Journal of Diabetes and Its Complications 33 (2019) 107383

Contents lists available at ScienceDirect

DIABETES
AND ITS
COMPLICATIONS

Journal of Diabetes and Its Complications

journal homepage: WWW.JDCJOURNAL.COM

Protective factors for diabetic retinopathy in Type 2 diabetes mellitus L))

Check for

patients: Long duration of no less than 10 years

Yanli Liu, Chunwen Duan, Dejia Fang, Yi Liu, Hanchun Xu, Yarong Zheng, Yaling Xuan, Lili Wang, Lin Ye,
Rui Su, Meixia An*

Department of Ophthalmology, The Third Affiliated Hospital of Southern Medical University, Guangzhou, Guangdong, China

ARTICLE INFO ABSTRACT

Aim: To study the factors protecting against diabetic retinopathy (DR) in patients with over a decade-long history
of type 2 diabetes mellitus.

Methods: A total of 490 patients with type 2 diabetes mellitus lasting for >10 years were divided into DR and no
diabetic retinopathy (no DR) groups. Their basic information was collected, including age, sex, and duration of
diabetes mellitus, as well as pertinent laboratory data. Potential correlations between these factors and DR
were evaluated using multivariate analysis.
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ggl‘;\girgsr'etinopathy Results: Overall, 208 patients met the diagnostic criteria for DR. Multivariate logistic regression was used to eval-
Protective factor uate factors with P<0.10 after univariate analysis. Age, total bilirubin, and total cholesterol were found to be pro-
Risk factor tective factors against DR. Presence of diabetic kidney disease and diabetic peripheral neuropathy, duration of
Diabetes mellitus diabetes mellitus, apolipoprotein B, blood urea nitrogen, and prothrombin time were found to be risk factors
Cholesterol for DR.

Conclusions: We conclude that total cholesterol is a protective factor against DR. Specifically, it was confirmed
that high levels of total cholesterol reduce the risk of DR. These findings may provide a basis for new diet and life-

style guidelines for patients with diabetes mellitus.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Diabetic retinopathy (DR) is one of the most serious complications of
type 2 diabetes mellitus (T2DM) and the leading cause of blindness in
adults." Many studies have found that duration of T2DM is an important
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risk factor for DR. However, in clinical practice, some patients with
chronic T2DM with poorly-controlled glucose levels either do not
have DR or their DR is not severe. Moreover, some patients with
short-term T2DM and well-controlled blood glucose levels are diag-
nosed with serious DR. Thus, it is important to identify factors that pre-
vent the occurrence of DR in T2DM patients. Therefore, the aim of this
study was to explore both the protective and risk factors involved in
the development of DR.

Many epidemiological studies on DR have evaluated its associ-
ated risk factors in order to help prevent or control the disease. Sim-
ilar research studies have also been conducted in Asia. A prospective
Korean cohort study demonstrated that longer diabetes duration is a
significant risk factor for the incidence of DR.” T2DM is a severe met-
abolic disease with many complications, such as diabetic kidney dis-
ease (DKD) and diabetic peripheral neuropathy (DPN). Studies
conducted in China concluded that DKD and DPN are independent
risk factors for DR development and progression.®:® Apolipoprotein
B (Apo B)!° and prothrombin time (PT)!! have also been found to
be associated with development of DR. A multi-hospital-based
cross-sectional study comparing the Western population with diabe-
tes have found similar risk factors for DR in Chinese diabetic patients,
such as blood urea nitrogen (BUN).!2
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DR and its risk factors have gained much attention and many abnor-
mal indicators have been confirmed as risk factors, thus potentially fa-
cilitating early detection and treatment of the disease. However,
protective factors, which may steer doctor focus toward valuable indica-
tors, have gained less attention. More studies and improved awareness
of the protective factors are therefore required.

2. Materials and methods
2.1. Study selection and data collection

A total of 490 patients with T2DM underwent binocular color fundus
photography using a mydriatic auto fundus camera (TRC 50DX;
TOPCON, Tokyo, Japan) in The Third Affiliated Hospital of Southern
Medical University between January 1, 2016 and June 29, 2018. The
sample pool included 227 males and 263 females with a mean age of
65.5 years (age range: 32-91 years) and a mean T2DM duration of
14.7 years (range: 10-40 years). T2DM diagnosis complied with the
new diagnostic and classification criteria for diabetes mellitus published
by the WHO in 1999,% which indicate that diabetes mellitus can be diag-
nosed with random plasma glucose level > 11.1 mmol/L, fasting plasma
glucose > 7.0 mmol/L, or 2-h plasma glucose > 11.1 mmol/L during an
oral glucose tolerance test. Participants whose fundus images were
blurred and who were identified as having an unclear optic disk and
surrounding vessels were excluded from the research study; as were
those who had T2DM with ketoacidosis or hypoglycemia, or exhibited
acute or chronic infection, blood disease, malignant tumor, or liver dis-
ease. Diagnostic criteria for DR were based on the Diagnostic Criteria for
Clinical Diagnosis and Treatment of Diabetic Retinopathy in China.?
Subjects were divided into the following two groups: a group with DR
in at least one eye and a no diabetic retinopathy (no DR) group with
no DR in either eye.

