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Summary

Background: One of the leading causes of terminal renal fail-
ure is diabetic nephropathy. The aim of this study was to
determine the relationship between homocysteine levels and
the biomarkers of renal function, inflammation and oxidative
stress, as well as the incidence of macrovascular complica-
tions in patients with diabetic nephropathy.

Methods: Sixty-four patients with diabetic nephropathy were
included in this study. They were divided according to their
homocysteine levels into two groups: hyperhomocysteinemic
(HHcy, n=47) and normohomocysteinemic patients (NHCy,
n=17). The results were compared to a control group
(n=20) with normal renal function and without diabetes.
Besides homocysteine, cystatine C, creatinine, urea, albu-
minuria, creatinine clearance, lipid status parameters,
apolipoprotein A-l and B, lipoprotein (a), CRP fibrinogen,
oxidative LDL were determined using appropriate methods.
The incidence of macrovascular diabetic complications was
also determined.

Results: The results indicate that the level of renal dysfunc-
tion is greater in HHcy than in NHcy patients (p<0.05). In
HHcy patients levels of oxLDL were also higher compared
to NHcy patients (119.3+140.4 vs. 71.4+50.8 ng/mL,
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Kratak sadrzaj

Uvod: Dijabetesna nefropatija jedan je od vodecih uzroka
terminalne bubrezne insuficijencije. Cilj ove studije bio je
ispitivanje odnosa homocisteinemije i biomarkera bubrezne
funkcije, inflamacije i oksidativnog stresa, kao i ucestalosti
makrovaskularnih komplikacija kod bolesnika sa dijabetes-
nom nefropatijom.

Metode: U studiju je uklju¢eno 64 ispitanika sa dijabetesnom
nefropatijom koji su podeljeni u dve grupe u odnosu na
homocisteinemiju: hiperhomocisteinemi¢ni (HHcy, n=47) i
normohomocisteinemi¢ni (NHcy, n=17). Odgovarajué¢im
metodama su pored nivoa homocisteina u krvi odredivani i
nivoi cistatina C, kreatinina, uree, albuminurije, klirensa krea-
tinina, parametara lipidskog statusa, apolipoproteina A i B,
lipoproteina(a), CRP fibrinogena, oksidisanog LDL, kao i
ucestalost makrovaskularnih komplikacija dijabetesne bo-
lesti.

Rezultati: Dobijeni rezultati uporedivani su sa rezultatima
kontrolne grupe ispitanika (h=20) sa urednom bubreZznom
funkcijom, bez prisutne dijabetesne bolesti. Rezultati ukazu-
ju da je stepen bubrezne disfunkcije veci kod HHcy nego kod
NHcy pacijenata (p<0,05). Takode, kod HHcy pacijenata
nivo oxLDL je znacajno visi u odnosu na NHcy pacijente

List of abbreviations: AIP — atherogenic index of plasma, BMI —
body mass index, BSA — body surface area, CAD - coronary
arterial disease, C — cholesterol, CCr — creatinine clearance, DM
— diabetes mellitus, DN — diabetic nephropathy, HHcy — hyper-
homocysteinemia, IM — infarctus myocardii, LP| — lipid pentad
index, LTI - lipid tetrad index, NHcy — normohomocysteinemia,
oxLDL - oxidised low density cholesterol, PAD — peripheral
artery disease, sdLDL — small dense low density cholesterol, TAS
— systolic blood pressure, TAD — diastolic blood pressure, tHcy
— total homocysteine, UAE — urinary albumin excretion.
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p<0.05) as well as fibrinogen levels (4.3+1.3 vs. 3.7+0.8
g/L, p<0.05). The incidence of macrovascular complica-
tions is more frequent in HHcy than in NHcy patients (55.3.
vs. 35.3 %, p>0.05), and in patients with macroalbuminuria
compared to patients with microalbuminuria (65% vs. 39%,
p<0.05).

Conclusions: It can be concluded that HHcy is significantly
present in patients with diabetic nephropathy, especially if
there is greater reduction of renal function. Besides that, sig-
nificantly higher concentrations of inflammatory (fibrinogen)
and oxidative stress (oxLDL) markers were present in HHcy
patients with diabetic nephropathy compared to NHcy pa-
tients. Therefore in diabetic nephropathy patients it is useful
to regularly monitor the levels of homocysteine, as well as
inflammatory and markers of oxidative stress.

Keywords: homocysteine, biomarkers, diabetic nephro-
pathy

Introduction

Diabetes mellitus (DM) type 2 is characterized
by a significant rate of vascular complications (1),
including diabetic nephropathy (DN), one of the lead-
ing causes of terminal renal failure. Besides that, in
these patients there is a great incidence of cardiovas-
cular diseases (2), especially if DN is present (3). In
diabetic patients cardiovascular mortality is 2—4 times
greater than in non-diabetic ones (4). Chronic vascu-
lar complications were present in 20% of type 2 DM
patients at the moment of primary disease diagnosing
(5). The most important factors leading to vascular
complications are hyperglycemia, dyslipidemia,
inflammation and oxidative stress (6). Homocysteine
(Hcy) — the most intriguing of the so-called »vascular
toxins« increases atherosclerotic potential in type 2
DM (7). Homocysteine is a sulfur-containing amino
acid formed during the metabolism of methionine. It
manifests direct toxic effects on endothelial cells and
indirect ones on normal methylation in endothelial
cells (8). This contributes to enhanced production of
free radicals, stimulates proliferation of smooth mus-
cle cells and changes of platelet activity (9) etc. Given
that kidney has a leading role in the metabolism of
Hcy, plasmatic levels of Hcy largely depend on renal
function (10). In type 2 DM Hcy level can be elevat-
ed, decreased or unchanged compared to a general
population of adequate age (11-13). This is due to
glomerular hyperfiltration or hypofiltration which is
characteristic of DM type 2. Hyperglycemia itself leads
to activation of trans-sulfuric enzymes and affects
plasmatic Hcy levels (14).

