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Abstract

Background: Diabetic nephropathy is one of the leading causes of chronic
renal failure. The aim was to investigate the importance of specific biomarkers
and clinical features in prediction of glomerular filtration rate (GFR) decline in
type 2 diabetic patients during two-year follow-up.

Methods: Patients (n = 113) were divided into the following groups: 1-41
with GFR reduction >20% (in relation to the reference value for given sex and
age) and urinary albumin excretion (UAE) >30 mg/day; |- 34 with GFR reduction
<20% and UAE >30 mg/day, and IlI-38 with GFR reduction <20% and UAE
<30 mg/day. The control group included 30 healthy subjects. We determined
albuminuria (sandwich-immunometric method); proteinuria (pirogalol red);
C reactive protein, apolipoprotein A-l and B, lipoprotein (a), cystatin C
(immunoturbidimetry); homocysteine (FPIA); fibrinogen (Clauss); oxidized LDL
(ELISA); lipid parameters, creatinine, urea and uric acid (standard biochemical
methods). GFR was estimated via creatinine clearance. We also evaluated the
presence of chronic complications of diabetes.
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Results: GFR reduction >10% compared to baseline values was more
frequent in group | (563.13%), than in group Il (36.67%) and Il (23.14%).
Regression analysis revealed that proteinuria >1 g/day increases the risk of
progression of renal dysfunction fourfold, homocysteinemia >10 uymol/L by 3.42,
systolic blood pressure (SBP) >130 mmHg by 5.08, hemoglobin <130 g/L by
3.05 and the presence of macrovascular complications (MC) by 6.25 times.

Conclusion: Homocysteinemia >10 pmol/L, presence of macrovascular
complications, hemoglobin <130 g/L, and SBP >130 mmHg were independent
predictors of progression of renal dysfunction in patients with DM type 2.

Keywords: Diabetic Nephropathy; Type 2 Diabetes Mellitus; Glomerular
Filtration Rate; Biochemical Markers; Macroangiopathy

However, there is significant individual variation in the rate of
reduction in RFR, i.e., reduction in glomerular filtration rate (GFR), in
patients with DN [8,9,10]. It is worrisome that despite all the measures
currently in use in the treatment of subjects suffering from diabetes,
a significant number of patients still experience a progressive decline
in GFR [11]. This finding indicates the necessity of determining risk
factors for progression of renal dysfunction, especially in the early
stages of nephropathy.

Introduction

Diabetic nephropathy (DN) implies a wide range of renal
dysfunctions that involve the development of microalbuminuria
(MiA), proteinuria and progressive reduction in renal functional
(RFR) [1]. Besides hypertensive nephropathy and
glomerulonephritis, DN is a leading cause of chronic renal failure and
end-stage renal disease [2,3,4].

reserve

Mortality in DN patients is 5-8 times higher than in the
general population, and it is influenced considerably by the high
cardiovascular mortality that increases with progression of renal
dysfunction [5].

Therefore, in this two-year follow-up study we examined the
importance of specific biomarkers (i.e. total homocysteine (tHcy),
oxidized LDL (oxLDL), C-reactive protein (CRP), fibrinogen, lipid
status parameters, apolipoprotein (apo) A-I, apoB, lipoprotein(a)

Diabetic nephropathy is a consequence of interaction between  (Lp(a)), proteinuria, albuminuria, cystatin C, hemoglobin and the

a range of hemodynamic and metabolic factors (systemic and
intraglomerular hypertension, activation of vasoactive substances,
activation of alternative metabolic pathways with the formation
of polyols and advanced glycation end products with increased
oxidative stress). Combined action of these factors leads to increased
renal albumin permeability as well as to an accumulation of
extracellular matrix, which result in proteinuria, glomerulosclerosis
and tubulointerstitial fibrosis [6,7].

clinical features (the presence of chronic vascular complications
of diabetes) in prediction of GFR decline in patients with diabetes
mellitus type 2 with varying degrees of RFR reduction.

Materials and Methods
Study population

This two-year follow-up study was carried out in the Clinical
Centre of Vojvodina, Novi Sad, Serbia. The study had previously
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been approved by an institutional ethics committee and all included
subjects had approved their participation. The study was performed
according to the principles of the Declaration of Helsinki.

