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Abstract

This study aimed to explore the potential correlation between atherosclerotic cardiovascular disease (ASCVD) and diabb
retinopathy (DR) in patients with type 2 diabetes mellitus (T2DM). We enrolled 6540 patients with T2DM who were receiving
chronic disease management for hypertension, hyperglycemia, and hyperlipidemia in Chengyang District of Qingdao. Among
them, 730 had ASCVD (ASCVD group), which 5810 did not (N-ASCVD group). The results showed significantly higher levels of
age, blood glucose, glycosylated hemoglobin (HbA1c), systolic blood pressure, ASCVD family history, female proportion, and DR
incidence in the N-ASCVD group. Additionally, the glomerular filtration rate was significantly lower in the ASCVD group. Logistic
regression analysis revealed a positive correlation between DR and ASCVD risk. DR was further categorized into 2 subtypes,
nonproliferative DR (NPDR) and proliferative DR (PDR), based on e lesion severity. Interestingly, only the PDR was associated with
ASCVD. Even after accounting for traditional ASCVD risk factors such as age, sex, and family history, PDR remained associated
with ASCVD, with a staggering 718% increase in the risk for patients with PDR. Therefore, there is a strong association between
ASCVD and DR in individuals with T2DM, with PDR particularly exhibiting an independent and positive correlation with increased
ASCVD risk.

Abbreviations: ACCORD = the action to control cardiovascular risk in patients with diabetes, ASCVD = arteriosclerotic
cardiovascular disease, BMI = body mass index, CVD = cardiovascular diseases, DR = diabetic retinopathy, eGFR = estimated
glomerular filtration rate, HoA1c = glycosylated hemoglobin, LDL-C = low-density lipoprotein cholesterol, NPDR = nonproliferative
diabetic retinopathy, PDR = proliferative DR, T2DM = type 2 diabetes mellitus.
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1. Introduction

The prevalence of arteriosclerotic cardiovascular dis-
ease (ASCVD) is increasing rapidly, and it has become the
main cause of death worldwide and among Chinese resi-
dents." A study showed that 70% of cardiovascular dis-
eases (CVD) are caused by modifiable risk factors, including
41.2% metabolic factors (dyslipidemia, essential hyper-
tension, diabetes, and obesity) and 26.3% behavioral risk
factors (such as tobacco, alcohol, diet, physical activity,
and sodium intake).””! Type 2 diabetes mellitus (T2DM)
serves as a significant risk factor for ASCVD, which
stands as the primary cause of mortality among individ-
uals diagnosed with T2DM.B! In addition, patients in the
early stages of ASCVD may exhibit asymptomatic or mild
symptoms, potentially leading to oversight and delayed,
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ineffective treatment. Upon diagnosis, mortality and dis-
ability rates are notably elevated.B! Therefore, it is crucial
to pay attention to the early screening and treatment of
ASCVD.

Diabetic retinopathy (DR) is 1 of the most common micro-
vascular complications of T2DM, and patients with DR have
a higher risk of CVD and cardiovascular-related death.l**!
However, some studies suggest that patients with DR have
an increased risk of CVD, which is related to traditional risk
factors for ASCVD, such as blood glucose, blood lipids, and
blood pressure. The value of DR in predicting cardiovascu-
lar events is low,”®! and whether DR increases the risk of
ASCVD remains unclear. This study analyzed patients with
T2DM in chronic disease management in Chengyang District
of Qingdao to elucidate the correlation between DR and
ASCVD.
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2. Methods

2.1. Study population

From September 2019 to December 2020, 6540 patients with
T2DM were enrolled in the chronic disease management pop-
ulation with hypertension, hyperglycemia, and hyperlipidemia
in Chengyang District of Qingdao, including 730 patients with
ASCVD (ASCVD group) and 5810 patients without ASCVD
(N-ASCVD group). The resident was of Chinese nationality and
had lived in the area for at least 6 months. The diagnosis of
T2DM conforms to the diagnostic criteria of the 2020 Chinese
guidelines for the prevention and treatment of T2DM. The
exclusion criteria were as follows: incomplete case data; pres-
ence of other endocrine diseases; chronic obstructive pulmo-
nary disease; rheumatic immune diseases; Glaucoma, Cataract,
Ocular trauma, and other diseases affecting fundus grading;
acute infection; malignant tumor; Pregnancy; Type 1 diabe-
tes mellitus; secondary diabetes mellitus; chronic pancreatitis;
and estimated glomerular filtration rate (eGFR) <60 mL/min-
utes. ASCVD is diagnosed with CVD, including acute coronary
syndrome, myocardial infarction, angina pectoris, coronary or
other revascularization, atherogenic stroke, transient ischemic
attack, and atherogenic peripheral artery disease. This study
was approved by the Medical Ethics Committee of the Qingdao
Chengyang District People’s Hospital (CYQRMYY2019-0623).