It is indicated in prospective studies that even
moderately elevated plasmatic levels of Hcy in DM
type 2 patients are a more significant risk factor for
cardiovascular disease than in the non-diabetic popu-
lation. Mechanisms of their synergistic action in pre-
mature atherosclerosis development are not yet
known (15), as well as the mechanism by which

(119,3+140,4 vs. 71,4+50,8 ng/mL, p<0,05), kao i nivo
fibrinogena (4,3+1,3 vs. 3,7+0,8 g/L, p<0,05). Pojava
makrovaskularnih komplikacija je ucestalija kod HHcy nego
NHcy pacijenata (55,3% vs. 35,3%, p>0,05), kao i kod
pacijenata sa makroalbuminurijom u odnosu na pacijente sa
mikroalbuminurijom (65% vs. 39%, p<0,05).

Zaklju€ak: Na osnovu dobijenih rezultata moze se zakljuditi
da je HHcy u znacdajnom stepenu prisutna kod bolesnika sa
dijabetesnom nefropatijom, narocito ukoliko postoji izraze-
nija redukcija funkcionalne rezerve bubrega. Osim toga, u
odnosu na NHcy bolesnike, kod HHcy bolesnika sa dija-
betesnom nefropatijom znacajno su viSe koncentracije in-
flamatornih (fibrinogena) i markera oksidativnog stresa u krvi
(oxLDL). Stoga je kod bolesnika sa dijabetesnom nefropati-
jom pozeljno redovno pradenje homocisteina u krvi, ali i
inflamatornih markera, kao i markera oksidativhog stresa.

Kljuéne reéi: homocistein, biomarkeri, dijabetesna ne-
fropatija

hyperhomocysteinemia contributes to the develop-
ment and progression of DM type 2 complications.

In order to assess the relationship between homo-
cysteinemia and the biomarkers of inflammation,
oxidative stress, functional renal status and the inci-
dence of macrovascular complications of diabetes in
DN patients, the subjects in this study were divided into
two groups: with elevated (HHcy) and normal (NHcy)
levels of homocysteine, and we evaluated creatinine
clearance (CCr), cystatin C, albuminuria, lipid status
parameters, apolipoprotein A-l and B, lipoprotein (a),
levels of CRP fibrinogen and oxidized LDL (oxLDL).

Materials and Methods

This cross-sectional study was carried out at the
Clinical Center of Vojvodina, Novi Sad, Serbia. The
study had previously been approved by an institution-
al ethics committee and all included subjects had
approved their participation. A total of 84 subjects
were included: 64 with diabetes mellitus type 2 (42
males/22 females) and with the presence of diabetic
nephropathy (persistent urinary albumin excretion
(UAE) >30 mg/24 h) (16, 17), divided into two
groups according to their fasting plasma tHcy levels
[the first group with HHcy (the normal range in our
laboratory was 5-12 umol/L), and the second with
NHcy], and 20 healthy controls (12 males/8 fe-
males).

All patients with diabetic nephropathy were
examined in the relevant clinics of the Clinical Center
of Vojvodina in order to determine the presence of
other chronic complications (University Eye Clinic and
Clinic for Endocrinology, Diabetes and Metabolic
Diseases). Retinopathy was diagnosed after ophthal-
mological examination (standard fundus eye exami-
nation for the presence of microaneurisms, neovascu-
larisation, venous dilatation, cotton-wool spots or
hemorrhage) or according to a positive history of dis-
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ease. Clinical neuropathy was assessed by neurologic
examination and interrogation about the symptoms of
neuropathy (parestesia, pain in the legs and feet, etc).
Coronary artery disease (CAD), stroke or peripheral
artery disease (PAD) were considered as macroan-
giopatic complications. CAD was clinically assessed
(positive history of cardiovascular events, and/or pres-
ence of angina pectoris, abnormal coronary angio-
gram) and evaluated by a cardiologist. Cerebrovas-
cular disease was confirmed by cranial computerized
tomography or magnetic resonance. A neurologist
made the final diagnosis. PAD was confirmed by an
endocrinologist and if there were present intermittent
claudication, absence or reduced peripheral pulse (or
both) or foot lesions due to vascular disease.

Patients with acute infection, thyroid dysfunc-
tion, liver disease and malignancies were excluded
from the study.

In all subjects serum levels of creatinine, urea,
uric acid, glucose, total cholesterol, HDL-cholesterol,
triglycerides and creatinuria were measured using the
standard biochemical methods. High-sensitive CRP
apolipoprotein A-l and B (Beckman-Coulter, Ireland),
Lp (a) (Sentinel, Italy) and cystatin C (Dyazime, USA)
were measured by immunoturbidimetry.

Creatinine clearance (mL/min/1.73 m2 of body
surface area (BSA)) was calculated using the same
24-h urine used for albuminuria determination by the
formula (18):

CCr=(U¢, X 24h urine volume (mL))/(S¢c, X
1440 (min/day))

Uc, — urine creatinine (wmol/L), Sc, — serum cre-
atinine (umol/L).

BSA was calculated by the formula (19): BSA

(m2) = 0.0235 X height (cm)0-42246 x weight
(kg)0~51456.

