephropathy (DN).[">*¥1In addition, healthy
lifestyle (e.g., sufficient physical activity), which may
involve glycemic control, is the protective factor of
DR.[*®1 However, how important these factors are and
which is the most important for DR are seldom reported.
The method of classification and regression tree (CART)
model is increasingly being used in some health research
to identify the risk factors and calculate the importance
of the identified factors.l"*'”! A recent study used CART
models to identify the risk factors for DN, finding that
HbA1c, hypertension, and fasting blood glucose (FBG)
had the strongest associations with the condition.!

To fill the research gaps mentioned above, this study’s
aim was to assess the risk factors of DR and use the
CART models to calculate the importance of identified
factors based on the data from the Shenzhen Diabetic
Eye Disease Program.

Materials and Methods

This cross-sectional study was conducted between
December 30, 2018, and April 29, 2019. A research
panel involving ophthalmologists, general practitioners,
and epidemiologists was formed to design the study,
write the survey methods and analytic guidelines,
confirm the grade of DR, and complete the report. Brief
information (e.g., name, initiated year of service, and
number of T2DM patients on the roll) of each community
health service center (CHSC) in Shenzhen’s primary
healthcare system was collected. The candidate survey
sites were centers that had been in service for at least
1 year and provided T2DM health management
services (THMSs) for more than 100 T2DM patients.
The number of candidate centers in each district was
then calculated. Using the probability proportionate to
size sampling method, 22 centers were selected from 10
administrative districts. Specifically, in Shenzhen (city
name), we have 10 administrative districts, 6 with larger
populations (sample size: 1.63 million, 1.03 million,

1.49 million, 3.25 million, 2.38 million, and 1.67 million),
and 4 with relatively smaller populations (0.24 million,
0.44 million, 0.63 million, and 0.15 million). For those
six administration districts, each one randomly selected
three centers (6 x 3 = 18 centers); for the four districts, each
one randomly selected 1 center (4 x 1 =4 centers). A total
of 22 centers were selected [Table 1]. The sample size was
calculated using the formula n = Z>x (P x [1 — P])/E?%
considering population proportion 25%, a.=0.05, relative
error = 10%, and nonresponse = 10%, the calculated
sample size was 1320. Ethical approval was obtained
from the Institutional Review Board Vide Letter No.
SZCCC-2018001 dated 19/10/2018, and informed
written consent was taken from all participants in the
study.

Each selected center recruited 60 T2DM patients who
fulfilled the following criteria: (1) diagnosed with
T2DM according to the World Health Organization
criteria (1999), (2) aged 35 years or older, (3) having
visited CHSCs for any DM-related health service in the
last 12 months, and (4) voluntary participation in this
study. Patients who were incapable of completing all
examinations or questionnaires, had a serious mental
illness, had drug abuse, or had any nondiabetic eye
disease (e.g., cataract, glaucoma, and acute inflammation)
that might affect DR assessment were excluded from the
study. This study recruited a total of 1320 participants,
but 223 individuals were excluded for refusal to
participate (1 = 11), lack of fundus photographs (1 = 123),
unwillingness to undergo blood collection (1 = 56), or
inability to complete the questionnaire (n = 33). The
final number of T2DM individuals included in the study
was 1097.

Trained medical staff from selected CHSCs contacted
the eligible participants through telephone or WeChat,
briefed them about the purpose, content, and benefits
of the study, and invited them to participate. The staff
reminded the patients 1 or 2 days before the survey was
conducted. The nonmydriatic fundus cameras were
transported to the CHSCs, and their accuracy and clarity
were corrected. At the beginning of the survey, the staff
clarified the content and the process of the study and
distributed the structural questionnaires to participants.

The survey was in three parts: completion of the
questionnaire (i.e., demographic information,
socioeconomic status, and lifestyle behaviors),
venous blood collection, and medical examination.
Anthropometric measurements were taken to obtain
height, weight, waist circumference, heart rate, and blood
pressure according to the health industry standard of the
People’s Republic of China (WS/T 424-2013). A basic
ophthalmic examination was performed to assess the
participants” ocular history and uncorrected/corrected
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Table 1: The population size of each of the 10 administrative districts and the number of centers selected from

each district

District Population (10,000 people) Community health center Number of diabetes patients managed
Fu tian 163.37 Xiang mi 330
Yi tian 412
Jing mi 362
Luo hu 103.99 Huang beiling 284
Cao puxi 370
Hu jing 293
Nan shan 149.36 Nan you 287
Shen zhen wan 310
Feng jing 277
Long gang 238.64 Ke yuan 396
An liang 368
Shan sha 267
Long hua 167.28 Niu hu 312
Shi jing 333
Jing shi 301
Bao an 325.78 Xing wei 402
Anle 340
Hong xing 407
Ping shan 44.63 Bi ling 324
Guang ming 62.50 He shuikou 276
Yan tian 24.29 Yang ang 256
Da peng 15.30 Wang mu 277

