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ABSTRACT

Analysis of peripheral blood biochemical parameters

in diabetic retinopathy

Jonghan Lee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Assistant Professor Jong-Baeck Lim)

Introduction: To evaluate the clinical usefulness of periphdralod biochemical
parameters for the prediction of diabetic retinbgafDR), peripheral blood levels
of various biochemical parameters were measuretiinetes mellitus (DM) patients
with or without diabetic retinopathy (DR).

Materials and M ethods. The peripheral blood samples were obtained fronD®B
patients and 41 healthy controls. There were 38@alilents without DR and 60 with
DR, and the DR cases were categorized as nongnatife DR (NPDR) in 51
patients and proliferative DR (PDR) in 9 patief@&mographic profiles such as age
and DM duration were analyzed. The biochemicalifg®bf the blood were analyzed
for glucose, BUN, creatinine, lactate dehydrogenasil cholesterol, triglyceride,
high density lipoprotein-cholesterol (HDL-C), lowerkity lipoprotein-cholesterol
(LDL-C) and LDL diameter. In addition, various cittnes such as ILd, IL-1, IL-2,
IL-4, IL-6, IL-8, IL-10, epidermal growth factor (&), vascular endothelial growth
factor (VEGF), interferon-gamma (INfj; tumor necrosis factor-alpha (TN#-and
monocyte chemoattractant protein-1 (MCP-1) were alsalyzed.

Results: DM duration P<0.001) was longer in DM patients with DR compared
to DM patients without DR. Glucosé?£0.001), total cholesterolP€0.005) and



LDL-C (P=0.025) were significantly higher in DM patientstwiDR than in DM
patients without DR. In trend analysis, the seyedf DR showed a significant
positive correlation with DM duratiorP&0.001), glucoseR<0.001), BUN P=0.021),
creatinine P=0.004), total cholesterolP€0.004), LDL-C P=0.023) and MCP-1
(P=0.049). The independent risk factors associatetth wie presence of DR by
multiple logistic regression analysis were DM dimat(OR=1.30; 95% CI, 1.14-1.48
per year), glucose (OR=1.01; 95% CI, 1.00-1.02 pemg/dL), total cholesterol
(OR=1.03; 95% ClI, 1.01-1.05 per 1 mg/dL) and B{DR=1.30; 95% ClI, 1.14-1.48
per 1 pg/mL). DM durationR=0.004) was longer than in DM patients with non-
proliferative diabetic retinopathy (NPDR). IL-8£0.002) and TNF (P=0.012)
levels were higher in DM patients with PDR compatedhose with NPDR. DM
patients with PDR were younger than those with NAPR.034). And the LDL
diameter P=0.003) was smaller in DM patients with PDR compate those with
NPDR.

Conclusions: DM duration seems to be an important risk factothie prediction of
diabetic retinopathy. The serum glucose, total e$telrol, and LDL-cholesterol levels
may be useful in the evaluation for diabetic reti@itny in DM patients. In addition,
levels of IL-6 and TNFe, as well as LDL diameter may also be useful fog th

prediction of PDR in DM patients with diabetic reipathy.

Key words: biochemical parameter, cytokine, diabeétinopathy (DR), low density
lipoprotein diameter (LDL diameter), proliferatideabetic retinopathy (PDR)



Analysis of peripheral blood biochemical parameters

in diabetic retinopathy

Jonghan Lee

Department of Medicine
The Graduate School, Yonsei University
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I. INTRODUCTION

Diabetic retinopathy (DR) is a common microvascutamplication of diabetes
mellitus (DM), resulting in blindness in over 10(0@iabetic people per yeaif DR
goes undetected or is left untreated, it can haveggravating impact on the patient’s
quality of life and put a significant burden on lieaare cost.Accordingly, early
diagnosis for DR and proper management can impitea/eutcome of DM patients.

There are some methods to diagnose DR such as abpiobcopy, fluorescein
angiography and fundus photography. The Gradingstefeoscopic color fundus
photographs in seven standard fields (SSFs), asedetby the Early Treatment
Diabetic Retinopathy Study (ETDRS) group, is a geiped standard for the
detection of diabetic retinopatfly.However, all these ophthalmic diagnostic
approaches must be conducted by a professionahapitlogist and also require
invasive and expensive procedures. Therefore, dveldpment of peripheral blood
biochemical parameters for DR could be helpfuldarly detection and management
of DM patients with DR. There have been few stud@esdentify useful peripheral
biochemical parameters of diabetic retinopathyiiman peripheral blootl?

The aim of this study was to evaluate the clinigséfulness of peripheral blood



biochemical parameters for the prediction and mamet of DR, various peripheral
blood biochemical parameters were compared betédépatients with and without
DR.