Plasma tHcy level was determined by the FPIA
method on an Axsym analyzer (Abbott, USA). Fibri-
nogen level was determined by the Claus metod in
citrate plasma (20) on an ACL system (Instrumen-
tation Laboratory, ltaly). Glycated hemoglobin was
measured as HbA,. by the immuno-inhibitory test
(Beckman-Coulter, Ireland). Albuminuria was deter-
mined using 24 h urine by the sandwich-immunomet-
ric method (NycoCard tests, Norway). OxLDL was
determined by the ELISA method (Biomedica GmbH,
Vienna, Austria).

Analyses were performed immediately after
blood sampling, except for apoA-l, apoB, Lp(a) and
oxLDL determination (samples were kept frozen at
—-20 °C no longer than one month before the deter-
mination of these parameters).

LDL-C, non-HDL-C, the traditional indexes LDL-
/HDL-C, non-HDL-/HDL-C, and the bioindexes lipid
tetrad index (LTI) = TG x total C x Lp(a)/HDL-C; lipid
pentad index (LPI) = TG x total C x Lp(a) X apo B/A-

|; atherogenic index of plasma (AIP) = log (TG/HDL-
C) were calculated. All parameters were converted
into Sl units.

In addition, body mass index (BMI) was calcu-
lated for all subjects (21).

Statistics

Descriptive statistics, including median, arith-
metic mean and standard deviation (SD) were used to
describe the studied parameters. Differences in distri-
butions of individual parameters between the study
groups were analyzed using the parametric Student’s
t-test, or the nonparametric Mann-Whitney test in
case a distribution showed a significant deviation.
Linear regression analysis and Pearson coefficient of
linear correlation were used to study correlation
between variables. Statistical analysis was performed
using the STATISTICA 8.0 software. p<0.05 was
considered statistically significant.

Results

General and laboratory characteristics of the
study subjects are shown in Table | and Table Il. In the
group of HHcy diabetic patients, 91.5% used insulin
and 70.2% used oral hypoglycemic agents, whereas
among NHcy diabetic patients 82.4% used insulin
and 76.5% oral hypoglycemic agents. Hypertension
(BP>140/90 mm Hg) was registered in 91.5% of
HHcy and 82.4% of NHcy diabetic patients, and
72.4% of HHcy and 52.9% of NHcy diabetic patients
used ACE inhibitors (p>0.05).

Both HHcy and NHcy diabetic patients had a
significantly higher mean BMI than the healthy con-
trols (29.5+4.6 vs. 28.8+4.3 vs. 25.9+3.1 kg/m?,
p<0.05). Also, there was a similar significant differ-
ence for mean TAS (150.4+19.5 vs. 145.3+23.2 vs.
126.2+9.0 mmHg, p<0.05) and TAD (86.4+9.1 vs.
85+7.5 vs. 80.7+5.9 mmHg, p<0.05), while there
were no significant differences in the measured
parameters between the two groups of diabetic
patients.

Macroalbuminuria was more prevalent among
HHcy than NHcy diabetic patients (40.5% vs. 17.6%,
p>0.05), and microalbuminuria was more prevalent
in NHcy diabetic patients (59.5% vs. 82.4%,
p>0.05).

Serum concentrations of cystatin C, creatinine,
urea, uric acid were significantly higher, and creati-
nine clearance was significantly lower in HHcy diabet-
ic patients than in the other groups. NHcy diabetic
patients had significantly higher cystatin C levels com-
pared to controls, and there were no significant differ-
ences in other parameters of renal function between
these two groups of subjects.
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Table | Characteristics of diabetic patients with hyperhomocysteinemia (HHcy), normohomocysteinemia (NHcy), and the con-

trol group.
HHcy (x=SD) NHcy (x+SD) Control (x=SD)

Age (years) 64.1+7.1b2 61.1+6.5 60.6+3.2
Number (m/f) 47 (30/17) 17 (12/5) 20 (12/8)
tHey (umol/L) 17.3+4.633,b3 10.2+1.2 10.4+1.4
tHcy range (umol/L) 12.1-27.8 7.1-11.5 8.0-11.9
BMI (kg/m?) 29.5+4.6b3 28.8+4.3b" 25.9+3.1
TAS (mmHg) 150.4+19.5b3 145.3+23.2b2 126.2+9.0
TAD (mmHg) 86.4+9.1b2 85=+7.5b1 80.7+5.9
Duration of DM (years) 16.9+7.8 14.6:17.9 -
Neuropathy (%) 68.2 70.5 -
Retinopathy (%) 83.4 88.3 -
Fasting glucose (mmol/L) 9.7+4.7b3 9.6+3.7b3 5.7+0.5
HbATc (%) 8.0+1.7b3 8.4+1.5b3 5.6+0.3

tHcy — total homocysteine, BMI — body mass index, TAS — systolic blood pressure, TAD — diastolic blood pressure, DM - dia-
betes mellitus, a1 — p<0.05, a2 - p<0.01, a3 — p<0.001 compared to NHcy; b1 - p<0.05, b2 - p<0.01, b3 - p<0.001

compared to control group.

Table Il Laboratory characteristics of diabetic patients with hyperhomocysteinemia (HHcy), normohomocysteinemia (NHcy),

and the control group.