The study included 113 subjects Caucasians with diabetes
mellitus type 2, with no urinary tract disease or non-diabetic renal
disease. Patients were divided into the three groups according to GFR
and urinary albumin excretion (UAE): group I 41 subjects (29 men,
12 women) with UAE over 30 mg/day and GFR reduction >20%
compared with the reference values for given sex and age; group II 34
subjects (20 men and 14 women) with UAE over 30 mg/day and GFR
reduction <20% compared with the reference values for given sex and
age; group III 38 subjects (17 men and 21 women) with and GFR
reduction <20% compared with the reference values for given sex and
age and UAE < 30mg/day.

GFR was estimated through the calculation of creatinine clearance
(CrCl), and the degree of reduction was assessed in relation to the
reference value for a given sex and age.

The control group included 30 clinically healthy subjects (15 men
and 15 women) matched for age, with serum glucose concentrations
below 6.1 mmol/L, hemoglobin Alc (HbAlc) below 6.2%, CrCl
within the normal range for given sex and age, UAE <30 mg/day and
proteinuria <150 mg/day.

In the control group, blood samples were taken only once, while
diabetic patients samples were taken three times: at the beginning
of the study, after 12 months, and after 24 months. In all subjects
blood was drawn after 12-hour fasting. We just followed the GFR
during these 24 months, and other parameters have been doing at the
beginning and the basis of the fall of GFR calculated their predictive
value.

Analyses were performed immediately after sampling except
for oxLDL (samples were kept frozen at -20°C no longer than one
month). In addition, 24-hour urine collection was performed in all
subjects after the previously given instructions.

Smokers, chronic alcohol consumers and patients with acute
infection, thyroid dysfunction, liver disease or malignancies were
excluded from the study.

A relative reduction in GFR (rrGFR) was calculated as a ratio
between the difference between GFR at baseline and GFR at the end
(GFRb-GFRe) and GFRb. The value of 10% was an average of the
reduction in GFR in all studied diabetic subjects. Subjects who after
two-years follow-up had rrGFR of more than 10% were classified as
progressors and those with rrGFR <10% as non-progressors.

Measurement of renal function parameters

Serum concentrations of creatinine, urea and uric acid were
determined by standard biochemical methods (commercial Kkits-
Beckman Coulter, Ireland on Olympus AU 400); cystatin C by the
immunoturbidimetric method (commercial Dyazime kits, USA, on
Olympus AU 400, reference range: 0.5-1.03 mg/L); albuminuria by
the sandwich-immunometric method (commercial Nyco Card Kkits,
Norvage, reference range <30 mg/day); proteinuria by pyrogalol red
method (commercial Siemens kits, USA, on Advia 1800, reference
range: <150 mg/day). Creatinine clearance (expressed as mL/
min/1.73 m? of body surface area (BSA)) was calculated using the

same 24-h urine used for proteinuria and albuminuria:
CrCl = (U, x 24" urine volume (ml))/(S_, x 1440 (min/day))
U,,- urine creatinine (umol/L), S_ - serum creatinine (umol/L)

BSA was calculated by the formula [12]: BSA (m?) = 0.0235 x
height (cm)®*****x weight (kg)®***°.

Measurement of biochemical markers

Plasma tHcy concentration was determined by the fluorescence
polarization immunoassay (FPIA) with commercial Abbott kits, USA,
on AxSym analyzer (reference range: 5-12 pmol/L); lipid profile was
measured by standard biochemical methods (commercial Siemens
kits, USA, on Olympus AU 400); apo A-I and apoB (Beckman
Coulter, Ireland), and Lp(a) serum concentrations (Sentinel, Italy)
were determined by the immunoturbidimetric method on Olympus
AU 400; oxLDL concentration was measured by enzyme-linked
immunosorbent assay (ELISA) method (commercial Mercodia Kits,
Sweden); fibrinogen concentration were measured in citrate plasma
by Claus method [13] on ACL system (Instrumentation Laboratory-
Italy; reference range: 2.2-4.96 g/L); CRP levels were determined by
immunoturbidimetric method (Beckman Coulter, Ireland, reference
range 0-5 mg/L).

Assessment of glycemic control parameters

Serum concentration of glucose (hexokinase method, reference
range 3.9-6.1 mmol/L) and glycated haemoglobin measured by
immuno-inhibitory test as HbA, (commercial Beckman-Coulter
kits-Ireland, reference range <6.2%), were determined on Olympus
AU 400.