2.2. Basic data

Basic information included the following: name, sex, date of
birth, household registration, education level, marital status,
occupation, smoking, drinking, diet, physical activity, and fam-
ily history of chronic diseases.

2.3. Anthropometric indicators

Height, body weight, waist circumference, and blood pressure
were measured thrice to obtain the mean. Body mass index
(BMI) = body weight/height 2 (kg/m?).

2.4. Biochemical indexes

The subjects were required to fast for 10 hours and blood
samples were collected. Blood glucose, serum creatinine, total
cholesterol, triglycerides, high-density lipoprotein cholesterol,
and low-density lipoprotein cholesterol (LDL-C) were mea-
sured according to previous studies.!% Glycosylated hemoglo-
bin (HbA1lc) was measured using a high-pressure liquid phase
(VARIANT ii Analyzer, Bio-Rad). The oral glucose tolerance test
and eGFR were also performed using an automatic biochemical
detector (Roche).

2.5. Fundus examination and evaluation

All patients were evaluated by 2 ophthalmologists from the
Chengyang District People’s Hospital of Qingdao according to
the 2002 International Clinical Classification of DRI"): no obvi-
ous retinopathy, nonproliferative diabetic retinopathy (NPDR),
Moderate NPDR, Severe NPDR, and proliferative DR (PDR).
The ophthalmologist performed mydriasis and slit-lamp exam-
inations, independently interpreting the films simultaneously.
Staging was determined upon consensus. In cases where con-
sensus was not achieved, senior doctors were consulted for film
interpretation and staging.

2.6. Disease diagnostic criteria

Hypertension!'?l: Patients with previously diagnosed hyper-
tension and taking antihypertensive drugs; Blood pressure

Medicine

measurement systolic blood pressure > 140 mm Hg and/or dia-
stolic blood pressure > 90 mm Hg. Overweight and obesity!3!
28kg/m? > BMI > 24kg/m?> was considered overweight and
BMI > 28 kg/m? was considered obese. Abdominal obesity!'*!:
waist circumference > 90cm for men and > 80cm for women.
Smoking was defined as > 1 cigarette per day for more than 1
year. The average monthly drinking duration in the past year
was > 1 time. Physical exercise: Moderate or vigorous activity
for 30 minutes per day for at least 3 days per week. High-level
education: College degree or above.

2.7. Statistical analysis

The SPSS software (version 23.0) was used to establish a data-
base for statistical analysis. An independent sample t test was
used for comparisons between the 2 groups. The median was
used for measurement data with nonnormal distribution, and
the Mann—Whitney U test was used for comparison between
groups. The qualitative data rate (%) was expressed as a y? test
for comparison between groups. A multivariate logistic regres-
sion, P < .05, was considered statistically significant.

3. Results

3.1. Clinical data analysis of patients

A total of 6540 patients with an average age of 53.1 = 10.1
years, included 2950 males and 3590 females. In comparison to
the N-ASCVD group, the ASCVD group exhibited significantly
higher mean age, PG 2 hours, HbA'lc levels, blood pressure,
ASCVD family history, and female proportion. The proportion
of smokers and drinkers and eGFR levels were significantly
lower in the ASCVD group compared to the N-ASCVD group
(P < .05) (Table 1).

3.2. Comparison of DR and different degrees of DR
between the 2 groups

Among the 730 subjects with ASCVD, 140 (19.2%) exhibited
DR, while 590 (80.8%) did not. In the N-ASCVD group, 480
(8.3%) had DR, while 5330 (91.7%) did not; the difference was
statistically significant (y*> = 9.01, P < .001). Furthermore, DR
was divided into NPDR and PDR, based on the degree of sever-
ity. In the ASCVD group, there were 100 cases (13.7%) with
NPDR and 40 cases (5.5%) with PDR, which were higher than
the 450 cases (7.7%) (x*=3.57, P =.06) and 30 cases (0.5%)
(x*=16.33, P <.001) in the N-ASCVD group (Table 1).

3.3. The effects of DR and different degrees of DR on
ASCVD

Logistic regression analysis showed that DR positively cor-
related with ASCVD. Only PDR was related to ASCVD. After
adjusting for age, sex, household registration, family history
of ASCVD, duration of diabetes (Model 1), smoking, drinking,
education level, physical exercise, obesity, hypertension, sys-
tolic blood pressure, diastolic blood pressure, HbAlc, LDL-C,
and eGFR (Model 2), PDR was still associated with ASCVD,
with a 718% increased risk of ASCVD in patients with PDR
(Table 2).

