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Abstract N
In China, there is a significant lack of awareness of diabetes and its complications. Screening of diabetic retinopathy has important for |
early detection, prevention, and treatment. This large, cross-sectional study aimed to characterize the demographic, physical,
serological, and ocular characteristics of subjects with diabetes mellitus in Shijiazhuang, China. It also aimed to associate these
characteristics with the presence of diabetic retinopathy.

From May 2, 2018 to August 25, 2019, under diabetes care program, the diabetic patients (n=1008) were subjected
to standardized questionnaires to collect demographical characteristics. Also, telescreens and laboratory tests were
performed for the enrolled patients. Multivariate logistic regression analysis was used to evaluate factors associated with diabetic
retinopathy.

Forty percent of diabetics in its population had some form of diabetic retinopathy. Diabetic retinopathic patients were likely to be
elder (P=.0003), men (P=.018), hypertensive (P < .0001), and had high body mass index (P < .0001), metabolic abnormalities, and
longer duration of diabetes (P <.0001). Higher intraocular pressure (P=.0008), fasting blood glucose (P<.0001), serum total
cholesterol (P < .0001), serum triglyceride (P=.0006), % glycated hemoglobin (HbA1c) (P <.0001), and disc asymmetry including
cup—disc ratio (P=.041) reported in patients with diabetic retinopathy. Age (P=.049), male sex (P=.048), hypertension (P=.048),
duration of diabetes (P=.012), diabetic neuropathy (P=.048), diabetic nephropathy (P=.048), diabetic foot ulcer (P=.041), foot
amputation (P=.042), fasting blood glucose (P=.022), serum total cholesterol (P=.028), serum triglyceride (P=.035), and HoA1c
(P=.042) were associated with diabetic retinopathy.

Diabetic retinopathy was the most common ocular fundus disease in diabetic patients. Also, aging, the other comorbidities, and

metabolic syndrome are associated with diabetic retinopathy.
Level of Evidence: ll.

Abbreviations: BMI = body mass index, HbA1c = glycated hemoglobin, IOP = intraocular pressure, STROBE = the study
reporting adheres to the strengthening the reporting of observational studies in epidemiology.
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1. Introduction

China has the largest number of individuals affected by
diabetes,!!! which rise a huge burden over the healthcare
system.!?! Diabetes may lead to cardiovascular, cerebrovascu-
lar, neuropathic, nephropathic, retinopathic, and foot diseases
in the Chinese population.®! Even, there is a need for the
management of diabetes prevention and its control in
China.*®! Vascular autoregulation is affected by diabetes
mellitus also damages the microvascular system, especially in
the retina and optic nerve.!®! Diabetes is also associated with
age-related macular degeneration,”! glaucoma,'® and retinop-
athy.!®! Diabetes and retinopathy are associated with blindness
in working-age Chinese individuals.”! The prevalence of
diabetic retinopathy is associated with the duration of type I
and type II diabetes in the Chinese people."'®! The prevalence of
diabetic retinopathy is different in different regions of China.
Different physical and clinical factors influence the risk of
diabetic retinopathy.!'"! In China, there is a significant lack of
awareness of diabetes and its complications, which may affect
eyes."! Also, the early detection of diabetic retinopathy helps
in prevention and treatment. Screening of diabetic retinopathy
has important to detect cases where prevalence is significantly
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high"?! because fundus pathology is asymptomatic.!®! There-
fore, annual examinations of the eyes are recommended in
diabetic patients but general practitioners of China do not
routinely check eyes of their diabetic patients. The telescreening
has potential to detect ocular fundus disease by professional
ophthalmologists.'"?!

This large, cross-sectional study aimed to characterize the
demographic, physical, serological, and ocular characteristics of
subjects with diabetes mellitus in Shijiazhuang, China. It also
aimed to associate these characteristics with the presence of
diabetic retinopathy.

2. Materials and methods

2.1. Ethics approval and consent to participate

The protocol of the study (FHS/CL/15/19 dated September 11,
2019) was approved by the human ethics committee of the First
Hospital of Shijiazhuang. An informed consent form was
obtained from all participants after clarifying the nature of the
study and possible outcomes. The study reporting adheres to the
strengthening the reporting of observational studies in epidemi-
ology (STROBE) statement: cross-sectional studies,'*! and the
V2008 Helsinki Declaration.