According to the actual situation, we randomly selected three social health regions with a population of>1 million, one social health region with a population of <1
million as the survey point, and 60 diabetic patients managed by social health at each survey site as the survey object

visual acuity. Retinal images of both eyes were taken
using a nonmydriatic fundus camera, and the fundus
photographs were sent to three ophthalmologists for
reading and grading. A free breakfast was provided for
each participant after the survey.

Blood samples were transferred to the Shenzhen
Center for Chronic Disease Control, a city-level
prevention and control center for hypertension and
DM. The results of the blood sample included FBG,
HbAlc, serum total cholesterol (TC), triglyceride (TG),
low-density lipoprotein-cholesterol (LDL-C),
high-density lipoprotein-cholesterol (HDL-C), serum
creatinine (SCr), and urea. All testing results were sent
back to the CHSCs 7 days after receipt of the samples.

The results of the medical examinations and blood
sample tests, along with health recommendations, were
integrated into a health examination report. The reports
were provided to the participants four weeks after the
survey concluded. Participants with DR were referred to
an eye specialist clinic or hospital for further examination
or treatment.

DR was defined as the presence of any characteristic
lesion, as described by the International Clinical DR
Disease Severity Scale.l'! Its severity was classified
into five categories as follows: (1) no apparent
retinopathy; (2) mild nonproliferative DR (NPDR), that

Journal of Family and Community Medicine - Volume 31, Issue 3, July-September 2024

is, microaneurysms only; (3) moderate NPDR, more than
just microaneurysms but less than severe NPDR; (4) severe
NPDR, more than 20 intraretinal hemorrhages in each of
the four quadrants, definite venous beading in at least
two quadrants, or prominent intraretinal microvascular
abnormalities in at least one quadrant but no signs of
proliferative DR (PDR); and (5) PDR, neovascularization,
and vitreous/preretinal hemorrhage.

Three ophthalmologists read the fundus photographs
and independently assessed the DR categories according
to the above scale. The assessment results for each
participant were sent back to the research panel. The
category was confirmed if all three ophthalmologists
reported the same grade. Discrepancies were resolved,
and the category was determined in a discussion by
members of the research panel.

Demographic information, socioeconomic status,
lifestyle behaviors, medical examination results, and
laboratory test results were considered candidate risk
factors based on previous studies.”?! Current smokers
and current drinkers were defined as those currently
smoking or drinking occasionally, often, or every day.
Lifestyle was categorized into three groups according
to participants’ self-reported working and living status:
indoor type (i.e., sedentary work and lifestyle), outdoor
type (i.e., physical work and lifestyle), and mixed
type (i.e., both sedentary and physical). The duration
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of DM was calculated as the interval between the year
of diagnosis and the year of enrollment in the study.
The cutoff for defining high FPG was =7.0 mmol/L,
HbAlc =7%, TC =4.5 mmol/L, TG =1.7 mmol/L,
and LDL-C = 2.6 mmol/L. Low HDL-C was defined
as <1.0 mmol/L for men or < 1.3 mmol/L for
women. Hypertension was defined as systolic blood
pressure (SBP) =140 mmHg and diastolic blood
pressure (DBP) =90 mmHg. High waist circumference
was defined as waist circumference =90 cm for men
and =85 cm for women. BMI was categorized as
normal (<24.0 kg/m?), overweight (24.0-27.9 kg/m?), and
obesity (=28.0 kg/m?). The values for SCr and urea were
classified into three high, normal, and low according to
the Health Industry Standard of the People’s Republic
of China (WS/T 404.5-2015).

The primary outcome of interest was the prevalence
of DR in T2DM patients and the constitution of varied
categories of DR. Prevalence was calculated as the
number of participants with DR in one or both eyes
divided by the total number of T2DM participants.
The 95% confidence interval (CI) of the prevalence was
calculated using the direct standardization method. The
Shapiro-Wilk test was used to examine the distribution
of continuous variables, such as BMI, HbAlc, SBP, and
DBP. For normally distributed variables, the mean value,
and its standard deviation were calculated, and Student’s
t-test was used to compare the differences between NDR
and DR. For those with skewed distribution, the median
value and its interquartile range (IQR) were calculated,
and Mann-Whitney U-test was used for comparisons
between NDR and DR.

