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Abstract

Objective: | examined the relationship between urinary pentosidine concentration and vascular complications in
patients with type 2 diabetes in order to investigate the pathophysiological roles of pentosidine.

Methods: | performed a cross-sectional study in 119 Japanese patients with type 2 diabetes. The correlation
of urinary pentosidine concentration with age, diabetes duration, HbA1c and blood glucose levels was investigated.
Urinary pentosidine concentration was compared between patients with and without diabetic microvascular
complications (retinopathy, nephropathy, and neuropathy), and macrovascular disease.

Results: Urinary pentosidine concentration showed a significant positive correlation with age and duration
of diabetes. However, it did not correlate with HbA1c, fasting plasma glucose, and postprandial plasma glucose.
Patients with diabetic retinopathy showed a significantly higher urinary pentosidine concentration than those without
retinopathy. On the other hand, urinary pentosidine concentration did not differ between patients with and without
nephropathy, neuropathy, and macrovascular diseases. Stepwise regression analysis demonstrated that age,
body mass index, and retinopathy were independent determinants of urinary pentosidine concentration. Logistic
regression analysis demonstrated that urinary pentosidine concentration and duration of diabetes were independent
determinants of diabetic retinopathy.

Conclusion: Urinary pentosidine might have significance as a novel biomarker of retinopathy in patients with

type 2 diabetes.

Keywords: Advanced glycation end-products (AGEs); Pentosidine,
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Introduction

Advanced glycation end-products (AGEs) are of great interest in
the pathogenesis of both micro- and macrovascular disease. AGEs are
formed irreversibly by the sequential non-enzymatic glycation and
oxidation of proteins, and form excessive cross-links between tissue
proteins [1]. AGEs alter the structure of the extracellular matrix and
change the nature of various cells, leading to dysfunction of various organs.

The formation and accumulation of AGEs in the human body
occur during normal aging [2]. However, this process is accelerated
under a hyperglycemic condition [3]. In diabetic patients, this
accelerated formation and accumulation of AGEs might be involved in
the development of microvascular complications [4-6].

Pentosidine is one of the best chemically characterized AGE
compounds [2,7]. It is known that the concentration of pentosidine
increases with age [2], diabetes [8], and renal failure [7,9]. Elevated
serum concentrations of pentosidine have been shown in diabetic
patients with retinopathy [10-12], nephropathy [13-16], and peripheral
artery disease [17]. This phenomenon is observed in both type 1
[10,16] and type 2 [11-15,17] diabetes. However, the mechanisms by
which pentosidine causes micro- and macrovascular complications in
diabetic patients are not yet elucidated.

In the present study, I examined the relationship between urinary
pentosidine concentration and vascular complications in patients with
type 2 diabetes mellitus in order to investigate the pathophysiological
roles of pentosidine. In order to compare the importance of pentosidine
among micro- and macro- vascular complications, three microvascular
diseases (retinopathy, nephropathy, neuropathy) and three macrovascular

diseases (cerebral infarction, coronary heart disease, peripheral artery
disease) were investigated in the same patients at the same time.

Methods
Study subjects

I performed a cross-sectional study in 119 consecutive Japanese
patients (60 men and 59 women) with type 2 diabetes mellitus (age
37-85 years; mean 67 years) who were admitted to Keio University
Hospital for blood glucose control from January to September 2011.
Patients receiving hemodialysis or peritoneal dialysis, whose age was
less than 20, who were pregnant, or whose hemodynamic condition
was unstable were excluded from this study. The study was approved
by the ethical committee of Keio University School of Medicine (IRB
approved number: 2010-196) and performed in accordance with the
Declaration of Helsinki. Written informed consent was obtained from
all subjects.

All patients provided data of their life and medical history, and
medication usage at the time of admission. I measured systolic/diastolic
blood pressure, height and weight. Blood pressure was measured
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during rest in a seated position, measured two times at intervals of
1 min, and the mean value of two measurements was adopted. Body
mass index (BMI) was calculated as weight in kilograms divided
by height in meters squared. Diabetic microvascular complications
(retinopathy, nephropathy, and neuropathy) were precisely evaluated
during admission. Diagnosis of diabetic retinopathy was performed
by ophthalmologists. Nephropathy was defined as urinary albumin
excretion > 30 mg/g creatinine (Cr) or estimated glomerular filtration
rate (eGFR)<30 ml/min/1.73 m® Neuropathy was diagnosed with > 2 of
three components: the presence of neuropathic symptoms, the absence
of ankle tendon reflexes, and abnormal scores of vibration perception
threshold using a C128 tuning fork. Macrovascular disease (cerebral
infarction, coronary heart disease, and peripheral artery disease) was
defined as a previous history of these diseases. Cerebral infarction
includes only ischemic stroke after excluding transient ischemic attack,
embolic and hemorrhagic stroke. Coronary heart disease includes
unstable angina pectoris, percutaneous coronary intervention, and
coronary artery bypass. Hypertension was defined as systolic blood
pressure > 140 mmHg, diastolic blood pressure > 90 mmHg, and/or
having received treatment for hypertension. Dyslipidemia was defined
as low-density lipoprotein cholesterol (LDL-C) concentration > 120
mg/dl, high-density lipoprotein cholesterol (HDL-C) concentration<40
mg/dl, triglyceride (TG) concentration > 150 mg/dl, and/or having
received treatment for dyslipidemia. Drinking was defined as prior
or current habit of drinking alcohol. Smoking was defined as prior or
current tobacco usage.