4. Discussion

ASCVD refers to acute or chronic ischemic lesions in multiple
vascular bed-dominated areas of the body."’! Six risk factors,
namely age, hypertension, smoking, plasma total cholesterol
level, plasma high-density lipoprotein level, and diabetes, were
used to assess ASCVD. Therefore, clinical risk factors have
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General information and biochemical test results of the study objects.

Total Non-ASCVD ASCVD t/z/x? Pvalue
Number (%) 6540 (100) 5810 (88.8) 730 (11.2)
Age (yn)? 53.20 (47.0,59.2) 52.40 (46.5, 58.3) 58.50 (53.9, 65.9) -5.86° .00
Female, n (%) 3590 (54.80) 3070 (52.80) 520 (71.20) —-8.86 .00
Urban registration, n (%) 2160 (33.0) 1930 (33.20) 230 (31.50) 0.09 77
Smoking, 1 (%) 1990 (30.40) 1880 (32.40) 110 (15.1) 9.16 .00
Alcohol, 1 (%) 2210 (33.70) 2080 (35.80) 130 (17.80) 9.38 .00
High educational level, n (%) 760 (11.60) 710 (12.20) 50 (6.90) 1.75 19
Physical activity, 1 (%) 4810 (73.50) 4240 (73.00) 570 (78.10) 0.87 .35
Family history of ASCVD, 1 (%) 3010 (46.00) 2560 (44.10) 450 (61.60) 8.07 .01
Waistline, n (%) 90.00+10.00 89.80+10.00 91.20+9.90 -1.07¢ .28
Central obesity, 1 (%) 4070 (62.20) 3540 (60.90) 530 (72.60) 3.76 .05
BMI (kg/m?)? 26.60 (24.40, 28.90) 26.70 (24.40, 28.90) 26.27 (24.12,29.01) —0.44° .66
General obesity, 1 (%) 5100 (77.90) 4540 (78.10) 560 (76.70) 0.08 78
Duration of DM (yr)°® 10.50+6.70 10.55+6.60 10.20+7.20 0.41¢ .68
FPG (mmol/L)? 7.83(6.77,9.44) 7.77(6.77,9.38) 8.38 (6.96, 10.65) -1.76° .08
PG 2h (mmol/L)? 13.21(9.10,18.13) 13.10(8.99,17.93) 16.26 (11.08, 19.20) -2.35° .02
HbAIC (%)? 6.80 (6.00, 7.90) 6.70 (6.00, 7.90) 7.20 (6.55, 8.85) -3.33° .00
Hypertension, 11 (%) 4690 (71.70) 4110 (70.70) 580 (79.50) 2.43 12
SBP (mm Hg)? 143 (131, 159) 143 (131, 158) 151 (133, 169) —2.28° .02
DBP (mm Hg)* 87 (79, 94) 87 (80, 95) 87 (78, 93) -0.78° 44
TC (mmol/L) @ 5.22 (4.58,5.98) 5.21 (4.58, 5.93) 5.26 (4.45,6.22) —0.94° .35
TG (mmml/L)°® 1.51(1.01,2.23) 1.44 (1.05, 2.08) 1.61(1.10, 2.30) 0.99° .32
LDL-C (mmol/L) ® 2.67+0.53 2.66+0.52 2.72+0.62 -0.89¢ 37
HDL-C (mmol/L) © 1.42+0.29 1.42+0.29 1.46+0.33 —1.23¢ 22
eGFR (mL/min-'/1.73 m~2? 93.2 (84.1,106.1) 94.6 (84.8,106.3) 87.2 (75.0, 103.0) -3.47° .00
ASCVD = atherosclerotic cardiovascular disease, BMI = body mass index, eGFR = glomerular filtration rate. A data M (Q1, Q3); B data + s; C is Z value; D t value, FPG = fasting blood glucose,
HbAlc = glycosylated hemoglobin, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, PG 2 h = after taking sugar 2 h blood glucose, TG = triglycerides.
Logistic regression analysis results of the influence of DR on ASCVD.
B SE x? 95%Cl Pvalue