II. MATERIALS AND METHODS

1. Subjects

For this study, 98 patients were enrolled who heehbdiagnosed with type 1 or type
2 DM at least 6 months prior and who had been pantisly receiving insulin
therapy at least 3 months prior at the Yonsei Usitae Health System, Seoul, Korea.
Of the 98 patients (mean age 58+9.9), there wermdl@s (mean age 57.91+9.8) and
50 females (mean age 58.1+10.1). The age of thenpatranged from 30 to 77 years
(median age 60).

Sixty patients had DM with DR and 38 were DM with@R. DM patients with DR
were classified according to the degree of seventyd (n=29), moderate (n=11),
severe (n=11) and proliferative diabetic retinogaginoup (n=9). The diagnosis of
DM was made based on 1985 World Health Organizatitiaria® Exclusion criteria
included other eye disorders that could interfeiith ihe diagnosis of DR, acute
myocardial infarction, any organ failure, liver eése, stroke, systemic infection and
experience of laser photo-coagulation therapy.

In addition, 41 healthy volunteers who had visit8dverance Hospital Health
Promotion Center for a regular health examinati@meaenrolled as healthy controls,
and they all were free of DM, hypercholesterolerhiggertension and coronary heart
disease. The 41 healthy control subjects (meanddg&+10.9) included 26 males
(mean age 43.9410.6) and 15 females (mean age Y63+ This study protocol was
approved by the Institutional Review Board (IRB)tb& Yonsei University Health
System on February 8th 2007. The IRB of Yonsei ©rdity Health System is
organized and operated according to the ICH-GCRerghational Conference on

Harmonization-Good Clinical Practice) and the agalie regulations.



2. Diagnosis of diabetic retinopathy

Diabetic retinopathy (DR) was diagnosed by ophtlwslcopy and fluorescein
angiography through dilated pupils by an ophthatygt in the Yonsei University
Health System. The patients were classified acngrth the presence or absence of
DR and the degree of severity using the final soélthe Early Treatment Diabetic
Retinopathy Study (ETDRS) Classificatioas follows: 0, absent DR (DM patients
without DR); 1, DM patients with mild DR; 2, DM patts with moderate DR; 3, DM
patients with severe DR; 4, DM patients with pmiitive DR (PDR).

3. Blood sample collection

From March 2006 to January 2007, overnight fassegum and EDTA plasma
samples were taken from the patients and aliquattetithen frozen at -76°C until
analysis. Serum samples were thawed at room tetoperand used for biochemical
assay. EDTA plasma samples were thawed at roomeetyse and used for the

cytokine assay and LDL diameter analysis.

4. Biochemical assay

All parameters described below were analyzed baseda spectrophotometric
method using the Hitachi-7600 D-module automati@lper (Hitachi Ltd., Tokyo,
Japan) with each commercial reagent. Serum gluease spectrophotometrically
measured using a hexokinase method that measuseesNADP formed from
hexokinase-catalyzed transformations of glucose wadous intermediates with
gluco-quant®glucose/HK reagent (Roche Diagnostidannheim, Germany). BUN
was measured by urease using the glutamate delgytheg (GLDH) method with
Wako L-type UN reagent (Wako Pure Chemical IndastrLtd., Osaka, Japan).
Creatinine measurement was based on the Jaffeéaieast which creatinine was
reacted with picrate using Daiichi Clinimate CRE#agent (Daiichi Pure Chemicals

Co. Ltd., Tokyo, Japan). Lactate dehydrogenase (LD¥4s measured by the



enzymatic reaction catalyzed by lactate dehydroggenssing a spectrophotometric
enzyme assay with Wako L-type LDH reagent (WakaeRtinemical Industries, Ltd.,

Osaka, Japan). Total cholesterol, high densitypliptein-cholesterol (HDL-C) and

low density lipoprotein-cholesterol (LDL-C) were aseired using enzymatic

colorimetry with the Daiichi reagent (Daiichi Putdemicals Co. Ltd., Tokyo, Japan).
Triglyceride was measured using enzymatic colonynefith the Roche triglycerides

GPO-PAP reagent (Roche Diagnostics, Mannheim, Gey)na

5. Measurement of LDL diameter

To evaluate the LDL diameter (peak particle diameteDL was isolated from the
plasma, according to the method described by Gréfial.” LDL was isolated from
the plasma at a density of 1.019-1.063 g/mL by ilermgadient ultracentrifugation.
Then, electrophoresis was performed using a padignt lipoprotein system (CBS
Scientific, Del Mar, CA) with commercially availa®l non-denaturing 2-16%
polyacrylamide gels (Alamo Gels Inc, San Antonia)TAfter electrophoresis, the
gels were fixed for 30 minutes in sulphosalicy@iid and stained with Coomassie
blue for 1 hour. The gels were destained in 7.5%tiacacid for 24 hours and
standardized against markers: polystyrene lated$&6 nm), thyroglobulin (17 nm),
apoferritin (12.2 nm) and catalase (10.4 nm). Téls gvere scanned using a GS-800
Calibrated Imaging Densitometry (Bio-Rad LaborasriGraz, Austria).