A univariate logistic regression model was applied to
examine the relationships between each potential risk
factor and the occurrence of DR. Significant factors in the
univariate analyses (i.e., those with P < 0.10) were then
entered into a multivariate logistic regression model with
a stepwise selection procedure to identify independent
risk factors. The odds ratio (OR) and its 95% CI were
calculated. Using the CART model, the importance of
factors identified in the multivariate logistic regression
was determined. The value of the Gini impurity was
calculated, and the variable with the smallest Gini
impurity was selected as the node. The importance of
each variable was calculated and presented in proportion.
All analyses were performed using R 3.6.1 (R Project for
Statistical Computing, https:/ /www.r-project.org/)
software. Statistical significance was set at P < 0.05.

The differences between the included and excluded
groups on several factors were compared using
Chi-square tests. No differences were found in sex, DM
duration, BMI, and severity of DR. The excluded group
was older than the included group [Table 2].

Results

This study recruited a total of 1320 participants,
but 223 participants were excluded for refusal to
participate (1 = 11), lack of fundus photographs (n = 123),
unwillingness to undergo blood collection (n = 56),
or inability to complete the questionnaire (n = 33). In
the end, 1097 T2DM individuals with an average age
of 57.8 + 10.5 years were included in the analysis. Of
them, 56.2% were male, 45.6% had an education level
of senior high school or above, and 68.7% had an
indoor-type lifestyle. The median duration of DM was
7.0 years, and 61.4% had been diagnosed for more than
5 years [Table 2].

Overall, 266 individuals were identified as
having DR, yielding a prevalence rate of 24.3%
(95% CI: 21.7%-26.9%). Of them, 186, 47, 26, and 7
participants had mild NPDR, moderate NPDR, severe
NPDR, and PDR, respectively. The corresponding
prevalence rates were 17.0% (95% CI: 14.8%-19.3%),
4.3% (95% CI: 3.2%-5.7%), 2.4% (95% CI: 1.6%-3.5%),
and 0.6% (95% CI: 0.3%-1.3%), respectively. A total
of 177 (16.1%) participants had DR in both eyes, and
89 (8.1%) participants had DR in the left or right eye
only [Table 3].

Findings from the univariate logistic regression model
showed that the prevalence of DR varied in different
subgroups of lifestyle, DM duration, BMI, SBP, DBP,
FBG, HbAlc, and urea [Table 4]. In the multivariate
logistic regression model, participants who had a longer
duration of DM were more likely to have DR than their
counterparts.Specifically, compared to diabetic patients
with a duration of 5 years or less, those diagnosed for
6-9 years and more than 10 years had 1.67 and 2.48 times
the likelihood of having DR, respectively. Participants
with a higher HbAlc (OR: 2.45, 95% CI: 1.83-3.29) or
urea (OR: 3.28, 95% CI: 1.59-6.83) were more likely
to have DR than their counterparts. Those with an
indoor-type lifestyle (OR: 1.54, 95% CI: 1.03-2.35) were
more likely to have DR than those with outdoor-type
lifestyle [Table 5].

Based on the results of Table 5, we used the variables
of HbAlc, DM duration, lifestyle, and urea to develop
a CART model. The model created 10 nodes with a
complexity parameter of 0.005. HbAlc was the first split
factor related to DR prevalence, with a Gini impurity
of 0.350. DM duration (<5-year group vs. 6-9-year
and =10-year groups) was the second split factor, with a
Gini impurity of 0.433. Lifestyle (indoor type vs. outdoor
type and mixed type), urea (high group vs. normal and
low groups), and DM duration (6-9-year group vs.
=10-year groups) were also split, with a Gini impurity of
0.479,0.425, and 0.488, respectively [Figure 1]. The values
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Table 2: Basic characteristics of inclusion and exclusion of samples