Assessment of chronic complications of diabetes

Diabetic retinopathy was diagnosed after ophthalmological
examination (standard fundus eye examination with presence of
micro aneurysms, neovascularization, venous dilatation, cotton-wools
spots or bleeding). Diabetic neuropathy was assessed by neurologic
examination. Myocardial infarction (MI) was confirmed by a positive
history of disease. Cerebrovascular disease was confirmed by cranial
computerized tomography or magnetic resonance. Peripheral artery
disease (PAD) was confirmed by vascular surgeon. Blood pressure
values were determined with the patient sitting in an upright position
after 10 minutes of rest.

Statistical analysis

Data was presented using descriptive statistical methods, such
as mean values, standard deviation, median, percentage. Agreement
with a normal distribution of data was tested by Kolmogorov Smirnov
(n >50 by group) and Shapiro-Wilk’s test (n <50 by group).

Parametric (t-test, ANOVA) and non-parametric (Mann-
Whitney, x*-test, Kruskal-Wallis test) statistical tests were used.

Univariate and multivariate logistic regression analyses were used
to determine associations between a rrGFR of over 10% with baseline
variables. A ROC curve and area under ROC curve were used for
determining quality of the model obtained. P <0.05 was considered
statistically significant.

Statistical analysis was performed using the Statistica 12 (Stat Soft
Inc., Tulsa, OK, USA) software.
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Table 1: General characteristics of patients and control group at the beginning of study.

Group | Group Il Group Il CG
(X £SD) (X +SD) (X £SD) (X £SD)
Number (m/f) 41 (29/12) 34 (20/14) 38 (17/21) 30 (15/15)
Age (years) 63.6+5.7 59.7+8.3 61.2+9.5 61.15.5
BMI (kg/m?) 29.0+4.22 29.2+3.92 27.3+4.9 26.7+3.1
SBP (mmHg) 138+27.4 141.1£17.9 133.1£21.8 129.8+11.8
DBP (mmHg) 88.3+8.6 88.3+12.1 78.8+11.7 82.616.3
Duration of DM (years) 16.616.9 16.3+1.56 14.61.87 -
Fasting glucose (mmol/L) 10.3+ 4.7° 9.9+2.7° 10.4+3.5° 5.6+0.5
HbA1c (%) 8.7+2.0° 9.2+1.6° 8.7+2.3° 5.5+0.4
Hemoglobin (g/L) 128.3+£17.2bcd 138.5£10.2 139.3+12.5 141.9+8.7

Legend: Group |- patients with reduced glomerular filtration rate (GFR) over 20% and urinary albumin excretion (UAE) >30 mg/day; Group ll-patients with reduced
GFR £20% and UAE >30 mg/day; Group llI- patients with reduced GFR <20% and UAE <30 mg/day; CG-control group; BMI-body mass index; SBP-systolic blood
pressure; DBP- diastolic blood pressure; DM- diabetes mellitus; 2P <0.05 compared to control group; °P <0.001 compared to control group; °P <0.001 compared to

group II; ¢P <0.001 compared to group .

Table 2: Markers of renal function in patients and control group at the beginning of study (( X +SD), and/or median (med.)).

Group | Group Il Group Il CG

(X +SD) (X +SD) (X +SD) (X +SD)

Creatinine (umoliL) 152.2+68.820¢ 83.112.5 83.7+11.5 86.1+13.1
H (med. 125) (med. 84) (med. 82.5) (med.89)

Urea 10.244.720e 6.41.5 6.4+1.3 5.74+1.1
(mmol/L) (med. 8.7) (med. 6.7) (med. 6.2) (med.5.4)
GFR (ml/min/ 53 619 720 100.5+28.5¢ 93.1+20.6 88.3+16.0
1.73m?) T (med. 99.5) (med. 92.2) (med.83)
Cystatin C (mg/L) 2.02+0.72be 0.98+0.15 0.98+0.17 1.02+0.12
4 9 (med. 1.84) (med. 0.96) (med. 0.94) (med.0.98)
Uric acid 374.6+£102.1a0¢ 266.3+60.8 240.8+60.0° 294.7172.5
(umol/L) (med. 349) (med. 269.5) (med. 243) (med.306)
Albuminuria (mg/dU) 302.6+247 120 116.988.2¢ 12.6+5.8 12.916.6
9 (med.252) (med. 86.5) (med. 10) (med.12.1)