HHcy (+SD) NHcy (£SD) Control (£SD)
Albuminuria (mg/dU) 273.9+228.531,b3 172.6+94.9b3 14.3+8.3
Microalbuminuria (%) 59.5 82.4 -
Macroalbuminuria (%) 40.5 17.6 -
Cystatin C (mg/L) 1.95+0.9223,b3 1.15+0.18b2 0.96+0.1
Creatinine (umol/L) 147.8+90.42a3,b3 91.1+14.2 84.3+12.2
CCr (mL/min/1.73 m?2) 66.9+33.333,b3 95.2+31.4 95.8+21.1
Urea (mmol/L) 9.8+5.92a3,b3 5.8+1.1 5.5+1.5
Uric acid (umol/L) 371.1+107.833,b2 278.5+72 290.0+90.9
CRP (mg/L) 4.9+5.9 (med 3.1)b3 3.2+3.3 (med 1.8) 1.5+1.4 (med 1.15)
Fibrinogen (g/L) 4.3+1.321,b3 3.7+0.8b2 3.0+0.3

Hcy — homocysteine, CCr — creatinine clearance, a1 — p<0.05, a2 - p<0.01, a3 - p<0.001 compared to NHcy; b1 - p<0.05,

b2 — p<0.01, b3 — p<0.001 compared to control group.

CRP levels were significantly higher in HHcy dia-
betic patients compared to controls (4.9+5.9 vs.
1.5%+1.4 mg/L, p<0.05) but not compared to NHcy
diabetic patients (4.9+£5.9 vs. 3.2+3.3 mg/L,
p>0.05). Fibrinogen levels were significantly higher
in HHcy diabetic patients compared to both NHcy
diabetic patients and controls (4.3=1.3 vs. 3.7+0.8
vs. 3.0+0.3 g/L, p<0.05).

The two groups of diabetic patients had similar
lipid status parameters, and there was a significant
difference between them and controls in triglyceride,
HDL-C and apoA-I levels (Table ).

Both groups of diabetic patients had significant-
ly higher non-HDL-C/HDL-C ratio and AIP and LTI
compared to the control group, and did not differ
from each other in these parameters.
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Table Il Lipid parameters in diabetic patients with hyperhomocysteinemia (HHcy), normohomocysteinemia (NHcy), and the

control group.

HHcy (x+=SD) NHcy (x+SD) Control (xx=SD)

C (mmol/L) 6.01+1.84 5.96+1.51 5.98+0.71

Triglycerides (mmol/L) 2.05+1.52b3 2.05+1.19b3 1.19+0.52
HDL-C (mmol/L) 1.13+0.26b1 1.06+0.14b2 1.32+0.29
LDL-C (mmol/L) 3.88+1.35 3.92+1.09 4.26+0.89
nonHDL-C (mmol/L) 4.82+1.73 4.94+1.44 4.8+0.93

apoA-l (g/L) 1.31+1.39b2 1.31+1.41b1 1.45+0.18
apoB (g/L) 1.04+0.34 1.04+0.27 1.04+0.34
Lp(a) (g/L) 0.36+0.56 0.34+0.35 0.18+0.19
oxLDL (ng/mL) 119.3+140.421,b" 71.4+50.8 69.1+41.1

LDL/HDL-C 3.44+1.01 3.59+0.71 3.41+1.0

nonHDL/HDL-C 4.34+1.41b1 4.62+1.32b" 3.82+1.22
AlP 0.18+0.29b2 0.23+0.23b2 -0.03+0.25
LTI 3.47+7.5 (med 1.15)b1 3.5+3.46 (med 2)b2 0.88+0.84
LPI 4.17£11 (med 0.84) 3.39+3.9 (med 2.1)b" 0.90+1.02
oxLDL/LDL 36.3+56.6371,b1 18.4+11.4 16.8+10.8

C - cholesterol, AIP — atherogenic index of plasma, LTI — lipid tetrad index, LPI — lipid pentad index, a1 — p<0.05, a2 —

p<0.01, a3 - p<0.001 compared to NHcy; b1 - p<0.05, b2 — p<0.01, b3 — p<0.001 compared to control group.
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Figure 1 Correlation of tHcy with levels of cystatin C (r=0.78, p<0.0001), fibrinogen (r=0.31, p=0.013), oxLDL (r=0.06,
p=0.61), and albuminuria (r=0.33, p=0.008).
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Serum oxLDL levels was significantly higher in
HHcy diabetic patients than in NHcy diabetic patients
and controls, and not significantly different between
NHcy patients and controls (119.3+140.4 vs.
71.4+50.8 vs. 69.1+41.1 ng/mL, p<0.05).

Macroangiopathic complications were more fre-
quent in HHcy patients than in NHcy patients (55.3%
vs. 35.3%, p>0.05), whereas the prevalence of neu-
ropathy and retinopathy were similar in the two groups
(68.2% vs. 70.5%, and 83.4% vs. 88.3%, p>0.05).
Macroangiopathic complications were significantly
more frequent in macroalbuminuric than in microal-
buminuric diabetic patients (65.% vs. 39%, p<0.05),
and tHcy levels were also significantly higher in ma-
croalbuminuric subjects (18.1=5.35 vs. 13.9+4.26
umol/L, p<0.01).

Cystatin C (r=0.78, p<0.0001), albuminuria
(r=0.33, p=0.008) and fibrinogen (r=0.31, p=
0.013) showed a direct correlation with tHcy (Figure
7). Although oxLDL levels were significantly higher in
HHcy patients than in NHcy patients, statistical analy-
sis did not show a linear correlation between the two
parameters (r=0.06, p=0.61) (Figure 1).

There was a direct correlation between oxLDL
levels and albuminuria (r=0.37, p=0.002).