DR

ASCVD 0.97 0.33 8.45 2.64 (1.37-5.06) .00

Model 1 0.96 0.36 718 2.634 (1.31-5.30) .00

Model 2 0.70 0.41 2.89 2.107 (0.93-4.78) .07
NPDR

ASCVD 0.70 0.38 3.44 2.01(0.96-4.19) .06

Model 1 0.67 0.40 2.79 1.98 (0.99-4.35) .09

Model 2 0.42 0.47 0.80 1.52(0.61-3.78) 37
PDR

ASCVD 2.49 0.78 10.29 12.05 (2.63-55.12) .00

Model 1 2.34 0.81 8.40 10.69 (2.20-51.87) .00

Model 2 210 0.84 6.20 8.18 (1.56—-42.81) .01

ASCVD = atherosclerotic cardiovascular disease, DR = diabetic retinopathy, NPDR = nonproliferative DR, PDR = proliferative phase DR; Model 1 was adjusted by age, gender, household registration,
family history of ASCVD and duration of diabetes. Model 2 was further adjusted for smoking history, drinking history, education level, physical exercise, obesity (abdominal type, systemic type), history of

hypertension, systolic blood pressure, diastolic blood pressure, HbA1c, LDL-C, and eGFR on model 1.

become the primary criteria for the international cardiovascular
community to assess the degree of ASCVD risk in asymptom-
atic individuals and to guide primary prevention measures. In
this study, the mean age, PG 2 hours, HbATc, systolic blood
pressure, family history of ASCVD, and proportion of female
patients in the ASCVD group were significantly higher than
those in the non-ASCVD group, which is similar to previous
findings.""®! Smoking and drinking are the traditional risk factors
for ASCVD. However, the prevalence of smoking and drinking
was significantly lower in the ASCVD group than in the non-
ASCVD group. This result was related to the fact that the prev-
alence of smoking (5.6%) and drinking (7.5%) in women was
significantly lower than in men (60.7%) and drinking (65.8%).
The proportion of women in the ASCVD group was significantly
higher than that of men (71.2% vs 28.8%), while the propor-
tion of women and men in the non-ASCVD group (52.8% vs
47.2%) was not significantly different, indicating that there was

a certain relationship between the sex ratio difference between
the 2 groups.

Microvascular and macrovascular lesions in T2DM share
a common pathophysiological basis. Previous studies have
shown that obesity, hypertension, hyperglycemia, and meta-
bolic syndrome are closely related to DR lesions and that these
are also related risk factors for ASCVD; therefore, DR and
ASCVD have similar risk factors.!">!8] Microvascular dysfunc-
tion and mechanisms of blood vessel damage share common
pathways, including the hexose amine pathway, protein kinase
C pathway, oxidative stress injury, renin—angiotensin—-aldoste-
rone system, chronic inflammation, growth factors, and blood
rheology changes.”?*! These mechanisms not only affect the
occurrence and development of DR but also the progression of
atherosclerosis.?!!

In terms of epidemiology, the action to control cardiovas-
cular risk in patients with diabetes (ACCORD) study of 3433
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diabetic patients with an average age of 61 years showed that
compared to subjects without DR, the relative risks of cardio-
vascular events (cardiovascular death or nonfatal myocardial
infarction or stroke) in patients with mild and severe DR were
1.49 (95%CIL: 1.12-1.97) and 2.35 (95%CI: 1.47-3.76), respec-
tively.l¥) This study showed that DR was significantly correlated
with the occurrence of ASCVD and that the risk of ASCVD
increased the severity of DR lesions. Moreover, the PDR is an
independent risk factor for ASCVD. The presence of PDR sig-
nificantly increased the risk of ASCVD in patients by 7.18 times.
Patients with PDR have a higher risk of ASCVD than patients
with NPDR, which may be due to the longer course of diabe-
tes, greater burden of atherosclerosis, and more severe insulin
resistance.??!

The 4-year follow-up of 2856 patients in the ACCORD
study showed that the risk of the primary outcome increased
by 38% (1.38 [95%CI: 1.10-1.74]) as the severity of DR
increased.””” Kurtul et al® investigated 96 patients with
T2DM who underwent coronary angiography. Fundus exam-
ination was conducted to evaluate the presence and severity
of Dr The SYNTAX score was calculated for each patient to
assess the severity of coronary artery disease. Results indi-
cated a significant correlation between SYNTAX score and
the extent of coronary artery disease in T2DM patients, with a
higher SYNTAX score (>16.5) emerging as a crucial indepen-
dent predictor of DR.[?! Another study of a population with-
out ASCVD showed that PDR could predict all-cause ASCVD
mortality compared to individuals without DR after adjusting
for ASCVD-related risk factors.®! Our results demonstrated
the independent and positive correlation between PDR and
ASCVD risk.

This study has indicated that this cross-sectional study may
have unpredictable bias. Second, retrospective case—control
studies cannot directly assess the causal relationship between
DR and ASCVD. Therefore, it is necessary to further expand the
sample size and conduct long-term prospective cohort studies to
observe the occurrence of ASCVD and understand the relation-
ship between DR and ASCVD.
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