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Oxidative stress may be an important pathogenetic 
factor in the development of diabetic vascular compli- 
cations. The total antioxidative potential of plasma 
reflects the ability of an individual to resist oxidative 
stress. We measured the plasma total peroxyl radical- 
trapping potential (TRAP) and the concentrations 
of four plasma chain-breaking antioxidants in 81 pa- 
tients with non-insulin-dependent diabetes mellitus 
(NIDDM) nine years after diagnosis and in 102 well- 
matched non-diabetic control subjects. The association 
between the total antioxidative potential and the 
presence of coronary heart disease (CHD) and diabetic 
kidney disease were also studied. There were no 
significant differences in plasma TRAP between 
NIDDM patients and control subjects (1250 + 199 vs. 
1224 + 198 pM). Nor were there any significant differ- 
ences in the concentrations of plasma uric acid, 
ascorbic acid, c~-tocopherol, and protein thiols between 
NIDDM patients and control subjects. Patients with a 
low glomerular filtration rate and/or  high urinary 
albumin excretion had elevated plasma uric acid. 
Plasma TRAP was not, however, associated with renal 

dysfunction. The plasma of NIDDM patients with 
CHD had a significantly higher value of unidentified 
antioxidative potential than that of patients without 
CHD. This relation was strongly dependent upon 
smoking. In conclusion, these data demonstrate that 
there are no major defects in the ant/oxidative potential 
of plasma caused by NIDDM per se. CHD and diabetic 
renal dysfunction were not associated with changes in 
plasma TRAP. 

Keywords: Diabetes mellitus, non-insulin-dependent, 
oxidative stress, coronary disease, antioxidants, 
total peroxyl radical-trapping potential 

I N T R O D U C T I O N  

Oxidat ive  stress is def ined as a ha rmfu l  imbal-  
ance be tween  oxidizing reactions and  the 
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antioxidative defense of the organism. ]1] Patients 
with non-insulin-dependent diabetes mellitus 
(NIDDM) may be especially prone to oxidative 
stress which enhances the development of dia- 
betic complications. ]21 Hyperglycemia induces 
non-enzymatic glycation of proteins and DNA 
and promotes the formation of reactive oxygen 
species, which leads to tissue damage. ]3[ 

Due to the extremely short half-life of free 
radicals, their presence in biological systems 
evades direct detection in clinical situations.I! "4[ 
The amount of oxidative stress may to a some 
extent be estimated by measuring the total 
antioxidative potential of plasma. ]4[ This consists 
of the preventive actions of metal binding 
proteins, like transferrin and ceruloplasmin, and 
the radical scavenging actions of chain-breaking 
antioxidants, i.e. uric acid, ascorbic acid, 
c~-tocopherol, and protein thiols (sulphydryl 
groups, -SH). [5"61 The total peroxyl radical-trap- 
ping potential (TRAP) originally introduced by 
Wayner et al. in 1985, [7] and the total antioxidant 
status (TAS), developed by Miller et al. in  1993, Is[ 
are currently the most widely used methods to 
assess the total antioxidative potential of biologi- 
c a l  fluids. Both methods are based on the 
inhibition of reactions due to peroxyl radicals 
and this inhibition is dependent upon the activity 
of chain-breaking antioxidants. 

Total antioxidant potential of plasma has been 
previously assessed in NIDDM patients, but both 
decreased and unchanged values have been 
observed. [9-131 Thus, the association between the 
total antioxidant activity of plasma and the 
occurrence of major diabetic complications has 
not been established. Therefore, we studied 
plasma TRAP and the concentrations of four 
chain-breaking antioxidants and explored the 
possible association of these variables with the 
presence of a coronary heart disease (CHD) 
and diabetic kidney dysfunction in NIDDM 
patients and well-matched non-diabetic control 
subjects. 

