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Abstract

e AIM: To assess the effect of age at diabetes onset and
uncontrollable high HbAlc levels on the development of
diabetic retinopathy (DR) among Chinese type 2 diabetes
mellitus (DM) patients.

e METHODS: This was a cross-sectional survey of diabetic
patients in Subei district, China. Data covering physical
measurements, fasting blood-glucose (FBG), glycosylated
hemoglobin (HbA1c), blood lipid, urinary albumin/creatinine
ratio (UACR), ocular fundus examination, and diabetes
treatment records were collected. An independent sample
t-test were used to analyze differences. A Logistic regression
analysis was applied to study the independent risk factors
of DR.

e RESULTS: A total of 1282 patients with type 2 DM
were enrolled, and 191 cases had DR (14.9%). The age
at diabetes onset, education level, alcohol consumption,
HbAlc level, UACR level, and hypoglycemic drugs were
independent influencing factors for DR. The older the onset
of diabetes, the less likely to develop DR (OR: 0.958, 95%Cl:
0.942-0.975, P=0.000). Patients were then divided in terms
of age at diabetes onset as follows: <50y, 50-59y, 60-69y,
and >70y. Compared with diabetes onset age <50y, 50-
59y (OR: 0.463, 95%CI: 0.306-0.699, P=0.000), 60-69y
(OR: 0.329, 95%ClI: 0.203-0.535, P=0.000) and >70y (OR:
0.232, 95%Cl: 0.094-0.577, P=0.002) were at a lower risk
of DR. The prevalence of DR was highest in patients with
diabetes onset age <50y (29.5%, P<0.05). The HbAlc level
(8.67+£1.97)% and proportion of insulin injection (52.5%)

in patients with diabetes onset <40y were higher than in
patients with older diabetes onset age (P<0.05).

o CONCLUSION: Diabetes onset at an earlier age and
uncontrollable high HbAlc level could be independent risk
factors for DR.
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INTRODUCTION

iabetes mellitus (DM) is a metabolic disorder
D characterized by chronic hyperglycemia, which has a
variety of causes. With the development of social economy and
the improvement in people’s standard of living, the incidence
of DM has been increasing every year. According to research
by the International Diabetes Federation in 2017, 451 million
adults worldwide have diabetes, and its prevalence rate is
about 8.4%. This figure is expected to reach 693 million in
2045". Therefore, DM has become one of the major public
health problems in the world. China, being the most populous
country, has the largest number of DM patients throughout the
world. The prevalence of diabetes in China was first reported
to be 0.67% in 1980. The latest national survey of diabetes in
China in 2017 found a raised diabetes prevalence of 12.8%,
which was higher than 11.6% in 2010, and 10.9% in 2013,
using the American Diabetes Association (ADA) diagnostic
criteria®.
Diabetic retinopathy (DR) is not only one of the most
serious complications of diabetes but also the most common
retinal vascular disease. Among the Chinese population,
the prevalence rate of DR is 1.14%", while the incidence
rate of DR-related blindness is 7.7%'®. The development of
the disease and even visual impairment can be effectively
controlled and prevented by early detection of the disease
and timely treatment, which is an effective means to reduce
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blindness caused by DR, However, the best time to control
the disease is often missed because there would not be
obvious symptoms among many patients at the early stage.
As a result, retinal disease and visual impairment develop in
the patients’ eyes, which reactive treatment cannot fully cure.
Therefore, it is necessary to identify the risk factors affecting
DR, and take prevention measures timely according regular
examination of the eyes of DM patients. This study is the first
large-scale population-based epidemiological investigation
of DR in the northern areas of Jiangsu Province. Here, we
surveyed DM patients registered in electronic archives of
two community health service centers in Xuzhou. The two
community health service centers are both primary medical
institutions, which were affiliated with Xuzhou First People’s
Hospital in China. They both are hospitals that directly serves
to a certain population within the community to provide
primary health care, including prevention, medical treatment,
and rehabilitation at a basic level. One serves an area of 7.07
square kilometers, with a resident population of about 77 585
people, most of who are typical city dwellers. The other serves
an area of 12.5 square kilometers with a resident population of
about 50 000 people, who are almost typical of rural residents.