Laboratory data

In the morning, after an overnight fast, venous blood samples
were collected for measurement of hemoglobin Alc (HbAlc), glucose,
hemoglobin, albumin, high-sensitivity C-reactive protein (hs-CRP),
Cr, uric acid, LDL-C, HDL-C and TG, and urine samples were
collected for measurement of pentosidine and Cr. Venous samples
were collected again 2 hours after breakfast for measurement of
postprandial plasma glucose. Glucose, Cr, uric acid, LDL-C, HDL-C,
and TG were measured by enzymatic method. Hemoglobin and
albumin were measured using sodium lauryl sulfate and bromocresol
green, respectively. hs-CRP was measured by latex agglutination
turbidimetry. Urinary level of pentosidine was measured using high
performance liquid chromatography (HPLC) quantification as
reported previously [16,18]. The intra-assay and inter-assay coefficient
of variance in urinary pentosidine measurement were 5.89% and
8-10%, respectively. The concentration of pentosidine in urine was
corrected by the urine concentration of creatinine and expressed
as pmol/mg Cr. HbAlc was determined by HPLC (Toso, Tokyo,
Japan) and presented as the equivalent National Glycohemoglobin
Standardization Program (NGSP) value. eGFR was calculated using
the following formula established by the working group of the Japanese
Chronic Kidney Disease Initiative: eGFR (ml min’ 1.73m™?)=194 x
(serum creatinine) " x (age) ** (if women: x 0.739) [19].

Statistical analysis

The correlation of urinary pentosidine concentration with age,
type 2 diabetes duration, HbAlc, blood glucose levels, BMI, eGFR,
uric acid, LDL-C, HDL-C, TG, hemoglobin, serum albumin, and hs-
CRP. Correlations between two variables were assessed using Pearson’s
correlations.

Urinary pentosidine concentration was compared between men
and women, and between patients with and without hypertension,
dyslipidemia, smoking, alcohol drinking, diabetic microvascular

complications, and macrovascular disease. Moreover, urinary
pentosidine concentration was compared among patients with 0, 1, 2,
and 3 microvascular complications. Comparisons between two groups
and among three or more groups were performed using unpaired t-test
and one-way analysis of variance, respectively. Stepwise regression
analysis was performed to examine the effects of various factors on
urinary pentosidine concentration, and the following factors were
considered as independent variables: age, serum albumin, duration
of diabetes, retinopathy, and hemoglobin. Logistic regression analysis
was performed to examine the effects of various factors on diabetic
retinopathy, and the following factors were considered as independent
variables: age, urinary pentosidine concentration, BMI, HbAlc, and

duration of diabetes.

All statistical analyses were conducted using the Statistical Package
for the Social Sciences (version 17.0; SPSS, Chicago, IL, USA). All data
are expressed as mean + SD, and values of p<0.05 (two-sided) were
considered significant.

Results

Asshown in Table 1, the mean of urinary pentosidine concentration
was 54.8 £ 27.1 pmol/ mg Cr. Regarding diabetic microangiopathy, out
of 119 patients, 54 (45%), 48 (40%), and 68 (57%) were complicated
by retinopathy, nephropathy, and neuropathy, respectively. Regarding
macroangiopathy, 14 (12%), 29 (24%), and 12 (10%) patients were
complicated by cerebral infarction, coronary heart disease, and
peripheral artery disease, respectively.

Urinary pentosidine concentration showed a significant positive
correlation with age (r=0.36, p<0.0001) and duration of diabetes
(r=0.21, p=0.021). On the other hand, correlations of urinary
pentosidine concentration with HbAlc (r=-0.020, p=0.83), fasting
plasma glucose (r=-0.016, p=0. 87), and postprandial plasma glucose
(r=-0.028, p=0.78) were insignificant. Although it showed a significant
negative correlation with hemoglobin (r=-0.20, p=0.034) and albumin
(r=-0.34, p=0.0002), correlations with BMI (r=-0.090, p=0.33), eGFR
(r=-0.12, p=0.18) uric acid (r=-0.092, p=0.33), LDL-C (r=-0.043,
p=0.64), HDL-C (r=-0.10, p=0.27), TG (r=-0.089, p=0.33), and hs-CRP
(r=-0.057, p=0.58) were insignificant.