PATIENTS AND METHODS 

Patients 

One-hundred and fifty NIDDM outpatients at- 
tended at the Health Care Center of the City of 
Tampere during the years 1985-1988. [14[ N1DDM 
patients fulfilled the WHO diagnostic criteria of 
NIDDM. [lsI One-hundred and fifty non-diabetic 
patients attending the same facilities, matched 
individually for age and gender, were recruited 
as control subjects. Subjects with a serious disease 
or a shortened life expectancy (e.g. cancer, 
cirrhosis, etc.) were excluded from both study 
groups. Of these study groups, 81 N1DDM 
patients and 102 non-diabetic control subjects 
were re-evaluated affer a nine year follow-up 
period. 

At the time of this study NIDDM patients were 
treated with diet alone (n = 13), with a combina- 
tion of a diet and oral antidiabetic drugs (sulpho- 
nylurea or metformin) (n = 44), or with insulin 
(n =24). CHD was diagnosed (CHD+) if the 
study participant had a myocardial infarction as 
evaluated by hospital records, if there were 
recorded symptoms of angina pectoris, or if the 
ECG fulfilled one or more of the Minnesota 
codes [161 1.1-1.3, 4.1-4.3, 5.1-5.3 or 7.1. Diabetic 
patients with urinary albumin excretion (UAE) 
between 30mg/24-h and 300mg/24-h (micro- 
albuminuria, n = 25) or with UAE over 300 m g /  
24-h (clinical nephropathy, n = 6) were recorded. 

All subjects gave written informed consent. 
The study was approved by the ethics commit- 
tees of the Tampere University Hospital and the 
Health Care Center of the City of Tampere. 

Methods 

Subjects attended after an overnight fast in the 
morning between 7 am and 10 am. The body mass 
index (BMI) was calculated as body weight (kg)/ 
height 2 (m). A physician asked about whether the 
study participant smoked (yes/no currently). Ten 
milliliters of blood was drawn from an antecubi- 
tal vein into EDTA-containing Vacutainer tubes. 
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Plasma was separated within 30 min by centrifu- 
gation at 2000g for 10 rain at +4°C. For measure- 
ment of ascorbic acid, 100 ~tl of plasma was mixed 
with 100pl of 5% meta-phosphoric acid. The 
storage time of samples at -70°C did not exceed 
six months. 

Total Peroxyl Radical-trapping 
Potential (TRAP) 

chromatography (HPLC) with an electrochemical 
detector. [2°1 Plasma a-tocopherol was measured 
by a modified HPLC method, I211 where ultra- 
violet detection was replaced by LC-ampero- 
metric detector (Bioanalytical systems Inc., West 
Lafayette, IN, USA). A potential of +I .0V was 
used. The protein thiol groups were determined 
as described. [221 

Plasma TRAP was measured by a chemilumi- 
nescence-enhanced method, as has been describ- 
ed. [17-19] Briefly, 2,2'-azobis [2-amidipropanone] 
hydrocloride (ABAP, Polysciences, Warrington, 
PA, USA) generates peroxyl radicals at a constant 
rate at 37°C by thermal decomposition, and they 
can be detected by chemiluminescence reaction 
enhanced with luminol (Sigma Chemical Co., St. 
Louis, MO, USA). When a plasma sample is 
added, this reaction is inhibited for a time that 
is directly proportional to the total peroxyl 
radical-trapping antioxidative potential of the 
sample. The extinction time of the plasma sample 
is compared to that of 1 mol of the water soluble 
tocopherol analog Trolox C (6-hydroxy-2,5,7,8- 
tetramethyl-chroman-2-carboxylic acid, a gift 
from E Hoffman-La Roche Ltd, Basel, Switzer- 
land) - a substance capable of scavenging 2 mol of 
peroxyl radicals. The plasma TRAP is expressed 
as micromoles of peroxyl-radicals trapped by one 
liter of the sample (pM). The calculated TRAP 
(TRAPcalc) is derived from the concentrations of 
the individual antioxidants based on their stoi- 
chiometric peroxyl radical-trapping factors as 
follows: TRAPCalc = [uric acid] * 2.0 + [a-toco- 
pherol] ,2.0 + [ascorbic acid] *0.7 + [-SH] *0.4. 
Provision is left for an unidentified fraction of 
measured TRAP, (TRy. PUnid), which is the differ- 
ence between the measured TRAP and TRAPcale 
(TRAPunid = TRAP - TRAPcalc). 