SUBJECTS AND METHODS

Ethical Approval This study was approved by the Ethics
Committee of Xuzhou First People’s Hospital. Each respondent
had signed the informed consent.

Respondents We performed a cross-sectional survey from
September 2017 to August 2018 in two community health
service centers in Xuzhou City. All residents who were
diagnosed with diabetes and registered in electronic health
records were recruited to receive a series of inspections
through the community health service center on-site and
through telephone appointment registration. Inclusion criteria
were as follows: 1) the residents were diagnosed with type
2 diabetes; 2) electronic health records of the residents had
been established in community health service centers; and 3)
complete medical records of the residents could be obtained.
Exclusion criterion was as follows: patients with severe
visceral diseases or mental diseases who could not receive
examination and complete the project independently.

Data Collection Medical record review was performed by
a single researcher. Demographic details and the medical
information were recorded on a form. Demographic details
included name, sex, age, education level, occupation,
experience of smoking and alcohol consumption, and eye
habits. Medical information included history of diabetes onset
and treatment.

Screening Inspection The on-site investigation was
completed by eight experienced nurses, two optometrists, four
experienced ophthalmologists. Quality control was carried
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out by the chief ophthalmologist and an epidemiologist. The
inspection started at 7:30 every morning. The inspection
included the following: 1) Biochemical and general physical
examination: patients fasted for 10-12h after dinner the day
before the examination, venous blood was extracted on an
empty stomach in the morning of the day of examination,
and fasting blood-glucose (FBG), glycosylated hemoglobin
(HbA1lc), and blood lipid were examined. Urine was collected
to detect urinary albumin/creatinine ratio (UACR). Blood
and urine samples were sent to the hospital for analysis in
the morning. Height (m), weight (kg), waist circumference,
hip circumference, systolic blood pressure, and diastolic
blood pressure were measured. 2) Ophthalmic testing: a non-
contact tonometer (TX-20, Canon) was used to measure the
patient’s intraocular pressure (IOP). After receiving consent
from the patients, the patients with normal IOP and no history
of glaucoma were given 1% tropicamide eye drops for eye
examination after pupil dilation. The slit lamp microscope
(Is-5, Chongqing Shang Bang Medical Equipment Co.
Ltd., China) was used to examine the anterior and posterior
segments of patients’ eyes. Fundus photographs (trc-nw400,
Topcon, Japan) were taken with a non-dilated fundus camera.
3) Determination of DR: two clinicians with intermediate or
above titles were responsible for analyzing and diagnosing
fundus photographs. If different views were obtained, the
superior chief physician made the definite diagnosis.
Diagnosis and Grading The diagnosis was confirmed by slit
lamp examination and fundus photography. According to the
International Clinical Grading Standard of DR (2002), the
stages were divided into no obvious DR (NDR), mild non-
proliferative DR (NPDR), moderate NPDR, severe NPDR,
and proliferative DR (PDR)"™. Both monocular and binocular
DR were included in the statistical analysis as a case of DR. If
patients had different degrees of binocular DR, the stages were
graded in the eye with a more severe degree.

Statistical Analysis Statistical software SPSS 19.0 (Statistical
Product and Service Solutions, version 19.0, IBM) was applied
for the analysis of data. Measurement data were measured as
mean+tstandard deviation, and an independent sample #-test or
ANOVA was used for comparison among groups. Count data
were expressed as percentage (%), and the y” test was used
for comparisons. Risk factors of DR were analyzed by binary
Logistic regression, and variables with P<0.2 were entered
into the multivariate Logistic regression model for analysis.
The forward Logistic stepwise regression method was used to
screen and analyze independent influencing factors, and the
odds ratio (OR) value and 95%CI were obtained. a=0.05 was
used for bilateral tests, and P<0.05 was considered statistically
significant.
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Table 1 General data of type 2 DM patients with and without DR n (%)
Parameters Total With DR Without DR iy P
Total 1282 (100.0) 191 (14.9) 1091 (85.1)