2.2. Study population

From May 2, 2018 to August 25, 2019, a total of 1022
diabetic patients (diagnoses as per World Health Organiza-
tion [WHO] criteria: fasting capillary whole blood glucose
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level >6.1 mM/L or plasma glucose >7mM/L and/or 2-hour
postprandial blood glucose >11.1mM/L™) of Hebei
province of China were referred to the project by their
treating physicians (general practitioners) for evaluation of
diabetes related complications during patients’ diabetes
care program. The “diabetes care program” is part
of healthcare practice at the First Hospital of Shijiazhuang,
Shijiazhuang, Hebei, China. Patients who died for any
reason(s) during the study period (n=2), those data
could not be collected for any reason(s) (n=12), acute renal
failure patients, and those who were on dialysis were excluded
from the study. The flow diagram of the study is presented in
Fig. 1.

2.3. Sample size calculation

Under prospective study, it was assumed that the maximum 15%
patients can lost to collect data for analyses and the sample size of
1008 was used for the study.

2.4. Data collection

Demographical, arthrological, habits, and the other health-
related information for each participant were obtained by
standardized face-to-face questionnaires (validated by the
authority) performed by the nursing staff of the institutes
during the cross-sectional study. The data regarding tele-
screening and laboratory test were also collected for the study
purposes.

Diabetic patients (n = 1,022)

Pre index test

Excluded (n = 14)
e Died(n=2)
e Incomplete data (n = 12)

WHO criteria (n = 1,022)
e Fasting capillary whole blood glucose level
e Plasma glucose

e 2-h postprandial blood glucose

Patients included in study (n = 1,008)

Index test

A

Demographical and physical

Telescreening (n = 1,008)

Laboratory tests (n = 1,008)

parameters (n = 1,008)

Figure 1. Flow diagram of the study.
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2.5. Intraocular pressure

Each patient was subjected to measure intraocular pressure (IOP)
by Tonometry procedure using Icare HOME tonometer (Icare
Finland Oy Vantaa, Finland). IOP was measured by physicians.

2.6. Cup-to-disc ratio

It is a ratio of the diameter of the cup portion of the optic disc to
the total diameter of the optic disc."’!

2.7. Telescreening

Two fundus photographs (the macular fovea and the optic center)
of each eye of each patient'®'! had been taken by physicians
(minimum 2-years of experience) using 45° CR-DGi NM Fundus
Camera (Canon, Ota, Tokyo, Japan). The photographs were
digitally stored.

2.8. Laboratory tests

All patients had been instructed to fast overnight (>8 hours)
before a collection of blood samples. The blood samples were
collected from an antecubital vein by pathologists (minimum
3-years of experience).l®! The collected blood samples were
subjected to evaluate fasting plasma glucose levels, total
cholesterol, triglyceride, glycated hemoglobin (HbA1c), and
serum creatinine by pathologists (minimum 3-years of
experience).

All data were digitally recorded and analyzed by ophthalmol-
ogists (minimum 3-years of experience) of the institutes. In cases
of differences of opinions among ophthalmologists, the expert
opinion was taken by external ophthalmologists (minimum 3-
years of experience).

2.9. Definitions of fundus pathology and the other factors
2.9.1. Diabetic retinopathy. The presence of intra-retinal

neovascularization and/or microvascular abnormalities, any
microaneurysms, hard exudates, hemorrhages, macular ede-
ma, or cotton-wool spots were considered as diabetic
retinopathy.!*?!

2.9.2. Glaucoma. 10P >21mmHg, a cup—disc ratio of >0.6,
and disc asymmetry including a cup-disc ratio of >0.2 was
considered as glaucoma.[!*16]

2.9.3. Age-related macular degeneration. The large drusen
and retinal pigment epithelial changes were considered as age-
related macular degeneration. !