Plasma Antioxidants 

The concentrations of uric acid and ascorbic acid 
were measured by high-performance liquid 

Other Laboratory Measurements 

Serum cholesterol and triglycerides were deter- 
mined by the dry slide technique on an Ektachem 
700 analyzer (Johnson & Johnson Clinical Diag- 
nostics, Rochester, NY, USA). High density 
lipoprotein (HDL) cholesterol was measured 
with the same technique after precipitation of 
low-density lipoprotein (LDL) and of very low- 
density lipoprotein with dextran sulphate/mag- 
nesium chloride. I23] Serum LDL was estimated 
using the Friedewald's formula I24] if triglycerides 
did not exceed 4 mM. Fasting blood glucose was 
determined enzymatically, and glycosylated he- 
moglobin (HbAlc) by liquid chromatography. 
Renal glomerular filtration rate (GFR) was mea- 
sured using SlCr-EDTA and the single injection 
method. [251 

Statistics 

Analysis of covariance (ANCOVA) or Student's 
t-test were used to compare continuous variables 
between groups. The x2-test was used to compare 
discontinuous variables. Pearson's correlation 
matrix was used for correlation analysis. Step- 
wise multiple regression analysis was used to 
search for individual determinants of plasma 
TRAP. Data are given as m e a n +  standard 
deviation. Statistical analyses were performed 
using a microcomputer and the Statistica/Win 
5.0 (Statsoft Inc., Tulsa, OK, USA) software. 
A p value < 0.05 was considered statistically 
significant. 
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RESULTS 

The demograph ic  and  biochemical  characteristics 
of the s t udy  groups  are given in Table L NIDDM 
patients had higher  BMI, higher  triglycerides, 
lower  total and LDL cholesterol, h igher  systolic 
b lood pressure,  and higher  24-h UAE than the 
non-diabetic control  subjects (Table I). These 
changes are in accordance with the basic char- 
acteristics of NIDDM and thus demons t ra te  the 
metabolic differences be tween the s tudy  groups  
that are clearly dist inguishable after a nine-year  
fol low-up period.  NIDDM patients also had a 
significantly higher  prevalence of overt  CH D  and 
microalbuminur ia  (Table I ) .  : 

There were  no significant differences in plasma 
TRAP or  in the levels of antioxidants be tween 
NIDDM patients and non-diabetic control sub- 
jects (Table II), even w h e n  analyzed  separately for 
non-smokers  and smokers,  or for gender. Plasma 
oz-tocopherol concentrat ion corrected for total 
cholesterol also d id  not  significantly differ be- 
tween NIDDM patients and control  subjects (5.9 
vs. 5 . 6 ~ M / m M  cholesterol, p=0.27) .  Smoking 
NIDDM patients had  lower  plasma ascorbic acid 

concentrat ion than non-smokers  ( p =  0.02). In a 
three-way ANCOVA, where  the dependen t  vari- 
ables were  the s tudy  group,  gender,  and  smoking, 
and  GFR was used as a covariate,  significant 
effects were  observed only  in the level of ascorbic 
acid: NIDDM patients and smokers  indepen-  
dent ly  had  lower p lasma ascorbic acid than 
non-diabetic subjects or non-smokers  ( p =  0.03 
and p = 0.007, respectively). 