Discussion

Cardiovascular complications present a leading
cause of mortality in patients with diabetes mellitus
type 2 (14). In addition to traditional risk factors, a
significant role in the development of vascular compli-
cations in these patients may be ascribed to hyperho-
mocysteinemia (HHcy).

In recent years HHcy has been recognized as an
independent risk factor for early atherosclerotic
changes both in the general population (22, 23) and
in patients with type 2 DM (12, 15), in whom HHcy
has been associated with renal dysfunction, i.e. devel-
opment of nephropathy, whereas diabetes mellitus
per se most likely is not the cause of increased plas-
ma homocysteine levels (24). HHcy may occur also in
microalbuminuric patients with mild forms of renal
dysfunction (7, 17, 25).

In the present study 64 patients with type 2 DM
with DN were examined. HHCy was found in 73.4%
of all patients. Markers of renal function (CCr, creati-
nine, urea, cystatin C, uric acid) indicated a signifi-
cantly higher degree of renal impairment in patients
with HHCy compared to patients with NHcy (Table /).
In addition, the degree of albuminuria was higher in
HHcy patients (40.5% macroalbuminuric and 59.5%
microalbuminuric) than in NHcy patients (17.6% ma-
croalbuminuric and 82.4% microalbuminuric). Albu-
minuria significantly correlated with tHcy (r=0.33,
p=0.008), and so did cystatin C (r=0.78, p<
0.0001). Even stronger correlations between tHcy

and albuminuria were found in some previous studies
(7, 16). These findings corroborate the presumption
that overt diabetic nephropathy is a major determi-
nant of hyperhomocysteinemia in diabetic patients.

Experimental data, however, suggest that hyper-
homocysteinemia may be involved in the develop-
ment of glomerular and interstitial renal disease pro-
portional to plasma homocysteine levels (26). A
possible mechanism by which hyperhomocysteinemia
causes progression of renal dysfunction is nitric oxide-
dependent endothelial dysfunction via reduced activi-
ty of the enzyme involved in asymmetric dimethylargi-
nine metabolism (26).

Furthermore, it has been shown that HHcy may
contribute to the development and progression of
vascular complications in type 2 DM (27). The major
part of circulating homocysteine is bound to albumin,
and the free fraction (the reduced form - rHcy)
expresses potent vasculotoxic effects (28). The blood
level of rHcy is elevated in diabetics because the
process of nonenzymatic glycation decreases the
amount of albumin available to homocysteine, where-
by reducing the level of the bound fraction of homo-
cysteine. Such an increase in rHcy levels could be one
of the major mechanisms for the development and
progression of vasculopathies in diabetes (29). In our
study macroangiopathic changes were more frequent
in HHcy patients than in NHcy patients (55.3% vs.
35.3%, p>0.05). In a study by Buysschert et al. (11)
macroangiopathic complications were more frequent
in HHcy patients with type 2 DM than in NHcy
patients (70% vs. 42%, p<0.01). Okumura et al. (7)
found significantly higher tHcy levels in patients with
type 2 DM and macroangiopathy compared to pa-
tients without macroangiopathy (10.4+3.7 vs. 8.5+
2.8 umol/L). Moreover, it has been shown that the
risk of coronary events increases by 28% for every 5
umol/L rise of plasma tHcy (30), and that HHcy is a
significant risk factor for the development of cardio-
vascular disease in patients with type 2 DM (2, 31,
32). However, in spite of the substantial findings indi-
cating a causal relationship between HHcy and vascu-
lar impairment, especially in diabetic patients, it has
been suggested that HHcy is a marker, rather than a
cause, of early atherosclerotic changes, as some stud-
ies failed to demonstrate a relationship between
homocysteinemia and carotid intima-media thickness
in diabetic patients (33) or prove beneficial effects of
tHcy lowering therapy on the cardiovascular risk (34).

In the present study macroangiopathic compli-
cations were more frequent in macroalbuminuric
than in microalbuminuric diabetic patients (65.2% vs.
39%, p<0.05), regardless of the degree of homocys-
teinemia, and homocysteine levels were significantly
higher in macroalbuminuric patients (18.1=5.35 vs.
13.88+4.26 umol/L, p<0.01). Okumura et al. also
found an increased prevalence of macroangiopathic
complications as well as higher tHcy levels in diabet-
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ic patients with macroalbuminuria compared to dia-
betic patients with micro- and normoalbuminuria
(44% vs. 25% vs. 20%, p>0.05; and 11.5+3.36 vs.
8.93+2.64 vs. 7.93+2.66 pmol/L, p<0.05, respec-
tively) (7). In addition, the HOPE study (35) data
show that the presence of microalbuminuria is an in-
dependent predictor of cardiovascular disease. Patho-
logical albuminuria accompanied with HHcy may
therefore be a significant predictor of future vascular
events in diabetic patients.

Another subject of the present study was the
relationship between homocysteinemia and the
inflammation markers, CRP and fibrinogen, in
patients with DN. CRP levels were significantly higher
only in HHcy diabetic patients as compared to control
subjects (median: 3.1 vs. 1.15 mg/L, p<0.05) and
not significantly different between NHcy and HHcy
diabetic patients (median: 3.1 vs. 1.8 mg/L,
p<0.05). Previous studies have indicated a direct cor-
relation between homocysteine and CRP in patients
with type 2 DM (36, 37). Holven et al. (38) found
that serum CRP and IL-6 levels were significantly
higher in nondiabetics with HHcy compared to
healthy controls. The findings of the present and pre-
vious studies show that although in patients with type
2 DM with DN the inflammation may be caused by
the main disease, HHcy may play a significant con-
tributory role in increasing the inflammatory response
in these patients. It is worth noting that CRP is not a
marker of inflammation only, but it may contribute in
various ways to the development of endothelial dys-
function.

