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Background and aims: We have recently proposed urinary pteridine level as a useful biomarker of
oxidative stress in a general population. However, the significance of urinary pteridines in patients with
diabetes is unknown.
Methods: The relationships of the level of urinary pteridine derivatives with d-dimer, ankle-brachial
pressure index (ABI), and known cardiovascular risk factors were investigated in patients with type 2
diabetes.
Results: Urinary pteridine level showed significant positive correlations with urinary15-isoprostane F2t,
female gender, history of smoking and d-dimer and significant inverse correlations with history of
alcohol drinking, body mass index (BMI) and ABI. ABI was significantly lower and d-dimer was signifi-
cantly higher in the highest tertile group of pteridines than in the lowest tertile group. The odds ratios of
the highest vs. lowest tertiles for low ABI and high d-dimer were significantly higher than the reference
level. The above relationships of urinary pteridines with ABI and d-dimer were not altered when age,
gender, BMI, hemoglobin A1c and history of alcohol drinking were used as explanatory variables in
multivariable analyses. History of smoking confounded the relation of pteridines with ABI but not that
with d-dimer. However, in logistic regression analysis, the association between pteridines and ABI
remained significant with adjustment for history of smoking.
Conclusion: Urinary pteridine level was associated with d-dimer and ABI, which reflect blood coagula-
bility and arterial flow to the lower extremities, respectively, and is thus thought to be a useful
discriminator of thromboatherosclerotic risk in patients with diabetes.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Atherosclerotic cardiovascular disease is a major cause of death
and disability in patients with diabetes [1,2], in whom progression
of atherosclerosis is prone to be accelerated compared with that in
non-diabetic people [3,4]. A variety of mechanisms including hy-
perglycemia, insulin resistance and/or hyperinsulinemia, dyslipi-
demia, inflammation, increased reactive oxygen species,
endothelial dysfunction, hypercoagulability, and vascular calcifi-
cation are known to contribute to the acceleration of atheroscle-
rosis in patients with diabetes [5]. A common element in the
pathophysiological mechanisms of cardiovascular disorders in
tal and Preventive Medicine,
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diabetes is prolonged increases in production of reactive oxygen
species in diabetic cardiovascular cells [6]. Thus, evaluation of
oxidative stress and a strategy for its reduction are important for
predicting and preventing future cardiovascular events.

Recently, we have developed a convenient method for evalu-
ating oxidative forms of pteridine derivatives, e.g., biopterin and
neopterin, by spectrophotometry [7]. Oxidized forms of pteridine
derivatives, but not their reduced forms, emit fluorescence. Thus,
only oxidized forms of pteridines are detected by spectrofluorom-
etry. Urinary fluorometric pteridine levels were strongly associated
with urinary levels of known oxidative stress markers such as DNA/
RNA oxidation products and 15-isoprostane F2t. In general people,
urinary pteridine level showed a stronger association with smok-
ing, which causes oxidative stress in vivo, than did DNA/RNA
oxidation products and 15-isoprostane F2t [7]. This suggests that
urinary pteridine level is more useful than the other two bio-
markers for evaluating oxidative stress in vivo. However, the sig-
nificance of urinary pteridines in patients with diabetes is
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unknown. Since increased oxidative stress is deeply involved in the
pathogenesis of thromboatherosclerotic complications in diabetes
[6], it would be interesting to investigate the relationships of uri-
nary pteridine level, as a marker of oxidative stress in vivo, with
atherosclerotic risk in patients with diabetes.

The purpose of this study was therefore to clarify the relation-
ship between urinary pteridines and cardiovascular risk in patients
with diabetes. We evaluated cardiovascular risk by using ankle-
brachial pressure index (ABI) as an indicator of atherosclerosis in
the lower extremities [8,9] and d-dimer as an indicator of blood
coagulability [10] in addition to classical cardiovascular risk factors
including adiposity, blood pressure, blood lipids and glycemic
status.