Recorded patient demographic characteristics included sex, age, dia-
betes mellitus duration, body mass index, blood pressure, and presence
or absence of hypertension, diabetic foot, DKD, and DPN. DKD is a
chronic kidney disease complicated by diabetes mellitus, with glomeru-
lar filtration rate (GFR) < 60 ml-min~'-1.73 m 2 or urinary albumin/
creatinine ratio (ACR) > 30 mg/g lasting >3 months.* Patients were clin-
ically diagnosed with DPN if they had a clear diagnosis of diabetes
mellitus, neuropathy occurring after the diabetes mellitus diagnosis,
clinical signs and symptoms consistent with DPN, or at least one abnor-
mal test result among five tests that included sputum reflex, needle sen-
sation, vibration sensation, pressure sensation, and temperature
sensation in patients with clinical symptoms (pain, numbness, and
paresthesia).” Blood samples from the subjects were collected to de-
termine the red blood cell count (RBC), platelet count (PLT, XT-
2000I; Sysmex, Japan), glycosylated hemoglobin (HbA1c, G8; Vastec,
Hong Kong), fasting blood glucose (FBG), total bilirubin (TBIL), total
cholesterol (TC), triglyceride (TG), high-density-lipoprotein choles-
terol (HDL-c), low-density-lipoprotein cholesterol (LDL-c), apolipo-
protein A (Apo A), Apo B, serum creatinine (Scr), BUN, blood uric acid
(BUA), GFR, PT, activated partial thromboplastin time (APTT),
thrombin time (TT), and fibrinogen (FIB, Cobas® 8000 modular ana-
lyzer series).

2.2. Statistical analysis

Statistical analysis was performed using the IBM SPSS software ver-
sion 21. Continuous data were expressed as mean + standard deviation
(¥ & s) and count data were expressed as percentage (n%). Data for the
DR and no DR groups were compared using two independent-samples
t-tests. Chi-squared test was used to compare rates. Multivariate logistic
regression analysis was used to analyze factors with P < 0.10 after uni-
variate analysis. Differences were considered statistically significant
when P < 0.05.

3. Results
3.1. Count data univariate analysis in DR and no DR groups

The morbidity rate for DR was 42.5%. The prevalence rates for hyper-
tension, DKD, and DPN were higher in the DR group than in the no DR
group (P <0.10, Table 1).

3.2. Measurement data univariate analysis in DR and no DR groups

The values for T2DM duration, systolic blood pressure, Hb1Ac, TC,
LDL-c, Apo B, Scr, BUN, PT, and FIB were higher in the DR group than
in the no DR group. The values for age, RBC, TBIL, and GFR were lower
in the DR group than in the no DR group (P < 0.10, Table 2).

3.3. Logistic regression analysis for risk and protective DR factors

Multivariate logistic regression analysis was performed for variables
with P < 0.10 after univariate analysis. Significant risk factors for DR in
T2DM patients were DKD (OR = 3.176, P < 0.05), DPN (OR = 1.864,
P <0.05), T2DM duration (OR = 1.066, P < 0.05), Apo B (OR = 30.647,
P<0.05), BUN (OR = 1.095,P<0.05), and PT (OR = 1.494, P< 0.05). Sig-
nificant protective factors for DR in T2DM were age (OR = 0.953,
P <0.05), TBIL (OR = 0.943, P < 0.05), and TC (OR = 0.704, P < 0.05,
Table 3).

4. Discussion

A previous study has shown that initiation and development of DR
are related to the duration of T2DM and blood glucose control.® How-
ever, some patients with long-term diabetes mellitus and poorly-
controlled blood glucose do not develop DR or exhibit mild cases of it.
Conversely, some patients have severe DR despite a relatively short dis-
ease period and good blood glucose control. In this study, data were col-
lected from systemic and ocular examinations of chronic T2DM patients
with a disease duration of no <10 years to identify the factors protecting
against DR and explore the mechanisms that resist damage caused by
DR. It is vital to study the mechanisms of DR development to determine
the factors protective against it and to provide reasonable guidelines for
patients with T2DM to prevent severe DR.