Proteinuria (mg/dU) 1564.7+2091.2°f 343.5+239.20¢ 102.2+33.8 82.1£33.7
9 (med. 752) (med. 247.5) (103.5) (med.74.2)

Legend: Group |- patients with reduced glomerular filtration rate (GFR) over 20% and urinary albumin excretion (UAE) >30 mg/day; Group ll-patients with reduced
GFR =20% and UAE >30 mg/day; Group llI- patients with reduced GFR <20% and UAE <30 mg/day; GFR-glomerular filtration rate; 2P <0.001 compared to group II;
P <0.001 compared to control group; °P <0.01 compared to control group; P <0.05 compared to control group; P <0.001 compared to group III; ‘P <0.01 compared

to group .
Results

Compared with diabetic patients without complications, diabetic

General characteristics and baseline laboratory parameters of all
studied subjects are shown in Tables 1-3.

Hemoglobin concentrations were significantly lower in group
I compared to other groups (P <0.001), and the other groups did
not differ in mean hemoglobin concentrations. BMI values were
significantly higher in group I and II compared to group III and
control group (P <0.05). The parameters of glycemic control (glucose
and HbA1c) were not significantly different between the investigated
groups of patients.

The renal function markers: creatinine, urea, uric acid, cystatin C,
albuminuria, and proteinuria were significantly higher and GFR was
significantly lower in group I compared to other groups (P <0.01). In
addition, albuminuria and proteinuria levels were significantly higher
in group II compared to group III (P <0.001).

Baseline plasma tHcy and serum CRP concentrations were
significantly higher in group I compared to other groups (P <0.001),
whereas there were no significant differences in lipid parameters and
bioindices between the studied groups.

Clinical characteristics of study subjects are shown in Table 4.

patients with a macrovascular complication (MI, stroke, PAD) had
significantly higher albuminuria (224.8+33.5 vs. 102.3+20.4 mg/
day, P = 0.002), proteinuria (1162.8+300.8 vs. 420.2+94 mg/dU, P =
0.02) and fibrinogen concentrations (4.44+0.16 vs. 3.99+0.14 g/L, P
=0.045).

Univariate logistic regression analysis showed that the following
parameters predicted rrGFR >10% in diabetic patients: baseline renal
functional status (risk of rrGFR >10% was 3.5 times higher in group
I than in group III and 1.8 times higher in group II compared to
group III); albuminuria (subjects with UAE >150 mg/day had 5.05
times higher the risk of rrGFR >10%); proteinuria (subjects with
proteinuria >1 g/day had fourfold increased the risk of rrGFR >10%);
BMI; hemoglobin levels; systolic blood pressure (SBP); tHcy; and
presence of a macrovascular complication.

Prevalence of progressors is shown in Figure 1.

Group I had the highest percentage of progressors, compared
with group III (P = 0.02) and group II (P = 0.151)

Degree of rrGFR in study subjects is shown in Figure 2.

Analysis of variance showed that the study groups differed with
regard to degree of rrGFR. Duncan’s test showed that there were
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Table 3: Other or specific biomarkers in patients and control group at the
beginning of study (( X +SD), and/or median (med.)).

Group | Group I Group Il CG

(X +SD) (X +SD) (X +SD) (X +SD)

Total cholesterol 5.5+1.67 5.89+1.72 5.68+1.12 5.73+0.75
(mmol/L) (med. 5.16) | (med. 5.73) | (med. 5.55) | (med. 5.83)
Triglycerides 2.08+1.65¢ 2.44+2.74° 1.76+1.5 1.2410.51
(mmol/L) (med. 1.59) | (med.1.68) = (med.1.22) (med.1.3)
HDL-C 1.12+0.34¢f 1.1810.24 1.3910.7 1.35+0.34
(mmoliL) (med. 1.06) | (med. 1.16) = (med.1.29) = (med.1.34)
LDL-C 3.38+0.95 3.64+1.03 3.61+0.8 3.82+0.67
(mmol/L) (med. 3.41) | (med.3.49) (med.3.75) | (med.3.86)
nonHDL-C 4.38+1.54 4.71£1.69 4.35£1.02 4.38+0.69
(mmoliL) (med. 4.02) | (med.4.63) (med.4.22) (med.4.42)