6. Cytokine assay

The biochip array, Evidence investigdtdrcytokine and growth factor array
(RANDOX Laboratories Ltd., Crumlin, UK) were used perform simultaneous
quantitative detection of multiple analytes fronsiagle patient sampfeEvidence
investigatol" quantitatively tested for ILd, IL-1p, IL-2, IL-4, IL-6, IL-8, IL-10,
epidermal growth factor (EGF), vascular endothelgabwth factor (VEGF),
interferon-gamma(INF-y), tumor necrosis factor-alpha (TNf; monocyte chemo
-attractant protein-1 (MCP-1) by a sandwich chemilbescent immunoassay.

Increased levels of cytokines in a specimen leaddreased binding of an antibody



labeled with horseradish peroxidase (HRP) and tlars increase in the
chemiluminescence being emitted.

The light signal generated from each of the tegions on the biochip was detected
using digital imaging technology and compared &t fhrom a stored calibration curve.
The concentration of analyte presented in the samyds calculated from the

calibration curve. Quality control procedures wexk implemented in cytokine
profiles which had passed pre-defined acceptariteriarto guarantee a high degree

of precision.

7. Statistical analysis

Data were expressed as the mean+SD or mediandiirsteile range). Comparison
between DM patients with and without DR were condddy independent samples t-
test. The association between all parameters andi¢lgree of severity of DR were
evaluated: 0, DM patients without DR; 1, DM patgentith mild DR; 2, DM patients
with moderate DR; 3, DM patients with severe DRDA/] patients with proliferative
DR (PDR). Independent factors associated withigleaf DR among the biochemical
parameters were analyzed by multiple logistic regjmn analysis. Of the 60 DM
patients with DR, comparisons of peripheral bioctvatrparameters between 51 DM
patients with non-proliferative DR (NPDR) and 9 Dpatients with proliferative
diabetic retinopathy (PDR) were performed by thenMaVhitney U test. Multiple
logistic regression analysis were also used toifidépendent factors associated with
the risk of PDR .

SPSS 12.0 (SPSS Inc., Chicago, IL) and Analyzénga(yse-it Software Ltd., Leeds,
UK) were used for statistical analysis. Pvalue less than 0.05 (two-tailed) was

considered to be statistically significant.

M. RESULTS

1. Comparison of biochemical and demographic msfibetween diabetes mellitus

patients with and without diabetic retinopathy



The DM duration P<0.001) was longer in patients with DR than in @ati$ without

DR. Glucose P=0.001), total cholesterolP€0.005) and LDL-C BP=0.025) were
higher in DM patients with DR than in DM patientdtlvout DR (Fig.1). Other
profiles such as BUN, creatinine, LDH, HDL-C andglyceride did not show a
significant difference®#>0.05) between the two groups (Table 1).

2. Comparison of LDL diameter between diabetesituslpatients with and without
diabetic retinopathy

In a comparison of the LDL diameter (peak partidiemeter), there was no
significant difference between DM patients with @®:1.16 nm) and without
(26.74t1.05 nm) DR P>0.05) (Table 1).

3. Comparison of cytokine assays between diabegdigum patients with and without
diabetic retinopathy

Peripheral blood levels of 12 cytokines such addliL-18, IL-2, IL-4, IL-6, IL-8,
IL-10, EGF, VEGF, IFNy, TNF-« and MCP-1 were estimated and compared between
DM patients with and without DR.

However, none of the above cytokines were signitigadifferent between DM
patients with and without DRP&0.05) (Table 1).



Table 1. Comparison of demographic and biochengoafiles between diabetes mellitus patients with aithout diabetic
retinopathy