2. Subjects and methods

2.1. Subjects

The subjects of this studywere 257 outpatients (158men and 99
women) who had been diagnosed as having type 2 diabetes mel-
litus. This study was approved by the ethics committees of Kobe
Tokushukai Hospital (number: TGE00313-014) and Hyogo College
of Medicine (number: 1766). Individual histories of medication,
cigarette smoking and alcohol drinking were surveyed by ques-
tionnaires. The subjects were divided by average alcohol con-
sumption into three groups (nondrinkers; occasional drinkers, less
than 2 days per week; regular drinkers, 2 days or more per week).
The subjects were also divided into four groups by average cigarette
consumption (nonsmokers; ex smokers; light smokers, < 20 ciga-
rettes per day; heavy smokers, � 20).

2.2. Measurements of urinary pteridine derivatives, 15-isoprostane
F2t and creatinine

Levels of oxidized-form pteridine derivatives in urine were
estimated by spectrofluorometry as described previously [7]. The
excitation and emission wavelengths used were 360 nm and
450 nm, respectively. No pretreatment including oxidization of
urine samples was performed. Levels of 15-isoprostane F2t were
measured by an enzyme-linked immunoassay using a commercial
kit, Urinary Isoprostane EIA Kit (Oxford Biochemical Research Inc.,
Oxford, MI, USA).

2.3. Measurements of cardiovascular risk factors

Height and body weight were measured with each subject
wearing light clothes at a health checkup. Body mass index (BMI)
was calculated as weight in kilograms divided by the square of
height in meters.

After each subject had rested in the supine position, ABI was
measured by an oscillometric method using an automatic ABI de-
vice (VaSera VS-1500, Fukuda Denshi, Tokyo, Japan) at rest. The
lower value measured at the right and left legs in each individual
was used for analysis of ABI. The cut-off value used for low ABI was
0.9 [11,12]. The threshold of low ABI (0.9 or lower) is usually used
for diagnosis of peripheral arterial disease and is recommended in
the ACC/AHA Practice Guidelines [12,13]. Arterial pressure of the
right brachial artery was also recorded using Vasera VS-1500. Since
high ABI (>1.3) reflects arterial calcification and is associated with
an increase in prevalence of peripheral arterial disease in patients
with diabetes [14], subjects showing ABI higher than 1.3 (n ¼ 3)
were excluded in the analysis of ABI. In meta-analysis studies, all-
cause mortality and cardiovascular mortality have been shown to
be increased in individuals with abnormally lowABI and high ABI in
a general population and in a cohort of patients with diabetes
28
[15,16]. Thus, there is a U-shaped relationship between ABI and
cardiovascular disease mortality in patients with diabetes.

Fasting blood was collected from each patient in the morning,
and serum and plasma samples were separated by centrifugation
and were stored at �20 �C until measurements. Serum HDL
cholesterol, LDL cholesterol and triglyceride concentrations were
measured by enzymatic methods using commercial kits. Blood
glucose was measured by using an automatic glucose analyzer
based on the GOD/hydrogen peroxide electrode method. Hemo-
globin A1c wasmeasured by using an automatic glycol-hemoglobin
analyzer based on high-performance liquid chromatography. Since
the standards of hemoglobin A1c used for measurement are
different in the NGSP (National Glycohemoglobin Standardization
Program) method and the JDS (Japan Diabetes Society) method,
hemoglobin A1c values were calibrated by using a formula pro-
posed by the JDS [17]: hemoglobin A1c (NGSP) (%) ¼ 1.02 � he-
moglobin A1c (JDS) (%) þ 0.25%. Subjects with diabetes were
defined as those receiving drug therapy for diabetes and/or those
showing high hemoglobin A1c levels (�6.5%), according to the
criteria for diagnosis of diabetes by the American Diabetes Asso-
ciation [18]. Serum creatinine was measured by an enzymatic
method using a commercial kit, CRE-CL (Serotec Co., Ltd., Sapporo,
Japan). Estimated glomerular filtration rate (eGFR) was calculated
by using the following equation (cr: creatinine) developed by the
Japanese Society of Nephrology [19]: eGFR (ml/min/1.73
m2) ¼ 194 � cr(mg/dl)�1.094 � age (years)�0.287. Albumin con-
centrations in the urine were measured by the immune-
nephelometry using an auto-analyzer (JCA-BM8000 series, JEOL
Ltd., Tokyo, Japan).