a&‘;ﬁ‘)" 1.38:024 145017 | 1.49:0.23 1.50.21

apoB 1.05+0.32 1.14£0.41° 1.041£0.25 0.97+0.21
(g/L) (med. 0.92) | (med.1.08) (med.1.04) | (med.1.01)
Lp(a) 0.29+0.34 0.28+0.45 0.25+0.40 0.22+0.29
(g/L) (med. 0.2) (med. 0.14) (med.0.1) (med.0.09)
oxLDL 11.05£3.54¢ | 11.81+4.01¢ 9.97+3.55 9.39+1.81
(mUIL) (med. 10.29) | (med. 11.2) | (med.9.66)  (med.8.79)
LDL/HDL-C 3.11£0.85 = 3.12:0.86 = 2.88:0.77 | 3.010.88
4.06+1.34 4.11+1.56 3.60+1.31 3.45+1.06

nonHDUHDL-C 04, 3.87)  (med.3.73) | (med.3.48) | (med.3.41)
apoB/A-| 0.78+0.24° 0.83+0.31¢ 0.71£0.19 0.65+0.18
(med. 0.75) | (med.0.76) = (med.0.71) | (med.0.64)

AlP 0.22+0.28° 0.22+0.31° 0.14£0.27 0.05+0.19
(med.0.21) | (med.0.21) = (med.0.08) = (med.0.11)
tHey 16.5+4.252¢ | 10.7+2.87 9.64+2.79 11.28+1.97
(umol/L) (med. 15.6) | (med.10.2) = (med.8.88) | (med.11.1)
hsCRP 11.9+17 .52be 3.954.19 3.4+4.66 1.61£1.21
(mg/L) (med.6.7)) (med. 2.8) (med. 2.2) (med.1.3)
Fibrinogen 3.93+0.87 3.22+0.86 3.78+0.71 3.02+0.35
(g/L) (med. 3.65) | (med. 3.15) | (med. 3.79) (med.3.1)

Legend: Group |- patients with reduced glomerular filtration rate (GFR) over 20%
and urinary albumin excretion (UAE) >30 mg/day; Group ll-patients with reduced
GFR =20% and UAE >30 mg/day; Group llI- patients with reduced GFR <20%
and UAE <30 mg/day; CG-control group; C-cholesterol; oxLDL-oxidized LDL;
apoB/A-I-apolipoprotein B/apolipoprotein A-I; AlP-atherogenic index of plasma;
CRP-C-reactive protein; tHcy-total homocysteine; ?P <0.001 compared to group
II; ®P <0.001 compared to CG; °P <0.01 compared to CG; ‘P <0.05 compared to
CG; °P <0.001 compared to group Ill; P <0.01 compared to group IlI.

Table 4: Clinical characteristics of patients at the begining of study.

Group | | Group Il | Group llI
(%) (%) (%)
Macrovascular complications (MI, ICV, PAD) | 63.4°¢ 294 21
Rethinopathy 95.1° 70.5% 34.2
HTA 85.3 82.3 65.7
ACE-inhibitors 68.3 67.6 52.6
Antagonist AtR1 9.7 2.9 2.6
Insulin with/without OH 73.2 67.7 65.7
OH without insulin 26.8 32.3 34.3

Legend: Group |- patients with reduced glomerular filtration rate (GFR) over 20%
and urinary albumin exrection (UAE) >30 mg/day; Group lI-patients with reduced
GFR =20% and UAE >30 mg/day; Group llI- patients with reduced GFR <20%
and UAE <30 mg/day; MI- myocardial infarction; ICV-cerebrovascular insult;
PAD-perhipheral arterial disease; HTA- arterial hypertension; AtR1-angiotensin
receptors 1; OH-oral hypoglycemics; 2P <0.05; °P <0.01 compared to group II; °P
<0.01 compared to group Ill.

significant differences in rrGFR between group I (13.8+2.6%) and
group II (12.3+2.3%) compared to group III (4+2.3%) (P = 0.016 and
P = 0.03, respectively), whereas there was no significant difference in
rrGFR between groups I and II.

A significant percentage of participants (69.23%) with
macroalbuminuria (MaA) at baseline had rrGFR >10%. Unlike that,

group |
group Il
group Il

Figure 1: Incidence of patients (%) with relative reduction of GFR
(rrGFR)>10%.