Parameters Normal (n=41) DM without DR (n=38) DM wWidRR (n=60) *P-value
Age (years) 4476 * 10.88 57.53 + 8.64 58.32 = 10.67 NS
DM duration (years) 0.00 + 0.00 8.61 + 4.93 15.07 + 6.45 a0.0
Glucose (mg/dL) 86.90 * 7.39 141.03 =+ 48.97 199.18 * 112.43 .00D
BUN (mg/dL) 13.30 + 3.32 15.83 + 4.39 17.18 + 6.30 NS
Creatinine (mg/dL) 0.92 + 0.16 0.88 + 0.20 1.08 = 0.83 NS
Total cholesterol (mg/dL) 193.66 + 41.04 165.82 + 26.46 3.883 + 32.54 0.005
HDL-cholesterol (mg/dL) 57.41 + 14.85 52.66 + 8.51 55.62 33U NS
LDL-cholesterol (mg/dL) 128.27 + 32.99 105.61 + 24.02 op8.+ 27.53 0.025
Lactate dehydrogenase (1U/L) 323.24 =+ 50.99 359.47 +2X53.2 348.38 + 73.33 NS
Triglyceride (mg/dL) 167.12 + 195.57 169.16 + 125.45 193.6 101.53 NS
LDL diameter (nm) 27.08 + 1.14 26.74 = 1.05 26.96 + 1.16 NS
IL-1a (pg/mL) 0.81 =+ 2.45 0.42 =+ 0.41 0.54 +1.12 NS
IL-1B (pg/mL) 1.60 * 3.64 0.95 * 0.99 1.79 *=5.08 NS
IL-2 (pg/mL) 3.01 =+ 8.83 2.88 = 8.10 3.08 + 6.69 NS
IL-4 (pg/mL) 4.18 =+ 3.55 6.86 =+ 20.82 440 *=7.81 NS
IL-6 (pg/mL) 1.26 *= 2.32 5.05 +2.78 1.44 =+ 1.57 NS
IL-8 (pg/mL) 455 + 7.93 1.45 = 1.62 7.88 + 13.39 NS
IL-10 (pg/mL) 0.82 + 2.36 0.70 * 0.59 1.11 *2.76 NS
EGF (pg/mL) 13.15 =* 39.09 45.28 * 35.81 42.22 =+ 38.97 NS
VEGF (pg/mL) 26.20 =+ 21.40 78.12 + 67.77 61.44 =+ 49.14 NS
IFN-y (pg/mL) 1.26 = 3.02 1.61 =1.70 1.74 = 3.34 NS
TNF-a (pg/mL) 3.41 + 2.99 3.78 = 3.51 4.13 = 3.74 NS
MCP-1 (pg/mL) 87.05 =+ 77.70 145.16 =+ 57.26 163.57 + 122.26 NS

*P-value was represented by independent two-samglest between DM patients with DR and DM patienttheut DR.
Abbreviations: DM, diabetes mellitus; DR, diabe#tinopathy; EGF, epidermal growth factor; VEGFsaalar endothelial

growth factor ; INFy, interferon-gamma; TN tumor necrosis factor-alpha; MCP-1, monocyte abestnactant protein-1;

NS, non-significant.



>
w

o5 /X0.001 350 - 7X0.001
— 300 f
20 r -
> D250 f
L (@)
515 E 200 |
S0 | I $ 150 T
© S
= $100
Qo 5 r O]
S 5
0 0
DM without DR DM with DR DM without DR DM with DR
C D
%<0.001
250 r /%X0.001 _. 160 r | |
1 1
3 200 | S Mo
S L
= T 2120 I
§ 150 5 100
o 2 8o |
(%} (%}
®© 100 F L
3 2 60
= .
% 50 | S 40
g 2 20
) - 0
DM without DR DM with DR DM without DR DM with DR

Fig.1. Comparison of (A) diabetes mellitus duratiperipheral blood level of (B) glucose, (C) total
cholesterol and (D) LDL-cholesterol between DM eats without diabetic retinopathy and with diabetic
retinopathy. Bars indicated meanzSD. All of abovemparative parameters showed statistically
significant difference (P<0.05).

Abbreviations: DM, diabetes mellitus; DR, diabetietinopathy; LDL-C, low density lipoprotein-
cholesterol.
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4. Clinical and biochemical characteristics accordiogthe degree of severity of
diabetic retinopathy

When the demographics and biochemical parametars avalyzed according to the
degree of severity of DR, some parameters shovegigtatally significant trends.

In the demographic and medical history, the DM tara showed a positive
association with increasing severity of DIR<Q.001).

In the biochemical profiles, glucosé<0.001), BUN P=0.021) and creatinine
(P=0.004) showed a positive association with increasieverity of DR and in the
lipid profiles, total cholesterolP=0.004) and LDL-C P=0.023) showed a positive
association with increasing severity of DR.

In the cytokine assays, only MCP-1 showed a sicguifi positive association with
increasing severity of DRPE0.049) (Table 2).
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Table 2. Characteristics of peripheral blood bimstoal parameters in relation to the degree of sgvef diabetic retinopathy

Parameters DM without DR DM with mild DR DM with moderate® DM with severe DI DM with PDR *P