Variable Include group (n=1097) Exclude group (n=212) P-value
N (%) N (%)
Gender”
Male 616 (56.2) 126 (59.4) 0.420
Female 481 (43.8) 86 (40.6)
BMI (kg/m?2)*
<24 414 (37.7) 89 (42.0) 0.246
24.0-27.9 473 (62.3) 92 (43.4)
>28 210 (19.0) 31 (14.6)
Age (years)*
<40 43 (3.9) 6 (2.8) <0.001
40-49 194 (17.7) 27 (12.7)
50-59 385 (35.1) 46 (21.7)
60-69 323 (29.3) 59 (27.8)
>70 152 (13.9) 74 (34.9)
DM duration (years)*
<5 423 (38.6) 66 (31.1) 0.077
5-9 274 (25.0) 49 (23.1)
=10 400 (36.4) 97 (45.8)
Severity of DR*
No apparent retinopathy 831 (75.8) 78 (86.7) 0.152
Mild NPDR 186 (17.0) 7 (7.8)
Moderate NPDR 47 (4.3) 3(3.3)
Severe NPDR 26 (2.4) 1(1.1)
PDR 7 (0.6) 1(1.1)
DR*
In both eyes 177 (16.1) 1(1.1) <0.05
Only in left or right eye 89 (8.1) 11 (12.2)

*P-values were calculated from Chi-square test. DR=Diabetic retinopathy, DM=Diabetes mellitus, NPDR=Nonproliferative DR, BMI=Body mass index

Table 3: Clinicodemographic characteristics of the
participants

Total
(n=1097)
Median IQR Median IQR Median IQR

Variables NDR (n=831) DR (n=266)* P-value

BMI (kg/m2)* 249 421 250 42 2452 43 0.032

Waist 89.0 125 89.0 121 88.0 11.5 0.470
circumference

(cm)

SBP (mmHg)** 133.3 23.3 132.7 22.7 135.8 26.3 0.003
DBP (mmHg)* 78.3 13.3 78.0 13.0 80.2 13.9 0.025
FBG (mmol/L)*** 74 27 72 23 82 3.8 <0.001
HbA1c (%)*** 64 17 63 15 71 23 <0.001
TC (mmol/L) 51 16 50 16 51 16 0.649
TG (mmol/L) 15 11 15 11 15 12 0.466
HDL-C (mmol/L) 12 04 13 04 12 04 0.725
LDL-C (mmol/L) 34 12 34 11 35 12 0.534
Urea (mmol/L)* 50 18 50 17 52 20 0.023

SCr (umol/L) 69.8 252 69.4 254 71.8 243 0.501

*P<0.05, **P<0.01, ***P<0.001. All the variables in this table were in
positive-skewed distribution. Mann—Whitney U-testing was used to compare
the difference between males and females. IQR=Interquartile range,
BMI=Body mass index, SBP=Systolic blood pressure, DBP=Diastolic blood
pressure, FBG=Fasting blood glucose, HbA1c=Hemoglobin A1c, TC=Serum
total cholesterol, TG=Triglyceride, HDL-C=High-density lipoprotein-cholesterol,
LDL-C=Low-density lipoprotein-cholesterol, SCr=Serum creatinine

for variable importance of HbAlc, DM duration, lifestyle,
and urea were 48%, 37%, 10%, and 4%, respectively.

Discussion

The aim of this study was to identify the associated
factors for T2DM patients and calculate the importance
of the identified factors. The results showed that a
longer duration of DM, indoor-type lifestyle, and higher
levels of HbAlc or urea increased the risk of DR. In
addition, the results of the CART model showed that
the variable importance of the values for HbAlc, DM
duration, lifestyle, and urea was 48%, 37%, 10%, and
4%, respectively.

Previous studies on HbAlc and DR suggested that
HbAlc was a risk factor for DR.*? For example, the
results of investigation by Song et al.,” of the risk factors
of DR in the systematic review and meta-analysis showed
that a higher level of HbAlc was associated with a higher
prevalence of DR in people with DM (OR: 1.15; 95% CI:
1.09-1.20). Our findings support this finding, and we
also found that HbAlc value of 7% or above was an
independent risk factor for DR. Specifically, patients
with HbAlc =7% were 2.45 times more likely to have
DR than their counterparts. In addition, our study added
the evidence of the importance of HbAlc on the risk
factors of DR using the CART model. The findings from
the CART model indicated that HbAlc was much more

Journal of Family and Community Medicine - Volume 31, Issue 3, July-September 2024 201



Zhang, et al.: Risk factors for diabetic retinopathy

Table 4: Logistic regression analysis: Risk factors for

Table 4: Contd...