Patients who smoke at least one cigarette in a day was
considered as smokers (self-reported). The consumption of at
least one small peg of alcohol in a day was considered as an
alcoholic (self-reported). The systolic blood pressure 140
mmHg or more and/or a diastolic blood pressure 90 mmHg or
more was considered as hypertension (a result of medical chart
review).[®! The time from the first diagnosis of diabetes to
enrollment in the program was considered as the duration of
diabetes.

2.10. Statistical analysis

SPSS Statistics version 26 (IBM Corporation, Armonk, New
York, NY) was used for statistical analysis. Fisher exact test!!!!
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Results of telescreens.

Fundus diseases Numbers of patients

Data of diabetic patients included in the study 1008
Retinopathy 409 (40)
Glaucoma 309 (31)
Macular degeneration 219 (22)
Retinopathy and glaucoma 35 (3)
Glaucoma and macular degeneration 27 (3)
Retinopathy and macular degeneration 19 2
Retinopathy, glaucoma, and macular degeneration 9(1)
Myopia 21 (2
Retinal vessel occlusion 19 )
Optic nerve atrophy 23 (2
Macular hole 8 (1)

Data are presented as frequency (percentage).

was performed for categorical data and the Mann—Whitney U
test'®! was performed for continuous variables. Multivariate
logistic regression analysis was used to evaluate factors
associated with diabetic retinopathy.™°" All results were consid-
ered significant at a 95% level of confidence.

3. Results

3.1. Prevalence of ocular fundus diseases

Maximum numbers of patients reported with diabetic retinopa-
thy 409 (40%), followed by glaucoma 309 (31%), and age-
related macular degeneration 219 (22%). A small fraction of
patients also reported the other pathogenesis 71 (7%). The
detailed prevalence of ocular fundus diseases is reported in
Table 1.

3.2. Demographical and physical parameters

Patients had history of diabetes from 1-month to 15-years.
Diabetic retinopathy reported in elder patients (P=.0003). More
male patients reported diabetic retinopathy (P <.0001), patients
with diabetic retinopathy had high body mass index (BMI,
P <.0001), hypertension (P=.002), higher heart rate (P <.0001),
and longer duration of diabetes (P<.0001). Also, higher
population reported with neuropathy (P=.03), nephropathy
(P=.001), foot ulcer (P=.001), and foot amputation (P=.001)
for those were suffering from diabetic retinopathy. The other
demographical parameters of diabetic patients are reported in
Table 2.

3.3. Results of laboratory tests

Higher IOP (P=.0008), fasting blood glucose (P <.0001), serum
total cholesterol (P<.0001), serum triglyceride (P=.0006), %
HbAlc (P <.0001), and disc asymmetry including cup—disc ratio
(P=.041) reported in patients with diabetic retinopathy. The
detailed values of laboratory tests are reported in Table 3.