N (men/women) 119 (60/59)

Age (year-old) 65.5+11.6
Duration of diabetes (years) 146+9.9
BMI (kg/m?) 252+55
HbA1c (NGSP) (%) 94+20
Urinary pentosidine (pmol/mgCr) 54.8 +27.1
Diabetic retinopathy, n (%) 54 (45)
Diabetic nephropathy, n (%) 48 (40)
Diabetic neuropathy, n (%) 68 (57)
Cerebral infarction, n (%) 14 (12)
Coronary heart disease, n (%) 29 (24)
Peripheral artery disease, n (%) 12 (10)
Systolic blood pressure (mmHg) 127.7 £ 16.0
LDL-C (mg/dl) 110.6 + 30.4
HDL-C(mg/dl) 51.6 £16.9
TG (mg/dl) 149.6 + 112.3

Table 1: Clinical characteristics of patients in this study. Data presented as mean +
SD or n (%) of patients. BMI: Body Mass Index; HbA1c: Glycosylated Hemoglobin;
LDL-C: Low-density Lipoprotein Cholesterol; HDL-C: High-density Lipoprotein
Cholesterol; TG: Triglyceride.
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None of gender (men 54.1 + 29.0, women 55.5 + 25.2 pmol/mg
Cr, p=0.78), hypertension (absence 53.4 + 28.6, presence 56.8 + 28.2
pmol/mg Cr, p=0.53), dyslipidemia (absence 55.4 + 24.6, presence 53.7
+ 26.9 pmol/mg Cr, p=0.76), smoking (absence 51.3 + 25.1, presence
59.7 £ 29.3 pmol/mg Cr, p=0.095), and alcohol drinking (absence 52.2
+ 25.3, presence 58.6 = 29.5 pmol/mg Cr, p=0.21) showed a significant
effect on urinary pentosidine concentration.

As shown in Table 2, patients with diabetic retinopathy showed
a significantly higher wurinary pentosidine concentration than
those without retinopathy. On the other hand, urinary pentosidine
concentration did not differ between patients with and without
nephropathy, neuropathy, cerebral infarction, coronary artery disease,
and peripheral artery disease. As shown in Figure 1, urinary pentosidine
concentration was significantly higher in patients with all three diabetic
microvascular complications compared with those with none or only
one complication.

As shown in Table 3, stepwise regression analysis demonstrated
that age ($=0.28, F=6.17, p=0.015), BMI (=0.27, F=5.57, p=0.020)
and retinopathy (p=0.24, F=4.54, p=0.036) were independent
determinants of urinary pentosidine concentration. As shown in Table
4, logistic regression analysis demonstrated that urinary pentosidine
concentration (OR 1.03, 95% CI 1.01-1.05, p=0.0066) and duration
of diabetes (OR 1.16, 95% CI 1.09-1.23, p<0.0001) were independent
determinants of diabetic retinopathy.

Discussion

As AGEs increase with aging and long-term hyperglycemia

Urinary pentosidine
concentration P

(pmol/ mg Cr)

Vascular complications

Retinopathy(+/-) 63.8 + 32.0/47.6 + 20.0 0.0018
Nephropathy(+/-) 61.0 £ 33.0/50.6 + 21.5 0.058
Neuropathy(+/-) 57.5 +29.3/51.2 £ 23.8 0.21
Cerebral infarction(/-) 65.3 + 32.4/53.5 £ 26.3 0.14
Coronary heart disease(+/-) 54.7 + 24.4/54.8 + 28.1 0.99
Peripheral artery disease(/-) 56.9 + 35.9/54.6 + 26.3 0.79

Table 2: Urinary pentosidine concentrations in patients with and without vascular
complications. Data presented as mean + SD.
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Figure 1: Association between urinary pentosidine concentrations
and number of diabetic microvascular complications (retinopathy,
nephropathy, and neuropathy).
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variables B F P

Gender 0.026 0.053 0.82
Age 0.28 6.17 0.015
Serum albumin -0.16 2.52 0.12
Duration of diabetes -0.061 0.19 0.67
BMI 0.27 5.57 0.020
HbA1c -0.059 0.37 0.55
eGFR -0.047 0.17 0.68
Retinopathy 0.24 4.54 0.036
Nephropathy 0.066 0.38 0.54
Neuropathy -0.061 0.22 0.64
Hypertension -0.098 0.75 0.39
Dyslipidemia -0.027 0.063 0.80
Smoking 0.067 0.37 0.55
Alcohol 0.096 0.69 0.41
LDL-C 0.011 0.013 0.91
HDL-C 0.023 0.047 0.83
TG -0.14 1.66 0.20
Hemoglobin -0.11 0.97 0.33

BMI: Body Mass Index; HbA1c: Glycosylated Hemoglobin; eGFR: estimated
glomerular filtration rate; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-
density lipoprotein cholesterol; TG: triglyceride

Table 3: Stepwise multiple regression analysis to assess independent determinants
of urinary pentosidine concentration.