The results of this study show that T2DM duration, DKD, DPN, and
Apo B are risk factors for DR, which is consistent with many earlier
studies.”~1° In addition, BUN and PT are also risk factors for DR. Few re-
ports on the relevance of BUN and PT in DR have been published,!"!?
thus future studies on this subject are warranted.

In this study, it was found that TBIL, age, and TC were protective fac-
tors for DR. T2DM patients with long-term hyperglycemia have exces-
sive amounts of reactive oxygen species (ROS) in the body, causing
systemic oxidative stress. An increase in intracellular ROS can lead to cy-
totoxicity and tissue damage, including in retinal vascular endothelial
and other related cells. Bilirubin has a strong antioxidant capacity and
can effectively reduce oxidative damage, which is consistent with our
finding that it is a factor protective against DR.!314

Table 1
Univariate analysis of count data.

Characteristic no DR (n = 282) DR (n = 208) x? Pvalue
Sex

Male 131(46.45%) 96(46.15%) 0.004 0.948
Female 151(53.55%) 112(53.85%)

Hypertension 174(61.7%) 150(72.12%) 5.795 0.016
Diabetic foot 14(4.96%) 15(7.21%) 1.085 0.297
DKD 56(19.86%) 109(52.40%) 56.771 <0.001
DPN 113(40.07%) 124(59.62%) 18.31 <0.001

no DR = no diabetic retinopathy; DR = diabetic retinopathy; DKD = diabetic kidney
disease; DPN = diabetic peripheral neuropathy.
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Table 2
Univariate analysis of measurement data.

Characteristic no DR group DR group Tvalue P
value

Baseline

Age (years) 66.79 + 11.10 63.73 4+ 9.83 3.162  0.002

T2DM course (years) 14.25 £ 5.19 15.23 £+ 4.76 —2.135 0.033

BMI (kg/m?) 23.81 + 341 23.70 + 348 0327 0744

Systolic blood pressure 13943 4 1943  145.07 4 24.1 —2.866 0.004

(mmHg)
Diastolic blood pressure ~ 74.59 + 10.61 75.55 4+ 12.88 —0.908 0.365
(mmHg)

RBC (x10'/L) 4.43 + 0.86 412 + 0.76 4,084  <0.001

PLT (x10°/L) 237.64 £ 7419 246.14 £ 79.67 —1.215 0.225

HbA1c (%) 8.58 + 2.64 9.03 £+ 2.30 —2.000 0.046

FBG (mmol/L) 7.63 £ 3.41 7.81 4 3.80 —0.544 0.587

Lipid profile

TBIL (umol/L) 8.96 + 4.35 7.58 + 3.61 3.726  <0.001

TC (mmol/L) 4.55 + 1.20 482 + 1.24 —2422 0.016

TG (mmol/L) 1.82 +£ 1.55 1.89 &+ 1.46 —0.476 0.634

HDL-c (mmol/L) 1.18 £ 0.36 1.18 £+ 0.32 0.083 0.934

LDL-c (mmol/L) 2.57 4+ 1.05 2.80 + 1.22 —2306 0.022

Apo A (g/L) 1.17 +£ 0.32 1.17 £ 0.31 0.020 0.984

Apo B (g/L) 0.85 + 0.22 093 £ 0.25 —3.641 <0.001

Liver and renal function tests

SCRA (mold/L) 87.36 + 46.05 142.84 4+ 201.56 —4.469 <0.001
BUA (umol/L) 373.82 £+ 108.34 381.81 4+ 115.69 —0.784 0.433
BUN (umol/L) 6.21 + 2.86 87 +£735 —5.178 <0.001
GFR (ml/min) 78.98 + 29.02 67.48 + 36.18 3.901  <0.001
Coagulation test

PT (s) 10.98 4 0.95 1121 4+ 1.57 —1.997 0.046
TT (s) 19.36 + 6.86 19.01 + 3.09 0.696  0.487
APTT (s) 2520 + 4.17 24.99 + 4.21 0.532 0595
FIB (g/L) 3.14 + 093 3.36 + 1.07 —2475 0.014

no DR = no diabetic retinopathy; DR = diabetic retinopathy; T2DM = type 2 diabetes
mellitus; BMI = body mass index; RBC =red blood cell; PLT = platelet;
HbA1c = glycosylated hemoglobin; FBG = fasting blood glucose; TBIL = total bilirubin;
TC = total cholesterol; TG = triglyceride; HDL-c = high-density lipoprotein cholesterol;
LDL-c = low-density lipoprotein cholesterol; Apo A = apolipoprotein A; Apo
B = apolipoprotein B; Scr = serum creatinine; BUN = blood urea nitrogen;
BUA = blood uric acid; GFR = glomerular filtration rate; PT = prothrombin time;
APTT = activated partial thromboplastin time; TT = thrombin time; FIB = fibrinogen.