D-dimer in plasma was measured with a latex agglutination
assay using a commercial kit (Rapid chip d-dimer, Sekisui Medical
Co., Ltd, Tokyo, Japan). An abnormally high level of d-dimer was
defined as a level �1.0 mg/ml [20]. We referred to a previous study
[20] in which d-dimer levels less than 1000 ng/ml safely excluded
deep vein thrombosis and pulmonary embolism.

2.4. Statistical analysis

In our preliminary analysis, we estimated a suitable sample size
for this study. Since there has been no study on the relation of
urinary pteridines with atherosclerotic risk, we referred to a pre-
vious study on the relation of urinary isoprostanes with ABI [21].
Urinary isoprostane level is a marker of oxidative stress and has
been shown to be correlated strongly with urinary pteridines [7].
The level of urinary 8-isoprostane was reported to be significantly
correlated with ABI (correlation coefficient: 0.229 [p ¼ 0.043]) [21].
Then, under the condition that a was 0.05, b was 0.1, and r
was �0.229, the sample size was calculated to be 242. Thus, the
sample size of this study (N ¼ 257) was estimated to be large
enough for investigation of the relationship between urinary
pteridines and atherosclerotic risk represented by ABI. On the other
hand, the subject numbers (158 men and 99 women) are not large
enough for analysis of male and female subjects separately.
Therefore, we performed analysis for men and women together.
Statistical analyses were performed using a computer software
program (IBM SPSS Statistics for Windows, Version 25.0. Armonk,
NY: IBM Corp). The urinary pteridine levels were arranged in
ascending order; then the subjects were divided into three tertile
groups of equal sizes. The means of each variable were compared
among the groups of the 1st, 2nd, and 3rd tertiles for pteridine
levels using analysis of variance (ANOVA) followed by Scheff�e’s F-
test in univariable analysis and analysis of covariance (ANCOVA)
followed by Student's t-test after Bonferroni correction in multi-
variable analysis. In logistic regression analysis, the odds ratios of
subjects of the 2nd or 3rd tertiles versus the 1st tertile for pteridine
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levels were estimated before and after adjustment for other
explanatory variables. Since d-dimer levels as well as pteridine
levels did not show a normal distribution, their logarithmic trans-
formation was necessary to normalize them for performing para-
metric analyses including linear regression analysis, ANOVA and
ANCOVA. Spearman's rank correlation coefficients or Pearson's
correlation coefficients were calculated in univariable correlation
analysis. In the multivariable analyses, age, gender, BMI, hemo-
globin A1c and history of alcohol consumption were used as other
explanatory variables in the regression analyses or covariates in
ANCOVA (Multivariable 1). In some analyses, history of smoking
was also added to the explanatory variables or covariates (Multi-
variable 2). How well urinary pteridine level for prognostic risk
prediction could separate those who did and did not have low ABI
alone, high d-dimer alone or both low ABI and high d-dimer was
evaluated using the receiver-operating characteristic (ROC) curve.
Sensitivity and specificity are the basic measures of accuracy of a
diagnostic test: The sensitivity is the probability of a positive test
result, while the specificity is the probability of a negative test
result. ROC is a plot of sensitivity versus 1-specificity that offers a
summary of sensitivity and specificity across a range of cut points
for a continuous predictor. The optimal cutoff point was selected by
maximizing Youden's index, which is the difference between the
true positive rate (sensitivity) and the false positive rate (1-
specificity) in the ROC curve. Discrimination was measured by the
area under the ROC curve (area under the curve [AUC]). AUC and
95% confidence interval were estimated empirically. Probability (p)
values less than 0.05 were defined as significant.