(n=38) (n=29) (n=11) (n=11) (n=9) for trend
Age (years) 57.53 +8.64 58.79 +10.65 58.55 +9.76 62.55 ©8.3 51.33 +12.53 NS
DM duration (years) 8.61 +4.93 13.59 + 5.68 12.82 +5.64 16.82 + 7.53 20.44 +5.64 <0.001
Glucose (mg/dL) 141.03 +48.97 176.24 +88.58 200.27 + 0.1 213.00 *141.24 254.89 +150.44 <0.001
BUN (mg/dL) 15.83 +4.39 16.03 +3.77 17.05 +4.46 16.95 +5.08 21.34 +12.70  0.021
Creatinine (mg/dL) 0.88 +0.20 0.93 +0.20 1.06 +0.51 0.95.240 1.77 +1.98 0.004
Total cholesterol (mg/dL) 165.82 +26.46  181.34 +29.60 4.27 +33.61 193.18 +42.52 192.33 +26.82  0.004
HDL-cholesterol (mg/dL) 52.66 +8.51 55.97 +15.32 56.09 .6%6 58.73 +14.67 50.11 *10.89 NS
LDL-cholesterol (mg/dL) 105.61 +24.02  117.17 +25.99 B07.+ 29.83 127.27 +31.83 12256 +23.30  0.023
Lactate dehydrogenase (IU/L) 359.47 +53.22  334.76 =%59.0 328.09 *68.39 362.55 +58.69 399.78 +113.28 NS
Triglyceride (mg/dL) 169.16 +125.45 158.66 *75.53 188.91.05.86 155.82 +131.00 224.78 +126.81 NS
LDL diameter (nm) 26.74 +1.05 27.04 +1.06 26.69 +1.09 3781.01 25.97 +1.00 NS
IL-1a (pg/mL) 0.42 +0.41 0.46 +0.61 1.26 +2.34 0.19 +0.27 0.34 280. NS
IL-1p (pg/mL) 0.95 +0.99 1.28 +2.02 523 +11.12 0.56 +0.45 0.71.640 NS
IL-2 (pg/mL) 2.88 +8.10 2.54 +5.47 5.90 +12.56 2.84 +2.72  71.+2.09 NS
IL-4 (pg/mL) 6.86 +20.82 3.34 +1.30 9.67 +17.79 3.28 +0.66 .72 +0.73 NS
IL-6 (pg/mL) 1.45 +1.62 1.15 +0.92 1.36 £1.78 0.81 +0.33 43.22.56 NS
IL-8 (pg/mL) 5.05 +2.78 8.23 +17.42 12.28 +12.31 429 +1.70 579 +4.05 NS
IL-10 (pg/mL) 0.70 +0.59 0.66 +0.85 1.57 +2.72 0.45 +0.50 82.+6.27 NS
EGF (pg/mL) 4528 +35.81 44.48 +42.59 42.82 +37.84 29.85762  49.36 =43.09 NS
VEGF (pg/mL) 78.12 +67.77 53.20 +37.01 56.23 +39.83 68.769F5  85.35 +83.28 NS
IFN-y (pg/mL) 1.61 +1.70 1.17 +2.40 2.85 +6.35 1.96 +2.12 1.95 791. NS
TNF-o (pg/mL) 3.78 +3.51 3.80 +3.18 4.57 +5.97 3.29 +0.58 5.68 344. NS
MCP-1 (pg/mL) 145.16 +57.26  140.27 +54.47 136.47 +28.02 2.2 +255.70 174.92 +73.42  0.049
*For each variable, the linear trend with the siyesf DR was testedP for trend less than 0.05 were considered stadi$ic
significant.

Abbreviations: DM, diabetes mellitus; DR, diabetitinopathy; EGF, epidermal growth factor; VEGFsaalar endothelial
growth factor; IFNy, interferon-gamma; TNl tumor necrosis factor-alpha; MCP-1, monocyte abefitnactant protein-1;
NS, non-significant.
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5. Risk factors independently associated with tfesgnce of diabetic retinopathy in

diabetes mellitus patients

The risk factors independently associated withpgresence of DR in DM patients
were analyzed by using a multiple logistic regressiprocedure. Among the
demographic and biochemical parameters, DM duraf®@R=1.30; 95% CI, 1.14-
1.48 per year), glucose (OR=1.01; 95% CI, 1.00-p€21 mg/dL), total cholesterol
(OR=1.03; 95% ClI, 1.01-1.05 per 1 mg/dL) and B{DR=1.92; 95% ClI, 1.16-3.18
per 1 pg/mL) were identified as possible risk fastof DR (Table3).

6. Comparison of demographics and biochemical petens between non-proliferative

diabetic retinopathy and proliferative diabetidrrepathy

In DM patients with PDR, DM duratiorP€0.004) was longer and IL-&£0.002)
and TNFe (P=0.012) levels were higher, compared with DM pdtiemith NPDR. In
addition, in DM patients with PDR, the age=0.034) was younger and the LDL
diameter P=0.003) was smaller, compared with DM patients VWWHRDR. Using a
multiple logistic regression procedure, any risgtéas independently associated with
the presence of PDR in DM patients could not batifled (Table 4).