Legend: Group I- patients with reduced GFR and pathological albumiuria,
Group ll-patients with preserved functional status of kidney and pathological
albumiuria, Group llI- patients with preserved functional status of kidney and
physiological albuminuria.

0.15

0.10

relative reduction of GFR

p=0.027
0.00

-0.05

group Il group Il

Group

group |

Figure 2: Relative reduction of glomerular filtration rate (GFR) (0.1 =10%)
in all groups of patients. Group |- patients with reduced GFR over 20% and
urinary albumin excretion (UAE) >30 mg/day; Group lI-patients with reduced
GFR =20% and UAE >30 mg/day; Group llI- patients with reduced GFR
<20% and UAE <30 mg/day.

rrGFR >10% had only 38.78% of patients with MiA, and only 24.14%
of normoalbuminuria (NoA).

The chi-square test showed an association between the degree
of albuminuria and the degree of rrGFR (P = 0.02). Duncan’s test
showed that the degree of rrGFR was significantly higher in subjects
with MaA (21.243.6%) compared to subjects with MiA (11.3+1.85%)
and NoA (4.9+2.45%) (P = 0.023 and P <0.001, respectively).
Diabetic patients with baseline proteinuria above 1 g/day had a
more significant rrGFR (23%) over the observed period compared to
diabetic patients with baseline proteinuria under 1 g/day (7.4%) (P =
0.009).

Subjects with baseline HbAlc >7% had a more significant rrGFR
(11.6%) over the observed period compared to subjects with baseline
HbAlc <7% (5.69%). The former subjects also had a higher relative
change (increase) in proteinuria (62.8% vs. 35.9%).

Asregards lipid and lipoprotein parameters, univariate regression
analysis showed that subjects with serum triglyceride >2.3 mmol/L,
then subjects in the group I with serum LDL-cholesterol >4.1
mmol/L, and women with increased apo B concentration (>0,9 g/L)
had significantly higher rrGFR (P <0.05).

Multivariate logistic regression analysis (Table 5) showed SBP,
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Table 5: Multivariate logistic regression analysis.

95% Confidence interval
p | Odds ratio (OR) for OR
Lower Upper
Hemoglobin (g/L)
Hemoglobin < 130 Reference value
Hemoglobin 2130 | 0.049 3.046 1.003 9.249
SBP (mmHg)
SBP <130 Reference value
SBP >130 0.006 5.08 1.59 16.206
Homocysteine
(umol/L)
Homocysteine <10 Reference value
Homocysteine > 10 | 0.049 3.428 1.002 11.792
M, ICV, PAD
No Reference value
Yes 0.002 6.25 1.914 20.423
Constant 0.000 0.032

Legend: MI- myocardial infarction; ICV-cerebrovascular insult; PAD-peripheral
arterial disease; SBP-systolic blood pressure.

tHcy, previous history of MI, stroke or PAD, and hemoglobin levels
to be significant predictors of rrGFR.

Subjects with tHcy >10umol/L had significantly higher rrGFR
compared to subjects with tHcy <10umol/L (12.7+ 2.3 vs. 4.7 £2.0%,
P =0.014).

Hyperhomocysteinemia (HHcy) was found in 75% of subjects
with UAE >30 mg/day and rrGFR >10% and 29.5% of subjects with
UAE >30 mg/day and rrGFR <10% (P <0.001). Among subjects
with NoA and rrGFR <10%, HHcy was found in 14.3%, and among
subjects with NoA and rrGFR >10% HHcy was found in 21.7% of
cases (P =0.167).

Subjects with baseline SBP >130 mmHg had significantly higher
rrGFR compared with subjects with baseline SBP <130 mmHg, as
well as a significantly higher relative increase in proteinuria over the
study period (76.9% vs. 29%).

Figure 3 shows frequency of rrGFR >10% in relation to coexistence
of other risk factors.

The chi-square test showed associations between the presence
of proteinuria >1g/day and HHcy, and between the coexistence
proteinuria >1 g/day, HHcy and anemia with the degree of rrGFR (P
<0.009). In addition, there was an association between the coexistence
of proteinuria >1 g/day, HHcy and serum oxLDL >9.72 mU/L with
the degree of rrGFR (P = 0.006).

Discussion

The prevalence of DN at the time of diagnosing diabetes mellitus
type 2 is 5-10% [14]. It develops in around 40% of all diabetic patients
and represents one of the most prominent causes of end-stage renal
failure [2,4], with significant individual variation in the degree of
reduction in RFR [8,9,10,15].