3. Results

3.1. Characteristics of the participants

Table 1 shows the profile of the subjects. Their mean age was
69.2 years and about 30% and 45% of them were smokers and
alcohol drinkers, respectively. The percentages of subjects receiving
insulin therapy and anti-coagulant therapy were 14.4% and 38.6%,
respectively. About one fifth and one fourth of the subjects showed
Table 1
Characteristics of the subjects.

Variables

Number
Age (years)
Smokers (%)
Alcohol drinkers (%)
Oral glucose-lowering drug (%)
Insulin therapy (%)
Anti-coagulation therapy (%)
Mean BMI (kg/m2)
Mean systolic BP (mmHg)
Mean diastolic BP (mmHg)
Mean ABI
Low ABI (%)
Mean fasting blood glucose (mg/dl)
Mean hemoglobin A1c (%)
Mean HDL cholesterol (mg/dl)
Mean LDL cholesterol (mg/dl)
Mean triglycerides (mg/dl)
Median d-dimer (mg/ml)
High d-dimer (%)
Mean eGFR (mL/min/1.73m2)
Median urinary creatinine (mg/dl)
Median urinary albumin (g/g creatinine)
Median urinary pteridine (mM/g creatinine)
Median urinary 15-isoprostane F2t (mM/g creatinine)

Shown are numbers, percentages, means with standard devi
interquartile ranges in parentheses and ranges in square brac
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low ABI and high d-dimer, respectively. The type of oral glucose-
lowering drugs taken by the subjects was as follows: sulfonyl-
ureas, 113 (44.0%); dipeptidyl peptidase-4 (DPP-4) inhibitor 141
(54.9%); biguanide 81 (31.5%); thiazolidinediones, 14 (5.4%); a-
glucosidase inhibitor 33 (12.8%); sodium glucose cotransporter
type 2 (SGLT2) inhibitor, 12 (4.7%). About one seventh of the sub-
jects were receiving insulin injection.

3.2. Distribution of urinary pteridine levels

Histograms of urinary pteridine levels and log-transformed
urinary pteridine levels are shown in Fig. 1A and B, respectively.
Urinary pteridine levels display a normal distribution not before
but after their logarithmic transformation (Fig. 1B).

3.3. Correlations of urinary pteridines with urinary 15-isoprostane
F2t and creatinine

Fig. 2 shows scatter plots of the relationships of log-transformed
urinary pteridine level with log-transformed 15-isoprostane F2t
level (A) and creatinine (B). Log-transformed urinary pteridine level
was significantly correlated with log-transformed 15-isoprostane
F2t (Pearson's correlation coefficient: 0.744) and with creatinine
level (Pearson's correlation coefficient: 0.762). Thus, urinary pter-
idine level was strongly associated with urinary creatinine level,
and then individual urinary pteridine level was used after correc-
tion by urinary creatine level in the following analyses for re-
lationships of urinary pteridines with other variables.

3.4. Correlations of pteridines, ABI and d-dimer with atherosclerotic
risk factors in univariable analysis

Table 2 shows Spearman's rank correlation coefficients of uri-
nary pteridines, ABI and d-dimer with each variable. Pteridine level
showed significant positive correlations with urinary 15-
isoprostane F2t, female gender, history of smoking and d-dimer
and showed significant inverse correlations with history of alcohol
drinking, BMI and ABI. ABI showed significant positive correlations
Values

257 (men 158; women 99)
69.2 ± 10.4 [35e91]
29.2
44.7
80.9
14.4
38.6
24.9 ± 4.5 [15.5e46.8]
142.6 ± 21.2 [92e239]
85.0 ± 11.0 [57e124]
1.07 ± 0.14 [0.44e1.35]
19.8
134.9 ± 44.5 [54e339]
7.15 ± 1.23 [5.30e14.20]
56.7 ± 18.7 [21e156]
110.8 ± 32.8 [43e223]
115 (78.5, 168.5) [34e1079]
0.60 (0.40, 0.90) [0.16e9.08]
22.6
77.7 ± 28.2 [9.8e154.9]
101.9 (63.5, 159.1) [12.8e500.2]
1.85 (0.64, 7.32) [0e481.1]
13.81 (10.47, 19.26) [4.96e67.25]
1.37 (1.06, 1.97) [0.31e15.27]

ations and ranges in square brackets, and medians with
kets.