13



Table 3. Risk factors independently associated \ilih
presence of diabetic retinopathy in diabetes nusllit
patients

Risk factor OR (95% CI) *P-value
DM duration (per year) 1.30 (1.14-1.48) <0.001
Glucose (per 1 mg/dL) 1.01 (1.00-1.02) 0.009
Total cholesterol (per 1 mg/dL) 1.03 (1.01-1.05) 0.010
IL-1B (per 1 pg/mL) 1.92 (1.16-3.18) 0.011

*Backward stepwise logistic regression model wasdusr
selection started with all variables and deleteel aina time,
in the order they are worst criteria. Variablesluded in
the multivariate model were gender, age, DM dumtio
glucose, BUN, creatinine, lactate dehydrogenasgal to
cholesterol, triglyceride, high density lipoprotein
cholesterol (HDL-C), low density lipoprotein-chotlesol
(LDL-C), LDL diameter, IL-T, IL-1p, IL-2, IL-4, IL-6, IL-

8, IL-10, epidermal growth factor (EGF), vascular
endothelial growth factor (VEGF), interferon-gam(haF-
y), tumor necrosis factor-alpha (TN#-and monocyte
chemoattractant protein-1 (MCP-1).

Abbreviations: OR, odds ratio; Cl, confidence intdr

14



Table 4. Comparison of demographics and biochenpeabmeters between diabetes mellitus in non-pralifve diabetic
retinopathy and diabetes mellitus in proliferatiliabetic retinopathy

DM with NPDR (n=51) DM with PDR (n=9)

Parameters *P -value
mean * SD median interquartile range mean + SD median indetite range

Age (years) 59.55 + 9.94 61.00 ( 54.00 - 66.00 ) 51.33 + 12.531.06 ( 42.50 - 58.00 ) 0.034
DM duration (years) 14.12 *+ 6.16 13.00 ( 10.00 - 17.00 ) 204 5.64 20.00 ( 17.00 - 24.00 ) 0.004
Glucose (mg/dL) 189.35 + 103.14 172.00 ( 118.00 - 265.00 )4.8% + 150.44 210.00 ( 140.50 - 309.50 ) NS
BUN (mg/dL) 16.45 * 4.16 15.60 ( 12.80 - 19.20 ) 21.34 + 12.708.50 ( 15.85 - 21.15 ) NS
Creatinine (mg/dL) 0.96 + 0.30 0.90 ( 0.80 - 1.10 ) 1.77 £ 1.98 1.30 ( 0.85 - 1.40 ) NS
Total cholesterol (mg/dL) 182.37 + 33.45 179.00 ( 161.0@05.00 ) 192.33 * 26.82 192.00 ( 175.50 - 209.00 ) NS
HDL-cholesterol (mg/dL) 56.59 *+ 13.59 53.00 ( 47.00 - 65.0p 50.11 = 10.89 50.00 ( 41.00 - 56.50 ) NS
LDL-cholesterol (mg/dL) 117.22 +28.34 119.00 ( 103.00 91® ) 122.56 + 23.30 125.00 ( 101.50 - 141.50 ) NS
Lactate dehydrogenase (IU/L) 339.31 + 61.10 339.00 (@®3.380.00 ) 399.78 + 113.28 372.00 ( 319.50 - 433.50 ) NS
Triglyceride (mg/dL) 164.57 + 95.05 140.00 ( 102.00 - 2@7.p 224.78 = 126.81 163.00 ( 137.00 - 355.00 ) NS
LDL diameter (nm) 27.13 +1.11 27.10 ( 26.20 - 27.90 ) 25.971.60 25.60 ( 25.35 - 26.75 ) 0.003
IL-1a (pg/mL) 0.57 = 1.21 040 ( 0.00 - 0.54 ) 0.34 = 0.28 0.42 ( 0.0m.48 ) NS
IL-1B (pg/mL) 1.98 + 5.49 0.80 ( 0.00 - 0.98 ) 0.71 + 0.64 0.73 ( 0.0QaL.22 ) NS
IL-2 (pg/mL) 3.33 +7.19 0.00 ( 0.00 - 3.58 ) 1.71 = 2.09 0.00 (.0® - 3.52 ) NS
IL-4 (pg/mL) 4.69 * 8.44 3.09 ( 2.65 - 3.81 ) 2.79 £ 0.73 251 (.3& - 3.30 ) NS
IL-6 (pg/mL) 1.12 + 1.08 082 ( 0.62 - 1.09 ) 3.24 * 2.56 246 (.06 - 5.50 ) 0.002
IL-8 (pg/mL) 8.25 * 14.42 4.10 ( 3.09 - 7.61 ) 5.79 £ 4.05 4.19 @.59 - 8.97 ) NS
IL-10 (pg/mL) 0.81 * 1.45 058 ( 0.00 - 0.68 ) 2.82 + 6.27 0.98 0©.54 - 1.10 ) NS
EGF (pg/mL) 40.97 + 38.52 29.71 ( 14.15 - 59.65 ) 49.36 + 43.040.25 ( 18.70 - 66.46 ) NS
VEGF (pg/mL) 57.22 + 40.23 52.21 ( 24.87 - 71.77 ) 85.35 + 83.259.32 ( 37.74 - 112.30 ) NS
IFN-y (pg/mL) 1.70 + 3.56 0.00 ( 0.00 - 1.86 ) 1.95 = 1.79 1.62 ( 0.812.47 ) NS
TNF-a (pg/mL) 3.86 * 3.61 3.17 ( 2.79 - 3.81 ) 5.68 *+ 4.34 3.68 ( 3.4%.10 ) 0.012
MCP-1 (pg/mL) 161.56 + 129.41 141.00 (.118.42 - 167.34 ) 974+ 73.42 164.96 (118.76 - 217.14 ) NS