Considering that our study fulfilled the criterion that assessment
of the degree of reduction in GFR requires at least two years of follow-

0.10

relative reduction of GFR
IS}
e
o

0.05

p=0.002
0.00

-0.05

microalbuminuria macroalbuminuria

Albuminuria groups

normoalbumiuria

Figure 3: Relative reduction of GFR (0.1 = 10%) according to the basal
values of albuminuria in diabetic patients. Normoalbuminuria-urinary albumin
excretion (UAE) <30 mg/day; microalbumiuria- UAE = 30-300 mg/day;
macroalbuminuria- UAE >300 mg/day.

up and at least three measurements of GFR [16], this paper represents
a cross-section after two-years follow-up of our patients, in which we
examined the importance of specific biomarkers (i.e. tHcy, oxLDL,
CRP, fibrinogen, lipid status parameters, apoA-I, apoB, Lp(a),
proteinuria, albuminuria, cystatin C, hemoglobin) and the presence
of chronic complications of diabetes in predicting GFR reduction in
patients with diabetes mellitus type 2 with varying degrees of RFR
reduction.

With respect to the physiological reduction of GFR which begins
in the third decade of life, in this study we have taken into account
the effect of age on the level of GFR. Therefore, we calculated the
percentage deviation of GFR compared to reference values for age
and sex. The coefficient of variation for CrCl reaches values up to
20%, so this value is taken as the limit of existence of RFR decline.

In this prospective study, the highest percentage of progressors
(53.13%) was in the group of patients with baseline UAE over 30
mg/day and a reduction in GFR of over 20% compared to reference
values (group I), then in group II (36.6%) (P = 0.11) and group III
(24.14%) (P = 0.02). In addition, rrGFR was also the highest in group
I (13.8%); similarly as in group II (12.4%), and significantly higher
than in group III (3.8%, P = 0.016). Univariate logistic regression
analysis showed that odds of progression of renal dysfunction were
3.56 times higher in group I compared with group III and 1.82 times
higher than in group II. In the present study odds of progression of
renal dysfunction were five times higher in patients with UAE >150
mg/day, and four times higher in patients with proteinuria >1 g/day.

Previous studies reported that the risk of progression of GFR
decline was fourfold increase in MaA patients, and twofold increase
in MiA patients compared with NoA patients [17], and showed
proteinuria is one of the strongest predictors of renal dysfunction
in diabetic patients [17,18]. However, in DM type 2 MiA does not
necessarily precede renal disease [19]. Also, previous studies reported
an average annual reduction in GFR in NoA patients in the range 1.3-
1.9 ml/min/1, 73 m*i.e. 0.3%; in MiA patients 1.5-4.7 ml/min/1, 73 m?,
i.e. 1.5%; and in MaA patients ~5,5 ml/min, i.e. 5.7% [20,21,22,23,24].

In our study multivariate showed
homocysteinemia to be an independent predictor of GFR reduction

in diabetic patients, even with plasma concentrations that are in

regression  analysis
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most laboratories within reference ranges. Thus, for a population of
patients with diabetes mellitus, it is desirable to use more strict criteria
for the upper limit of homocysteinemia. For this reason, in this paper
we model the multivariate logistic regression analysis using different
levels of homocysteine and found that odds of progression of DN was
3.42 times higher in subjects with tHcy >10 pmol/L than in subjects
with tHcy <10 pmol/L (OR 3.428, P = 0.049). Looker et al. [25] also
found that the incidence of DN was associated with homocysteinemia
(OR 1,42, P = 0,01), and the lowest level of homocysteine in subjects
who developed DN after eighteen years of follow-up was 10.09
pmol/L. Furthermore, some authors suggest a double increase in the
risk for vascular damage associated with level of tHcy >10.2 umol/L
[26]. Other studies also indicate that diabetic patients with HHcy
have significantly higher prevalence of renal dysfunction compared
with patients with NHcy [27,28].

HHcy was characteristic of group I in our study (80%),
significantly more prevalent than in group II (29.4%) and group III
(18.4%) (P <0.001). In addition, homocysteinemia was in both group
I (10.7+0.57 umol/L) and group IIT (9.64+0.51 umol/L) similar, even
lower, compared to the control group (11.06+0.59 pumol/L), which is
in agreement with the results of previous similar studies [29,30]. A
most likely explanation is the existence of increased filtration at the
level of glomeruli in these patients.