Gender 1.610 0.205
Male 551 (43.0) 91 (47.6) 460 (42.0)
Female 731 (57.0) 100 (52.4) 631 (57.8)
Age (y) 65.62+9.67 64.27+8.81 65.85+9.80 -2.092 0.037
Duration of diabetes (y) 10.2548.12 14.79+8.99 9.45+7.69 7.733 0.000
Age at diabetes onset (y) 55.80£10.69 49.85+10.46 56.85+10.40 -8.578 0.000
Education level 23.083 0.000
Junior high school and below 816 (63.7) 148 (77.5) 668 (61.2)
High school and technical secondary school 322 (25.1) 36 (18.8) 286 (26.2)
Above college 144 (11.2) 73.7) 137 (12.6)
Place of residence 5.261 0.022
Urban area 931 (72.6) 126 (66.0) 805 (73.8)
Rural area 351 (27.4) 65 (34.0) 286 (26.2)
Smoking 0.927 0.336
Yes 200 (15.6) 34 (17.8) 166 (15.2)
No 1082 (84.4) 157 (82.2) 925 (84.8)
Drinking 03.136 0.077
Yes 141 (11.0) 28 (14.7) 113 (10.4)
No 1141 (89.0) 163 (85.3) 978 (89.6)
Hypoglycemic drugs 88.385 0.000
Taking them orally alone 881 (68.7) 99 (51.8) 782 (71.7)
Injected insulin alone 91 (7.1) 31(16.2) 60 (5.5)
Injected and oral drugs 169 (13.2) 55 (28.8) 114 (10.4)
None 141 (11.0) 6(3.1) 135 (12.4)
Measure blood sugar 3.638 0.303
Every day 18 (1.4) 5(2.6) 13(1.2)
Often 290 (22.6) 47 (24.6) 243 (22.3)
Once in a while 612 (47.7) 92 (48.2) 520 (47.7)
Hardly 362 (28.2) 47 (24.6) 315 (28.9)
Effect of blood glucose control 43.826 0.000
Not known 162 (12.6) 17 (8.9) 145 (13.3)
Not good 252 (19.7) 70 (36.6) 182 (16.7)
Just so-so 717 (55.9) 93 (48.7) 624 (57.2)
Good 151 (11.8) 11 (5.8) 140 (12.8)
RESULTS Biochemical Test Results FBG (10.64+4.05 mmol/L),

General Data A total of 1598 DM were recruited to
participate in eye disease screening, and a total of 1344
patients (84.1%) received eye examinations. Finally, 1282
cases with complete data were used for statistical analysis.
There were 551 males (43.0%) and 731 females (57.0%).
Among the 1282 DM patients, 191 suffered from DR (14.9%).
The age at diabetes onset in patients with DR (49.85+10.46y)
was less than that in patients without DR (56.85+10.40y, =
-8.578, P=0.000). Patients with and without DR also differed
significantly in terms of age, duration of diabetes, education
level, place of residence, using hypoglycemic drugs and effect
of blood glucose control (P<0.05; Table 1).

HbAlc (9.02+2.16)%, and UACR (189.01£291.73 mg/g)
in DR patients were higher than those in patients without
DR (8.03+2.68 mmol/L, 7.48%+1.47%, 90.22+152.00 mg/g,
respectively, P<0.05; Table 2).

Risk Factors Analysis Upon univariate Logistic regression
analysis, age, age at diabetes onset, duration of diabetes,
educational level, place of residence, alcohol consumption,
hypoglycemic drugs, effect of blood glucose control, waist hip
rate (WHR), FBG, HbA ¢, low density lipoprotein (LDL) and
UACR were identified for the potential risk factors with P<0.2.
Then these variables were all permitted in the multiple Logistic
regression model. Upon mutiple Logistic regression analysis,
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Figure 1 Proportion of diabetes onset age and the prevalence of DR.