Although some previous studies failed to de-
monstrate an association between homocysteinemia
and fibrinogenemia (39, 40), in the present work
their correlation was significant (r=0.31, p=0.013),
as it was in the studies by De Luis et al. (16) (r=0.3,
p<0.05) and Kuch et al. (41) (r=0.34, p<0.01). In
line with the results obtained by De Luis et al., (16)
showing significantly higher plasma fibrinogen levels
in HHcy than in NHcy patients (4.08+1.06 vs.
3.58+0.69 g/L, p<0.05), our findings were similar
(4.3+1.3vs.3.7+0.8 g/L, p<0.05). Fibrinogen is an
independent risk factor for cardiovascular disease
(42), and the association between homocysteinemia
and fibrinogenemia in our study concurs with previ-
ous findings indicating activity of the coagulation sys-
tem in the setting of HHcy (43-45).

In accord with most previous findings (11, 16),
we did not detect an association between HHcy and
lipid status parameters in diabetic patients, whereas
the values of AIP an indirect marker of the level of
small, dense LDL (sdLDL) particles (46), were signifi-
cantly higher in both groups of diabetic patients com-
pared to controls.

In diabetes mellitus the production of reactive
oxygen radicals is increased, which has been con-
firmed by a large number of clinical trials demonstrat-

ing a rise of plasma concentrations of certain markers
of oxidative stress in DM (47-51). One of the more
prominent markers of oxidative stress in DM is oxi-
dised LDL (oxLDL). Increased production of free oxy-
gen radicals, higher oxLDL levels, along with stimula-
tion of oxLDL uptake by macrophages and the
ensuing promotion of early atherosclerotic changes
might be contributed by rHcy.

In the present study, serum oxLDL levels were
significantly higher in HHcy diabetic patients than in
either NHcy diabetic patients or controls. Koubaa et
al. (6) also found higher oxLDL levels in diabetic
patients with higher levels of Hcy, which supports the
fact that HHcy may contribute to an increased pro-
duction of oxLDL. Hence, along with hyperglycemia,
dyslipidemia and decreased activity of antioxidative
enzymes, HHcy also may be one of the major factors
contributing to lipid oxidation in diabetes.

In addition, we found a positive correlation
(r=0.37, p=0.002) between oxLDL levels and al-
buminuria. In the study by Koubaa et al. (6) oxLDL
levels were significantly increased in diabetic patients
with a preserved renal functional reserve compared to
healthy controls (142.3+49.8 vs. 95.3+37.8 ng/mlL,
p<0.001). Ujihara et al. (52) reported significantly
higher serum oxLDL levels only in diabetics with
macroalbuminuria, compared to normoalbuminuric
and microalbuminuric patients and healthy controls
(16.8£7.5vs. 13.7+3.9vs. 12.8£3.9vs. 12.5x4.2
U/mL, respectively). These findings may suggest an
association between oxLDL and progression of renal
dysfunction in diabetic patients, which may also be
corroborated by the fact that oxLDL stimulates colla-
gen |V production in mesangial cells (53).

In summary, HHcy is common in patients with
DN, especially in the setting of a more severe reduc-
tion of the renal functional reserve. Chronic macro-
vascular diabetic complications are more frequent in
HHcy patients with DN, and particularly in those with
macroalbuminuria. Compared to NHcy patients,
HHcy patients with DN have significantly higher
blood levels of biomarkers of inflammation (fibrino-
gen) and oxidative stress (oxLDL). It is therefore rec-
ommended that type 2 DM patients with DN should
be regularly monitored for increases in blood levels of
homocysteine as well as inflammation and oxidative
stress biomarkers.

Acknowledgments. The Ministry of Science and
Technology of Serbia supported this study on the
basis of contract No. 175036.

Conflict of Interest Statement

The authors stated that there are no conflicts of
interest regarding the publication of this article.



138 Cabarkapa et al.: Homocysteinemia and biomarkers in diabetic nephropathy

References

1.

10.

11.

12.

13.

14.

15.

King GL, Brownlee M. The cellular and molecular mech-
anism of diabetic complications. Endocrinol Metab Clin
North Am 1996; 25: 255-70.

. Fox CS, Coady S, Sorlie PD, D’Agostino RB, Pencina MJ,

Vasan RS, et al. Increasing cardiovascular disease burden
due to diabetes mellitus: The Framingham Heart Study.
Circulation 2007; 115: 1544-50.

. Bruno G, Biggeri A, Merleti F, Bargero G, Ferrero S,

Pagano G. Low incidence of end-stage renal disease and
chronic renal failure in type 2 diabetes. A 10-year
prospective study. Diabetes Care 2003; 26: 2353-8.

. Gerich JE. Type 2 diabetes mellitus is associated with

multiple cardiometabolic risk factors. Clin Cornerstone
2007, 8: 53-68.

. Nathan DM. Clinical practice. Initial management of

glycemia in type 2 diabetes mellitus. N Eng J Med 2002;
347:1342-9.

. Koubaa N, Nakbi A, Smaoui M, Abid N, Chaaba R, Abid

M, et al. Hyperhomocysteinemia and elevated ox-LDL in
Tunisian type 2 diabetic patients: Role of genetic and
dietary factors. Clin Biochem 2007; 40: 1007-14.

. Okumura K, Yoshimasa A. High plasma homocysteine

concentrations are associated with plasma concentra-
tions of thrombomodulin in patients with type 2 diabetes
and link diabetic nephropathy to macroangiopathy.
Metabolism 2003; 52: 1517-22.