Other studies have shown that perfusion rate is low in the retina of
patients with severe myopia,'> which is known to protect against the
development of DR.'®~'® Among patients of advanced age, central reti-
nal artery hemodynamics change significantly before the occurrence
of severe retinopathy, with clear decreases in both peak systolic velocity
(V) and end diastolic velocity (V) of this artery.'® V; reflects the inten-
sity of vascular filling and blood supplementation, while V4 describes
blood perfusion of the tissue. Decreases in Vs and V4 indicate a serious
lack of tissue perfusion. Retinas of middle-aged and elderly patients

Table 3

Multivariate Logistic Regression Analysis for DR.
Characteristic OR value Pvalue 95% C.I.
DKD 3.176 <0.001 1.974-5.111
DPN 1.864 0.005 1.212-2.867
Age (years) 0.953 <0.001 0.932-0.975
T2DM course (years) 1.066 0.005 1.019-1.115
TBIL (umol/L) 0.943 0.046 0.89-0.999
TC (mmol/L) 0.704 0.032 0.512-0.97
Apo B (g/L) 30.647 <0.001 5.678-165.418
BUN (umol/L) 1.095 0.008 1.024-1.172
PT (s) 1.494 <0.001 1.193-1.871

Variables entered on step 1: age, DM duration, systolic blood pressure, hypertension, DKD,
DPN, RBC, HbA1c, TBIL, TC, LDL~c, Apo B, Scr, BUN, GFR, PT, FIB.

OR = odds ratio; C.I. = confidence intervals; DKD = diabetic kidney disease;
DPN = diabetic peripheral neuropathy; T2DM = type 2 diabetes mellitus; TBIL = total
bilirubin; TC = total cholesterol; Apo B = apolipoprotein B; BUN = blood urea nitrogen;
PT = prothrombin time.

are already in a state of low perfusion, inhibiting the development of
DR. Therefore, age is a protective factor against DR.

Our research also shows that moderate to high TC is a factor protec-
tive against DR. Previous research has found an association between low
cholesterol levels and DR, but the mechanistic details of this phenome-
non were not revealed. Other studies have shown that hypercholester-
olemia is a risk factor for DR.2%-?! In the Singapore Malay Eye study, a
high TC level was found to protect against DR.?? Considering this data,
in order to ensure the quality of measurements in this study, factors re-
lated to TC were recalculated. In univariate analysis, when a threshold
for the P-value was set at 0.05, TC remained a statistically significant pa-
rameter and the results did not change. Some studies have shown that
Miiller glial cells (MGCs) are actively involved in retinal development
and promote homeostasis through a variety of intracellular mecha-
nisms. Retinal health certainly depends on MGCs, as they display differ-
ent responses according to stimulus severity and trigger distinct events
throughout the disease course.?> MGCs are highly sensitive to metabolic
alteration of diabetes, such as hyperglycemia along with dyslipidemia,
hypoinsulinemia, and hypertension.?* Overexposure and underexpo-
sure to cholesterol activate MGCs and modulate their ability to sense
and transduce environmental signals, which conduct a mechanism of
retinal defense, thus maintaining an anti- and pro-inflammatory
balance.?® Cholesterol supplementation and depletion have also been
reported to have striking effects on the ability of retinal glial cells to
sense information from the environment.?® Therefore, high levels of
total cholesterol may reduce the risk of DR by activating MGCs.

In the 2015-2020 Dietary Guidelines for Americans,?’ the upper
limit for cholesterol has been eliminated, prompting us to reexamine
the status of cholesterol as it pertains to those with diabetes mellitus.
In future work, we plan to expand the sample size and design relevant
experiments to confirm the role of cholesterol in DR.

In conclusion, data of this study is from the most recent epidemiol-
ogy data on DR in The Third Affiliated Hospital of Southern Medical Uni-
versity, and assess the protective factors for DR. This study still has some
limitations. Considering that this is a cross-sectional study, longitudinal
studies should be performed to prove the causal association or protec-
tive effect of any systemic factor for DR. Additional limitations include
small sample size and hospital-based population. TC is a protective fac-
tor for DR. Although this can be explained in many ways, dietary data in
relation to cholesterol may have an influence on this effect. Further
studies need to be performed in the future. These results may contribute
to new guidelines for the diet and lifestyle of patients with T2DM.
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