NIDDM patients wi th  over t  C H D  had a 
significantly higher  prevalence of microalbumin-  
uria than NIDDM patients  w h o  had no CHD, 
and they also had a significantly lowered GFR 
(Table III), but  there were  no significant differ- 
ences in the indices of b lood glucose control  or in 
the lipid values. There  were  no significant 
differences in plasma TRAP or in the levels of 
antioxidants be tween NIDDM patients with and 
wi thout  CHD. NIDDM patients with CH D  had a 

significantly higher  TRAPUnid than their  counter- 
parts  wi thout  CH D  (p = 0.006, (Table III). How-  
ever, this effect of C H D  on TRAPunid lost its 
statistical significance if the smokers  were  ex- 
c luded (p = 0.08) because the smokers  wi th  CHD 

(n = 3) had  markedly  higher  TRAPu~i d than the 

TABLE I Demographic and biochemical characteristics of the study groups 

NIDDM patients (n = 81) Controls (n = 102) 

Gender (male/female n, %) 46/35, 57/43 52/50, 51/49 
Age (years, range) 64.4 + 7.8, 48.5-74.9 65.1 + 6.9, 49.6-74.8 
Smoking (n, %) 8, 10 14,14 
Duration of disease (years) 9.3 + 0.8 - -  
CHD (n,%) 36, 44* 28, 27 
Subjects with UAE 30-300 mg/24-h (n, %) 22, 27* 4, 4 
Subjects with UAE > 300mg/24-h (n, %) 5, 6 2,2 
BMI (kg/m 2) 3011-4- 5.3* 27.6 + 4.5 
Fasting blood glucose (mM) 9.3 :t: 3.0* 4.7 + 0.6 
HbAlc (mM) 8.4 + 1.6" 5.6 + 0.4 
Serum fasting insulin (mU/1) 21.3 + 13.8" 11.7 + 6.5 
Triglycerides (raM) 2.1 + 1.4" 1.5 4- 0.8 
Total Cholesterol (mM) 5.3 4-1.0" 5.8 4-1.1 
HDL Cholesterol (mM) 1.1 ± 0.4 1.2 4- 0.4 
LDL Cholesterol (mM) 3.3 4- 0.9* 3.9 4-1.1 
Blood pressure (syst/diast, mmHg) 162 4- 22*/88 q- 9 153 4- 20/87 4- 9 
24-h UAE (mg) 85.0 4-175.7" 20.8 4- 55.1 
GFR (ml/min/1.73 m 2) 96.6 4- 23.7 90.0 + 20.1 

*p < 0.05 between groups by Student's t-test or by x2-test. CHD, coronary heart disease; UAE, urinary 
albumin excretion; GFR, glomerular filtration rate. 
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s m o k e r s  w i t h o u t  C H D  ( n - - 5 )  ( 4 5 4 ± 6 1 . 0  vs.  

171 + 122.9, p = 0.01). C o n t r o l  sub jec t s  w i t h  a n d  

w i t h o u t  C H D  d i d  no t  d i f fe r  s i gn i f i c an t l y  in  a n y  of  

the  m e a s u r e d  b i o c h e m i c a l  va r i ab les .  

T h e  p l a s m a  c o n c e n t r a t i o n  of u r i c  a c id  cor re -  

l a t e d  i n v e r s e l y  w i t h  G F R  in b o t h  s t u d y  g r o u p s  

( r = - 0 . 5 1 ,  p < 0 . 0 0 1  in  N I D D M  pa t i en t s ,  r =  

- 0 . 2 6 ,  p = 0.04 in  con t ro l  subjects) .  A c c o r d i n g l y ,  

p l a s m a  T R A P  a l so  h a d  a s ign i f i can t  i n v e r s e  cor-  

r e l a t i o n  w i t h  G F R  (F igu re  1). The  c o n c e n t r a t i o n  of  

TABLE II Plasma TRAP and ant±oxidants in NIDDM 
patients and control subjects. There were no significant 
differences between groups 

NIDDM Control p-value 
patients subjects 

TRAP (pM) 1250 ± 199 1224 ± 198 - 0.38 
TRAPc~a c (~M) 993 ± 149 966 ± 152 0.23 
TRAPunid (~M) 257 ± 105 258 ± 130 0.95 
Uric acid (jdVl) 338 ± 73.6 320 ± 73.5 0.10 
-SH (~M) 552 ± 78.9 566 ± 81.5 0.25 
a-tocopherol (~,I) 30.9 ± 10.8 31.5±7.9 0.68 
Ascorbic acid (~dVl) 48.6± 19.8 52.8±23.9 0.21 

p values by ANCOVA (glomerular filtration rate as a 
covariant). 

p l a s m a  a sco rb ic  ac id  h a d  a p o s i t i v e  c o r r e l a t i o n  

w i t h  G F R  in  con t ro l  sub jec t s  ( r = 0 . 3 2 ,  p = 0.01). 