. Weir D, Molloy A. Microvascular disease and dementia in

the elderly: Are they related to hyperhomocysteinemia?
Am J Clin Nutrit 2000; 71: 859-60.

. Tofler GH, D’Agostino RB, Jacquez PF, Bostom AG,

Wilson PW, Lipinska |, et al. Association between
increased homocysteine levels and impaired fibrinolytic
potential: potential mechanism for cardiovascular risk.
Throm Haemost 2002; 88: 799-804.

Friedman A, Bostom A, Selhub J, Levey A, Rosenberg |.
The kidney and homocysteine metabolism. J Am Soc
Nephrol 2001; 12: 2181-9.

Buysshaert M, Dramais AS, Wallemacq PE, Hermans MP.
Hyperhomocysteinemia in type 2 diabetes: relationship

to macroangiopathy, nephropathy, and insulin resistance.
Diabetes Care 2000; 23: 1816-22.

Smulders YM, Rakic M, Slaats EH, Treskes M, Sijbrands
EJ, Odekerken DA, et al. Fasting and post-methionine
homocysteine levels in NIDDM. Determinants and corre-
lations with retinopathy, albuminuria, and cardiovascular
disease. Diabetes Care 1999; 22: 125-32.

Wollesen F Brattstrom L, Refsum H, Ueland PM, Ber-
glund L, Berne C. Plasma total homocysteine and cys-
teine in relation to glomerular filtration rate in diabetes
mellitus. Kidney Int 1999; 55: 1028-35.

Mazza A, Bossone E, Mazza F, Distante A. Reduced se-

rum homocysteine levels in type 2 diabetes. Nutr Meta-
bolism Cardiovasc Dis 2005; 15: 118-24.

Hoogeveen EK, Kostense PJ, Beks PJ, Mackaay AJ,
Jakobs C, Bouter LM, et al. Hyperhomocysteinemia is
associated with an increased risk of cardiovascular dis-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ease, especially in non-insulin-dependent diabetes melli-
tus: A population-based study. Arterioscler Thromb Vasc
Biol 1998; 16: 165-71.

De Luis DA, Fernandez N, Arranz ML, Aller R, |zaola O,
Romero E. Total homocysteine levels relation with chron-
ic complications of diabetes, body composition, and
other cardiovascular risk factors in a population of
patients with diabetes mellitus type 2. J Diabetes
Complicat 2005; 19: 42-6.

Chico A, Perez A, Cordoba A, Arcelus R, Carreras G, De
Leiva A, et al. Plasma homocysteine is related to albumin
excretion rate in patients with diabetes mellitus: a new
link between diabetic nephropathy and cardiovascular
disease. Diabetologia 1998; 41: 684-93.

Cockcroft DW, Gault MH. Prediction of creatinine clear-
ance from serum creatinine. Nephron 1976; 16: 31-41.

Gehan EG, George SL. Estimation of human body sur-
face area from height and weight. Cancer Chemoter Rep
1970; 54: 225-35.

Clauss A. Gerinnungsphysiologishe Schnellmethode zur
Bestimmung des fibrinogenes. Acta Haemat 1957; 17:
237.

Tsigos C, Hainer V, Basdevant A, Finer N, Fried M, Mat-
hus-Vliegen E, et al. Management of obesity in adults:
European clinical practice guidelines. Obesity Facts
2008; 1: 106-16.

Bostom AG, Silbershatz H, Rosenber IH, Selhub J,
D’Agostino RB, Wolf PA, et al. Nonfasting plasma total
homocysteine levels and all-cause and cardiovascular dis-

ease mortality in elderly Framingham men and women.
Arch Intern Med 1999; 159: 1077-80.

Malinow MR, Nieto FJ, Szklo M. Carotid artery intimal-
medial wall thickening and plasma homocysteine in

asymptomatic adults. The Atherosclerosis Risk in
Communities Study. Circulation 1993; 1107-13.

Ndrepepa G, Kastrati A, Braun S, Koch W, Kélling K,
Mehilli J, et al. Circulating homocysteine levels in patients
with type 2 diabetes mellitus. Nutr Metabol Cardiovasc
Dis 2008; 18: 66-73.

Davies L, Wilmshurst EG, McElduff A, Gunton J, Clifton-
Bligh B Fulcher G. The relationship among homocys-
teine, creatinine clearance, and albuminuria in patients
with type 2 diabetes. Diabetes Care 2001; 24: 1805-9.

Finocchiaro P Zoccali C. Hyperhomocysteinemia and
progression of renal disease. G Ital Nefrol 2005; 22:
590-6.

Unlucerci Y, Bekpinar S, Gurdol F, Seferoglu G. A study
on the relationship between homocysteine and diabetic

nephropathy in rats. Pharmacolog Res 2002; 45:
249-52.

Chambers JC, Ueland PM, Obeid OA, Wrigley J, Refsum
H, Kooner JS. Improved vascular function after oral B
vitamins. Circulation 2000; 102: 2479-83.

Mathai M, Radford SE, Holland P Progressive glycosyla-
tion of albumin and its effect on the binding of homocys-
teine may be a key step in the pathogenesis of vascular



J Med Biochem 2013; 32 (2)

139

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

damage in diabetes mellitus. Med Hypothes 2007; 69:
166-72.

Becker A, Kostense P Bos G, Heine R, Dekker J, Nijpels
G, et al. Hyperhomocysteinemia is associated with coro-
nary events in type 2 diabetes. J Intern Med 2003; 253:
293-300.