diabetic retinopathy Variables Total N (%) OR (95% Cl)  P-value
Variables Total N (%) OR (95% CI)  P-value Normal 656 151 (23.0) 1.00
Sex High 441 115(26.1) 1.18 (0.89-1.56) 0.247
Male 616 159 (25.8) 1.00 HDL-C
Female 481 107 (22.3) 0.82 (0.62-1.09) 0.172 Normal 756 185 (24.5) 1.00
Age (years) Lower 341 81(28.8) 0.96 (0.71-1.29) 0.798
<40 43 10 (23.3) 1.00 LDL-C
40-49 194 59 (30.4) 1.44 (0.69-3.26) 0.352 Normal 185 42 (22.7) 1.00
50-59 385 103 (26.8) 1.21 (0.59-2.66) 0.622 High 912 224 (24.6) 1.11 (0.77-1.63) 0.591
60-69 323 74 (22.9) 0.98 (0.48-2.18) 0.960 Urea
=70 152 20 (13.2) 0.50 (0.22-1.21) 0.110 Normal 1038 242 (23.3) 1.00
Education level Low 24 5(20.8) 0.87(0.29-2.18) 0.776
Elementary school or 262 67 (25.6) 1.00 High 35 19(54.3) 3.91(1.98-7.81) <0.001
below SCr
Junior middle school 335 86 (25.7) 1.01(0.70-1.46) 0.978 Normal 962 224 (23.3) 1.00
Senior high school 284 71(25.0) 0.97 (0.66-1.43) 0.878 Low 36 12(33.3) 1.65(0.79-3.28) 0.168
Junior college and 216 42 (19.4) 0.70(0.45-1.08) 0.113 High 99 30(30.3) 1.43(0.90-2.24) 0.121
above OR=0dds ratio, Cl=Confidential interval, DM=Diabetes mellitus, BMI=Body
Lifestyle mass index, SBP=Systolic blood pressure, DBP=Diastolic blood pressure,
Outdoor type 189 38(20.1) 100 Cholesterol TG Trgyoercs, HDL-CFigh-dnsty ipoprotein-chalestero,
Indoor type 754 198 (26.3) 1.42(0.97-2.12) 0.082 LDL-C=Low-density lipoprotein-cholesterol, SCr=Serum creatinine
Mixed type 154 30 (19.5) 0.96 (0.56-1.64) 0.885
Current smoker Table 5: Logistic regression analysis final model:
No 900 212 (23.6) 1.00 Risk factors for diabetic retinopathy
Yes 197 54 (27.4) 1.23(0.86-1.73) 0.253 Variables B SE OR (95%Cl)  P-value
Current drinker DM duration (years)
No 796 188 (23.6) 1.00 =5 1.00
Yes 301 78(25.9) 1.13(0.83-1.53) 0.429 6-9 051 020 1.67(1.12-2.48)  0.011
DM duration (years) =10 0.91 0.18 2.48(1.75-3.53)  <0.001
<5 423 63 (14.9) 1.00 Lifestyle
6-9 274 66 (24.1) 1.81(1.23-2.67) 0.002 Outdoor type 1.00
=10 400 137 (34.3) 2.98 (2.13-4.19) <0.001 Indoor type 043 021 1.54(1.03-2.35)  0.039
BMI Mixed type -0.10 029 0.90 (0.51-1.58)  0.719
<24 414 115 (27.8) 1.00 HbA1c
24-27.9 473 104 (22.0) 0.73 (0.54-0.99) 0.046 Normal 1.00
>28 210 47 (22.4) 0.75(0.51-1.10) 0.147 High 090 0.15 246(1.83-3.30) <0.001
Waist circumference Urea
Normal 606 147 (24.3) 1.00 Normal 1.00
High 491 119 (24.2) 1.00 (0.76-1.32) 0.994 Low -0.21 052 0.82(0.26-2.12)  0.700
SBP High 1.22 0.37  3.40 (1.66-7.08) <0.001
Normal 700 152 (21.7) 1.00 A multivariate logistic re‘gresgior_’nlmodel w_ith a st_epwi_se s_election procedure
. was performed by entering significant variables in univariate analyses
High 397 114(28.7) 1.45(1.09-1.92) 0.095 (i.e., with P<0.10). BMI, SBP, DBP, and FBG levels were not retained in the
DBP final model. SE=Standard error, OR=0dds ratio, Cl=Confidential interval,
0 21755) 109
High 167 49 (29.3) 1.36 (0.94-1.96) 0.096 blood glucose
FBG
Normal 450 79 (17.6) 1.00 important than DM duration, lifestyle, and urea, which
High 647 187 (28.9) 1.91 (1.42-2.58) <0.001 further underlines the importance of glycemic control for
HbA1c the occurrence and development of DR. The American
Normal 695 119 (17.1) 1.00 Diabetes Association recommends that the HbAlc level
High 402 147 (36.6) 2.79 (2.10-3.71) <0.001 should be under 7%.2* China also sets HbAlc levels
TC below 7% as a goal in the integrated control targets for
Normal 331 77(23.3) 1.00 T2DM.! However, HbAlc has not been widely used
High 766 189 (24.7) 1.08 (0.80-1.47) 0.617 in THMS or even primary healthcare system in China
TG because of the lack of technicians and funds. Therefore,
income policies should be implemented to ensure the
Contd...  equitable distribution of resources and to provide more
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Figure 1: Classification and regression tree models of risk factors for diabetic retinopathy. DR = Diabetic retinopathy