Table 2 Biochemical test results of type 2 DM patients with and without DR

Parameters Total (n=1282) With DR (n=191) Without DR (n=1091) thy’ P

BMI (kg/cm®) 26.20+3.74 26.26+3.11 26.20+3.86 0.223 0.824
WHR 0.91+0.07 0.92+0.06 0.91+0.07 1.727 0.084
FBG (mmol/L) 8.41+3.07 10.64+4.05 8.03+2.68 11.394 0.000
HbAlc (%) 7.71+1.68 9.02+2.16 7.48+1.47 12.312 0.000
MAP (mm Hg) 98.63+12.54 99.58+13.06 98.47+12.46 1.121 0.262
TG (mmol/L) 1.85+1.71 1.75+1.13 1.87+1.79 -0.857 0.391
TC (mmol/L) 5.27+3.94 5.27+1.11 5.27+4.24 0.018 0.986
HDL (mmol/L) 1.41+0.32 1.43+£0.28 1.40+0.32 1.043 0.297
LDL (mmol/L) 2.96+0.84 3.05+0.80 2.94+0.84 1.655 0.098
UACR (mg/g) 104.52+182.72 189.01+291.73 90.22+152.00 6.989 0.000

BMI: Body-mass index; BMI: Weight/height’; WHR: Waist-to-hip ratio; WHR: Waist/hip; FBG: Fasting blood-glucose; HbA lc: Glycosylated
hemoglobin; MAP: Mean arterial pressure, MAP=diastolic blood pressurex2/3+systolic blood pressurex1/3; TG: Triglycerides; TC: Total

cholesterol; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; UACR: Urinary albumin/creatinine ratio.

age at diabetes onset, education level, alcohol consumption,
hypoglycemic drugs, HbAlc, and UACR, were independent
risk factors for DR. The older the onset of diabetes, the less
likely to develop DR (OR: 0.958, 95%CI: 0.942-0.975,
P=0.000; Table 3, Model 1).

To stratify the risk of DR, patients were divided into four
groups in terms of age at diabetes onset, as follows: <50, 50-59,
60-69 and >70 years old. Compared with diabetes onset age
<50, 50-59 (OR: 0.463, 95%CI: 0.306-0.699, P=0.000), 60-69
(OR: 0.329, 95%CI: 0.203-0.535, P=0.000) and >70 years old
(OR: 0.232, 95%CI: 0.094-0.577, P=0.002) were at a lower
risk of DR. So a diabetes onset age <50y was associated with
an increased risk of DR (Table 3, Model 2).

Age of Diabetes Onset on the Prevalence of DR Among
1282 DM patients, there were 80 (6.2%), 232 (18.1%), 468
(36.5%), 374 (29.2%), 128 (10.0%) cases with age of diabetes
onset <40, 40-49, 50-59, 60-69 and >70 years old, respectively.
The prevalence of DR in patients with a diabetes onset age
<50y was 29.5% (92/312), which was highest. Among all DM
patients with an age at diabetes onset <40 and 40-49 years
old, the proportion of DR patients was 28.8% and 29.7%,
which was both higher than that in patients aged 50-59, 60-
69, and >70 years old (12.8%, 8.8%, and 4.7%, respectively;
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P<0.05). There was no statistical difference between patients
with diabetes onset aged <40 and 40-49 years old (P>0.05;
Figure 1).

Age of DM Onset with DR Severity Among the 191 DR
patients, 103 (53.9%) had mild NPDR, 29 (15.2%) had
moderate NPDR, 14 (7.3%) had severe NPDR, and 45 (23.6%)
had PDR. The proportion of PDR patients was 39.1%, 26.1%,
20.0%, 18.2%, and 0 in DR patients with a diabetes onset age
<40, 40-49, 50-59, 60-69, and >70 years old, respectively. As
the age at diabetes onset earlier, there was an increasing trend of
the proportion of PDR. However, there was no statistically
significant difference among all age groups (Figure 2).

HbAlc Levels and its Control HbAlc level of DM patients
whose age of diabetes onset was <40y was (8.67£1.97)%,
which was higher than those in diabetics at diabetes onset
aged 40-49, 50-59, 60-69, and >70 years old [(8.15+1.93)%,
(7.69£1.60)%, (7.41+1.51)%, and (7.25+1.39)%, respectively].
Except for the HbAlc value between the age groups of
60-69 and >70y, the difference in the HbAlc value between
the other age groups was statistically significant (P<0.05;
Figure 3).