However, in addition to being a marker of renal dysfunction in
diabetic patients, homocysteine has potential harmful effects that
may lead to further progression of DN, as well as to other vascular
complications [31]. Experimental studies suggest a possible role of
HHcy in glomerular and interstitial renal impairment, which is
proportional to plasma homocysteine concentration [32].

Due to non-enzymatic glycation of albumin, levels of free-form
homocysteine are increased in diabetics, which may represent one of
the more significant mechanisms of development and progression of
vasculopathies in diabetes [33]. In addition, HHcy may represent one
of the associations between DN and macrovascular complications.

In the present study, similar to previous studies, macrovascular
complications were the most frequent in group I (63.4%), significantly
more frequent than in groups II and III (29.4%, P = 0.005 and 21%,
P = 0.002, respectively). Multivariate regression analysis showed
that the presence of a macrovascular complication was a significant
predictor of GFR decline (OR 6.25, P = 0.002). This is in accordance
with the finding that the mechanism and changes that occur in
glomerulosclerosis are similar to those in premature atherosclerosis
[34], and also the risk factors are similar (e.g. dyslipidemia,
hypertension, smoking). In addition, the process of tubulointerstitial
damage also involves inflammation, proliferation and fibrosis
(5,35,36].

Hypertension in DM type 2 is usually associated with insulin
resistance and DN. In the present study, multivariate regression
analysis showed that subjects with SBP above 130 mmHg had 5.08
times higher risk of GFR decline (OR=5.08, P = 0.006), whereas
diastolic blood pressure (DBP) did not have a predictive role with
regard to progression of renal dysfunction. Similar results were
obtained in previous studies [15,37,38]. On the other hand, studies
report that one of the independent predictive factors for progression
of DN was mean arterial pressure, or DBP [17,39].

Anemia occurs in more than 20% of patients with DM type
2 [40] and its etiology is complex [41,42]. It appears earlier and is
more severe in patients with diabetes and reduced RFR, regardless
of the degree of GFR, compared to individuals with chronic kidney
disease of other etiology [43,44]. Namely, anemia leads to renal
hypoxia, which stimulates production of different growth factors
(Transforming growth factor-p1, Vascular endothelial growth factor,
Platelet-derived growth factor) and cytokines and contributes to
scarring and thickening of the kidney [45,46]. In addition, hypoxia
stimulates renal sympathetic activity, which with time leads to
reduced renal blood flow and GFR [47]. However, despite the adverse
effects of anemia, it is still under recognized and undertreated in
diabetic population.

In our subjects hemoglobin concentrations at baseline were the
lowest in group I (mean 128.3 g/L). Multivariate regression analysis
showed hemoglobin to be an independent predictor of reduction in
GFR, and subjects with hemoglobin levels <130 g/L had 3.04 times
higher risk of progression of renal dysfunction (OR 3.04, P = 0.048).
This result may be a consequence of the somewhat larger number of
males involved in the study (66 male vs. 47 female). Other authors
also suggest that anemia is an independent predictor of progression
of kidney disease, particularly in diabetic patients [15,18,39,47].

Although previous studies report that dyslipidemia may lead to
development as well as progression of DN [48,49,50], predictive value
of specific lipid parameters is controversial [11,15,51]. Similarities
between pathogeneses of atherosclerosis and glomerulosclerosis may
provide an explanation for the implication of hyperlipidemia in the
processes that lead to renal impairment. Furthermore, some studies
demonstrated a reduction in the occurrence of MiA and in progression
of renal dysfunction in diabetic patients using hypolipidemic agents
[52,53].

In our study, the lipid parameter with the strongest effect on
progression of kidney disease was serum total cholesterol levels (on
the verge of significance as an independent predictor of reduction
in GFR (P = 0.09)). In addition, multivariate analysis showed that
relative change in serum total cholesterol level was an independent
predictor of rrGFR.

Limitations of the study are relative short time of tracking GFR,
and not use of gold clinical standard for measurement of GFR (DTPA
or EDTA clearance).

In summary, in this study homocysteinemia >10 umol/L,
presence of macrovascular complications, hemoglobin <130 g/L,
and SBP >130 mmHg were independent predictors of progression of
renal dysfunction in patients with DM type 2.
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