*P-value was represented by Mann-Whitnéyest between DM patients with non-proliferativattitic retinopathy (NPDR) and
DM patients with proliferative diabetic retinopattBDR).

Abbreviations: DM, diabetes mellitus; DR, diabetatinopathy; EGF, epidermal growth factor; VEGFsaalar endothelial

growth factor; IFNy, interferon-gamma; TNIg; tumor necrosis factor-alpha; MCP-1, monocyte abetitnactant protein-1; NS,
non-significant.
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IV. DISCUSSION

In this study, the levels of various biochemicargmeters were measured in
peripheral blood and were compared between DM miagtigithout and with DR.

There have been several studies measuring eleviaft@mmatory proteins,
cytokines or adhesion molecules in the vitreouil fr plasma of DM patients with
DR.>* Huang et al* reported that peripheral blood level of homocystef DM
patients with DR was higher than that of DM patewithout DR, and other profiles
such as glucose, total glucose and LDL-cholestDL-C) were not significantly
different. However, the results of our study showvileel duration of DM in patients
with DR was longer than that in patients without.mRaddition, the peripheral blood
levels of glucose, total cholesterol and LDL-C iM[patients with DR were higher
than those in DM patients without DIR0.05). The discrepancy between the results
of this study and those of Huang et al. might &leadue to the difference in sample
size and the types of DM studied, because our stoduded several type 1 DM
patients.

In recent studies, dyslipidemia was reported toabesk factor for diabetic renal
disease, but the effect of serum lipids on DR aratutar edema is still under
investigation and there have been several studigs aonflicting results for lipid
profiles in DR patient$>™"

The EURODIAB IDDM complications study grotiphas reported that cholesterol
levels are related to all levels of retinopathy aridglycerides are associated with
moderately severe non-proliferative DR and prcéifsse DR. Nevertheless, in our
study, triglyceride did not show a noteworthy asstan with the presence of DR or
PDR.

The Diabetes Control and Complications Trial/Epidelogy of Diabetes
Interventions and Complications Study (DCCT/EDfCjeported that the LDL
diameter is negatively associated with DR of typ2M in males. In addition, in our
study, the LDL diameter (peak particle diameterswemly smaller in DM patients
with PDR than NPDR, but was not associated withpitesence of DR. The different
result between our study and DCCT/EDIC study might caused by subject’s

character such as DM type difference, because paiggnts of our study had type
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2 DM and few had type 1 DM. The lipid profile and®L diameter were not
decisive risk factors for DR, but could be screefeedn routine laboratory tests for
DR in DM patients.

The degree of severity should be evaluated to detie management of DM
patients. In our results, DM duration, glucose, BUWiXeatinine, total cholesterol,
LDL-C and MCP-1 showed linear trend as DR sevdritreased P <0.05). These
linear trends do not indicate an exact proportiassociation between any of these
markers and the degree of DR severity, but ratther, trends may imply some
propensity with significant linearity.

The independent risk factors associated with pesef DR or PDR were also
analyzed in our study. Varma R et?&lreported biological risk factors were
associated with DR in Latinos with type 2 diabetedlitus (T2DM), and one of the
factors independently associated with a greatérafshaving any DR was a longer
duration of DM (per year, OR=1.087<0.0001). In this study, DM duration
(OR=1.30; 95% ClI, 1.14-1.48 per year) was also pedeently associated with the
presence of DR. In addition to DM duration, glucogsal cholesterol and ILfl
levels were also independent risk factors assatiaith the presence of DR.