In all DM patients with diabetes, the younger the age at
diabetes onset had higher proportion using hypoglycemic
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Table 3 Risk factors analysis by the presence or absence of DR

Related factors Coféici‘ﬁf‘(im Stan‘zgrg)emr St:fizlt?cs p OR (95%CT)
Model 1
Age at diabetes onset -0.043 0.009 23.688 0.000 0.958 (0.942-0.975)
HbAlc 0.339 0.050 46.058 0.000 1.404 (1.273-1.548)
UACR 0.001 0.000 11.961 0.001 1.001 (1.001-1.002)
Educational level
Above college 1.0 (Ref))
High and technical secondary school 0.978 0.468 4.372 0.037 2.659 (1.063-6.648)
Junior high school and below 1.810 0.444 16.609 0.000 6.109 (2.558-14.587)
Drinking
No 1.0 (Ref))
Yes 0.638 0.260 6.042 0.014 1.894 (1.138-3.151)
Hypoglycemic drugs
None 1.0 (Ref))
Taking them orally alone 0.798 0.462 2.989 0.084 2.221 (0.899-5.490)
Injected insulin alone 1.756 0.515 11.635 0.001 5.786 (2.110-15.867)
Injected and oral drugs 1.832 0.488 14.085 0.000 6.243 (2.399-16.249)
Model 2
Age groups at diabetes onset (y)
<50 1.0 (Ref))
50-59 -0.770 0.211 13.387 0.000 0.463 (0.306-0.699)
60-69 -1.110 0.247 20.189 0.000 0.329 (0.203-0.535)
>70 -1.459 0.464 9.882 0.002 0.232 (0.094-0.577)
HbAlc 0.343 0.050 47.804 0.000 1.410 (1.279-1.554)
UACR 0.001 0.000 12.647 0.000 1.001 (1.001-1.002)
Educational level
Above college 1.0 (Ref))
High and technical secondary school 0.867 0.460 3.559 0.059 2.380 (0.967-5.857)
Junior high school and below 1.679 0.433 15.011 0.000 5.359 (2.292-12.528)
Drinking
No 1.0 (Ref.)
Yes 0.632 0.261 5.845 0.016 1.881 (1.127-3.139)
Hypoglycemic drugs
None 1.0 (Ref))
Taking them orally alone 0.794 0.457 3.012 0.083 2.212 (0.902-5.422)
Injected insulin alone 1.724 0.511 11.369 0.001 5.607 (2.058-15.275)
Injected and oral drugs 1.836 0.484 14.399 0.000 6.274 (2.430-16.201)
drugs to control blood glucose. The proportion of using insulin ~ DISCUSSION

was 52.5% in DM patients <40 years old, which was higher
than those in patients aged 40-49, 50-59, 60-69, and >70 years
old (34.9%, 17.2%, 14.3%, and 2.3%, respectively). There
was a statistically significant difference in all age groups using
insulin injection, except that between the ages of 50-59 and 60-
69y (P<0.05; Figure 4).

The complex pathogenesis of DR is caused by many types of
factors, and its prevalence in different areas of international
and domestic research varies, which might be related to the
research objective, research approach, regional variations, and
other factors. Internationally, in the Asia-Pacific region, the

prevalence of DR in diabetic patients from India was 10%,
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while it was 43% in Indonesian patients”. A German study
showed that the prevalence of DR was 25.8%'"". According
to a study in Africa, the DR prevalence rate ranged from
30.2% to 32.5%"""?. In China, a five-year follow-up study
of a community in Shanghai from 2007 to 2012 found that
the prevalence of DR was as high as 46.89%, while another
follow-up study in Beijing in 2015 found that the prevalence
of DR was as low as 8%"*'*. Our study showed that the DR
prevalence among type 2 DM patients was 14.9%, which
was slightly lower than the average DR prevalence rate of
18.45% in the other areas of China". On one hand, residents
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had a relatively strong awareness of health because the
resident income, health management and medical cervices
in Xuzhou were in the upper level of China. On the other
hand, in the community health service centers, the diabetes
health management of residents and health records had been
perfected over the years. However, the prevalence of DR
might be different from the reality because there were some
DM patients who had not yet been registered in the electronic
health records, or who had been registered but could not make
a visit for screening due to various reasons.