H o w e v e r  t h e r e  w e r e  n o  d i f f e r ences  in  p l a s m a  

T R A P  or  in  the  m e a s u r e d  c o n c e n t r a t i o n s  of  

p l a s m a  an t±ox idan t s  b e t w e e n  N I D D M  p a t i e n t s  

w i t h  n o r m a l  24-h U A E ,  m i c r o a l b u m i n u r i a ,  o r  

c l in ica l  n e p h r o p a t h y .  Th is  is  p a r t l y  e x p l a i n e d  b y  

the  l a ck  of  co r r e l a t i on  b e t w e e n  G F R  a n d  24-h 

U A E  in N I D D M  p a t i e n t s  (r = 0.01, p --  N.S.).  D u e  

to the  l o w  n u m b e r  of  n o n - d i a b e t i c  sub jec t s  w i t h  

i n c r e a s e d  24-h UAE,  this  a n a l y s i s  w a s  p e r f o r m e d  

o n l y  in  N I D D M  pa t i en t s .  

T h e r e  w e r e  no  s ign i f i can t  d i f f e r ences  in  p l a s m a  

T R A P  or  in  the  c o n c e n t r a t i o n s  of  an t±ox idan t s  

b e t w e e n  p a t i e n t s  on  d ie t ,  o ra l  d r u g ,  o r  i n s u l i n  

t r e a tme n t .  P l a s m a  T R A P  d i d  no t  co r r e l a t e  w i t h  

the  i n d i c e s  of  b l o o d  g l u c o s e  cont ro l ,  a n d  p a t i e n t s  

w i t h  h i g h  H b A l c  ( H b A l c  > 7.5%) d i d  no t  

h a v e  s i gn i f i c a n t l y  d i f f e r e n t  p l a s m a  T R A P  or  

an t±ox idan t  v a l u e s  t h a n  p a t i e n t s  w i t h  H b A l c  < 

7.5% N I D D M  p a t i e n t s  w i t h  h i g h  s e r u m  LDL 

( > 4.1 m M ,  n = 13) h a d  s i gn i f i c a n t l y  h i g h e r  

p l a s m a  T R A P  ( 1 3 4 4 + 1 9 8  vs.  1 1 8 0 + 1 9 5 ,  

TABLE III Plasma TRAP, antioxidants and other biochemical and clinical parameters in NIDDM 
patients according to the presence of CHD at the time of this study 

CHD+ (n = 36) CHD- (n = 45) p-value 

TRAP (~M) 1296 + 205 1213 + 188 0.06 
TRAPcalc (~M) 1004 + 167 984 ± 135 0.56 
TRAPu~d (pM) 292 ± 101 228 ± 101 0.006 
Uric acid (pM) 346 + 77.0 332 + 7t.1 0.38 
-SH (gM) 537 ± 96.5 564 + 60.0 0.13 
a-tocopherol (pM) 31.9 + 9.5 30.1 ± 11.7 0.46 
Ascorbic acid (~Vl) 46.9 ± 21.2 50.0 ± 18.7 0.50 
Fasting blood glucose (mM) 9.5 ± 2.7 9.1 ± 3.2 0.45 
Fasting serum insulin (mld) 22.3 ± 13.5 20.5 ± 14.1 0.56 
HbAlc (%) 8.2 ± 1.7 8.4 ± 1.5 0.64 
Triglycerides (mM) 2.2 ± 1.2 1.9 ± 1.5 0.29 
Total Cholesterol (mM) 5.4 ± 1.1 5.2 ± 1.0 0.42 
HDL Cholesterol (mM) 1.1 ± 0.4 1.1 ± 0.5 0.35 
LDL Cholesterol (mM) 3.3 ± 0.9 3.3 + 0.9 0.77 
24-h UAE (mg) 84.2 ± 135.4 85.6 ± 208.1 0.97 
GFR (ml/min/1.73 m 2) 88.3 ± 23.4 104.3 ± 21.7 0.007 
Patients with microalbuminuria (n, %) 20, 56 5, 11 < 0.001 
Patients with nephropathy (n, %) 2, 6 4, 9 0.57 
Smoking subjects (n, %) 3, 8 5,11 0.68 