3.4. Association of parameters with diabetic retinopathy

Significant demographical parameters, clinical conditions, and
the laboratory tests were selected in the multivariate analyses for
prediction of association with retinopathy. Age (P=.049), male
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Demographical and physical parameters.
Diabetic Patients without Patients with diabetic
Characteristics patients diabetic retinopathy retinopathy
Data of patients included in the study 1008 599 409 P-value
Ethnicity
Han Chinese 912 (90) 539 (90) 364 (89) .953
Mongolian 77 (8) 48 (8) 3709
Tibetan 12 (1) 6 (1) 4(1)
North Korean refugee 7() 6 (1) 4(1)
Age*, y
Minimum 38 38 44 .0003
Maximum 76 76 76
Mean +SD 58.13+8.26 59.15+8.11 61.15+9.18
Gender”
Male 467 (46) 219 (37) 248 (61) <.0001
Female 541 (54) 380 (63) 161 (39)
Body mass index,” kg/m? 25.12+1.45 24.99+1.11 25.42+1.52 <.0001
Location
Urban 351 (35) 220 (37) 131 (32) 139
Rural 657 (65) 379 (63) 278 (68)
Smoking
Not smoker 423 (42) 261 (44) 162 (40) 341
Previous smoker 328 (33) 185 (31) 143 (35)
Smoker 257 (25) 153 (25) 104 (25)
Alcoholic™
Not 678 (67) 410 (68) 268 (66) .029
Previous 212 (21) 132 (22) 80 (20)
Current 118 (12 57 (10) 61 (16)
Hyper‘[ensive* 451 (45) 244 (41) 207 (51) .002
Heart rate” (beats per minute; normal range 72—84 beats per minute) 79+9 78+8 81+8 <.0001
Waist circumference, cm 88.12+7.82 88.01+6.99 88.85+7.88 .076
Hip circumference, cm 96.27 +6.52 96.11+5.98 96.46 +6.58 .381
Duration of diabetes”, y
<3 471 (47) 388 (65) 83 (20) <.0001
4-9 324 (32) 119 (20) 205 (50)
>10 213 (21) 92 (15) 121 (30)
Presence of diabetic neuropathy* 112 (11) 51 (9 61 (15) .030
Presence of diabetic nephropathy* 119 (12 53 (9) 66 (16) .001
Presence of diabetic foot ulcer” 201 (20) 98 (16) 103 (25) .001
Foot amputation* 45 (4) 16 (3) 29 (7) .001
Ordinal data are presented as frequency (percentage) and numerical variables are presented as mean + SD.
The Fisher exact test was performed for categorical variables and the Mann—Whitney U test was performed for continuous variables.
Eor ordinal and numerical variables variable, a P-value <.05 was considered significant.
Significant parameter associated with diabetic retinopathy.
Results of laboratory tests.
Parameters Diabetic patients Patients without diabetic retinopathy Patients with diabetic retinopathy
Data of patients included in the study 1008 599 409 P-value
Intraocular pressure*, mmHg 18.21+6.01 18.25+5.05 19.45+6.21 .0008
Fasting blood glucose*, mM/L 7.98+2.32 8.01+1.98 8.55+2.36 <.0001
Serum total cholesterol*, mM/L 521+1.71 523+1.78 6.55+1.82 <.0001
Serum triglyceride*, mM/L 1.81+0.61 1.83+0.65 1.98+0.71 .0006
HbAtlc™ (%) 8.11+1.21 8.15+£1.23 8.92+1.33 <.0001
Cup—disc ratio 0.55+0.21 0.56+0.22 0.58+0.23 164
Disc asymmetry including cup—disc ratio 0.18+0.07 0.18+0.08 0.19+0.07 .041
Serum creatinine”, M/ 73.51+12.81 73.45+11.59 73.59+12.88 .857

Variables are presented as mean + SD.

The Mann-Whitney U-test was performed for statistical analysis.
A P-value of <.05 was considered significant.

*Significant parameter associated with diabetic retinopathy.
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Association of parameters with diabetic retinopathy.

Patients with reported

diabetic retinopathy 409
Parameters 0dd ratio 95% ClI P-value
Age*, y 1.12 1.15-2.45 .049
Gender

Male” 2.89 0.82-3.41 .048

Female 1.15 0.79-1.85 .063
Body mass index, kg/m2 1.1 0.81-1.26 .089
Alcohol consumption 1.09 0.55-1.61 .061
Hyper‘[ension* 1.85 0.89-3.22 .048
Heart rate (beats per minute) 1.01 0.85-1.02 .651
Duration of diabetes*, y 2.32 0.44-3.25 .012
Presence of diabetic neuropathy* 1.89 0.42-1.81 .041
Presence of diabetic nephropathy* 1.86 0.56-1.71 .048
Presence of diabetic foot ulcer” 1.56 0.54-1.85 .041
Foot amputation* 1.62 0.81-1.91 .042
Intraocular pressure, mmHg 0.89 0.55-1.01 .056
Fasting blood glucose*, mM/L 1.56 0.88-2.01 .022
Serum total cholesterol”, mM/L 1.67 0.87-1.97 .028
Serum triglyceride*, mM/L 1.55 0.75-1.84 .035
HbAtc” (%) 1.66 0.68-1.62 042
Disc asymmetry including 0.65 0.54-1.07 .068

cup—disc ratio

Data of patients without diabetic retinopathy were considered as the reference standard.
The odd ratio >1 and P-value < .05 were considered significant.
Significant parameter associated with diabetic retinopathy.

sex (P=.048), hypertension (P=.048), duration of diabetes
(P=.012), presence of diabetic neuropathy (P =.048), presence of
diabetic nephropathy (P=.048), presence of diabetic foot ulcer
(P=.041), foot amputation (P=.042), fasting blood glucose
(P=.022), serum total cholesterol (P=.028), serum triglyceride
(P=.035), and HbA1c (P=.042) were associated with diabetic
retinopathy (Table 4).