Fig. 1. Histograms of urinary pteridines (A) and log-transformed pteridines (B).

Fig. 2. Correlations of log-transformed pteridines with log-transformed 15-isoprostane F2t (A) and urinary creatinine (B). Pearson's correlation coefficients are given in the figures.
Asterisks denote significant correlations (**, p < 0.01).

Table 2
Correlations of each variable with urinary pteridines, ABI and d-dimer in univariable
analysis.

Pteridines/cr ABI d-dimer

Pteridine/cr e �0.164** 0.157*
15-isoprostane F2t/cr 0.381** �0.069 �0.044
Age �0.011 �0.233** 0.362**
Gender 0.132* �0.254** 0.074
Smoking 0.141* �0.047 �0.054
Alcohol �0.163** 0.148* �0.147*
Insulin therapy 0.115 �0.041 0.032
Anticoagulation therapy 0.078 0.089 �0.023
BMI �0.158* 0.104 0.099
Systolic BP 0.039 �0.188** 0.067
Diastolic BP �0.004 0.171** �0.068
Fasting blood sugar 0.017 0.004 0.047
Hemoglobin A1c �0.042 0.055 0.012
HDL cholesterol �0.028 0.027 �0.381**
LDL cholesterol �0.031 0.015 0.108
Triglycerides 0.036 0.006 0.426**
eGFR 0.033 0.095 �0.197**
Urinary albumin/cr 0.183** �0.127* 0.096

Spearman's rank correlation coefficients of each variable with urinary pteridines,
ABI and d-dimer are shown. Gender, women vs. men (men as a reference); cr,
creatinine; BP, blood pressure. Asterisks denote significant correlation coefficients
(*, p < 0.05; **, p < 0.01).
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with history of alcohol drinking and diastolic blood pressure and
showed significant inverse correlations with age, female gender
and systolic blood pressure. D-dimer showed significant positive
correlations with age and triglycerides and showed significant in-
verse correlations with history of alcohol drinking, HDL cholesterol
and eGFR.

3.5. Correlations of pteridines with ABI and d-dimer in
multivariable analysis

The results of univariable and multivariable analyses for corre-
lations of ABI and d-dimer with log-transformed pteridines are
shown in Table 3. Age, gender (women vs. men), BMI, hemoglobin
A1c and history of alcohol drinking were used as other explanatory
variables (Multivariable 1). In addition, history of smoking was
added to the explanatory variables in another analysis (Multivari-
able 2). In univariable analysis, log-transformed pteridines showed
significant inverse and positive correlations with ABI and d-dimer,
respectively. In multivariable analysis adjusting for the above var-
iables except for history of smoking (Multivariable 1), log-
transformed pteridines showed significant inverse and positive
correlations with ABI and d-dimer, respectively. When history of
smokingwas also added to the explanatory variables (Multivariable



Table 3
Correlations of each variable with ABI and d-dimer in univariable and multivariable analyses.

ABI Log(d-dimer)

Univariable Multivariable 1 Multivariable 2 Univariable Multivariable 1 Multivariable 2

Log(pteridine) �0.155* �0.122* �0.076 0.171** 0.179** 0.166**
Age e �0.205** �0.256** e 0.411** 0.426**
Gender e �0.144* �0.229** e �0.045 �0.021
BMI e 0.058 0.057 e 0.139* 0.139*
Hemoglobin A1c e �0.016 �0.041 e 0.012 0.019
Alcohol e 0.074 0.097 e �0.131* �0.138*
Smoking e e �0.222** e e 0.062

Shown are Pearson's correlation coefficients in univariable analysis and standardized partial regression coefficients (b) in multivariable analysis. Asterisks denote significant
correlation coefficients (*, p < 0.05; **, p < 0.01).