*p values by ANCOVA (for TRAP and ant±oxidants), by Student's t-test or by x2-test. CHD+/-,  coronary 
heart disease yes/no; GFR, glomerular filtration rate; UAE, urinary albumin excretion. 
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FIGURE 1 The correlation between plasma TRAP and 
GFR in NIDDM patients (panel A, r=-0.41, p=0.001) and 
in non-diabetic control subjects (panel B, r = -0.28, p = 0.03). 

p =  0.02), TRAPc~c (1081+167 vs. 926±149, 
p=0.006) and plasma level of uric acid 
(370 ± 77.8 vs. 309 ± 77.6, p = 0.03) than patients 
with low serum LDL (< 2.8mM, n = 24). There 
were no such differences in the non-diabetic 
control subjects, analyzed also separately for 
smokers and non-smokers. 

There was a s t rong posit ivecorrelation be- 
tween measured plasma TRAP and TRAPc,k in 
control subjects (r=0.76, p<0.001) and in 
NIDDM patients (r=0.86, p<0.001). Plasma 
TRAP correlated also strongly with the level of 
uric acid in NIDDM patients (r = 0.84, p < 0.0001) 
and in control subjects (r=0.72, p <0.0001). In 
NIDDM patients plasma TRAP also correlated 
with the plasma o~-tocopherol concentration 
( r=  0.25, p = 0.03), and there was a correlation 
between plasma TRAP and protein thiols 
(r=0.27, p=0.005) in control subjects. In a 

multiple regression analysis in all s tudy subjects, 
where the independent variables were age, 
fasting blood glucose, and insulin HbAlc, serum 
triglycerides, LDL and HDL, GFR, and the 
plasma antioxidants measured, the only signifi- 
cant individual determinants of plasma TRAP 
were uric acid (fl = 0.749, p < 0.0001) and serum 
triglycerides (fl=0.174, p=0.03). No significant 
determinants for TRAPu~ia could be specified by 
a similar analysis. 

DISCUSSION 

Our data indicate that the plasma total antiox- 
idant potential of NIDDM patients is not different 
from that of non-diabetic control subjects, as 
assessed by plasma TRAP and by the concentra- 
tions of four main chain-breaking antioxidants. 
Penabad et al. [m observed no difference in serum 
TRAP between NIDDM patients in good glyce- 
mic control and non-diabetic subjects. There was 
no significant difference in total antioxidant 
activity between 24 NIDDM patients and non- 
diabetic controls in the s tudy of Maxwell et a/. [91 
In the studies of Ceriello et al., 11°'131 NIDDM 
patients had a lower plasma TRAP and lower 
uric acid level than control subjects, but  this was 
not the case in our study. Since uric acid is the 
most powerful antioxidant in the TRAP assay, this 
alone is likely to explain the differences in TRAP 
between these studies. NIDDM is, in fact, often 
associated with hyperuricemia, [261 and hyper- 
uricemia has, in itself, been proposed as being 
an individual risk factor for CHD. [27'28] Reduced 
TRAP has been associated with poor blood 
glucose control, E1°ml but in the present study 
there was no association between blood glucose 
control and plasma TRAP or antioxidants. The 
recent results of Wells-Knecht et al. [29] also 
suggest that oxidative stress is not increased by 
diabetes alone. However, we have previously 
reported that NIDDM patients had a markedly 
increased level of 24-h urinary excretion of 
8-OHdG] 3°1 a marker of systemic oxidative 
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DNA damage and oxidative stress. 1311 Thus it is 
interesting that neither plasma TRAP nor the 
concentrations of plasma chain-breaking antiox- 
idants were altered despite the increased systemic 
oxidative damage that is assumed to prevail in 
diabetes. Therefore, TRAP and corresponding 
assays may thus not be the tests of choice for 
quantifying the amount of oxidative stress. 