The proinflammatory cytokine, ILfl is known to induce vascular dysfunction and
cell death. Doganay S et @lreported the serum levels of Iipdwas below the
detection limits of the assay (<5.0 pg/mL) in alMDpatients with or without DR.
Patel JI et af? suggested the concentration of vitreous fLixl the non-proliferative
diabetic retinopathy (NPDR) patients was below ghasitivity of the assay, but the
mean concentration in PDR patients was higher. BiamiN et af reported that
increased vitreous ILfilllevels may play a significant role in the pathcggs of PDR.

Nevertheless, in our study, IlBlwas an independent risk factor only for the
presence of DR, but not PDR. Therefore, a morepas/e study with a larger study
population is necessary to clarify the associatietween IL-B levels and DR.

The last concerning results were from the comparisbbiochemical parameters
between NPDR and PDR patients. The DM duration laager in DM patients with
PDR than in those with NPDR. Further, IL-6 and TdlFevels were higher, but

patient age was younger and the LDL diameter wadlenin DM patients with PDR
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compared to those with NPDR. Doganay S &t aéported that serum IL-6 levels
were below the detection limits of the assay (<ggdml) in both NPDR or PDR
patients. Mocan MC et &f. reported that significantly higher intra-vitreal-6
concentrations were found in patients with PDR, jgarad with control subjects.
Funatsu H et & reported aqueous levels of IL-6 were significatyrelated with
the severity of diabetic retinopathy. Thereforeg thtreous level of IL-6 in PDR
patients must be important in pathogenesis of FiRthe serum level of IL-6 needs
further study. Our results also showed that thesméa level of IL-6 was higher in

PDR patients than in NPDR patients.

Demircan N et af® also reported that vitreous TNé-levels may
play a significant role in the pathogenesis of PDRganay S et &f- also reported
the serum TNFe level is higher in PDR patients like our study.nide, peripheral
level of IL-6 and TNFe. might be useful biochemical parameters for PDR.

In other studies, many cytokines and growth fagtancluding basic fibroblast
growth factor (bFGEY, insulin-like growth factor (IGE§ or vascular endothelial
growth factor (VEGHY" 2 could be play an important role in pathogenesi®Bfor
PDR. VEGF is a potent activator of angiogenesibaanes collateral vessel formation
and increases the permeability of the microvasut#atin a plasma VEGF stuily
patients with PDR had significantly raised plasnm&3F when compared with control
groups P = 0.001). However, there have been some refottthat vitreous levels of
VEGF are not influenced by its serum concentrationdiabetic retinopathy. In
addition, Funatsu H et &l.reported there was no significant correlation leem
aqueous and plasma levels of VEGF, but VEGF levase much higher in the
aqueous than in the plasma.

The peripheral levels of VEGF were higher in DRRDR group than in healthy
control group, but not significantly different betan NDR and DR or between NPDR
and PDR patients in our study.

In recent case-control studies, several polymorpsisit the VEGF 5’-regulatory
region have been characterized and evaluated lagltides for the susceptibility or
progression of DR %2 This might imply that not only the level of VEGHitbalso
VEGF polymorphisms can contribute to DR or PDR pesgion.

There were some limitations such as the relatigetgll scale (n=60) and numerical
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discordance between NPDR (n=51) with PDR (n=9) £aBeospective studies of
larger study populations are necessary to clamfijous suggestive peripheral blood
biochemical parameters of DR or PDR, such as lipidfiles, LDL diameter,
cytokines such as ILfl IL-6, TNF-a and VEGF.

V. CONCLUSION

In this study, the peripheral blood biochemicalgpagters in diabetic retinopathy
(DR) were analyzed and some meaningful results wetained. Diabetes mellitus
(DM) duration was longer in DM patients with DR thén those without DR. In
addition, the levels of serum glucose, total cheled and LDL-cholesterol were
higher in DM patients with DR than in DM patient#thvout DR. And DM duration,
glucose, total cholesterol and Il3-1were identified as independent risk factors
associated with the presence DR.

In DM patients with PDR, the DM duration was longeatients were younger, IL-6
and TNFe levels were higher and the LDL diameter was smé#fian in DM patients
with NPDR.

Therefore, monitoring of serum glucose, total ch@el and LDL-cholesterol may
be useful for evaluating DR in DM patients. IL-6NF-o, and LDL diameter may

also be useful for predicting PDR in DR patients.
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trend=0.021), creatinine (2 for trend =0.004), total cholesterol (2 for
trend=0.004), LDL-C (P for trend=0.023) =811 MCP-1 (P for
trend=0.049)9] &&= ot et T 2ALE 39 E4A
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T 77 (OR=1.30; 95% CI, 1.14-1.48 per year), glucose
(OR=1.01; 95% CI, 1.00-1.02 per 1 mg/dL), total cholesterol (OR=1.03;
95% CI, 1.01-1.05 per 1 mg/dL) =228]aL IL-1B (OR=1.92; 95% CI, 1.16~
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