technical support for primary healthcare staff for HbAlc
testing.

This study also found that a longer duration of DM
indicated a higher prevalence of DR, which is consistent
with previous studies.**?”! For example, one study
conducted in the United Kingdom showed that the 5-year
cumulative incidence of DR was 4%, but this increased
to 16.4% after 10 years of follow-up in T2DM patients.*’!
In addition, according to the results of the CART model,
the importance of DM duration in these risk factors was
37%. However, since there is no prior study on this issue
for reference, we recommend more future studies on this.

In addition, our results showed that indoor-type lifestyle
is a risk factor for the occurrence of DR. A possible
explanation may be that indoor-type lifestyle usually
involves more sedentary time and fewer physical
activities, which are well-established risk factors
for macrovascular diseases as well as changes in
microvascular structure.”*3! In addition, indoor-type
lifestyle is usually accompanied by a longer time spent
looking at screens, which has a potentially adverse
effect on retinal microvascular structure. The time spent
watching TV every day is positively correlated with the
magnitude of arteriolar narrowing.*>*! Since indoor-type
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lifestyle is a modifiable risk factor for patients with
diabetes, more interventions or guidelines should be
given to them to prevent DM-related complications.

Results from regression models showed that serum urea
was associated with the occurrence of DR. Previous
studies reported that higher levels of serum urea were
not only associated with a higher risk of DR but also
with the severity of DR.***I DR and DN share a common
pathophysiological mechanism, in which prolonged
high blood glucose triggers excessive oxidative stress,
leading to inflammation and microvascular endothelial
dysfunction.®! The increase in blood urea nitrogen
level is positively correlated with thinning of the retinal
nerve fiber layer, suggesting that serum urea levels may
also affect the damage process of retinal neural tissue,
leading to the occurrence of DR.®! Notably, although
higher levels of urea increased the risk of DR, the CART
model showed the lowest variable importance. This may
be due to the small number of participants with higher
levels of urea (35 individuals, accounting for 3.19% of
all participants). In addition, SCr was not associated
with DR in this study, a finding that is inconsistent with
previous studies.®>*”! A possible explanation may be the
small sample size; therefore, we recommend conducting
future studies with more participants.
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A major strength of this study was that it was the
first study to use the CART model to identify the
associated factors for T2DM patients and calculate
the importance of the identified factors. Nevertheless,
some limitations should be considered. First, this study
was a cross-sectional design, and thus, we could not
confirm the causality between the identified factors
and the outcome. Second, more than 200 patients were
excluded because of a lack of fundus photographs,
unwillingness to collect blood, or inability to complete
the questionnaire. However, nonresponse analyses
were conducted, and the results showed that there
were no significant differences between included and
excluded groups in basic characteristics (e.g., sex, BMI,
diabetes duration, and severity of DR), which indicated
that our sample size has a relevant low nonresponse
bias. Third, this study focused on the prevalence and
risk factors of DR and did not collect data on diabetic
macular edema (DME). Further studies that include
DME assessment are needed. Finally, other risk factors
such as diet and physical activity were not investigated
in this study.

Conclusion

This study used community-based data to estimate the
prevalence of DR in T2DM patients in an urban area of
southern China. Patients

with longer DM duration, a higher level of HbAlc,
having indoor-type lifestyle, and a higher serum urea
were more likely to have DR than their counterparts.
HbAlc was the most important variable for the
development of DR. The high prevalence of DR and the
importance of HbAlc point toward the need to raise
awareness of DR and its risk factors. The integration
of diabetic retinopathy screening and HbAlc testing
into telemedicine health management systems or even
primary healthcare services is urgently warranted to
reduce vision impairment and blindness.