There were no differences in the plasma 
anfioxidant potential or in the levels of antiox- 
idants between non-diabetic subjects with and 
without CHD as well as between non-smoking 
NIDDM patients with and without CHD. It was 
interesting, however, that the three smoking 
NIDDM patients with CHD had a markedly 
higher TRAPunid than the five smoking NIDDM 
patients who did not have overt CHD. The 
numbers of those subjects are, of course, too low 
for reliable analysis. Thus it seems that subjects in 
this study who had an overt CHD, either diabetic 
or not, did not have significant defects in their 
extracellular antioxidant defense. Increased oxi- 
dative stress, supposed to be associated with the 
development of diabetic vascular complications, 
did not alter the total antioxidant potential of 
NIDDM patients. NIDDM patients with CHD did 
not have higher plasma uric acid than patients 
without CHD, although they had markedly lower 
GFR. Thus, hyperuricemia due to the renal 
dysfunction does not seem to explain the CHD 
in these patients. A change in TRAPu~i a may 
indicate that some extracellular, unmeasured or 
even uncharacterized, antioxidative components 
become activated. At least bilirubin, flavonoids, 
t-carotene, and melatonin have been put forward 
as candidates acting as TRAPunid .[32'33] 

Only uric acid of the measured antioxidants 
had a clear positive correlation with the plasma 
TRAP. A strong association between serum 
TRAP and protein thiols (r=0.639) has been 
reported, I341 and this correlation was also signifi- 
cant in the non-diabetic subjects in the present 
study. However, the only significant determi- 
nants of plasma TRAP shown by  multiple 
regression analysis were uric acid and to a lesser 

extent serum triglycerides. A high plasma level of 
uric acid was related to low GFR in both NIDDM 
patients and in non-diabetic subjects. However, 
concentrations of ascorbic acid, a-tocopherol or 
protein thiols were not associated with glomeru- 
lar output, and NIDDM patients with increased 
UAE did not differ from patients with normal 
UAE with regard to plasma TRAP or any 
antioxidants measured. Thus it seems that there 
are no changes in the plasma levels of antiox- 
idants, other than the elevated uric acid, in 
NIDDM patients with renal dysfunction. 

NIDDM patients with low serum LDL had 
substantially lower plasma TRAP than the pa- 
tients with high serum LDL, which is in agree- 
ment with the results of Muldoon et al. t341 This 
association was not due to high protein thiols, but 
to high uric acid, and is not likely to indicate that 
subjects with low LDL are prone to increased 
oxidative stress. The dependency of plasma 
TRAP on the level of uric acid obviously sets 
limitations to the interpretation of TRAP values. 
The use of antioxidant supplements was not 
determined in this study, and we cannot com- 
pletely exclude the possibility that they may have 
affected the results. However, the plasma con- 
centrations of ascorbic acid and a-tocopherol 
were not different between the study groups. It 
has also been demonstrated that dietary antiox- 
idant supplementation does not have significant 
effects on plasma TRAP value. [35-371 

As a conclusion, there were no differences in 
plasma TRAP or in the plasma levels of four 
chain-breaking antioxidants between NIDDM 
patients and non-diabetic control subjects. No 
significant changes in the total antioxidant 
potential were observed in NIDDM patients with 
CHD or increased UAE, but high uric acid and 
plasma TRAP were associated with lowered GFR. 
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