4. Discussion

The study performed with 1008 participants of the Shijiazhuang,
China with confirmed diabetes. Also, the evaluation reported 409
participants with diabetic retinopathy as the most frequent ocular
fundus disease. Diabetic patients with retinopathy had elevated
blood chemistry, hypertension, additionally nephropathy, neu-
ropathy, and/or a foot ulcer, and a long duration of diabetes. The
results of the study were consistent with a study on the Chinese
community,'>1%117] the study of the Fengyutan community of
China,' and the study of the Fengyutan sub-district.!'®! Low
vision and blindness are severe public health problems in
China.”! Monitoring of blood parameters and early screening of
ocular fundus diseases are required in a long duration of diabetes
to prevent damage to eyes.

The study reported age, male sex, hypertension, duration of
diabetes, diabetic neuropathy, diabetic nephropathy, presence of
diabetic foot ulcer, and foot amputation as independent risk
factors for diabetic retinopathy. The results of the study were
consistent with multi-hospital-based cross-sectional studies on
the Chinese community,>'% cross-sectional study of the
Fengyutan community of China,'®! and study of the Fengyutan
sub-district.'® Ageing and the other comorbidities have a
significant association with prevalence of diabetic retinopathy.
For treatment, management, and prevention of retinopathy
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special attention is required to patients with the other
comorbidities.

The study reported that fasting blood glucose, serum total
cholesterol, serum triglyceride, and HbA1c were independent risk
factors for diabetic retinopathy. The results of the study were
consistent with a population-based study of the Fengyutan sub-
district."®! Metabolic abnormalities have a significant role in the
prevalence of diabetic retinopathy because it may worsen the
chronic complications of diabetes.

The study reported that IOP, cup-disc ratio, and disc
asymmetry including the cup—disc ratio were not associated
with diabetic retinopathy. The results of the study were consistent
with the study on the Malay population.®! Unlike, comorbidities
and metabolic syndrome the small amount of increase in IOP
would not lead to diabetic retinopathy.

There are several limitations of the study, for example, the
cross-sectional study and lack of random sampling. The study
reported glaucoma, age-related macular degeneration, and the
other pathogenesis for ocular fundus diseases but did not
evaluate the risk factors for the same. The intra- and inter-rater
agreements are required to perform between ophthalmologists
for image analysis of fundus photographs!*®! but the study did
not perform agreements. The current study reported only 21
(2%) patients with myopia but a recent population-based survey
estimated the prevalence of myopia to be nearly 88% in young
people in Eastern China.?”! The patients enrolled in the current
study were older than a population-based survey. The current
study reported 309 (31%) patients with glaucoma but a resent
meta-analysis found that the prevalence of glaucoma in China to
be just over 2.5% of the population.!*!! Serial measurements of
IOP, optic nerve, and visual fields, especially early in the disease.
As a result, the current study overestimated glaucoma in the
population. The current study did not consider the age of the
patient when diagnosing the age-related macular degeneration.
Relatively young patients can have these findings as a result of an
alternative etiology, such as pattern dystrophy or myopic
maculopathy. Also, the study did not differentiate between
wet and dry the age-related macular degeneration. The study did
not differentiate between proliferative and non-proliferative
retinopathy.

5. Conclusions

Diabetic retinopathy was the most common ocular fundus
disease in diabetic patients. Also, age, male sex, hypertension,
duration of diabetes, diabetic neuropathy, diabetic nephropathy,
diabetic foot ulcer, foot amputation, fasting blood glucose, serum
total cholesterol, serum triglyceride, and HbA1c are independent
risk factors for diabetic retinopathy. The study will help
physicians to understand the prevalence and association of
diabetic retinopathy in the Chinese population.
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