Acknowledgment

We thank all the diabetes patients for taking part in this
study and all the members of the Shenzhen DR study
team for investigation organization, data collection,
and blood collection. We appreciate Dr. Fei Wang from
Peking University Shenzhen Hospital and Yun Peng
from Shenzhen Eye Hospital for reading the fundus
photographs and assessing the DR categories.

Financial support and sponsorship

This work was supported by the Sanming Project
of Medicine in Shenzhen (SZSM202311019) and
the Shenzhen Medical Key Discipline Construction
Fund (SZXK065).

Conflicts of interest
There are no conflicts of interest.

References

1. Baynes HW. Classification, pathophysiology, diagnosis and
management of diabetes mellitus. ] Diabetes Metab 2015;6:1-9.

2. Magliano DJ, Boyko EJ. IDF Diabetes Atlas; 2022.

3. Kropp M, Golubnitschaja O, Mazurakova A, Koklesova L,
Sargheini N, Vo TK, et al. Diabetic retinopathy as the leading cause
of blindness and early predictor of cascading complications-risks
and mitigation. EPMA ] 2023;14:21-42.

4.  Fong DS, Aiello L, Gardner TW, King GL, Blankenship G,
Cavallerano JD, et al. Diabetic retinopathy. Diabetes Care
2003;26 Suppl 1:599-102.

5. Fong DS, Aiello LP, Ferris FL 3, Klein R. Diabetic retinopathy.
Diabetes Care 2004;27:2540-53.

6. Yau JW, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW,
Bek T, et al. Global prevalence and major risk factors of diabetic
retinopathy. Diabetes Care 2012;35:556-64.

7. Ting DS, Cheung GC, Wong TY. Diabetic retinopathy: Global
prevalence, major risk factors, screening practices and public
health challenges: A review. Clin Exp Ophthalmol 2016;44:260-77.

8.  LongoMbenza B, Muaka M, Mbenza G, Mbungu Fuele S, Mabwa
Mbalanda L, Nzuzi Babeki V, et al. Risk factors of poor control of
HBA1c and diabetic retinopathy: Paradox with insulin therapy
and high values of HDL in African diabetic patients. Dubai
Diabetes Endocrinol ] 2008;16:69-78.

9. Wat N, Wong RL, Wong IY. Associations between diabetic
retinopathy and systemic risk factors. Hong Kong Med ]
2016;22:589-99.

10. Martin-Merino E, Fortuny J, Rivero-Ferrer E, Lind M,
Garcia-Rodriguez LA. Risk factors for diabetic retinopathy in
people with type 2 diabetes: A case-control study in a UK primary
care setting. Prim Care Diabetes 2016;10:300-8.

11. Bain SC, Klufas MA, Ho A, Matthews DR. Worsening of diabetic
retinopathy with rapid improvement in systemic glucose control:
A review. Diabetes Obes Metab 2019;21:454-66.

12. Rani PK, Raman R, Chandrakantan A, Pal SS, Perumal GM,
Sharma T. Risk factors for diabetic retinopathy in self-reported
rural population with diabetes. ] Postgrad Med 2009;55:92-6.

13.  Atchison E, Barkmeier A. The role of systemic risk factors in
diabetic retinopathy. Curr Ophthalmol Rep 2016;4:84-9.

14. Dharmastuti DP, Agni AN, Widyaputri F, Pawiroranu S,
Sofro ZM, Wardhana FS, et al. Associations of physical activity and
sedentary behaviour with vision-threatening diabetic retinopathy
in Indonesian population with type 2 diabetes mellitus:
Jogjakarta Eye Diabetic Study in the Community (JOGED.COM).
Ophthalmic Epidemiol 2018;25:113-9.

15. RenC, LiuW, Li], Cao Y, Xu J, Lu P. Physical activity and risk
of diabetic retinopathy: A systematic review and meta-analysis.
Acta Diabetol 2019;56:823-37.

16.  Wu X, Kumar V .The Top Ten Algorithms in Data Mining[M].
CRC Press,2009.

17. Lewis R]. An introduction to classification and regression
tree (CART) analysis[C]. In Annual Meeting of the Society for
Academic Emergency Medicine in San Francisco, California.
San Francisco, CA, USA: Department of Emergency Medicine
Harbor-UCLA Medical Center Torrance; 2000. p. 14.

18. Lou J, Jing L, Yang H, Qin F, Long W, Shi R. Risk factors for
diabetic nephropathy complications in community patients with
type 2 diabetes mellitus in Shanghai: Logistic regression and
classification tree model analysis. Int ] Health Plann Manage
2019;34:1013-24.