Results of current researches in China and elsewhere suggest
that DR may be related to old age, diabetes course, high
HbAlc levels, UACR, hypertension, hyperlipidemia, renal

[15-17

dysfunction, and other factors'">'”. In this study, age of
diabetes onset, education level, alcohol consumption, HbAlc
level, urinary UACR value, and type of hypoglycemic agents
were proved independent influencing factors for DR. The age
at diagnosis of diabetes was an independent risk factor for
DR. Diabetes onset age less than 50y was associated with an
increased risk of DR. The earlier the onset of diabetes, the
greater the likelihood of developing DR. This result has been
rarely reported in the epidemiological studies of DR in China,
possibly because the variable ‘age of diabetes onset” was not
included in these studies.

The study which was published in 2016 in a Shanghai hospital
from 2009 to 2013 found that regardless of the length of the
duration of diabetes, in patients with the onset age of 31-45y,
the incidence of DR was the highest and it had nothing to
do with the course of the disease!™. In 2014, an Asian large,
multinational, cross-sectional (41 029 cases of patients with
diabetes) clinical investigation also demonstrated that with
early diagnosis of the diabetic group (<40 years old), the
chance of retinopathy was higher than that with late diagnosis
(50y or higher), and the proportion with HbAlc concentration
less than 7% was lower than in late-onset diabetics (27% vs
42%)"”. Similar results also appear in another study which was
conducted in rural areas of India””. This might be due to early
onset of type 2 diabetes. Type 2 diabetes diagnosed at an early
age was more aggressive, and it was more prone to serious
complications. Blood sugar level was more difficult to control,
the proportion taking insulin to control blood sugar was also
higher, although there were no confirmed data showing DR
microvascular complications, such as the probability. However,
the existing studies showed that the early risk of major vascular
complications in type 2 diabetes was higher”' .

At the same time, this study also showed that the ratio of
insulin use and the mean value of HbAlc in patients with early
diagnosis of diabetes was higher than that in late diagnosis.
The high HbAlc value and insulin injection were independent
risk factors for DR in patients with diabetes. In a 5-year
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prospective study of Chinese residents with type 2 DM, it
was found that when the HbAlc value was below 6.4%, the
S-year DR development rate was significantly lower than that
in patients with HbAlc 7.0%"". Even if the course of disease
is short, DR is likely to occur. One possibility may be that
diabetes is more severe when the patients are diagnosed at an
earlier age. It is difficult to control the blood sugar level even
after using insulin or a combination of oral hypoglycemic
agents. Another possibility may be occurrence associated with
insulin pharmacokinetics. A research study suggested that
insulin can stimulate hyperplasia of smooth muscle cells in
the arterial wall, and transient hypoglycemia caused by a high
insulin level can stimulate the release of catecholamines, thus

24 Some studies have also

damaging the fine endothelial cells
suggested that acute abundant exogenous insulin enhanced
the IGF-1, along with the expression of VEGF induced by
ischemia reperfusion, triggered microaneurysms or abnormal
blood vessels'””. There are few articles on the relationship
between hypoglycemic drugs and DR. Therefore, the cause
and mechanism of DR caused by hypoglycemic drugs remain
to be further studied.

Our study provided with data reference of DR prevalence from
DM patients in Subei area covering about 127 000 population
and revealed that diabetes diagnosed at an early age and
uncontrollable high HbAlc levels could be risk factors of
DR. Those information should warn us that early screening
and diagnosis of diabetes, especially in younger adults aged
under 50y, strict monitoring and focused intervention would
be of very critical for delay or control of DR development.
Our cross-sectional study did have some limitations, such as
not typical epidemic survey, relative small sample size, not
confirmation of DR causal relationship. Further study with a
large, multicenter prospective cohort is needed.
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