Table 4
Odds ratios for low ABI and high d-dimer of the 2nd and 3rd tertiles vs. the 1st tertile
for urinary pteridine in univariable and multivariable logistic regression analyses.

1st tertile 2nd tertile 3rd tertile

Low ABI
univariable 1.00 2.06 (0.82e5.16) 4.81 (2.04e11.35)**
multivariable 1 1.00 2.00 (0.77e5.20) 5.07 (2.04e12.63)**
multivariable 2 1.00 1.85 (0.70e4.86) 4.70 (1.85e11.92)**

High d-dimer
univariable 1.00 1.61 (0.74e3.52) 2.55 (1.21e5.40)*
multivariable 1 1.00 1.52 (0.65e3.56) 2.76 (1.20e6.31)*
multivariable 2 1.00 1.51 (0.64e3.56) 2.90 (1.25e6.72)*

Odds ratios and their confidence intervals are shown. In multivariable analysis, age,
gender, BMI, hemoglobin A1c and history of alcohol drinking were adjusted
(Multivariable analysis 1 and 2). In addition, history of smoking was adjusted in
Multivariable analysis 2. Asterisks denote significant differences from the reference
level of 1.00. (*, p < 0.05; **, p < 0.01).
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2), log-transformed pteridine level was significantly correlated
with d-dimer but not with ABI. The correlations of the variables,
including urinary pteridines, with ABI and d-dimer were significant
but rather weak. Thus, in linear regression analysis, we confirmed
just statistical significance of the relations of cardiovascular risk
factors and pteridines with ABI and d-dimer.

3.6. Comparison of means of ABI and d-dimer among tertile groups
for pteridines in uni- and multivariable analyses

Both in uni- and multivariable analyses, ABI was significantly
lower and d-dimer was significantly higher in the 3rd tertile group
for pteridines than in the 1st tertile group except for the compar-
ison of mean ABI values in the multivariable analysis using history
of smoking as an explanatory variable (Fig. 3A and B). In the
multivariable analysis with adjustment for history of smoking in
addition to age, gender, BMI, hemoglobin A1c and history of alcohol
drinking, there was a marginally significant difference in ABI values
(p ¼ 0.077) of the 1st and 3rd tertiles for pteridines (Fig. 3A).

3.7. Odds ratios vs the. 1st tertile group of pteridines for low ABI and
high d-dimer in uni- and multivariable analyses

The results of logistic regression analysis for the relationships of
pteridine level with low ABI and high d-dimer are shown in Table 4.
In multivariable analysis, we used the same explanatory variables
as those used in multivariable linear regression analysis (Table 3).
The odds ratios for low ABI and high d-dimer of the 3rd vs. 1st
Fig. 3. Comparison of mean levels of ABI (A) and log-transformed d-dimer (B) in the tertile g
and history of alcohol drinking were adjusted (Multivariable analysis 1 and 2). In addition, h
differences from the 1st tertile for pteridine (*, p < 0.05; **, p < 0.01). #, a marginally sign
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tertile groups of pteridines were significantly higher than the
reference level in both univariable and multivariable analyses with
adjustment for history of smoking as well as age, gender, BMI,
hemoglobin A1c and history of alcohol drinking.

3.8. ROC analysis

ROC analysis was performed for the relationships of urinary
pteridine levels with low ABI alone, high d-dimer alone, and both
low ABI and high d-dimer. The area under the curve (AUC) was
larger in the relationship with both low ABI and high d-dimer (AUC,
roups of urinary pteridines. In multivariable analysis, age, gender, BMI, hemoglobin A1c
istory of smoking was adjusted in Multivariable analysis 2. Asterisks denote significant
ificant difference from the 1st tertile for pteridine (p ¼ 0.077).
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0.701 [0.581e0.821], p ¼ 0.004) than in the relationships with low
ABI alone (AUC, 0.643 [0.559e0.728], p ¼ 0.002) and high d-dimer
alone (AUC, 0.600 [0.516e0.685], p ¼ 0.020). Then, we performed
further analysis for the relationship of pteridine levels with prev-
alence of both low ABI and high d-dimer (Fig. 4). The optimal cutoff
point was selected by maximizing Youden's index, which is the
difference between the true positive rate (sensitivity) and the false
positive rate (1-specificity) in the ROC curve. The cutoff point of
urinary pteridine level, yielding maximal sensitivity plus specificity
for predicting low ABI and high d-dimer, in the ROC curves was
determined. The optimal cutoff point (the point with an arrow in
Fig. 4) was determined to be 15.8 mM/g creatinine. Specificity and
sensitivity of the cutoff were 66.4% and 84.2%, respectively.
4. Discussion