19. Wilkinson CP, Ferris FL 3¢, Klein RE, Lee PP, Agardh CD, Davis M,
et al. Proposed international clinical diabetic retinopathy and

204 Journal of Family and Community Medicine - Volume 31, Issue 3, July-September 2024



20.

21.

22.

23.

24.

25.

26.

27.

28.

Journal of Family and Community Medicine - Volume 31, Issue 3, July-September 2024

Zhang, et al.: Risk factors for diabetic retinopathy

diabetic macular edema disease severity scales. Ophthalmology
2003;110:1677-82.

Garoma D, Merga H, Hiko D. Determinants of diabetic retinopathy
in Southwest Ethiopia: A facility-based case-control study. BMC
Public Health 2020,20:503.

Feng RF, Liu HY, Liu YL, Xu Q, Qiao L, Gong C]J, et al. Diabetes
onset at an earlier age and high HbAlc levels as risk factors of
diabetic retinopathy. Int ] Ophthalmol 2021;14:269-76.

Kim HU, Park SP, Kim YK. Long-term HbA1c variability and the
development and progression of diabetic retinopathy in subjects
with type 2 diabetes. Sci Rep 2021;11:4731.

Song P, Yu], Chan KY, Theodoratou E, Rudan I. Prevalence, risk
factors and burden of diabetic retinopathy in China: A systematic
review and meta analysis. ] Glob Health 2018;8:1-16.

American Diabetes Association. 6. Glycemic targets: Standards
of medical care in diabetes-2019. Diabetes Care 2019;42:561-70.
JiaW,Weng], ZhuD, JiL, Lu], Zhou Z, et al. Standards of medical
care for type 2 diabetes in China 2019. Diabetes Metab Res Rev
2019;35:e3158.

Voigt M, Schmidt S, Lehmann T, Kohler B, Kloos C, Voigt UA, et al.
Prevalence and progression rate of diabetic retinopathy in type 2
diabetes patients in correlation with the duration of diabetes. Exp
Clin Endocrinol Diabetes 2018;126:570-6.

Jones CD, Greenwood RH, Misra A, Bachmann MO. Incidence
and progression of diabetic retinopathy during 17 years of a
population-based screening program in England. Diabetes Care
2012;35:592-6.

Streese L, Guerini C, Bithmayer L, Lona G, Hauser C, Bade S,
et al. Physical activity and exercise improve retinal microvascular
health as a biomarker of cardiovascular risk: A systematic review.
Atherosclerosis 2020;315:33-42.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Dirani M, Crowston JG, van Wijngaarden P. Physical inactivity
as a risk factor for diabetic retinopathy? A review. Clin Exp
Ophthalmol 2014;42:574-81.

Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS,
et al. Sedentary time and its association with risk for disease
incidence, mortality, and hospitalization in adults: A systematic
review and meta-analysis. Ann Intern Med 2015;162:123-32.
Boyle PJ. Diabetes mellitus and macrovascular disease:
Mechanisms and mediators. Am ] Med 2007;120:512-7.
Gopinath B, Baur LA, Wang JJ, Hardy LL, Teber E, Kifley A,
et al. Influence of physical activity and screen time on the retinal
microvasculature in young children. Arterioscler Thromb Vasc
Biol 2011;31:1233-9.

Anuradha S, Healy GN, Dunstan DW, Tai ES, Van Dam RM, Lee ],
et al. Associations of physical activity and television viewing time
with retinal vascular caliber in a multiethnic Asian population.
Invest Ophthalmol Vis Sci 2011;52:6522-8.

Ganjifrockwala FA, Joseph ]JT, George G. Evaluation of kidney
function and risk factors of retinopathy in Type 2 diabetes mellitus
people in South Africa. Diabetes Res Clin Pract 2017;127:218-23.
Srivastav K, Saxena S, Mahdi AA, Kruzliak P, Khanna VK.
Increased serum urea and creatinine levels correlate with
decreased retinal nerve fibre layer thickness in diabetic
retinopathy. Biomarkers 2015;20:470-3.

Vallon V, Komers R. Pathophysiology of the diabetic kidney.
Compr Physiol 2011;1:1175-232.

Zhang X, Kumari N, Low S, Ang K, Yeo D, Yeoh LY, et al.
The association of serum creatinine and estimated glomerular
filtration rate variability with diabetic retinopathy in Asians with
type 2 diabetes: A nested case-control study. Diab Vasc Dis Res
2018;15:548-58.

205