Soinio M, Marniemi J, Laakso M, Lehto S, Ronnemaa T.
Elevated plasma homocysteine level is an independent
predictor of coronary heart disease events in patients with
type 2 diabetes mellitus. Ann Intern Med 2004; 140:
94-100.

Coppola A, Astarita C, Oliviero M, Fontana D, Picardi G,
Esposito K, et al. Impairment of coronary circulation by

acute hyperhomocysteinemia in type 2 diabetic patients.
Diabetes Care 2004; 27: 2055-6.

Mazza A, Motti C, Nulli A, Marra G, Gnasso A, Pastore
A, et al. Lack of association between carotid intima-
media thickness and methylenetetrahydrofolate reduc-
tase gene polymorphism or serum homocysteine in non-
insulin-dependent diabetes mellitus. Metabolism 2000;
49: 718-23.

The Heart Outcomes Prevention Evaluation (HOPE) 2
Investigators. Homocysteine lowering with folic acid and
B vitamins in vascular disease. N Eng J Med 2006; 354:
1578-88.

Gerstein HC, Mann JE Yi Q, Zinman B, Dinneen SF,
Hoogwerf B, et al. HOPE Study Investigators. Albumi-
nuria and risk of cardiovascular disease events, death,
and heart failure in diabetic and nondiabetic individuals.
JAMA 2001; 286: 421-6.

Mojiminyi OA, Abdella N, Moussa MA, Akanji AO, Al
Mohammedi H, Zaki M. Association of C-reactive protein
with coronary heart disease in patients with type 2 dia-
betes mellitus. Diabetes Res Clin Pract 2002; 58: 37-44.

Evans RW, Shaten BJ, Hempel JD, Cutler JA, Kuller LH,
for the MRFIT Research Group. Homocysteine and risk
of cardiovascular disease in the multiple risk factor inter-
vention trial. Arterioscler Thromb Vasc Biol 1997; 17:
1947-53.

Holven K, Aukrust P Retterstol K, Hagve T, Morkrid L,
Ose L, et al. Increased levels of C-reactive protein and

interleukin-6 in hyperhomocysteinemic subjects. Scand J
Clin Lab Invest 2006; 66: 45-54.

Ogawa M, Abe S, Saigo M, Biro S, Toda H, Matsuoka T,
et al. Homocysteine and hemostatic disorder as a risk for
myocardial infarction at a young age. Thromb Res 2003;
109: 253-8.

Yarnell JW, Sweetnam PM, Rumley A, Lowe GD. Lifestyle
and hemostatic risk factors for ischemic heart disease:

a1.

42.

43.

44.

45.

46.

a7.

48.

49.

50.

51.

52.

53.

the Caerphilly Study. Arterioscler Thromb Vasc Biol
2000; 20: 271-9.

Kuch B, Bobak M, Fobker M, Junker R, Von Eckardstein
A, Marmot M, et al. Associations between homocysteine
and coagulation factors — A cross-sectional study in two
populations of Central Europe. Thromb Res 2001; 103:
265-73.

Ernst E. The role of fibrinogen as a cardiovascular risk
factor. Atherosclerosis 1993; 100: 1-12.

Welch G, Loscalzo J. Homocysteine and atherothrombo-
sis. N Eng J Med 1998; 338: 1042-50.

Bellamy MF, Mc Dowell FW. Putative mechanisms for vas-
cular damage by homocysteine. J Inherit Metab Dis
1997, 20: 307-15.

Harpel PC. Homocysteine, atherogenesis and thrombo-
sis. Fibrinolysis Proteol 1997; 11: 77-80.

Dobiasova M, Frohlich J. The plasma parameter log
(TG/HDL) as an atherogenic index: correlation with
lipoprotein particle size and esterificaton rate in apoB-
lipoprotein-depleted plasma (FERyp). Clin Biochem
2001; 34: 583-8.

Ganesh S, Dharmalingam M, Rani Marcus S. Oxidative
stress it type 2 diabetes with iron deficiency in Asian
Indians. Journal of Medical Biochemistry 2012; 31:
115-20.

Dandona P Thusu K, Cook S, Snyder B, Makowski J,
Amstrong D, et al. Oxidative damage to DNA in diabetes
mellitus. Lancet 1996; 347: 444-5.

Nourozz-Zadeh J, Tajaddini-Sarmadi J, McCarthy S, Bet-
teridge DJ, Wolff SP. Elevated levels of authentic plasma
hydroperoxides in NIDDM. Diabetes 1995; 44: 1054-8.

Bellomo G, Maggi E, Poli M, Agosta FG, Bollati P, Finardi
G. Autoantibodies against oxidatively modified low-den-
sity lipoproteins in NIDDM. Diabetes 1995; 44: 60-6.

Prathima, Sindhu, Beena Shetty, Sudha K, Gayathri Rao.
Role of redox metals, oxidative protein products and
antioxidant potentials of thiols in diabetic retinopathy.
Journal of Medical Biochemistry 2012; 31: 126-30.

Ujihara N, Sakka Y, Takeda M, Hirayama M, Ishii A, To-
monaga O, et al. Association between plasma oxidized
low-density lipoprotein and diabetic nephropathy.
Diabetes Res Clin Pract 2002; 58: 109-14.

Lee HS, Kim BC, Kim YS, Choi KH, Chung HK. Involve-
ment of oxidation in LDL-induced collagen gene regula-
tion in mesangial cells. Kidney Int 1996; 50: 1582-90.

Received: May 17, 2012
Accepted: October 2, 2012