This study clearly demonstrated that urinary pteridine level is
associated with d-dimer and ABI. D-dimer is a representative
marker of blood coagulation [10], which is increased with pro-
gression of cardiovascular complications in patients with diabetes
[22,23]. Measurement of ABI is a standard examination for diag-
nosis of peripheral arterial disease [8,9], which is a major athero-
sclerotic complication of diabetes [11,12]. Therefore, urinary
pteridine level is thought to be a useful biomarker for discrimi-
nating the risk of atherosclerotic complications in patients with
diabetes. This is the first study showing the clinical significance of
urinary pteridines in patients with diabetes. There was no signifi-
cant difference in log-transformed pteridine levels among the three
groups of subjects without medication therapy, with oral glucose-
lowering drugs alone, and with insulin injection (data not shown).

In our previous study, urinary pteridine level was shown to
reflect oxidative stress in a general population [7]. In fact, urinary
pteridine level was strongly correlated with urinary 15-isoprostane
F2t, a known biomarker of oxidative stress, in the present study.
Formation of reactive oxygen species is increased in the presence of
cardiovascular risk factors including smoking, dyslipidemia, hy-
pertension and diabetes [24]. Since oxidative stress is deeply
involved in atherogenesis through various mechanisms including
lipoprotein modification, endothelial dysfunction, vascular smooth
muscle cell proliferation and leukocyte migration [25], it is
reasonable that urinary pteridine level is associatedwith ABI and d-
Fig. 4. ROC curves for urinary pteridine level to predict low ABI and high d-dimer.
Cutoff points of urinary pteridine level, yielding maximal sensitivity plus specificity for
predicting low ABI and high d-dimer, in the ROC curves were determined. The value
with arrow, indicating the cutoff points in the figures, are cut-off values. Specificity and
sensitivity of the cutoffs were 66.4% and 84.2%, respectively.
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dimer, which are representative markers for atherosclerotic com-
plications in patients with diabetes. Although there was a signifi-
cant correlation between levels of urinary pteridines and 15-
isoprostane F2t, 15-isoprostane F2t level did not show significant
correlations with ABI and d-dimer level (Table 2). This suggests that
urinary pteridine level is a more useful biomarker of atherosclerotic
disease in patients with diabetes than is urinary 15-isoprostane F2t.

Smoking causes an increase in oxidative stress. In general peo-
ple, urinary pteridine level was significantly higher in smokers than
in nonsmokers [5]. Similarly, urinary pteridine level was signifi-
cantly correlated with smoking in patients with diabetes (Table 2).
Smoking as well as diabetes is a major risk factor of peripheral
arterial disease [26,27], and smoking causes an increase in blood
coagulability through various mechanisms including endothelial
dysfunction, increased platelet aggregation, elevation of fibrinogen
in blood, and formation of thrombolysis-resistant fibrin clots
[28,29]. Thus, smoking is a possible confounder for the relation-
ships of urinary pteridines with ABI and d-dimer. However, in
multivariable analyses, the relation of urinary pteridines to d-dimer
remained significant after adjustment for history of smoking
(Table 3, Table 4, Fig. 3). In linear regression analysis and ANCOVA,
urinary pteridines did not show significant relationships with ABI
when history of smoking was adjusted (multivariable 2 in Table 3
and Fig. 3). However, in multivariable logistic regression analysis
with adjustment for smoking, the odds ratio for low ABI of the 3rd
vs. 1st tertile groups of pteridines remained significantly high in
comparison with the reference level (Table 4). In addition, there
was a marginally significant difference in ABI of the subjects in the
1st and 3rd tertile groups for pteridine levels when smoking was
adjusted (Fig. 3). Therefore, urinary pteridine level is associated
with both ABI and d-dimer independently of smoking. The results
of multivariable analyses also suggest that the associations of uri-
nary pteridines with ABI and d-dimer are independent of age,
gender, adiposity, glycemic status and alcohol drinking.

Ten subjects (3.9%) had a history of cancer. However, the asso-
ciations of pteridines with ABI and d-dimer were not altered when
a history of cancer was added as an explanatory variable in ANCOVA
(data not shown). Therefore, it was thought that cancer history did
not confound the relationships of pteridines with ABI and d-dimer.

Urinary albumin level was significantly correlated with urinary
pteridine levels [Spearman's rank correlation coefficient: 0.183
(p ¼ 0.003)]. Then, ABI and d-dimer levels were compared among
the three tertile groups for pteridines with adjustment for urinary
albumin level in addition to age, gender, hemoglobin A1c and
alcohol drinking. ABI was significantly lower in the 3rd tertile group
than in the 1st tertile group, and log-transformed d-dimer level was
significantly higher in the 2nd and 3rd tertile groups than in the 1st
tertile group (data not shown). Thus, the associations of urinary
pteridines with ABI and d-dimer were not confounded by urinary
albumin. The correlation between pteridines and d-dimer was
significant in the 1st and 2nd tertile groups for urinary albumin but
not in the 3rd tertile group (data not shown). Therefore, it seems
that there is an association between pteridines and d-dimer in the
early stage of renal damage but not in its late stage, suggesting that
urinary pteridine level cannot be used in patients with severe renal
damage.

There are limitations of this study. The number of subjects was
not large enough for analyzing men andwomen separately. Urinary
pteridine level and ABI were significantly higher and lower,
respectively, inwomen than inmen (data not shown). These results
agree with the previous finding that women with diabetes have a
higher risk of cardiovascular disease than do menwith diabetes [2].
The mean age of the subjects was relatively old, and further studies
are needed to confirm the findings of this study in young people.
Themean hemoglobin A1cwas 7.15% and 14.4% of the subjects were
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receiving insulin therapy, suggesting that glycemic status of the
subjects in this study was generally not so poor. Thus, it remains to
be determined whether urinary pteridine level can be used for
discrimination of atherosclerotic risk in patients with severe dia-
betes. In multivariable analyses, age, gender, BMI, hemoglobin A1c
and histories of smoking and alcohol drinking were used as
explanatory variables and covariates. However, there are other
possible confounders, e.g., diet, physical activity, education, and
occupation, for which informationwas not available in this study. It
is not easy to know the correct time of onset of type 2 diabetes in
each patient. Unfortunately, we had no information on the duration
of diabetes in the subjects of this study, although it would be
interesting to investigate the relation of the disease vintage with
urinary pteridine levels. Finally, the design of this study is cross-
sectional, and thus further studies are needed to discuss causal
relationships of urinary pteridines with atherosclerotic complica-
tions in patients with diabetes.

In conclusion, in patients with diabetes, urinary pteridine level
was strongly correlated with urinary 15-isoprostane F2t, a repre-
sentative marker of oxidative stress, and was associated with ABI
and d-dimer, which reflect blood flow to the lower extremities and
blood coagulability, respectively. Therefore, urinary pteridine level
reflects oxidative stress and is proposed to be a useful biomarker
that discriminates the risk of atherosclerotic disease in patients
with diabetes. In addition to the convenience of urine as a clinical
sample, another merit of urinary pteridines is the easiness of
measurement by using spectrophotometry. Therefore, urinary
pteridine level is expected to become a useful biomarker for a
screening test of oxidative stress in the future.
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