Variables Wald Odds ratio| 95% Confidence interval P
Age 1.61 0.97 0.93-1.02 0.2
vrinary pentosidine 737 1.03 1.01-1.05 0.0066
BMI 0.0246 0.99 0.91-1.09 0.88
HbA1c 0.752 1.11 0.87-1.42 0.39
Duration of diabetes | 23.03 1.16 1.09-1.23 < 0.0001

BMI: Body Mass Index; HbA1c: Glycosylated Hemoglobin

Table 4: Multivariate association between selected characteristics and odds ratio
of diabetic retinopathy.

accelerates glycation, it is expected that the concentration of pentosidine
in blood, urine, or tissues increases in subjects with long-term diabetes.
This is supported by the results of my study that the urinary pentosidine
concentration correlates with age and diabetes duration. On the other
hand, the urinary pentosidine concentration was not correlated with
HbAlc, fasting and postprandial plasma glucose levels. This suggests
that urinary pentosidine level does not directly reflect the severity of
hyperglycemia for at least several months. My finding is consistent with
those of Hirata et al. [15], who found that blood pentosidine level did
not correlate with HbA1c in patients with type 2 diabetes, and Sanaka
et al. [9], who found that blood pentosidine level did not correlate with
blood glucose level. Urinary pentosidine concentration was shown to
be negatively correlated with albumin and hemoglobin in this study.
Although malnutrition may be involved, the mechanism of this
correlation is not clear.

It is expected that urinary pentosidine concentrations of the
subjects in this study were high because they were old and their blood
glucose control had been poor for a long time, which is reflected by
the high prevalence of vascular complications. However, I cannot make
this conclusion at present because subjects without diabetes were not
included in this study and the reference value of urinary pentosidine
concentration in non-diabetic subjects is unknown.

In the present study, it was shown that the urinary concentration
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of pentosidine is higher in patients with diabetic retinopathy than
in those without. Moreover, in stepwise multivariate analysis using
urinary pentosidine concentration as a dependent variable, age, BMI,
and diabetic retinopathy were selected as significant explanatory
variables. It is reported that the blood concentration of pentosidine
in patients with type 2 diabetic patients increased with the existence
and progression of diabetic retinopathy [11,12]. However, I could not
find any report about the relationship between urinary pentosidine and
diabetic retinopathy.

In my study, patients with all three microvascular complications
(retinopathy, nephropathy, and neuropathy) had higher pentosidine
concentrations compared with patients with no or one complication.
There is a report about the relationship between vascular complications
and the concentration of AGEs in type 1 diabetic patients with diabetes
duration >50 years, showing that when the plasma concentrations
of both pentosidine and carboxyethyl-lysine, which is another well-
characterized AGE, are low, the incidence of all three microvascular
complications was low [20]. This raised the possibility that pentosidine
plays important roles in the onset of microvascular complications
in type 1 as well as type 2 diabetes and that there might be common
mechanisms underlying the onset of these three microvascular
complications [21].

There was no significant difference in urinary pentosidine
concentration between patients with and without macrovascular
disease in this investigation. However, it was reported that a higher
pentosidine concentration was related to a poor outcome of cerebral
infarction [22] and cardiac events [20,23], indicating the possibility that
pentosidine might play pathophysiological roles, such as induction of
oxidative stress and endothelial dysfunction [24,25], in the progression
of cardiovascular diseases.

The results of logistic regression analysis showed that urinary
pentosidine concentration was an independent explanatory factor for
the onset of retinopathy. Combining the results of stepwise regression
analysis, it is highly probable that pentosidine might be deeply involved
in the onset and progression of diabetic retinopathy, although the
mechanism is unclear.

The reason why urinary pentosidine concentration was not
associated with diabetic nephropathy, neuropathy, and macrovascular
diseases in the present study is not clear. One possibility is that other
than common mechanisms by which pentosidine induces three
microvascular and three macrovascular complications, there may
exist certain mechanisms by which pentosidine induces retinopathy
specifically. In addition to circulating pentosidine, local pentosidine
in retina might play important roles. It is reported that AGEs are
localized in retinal blood vessels [26] or in aqueous humor in type
2 diabetic patients, and its expression correlates with the severity of
retinopathy [27,28]. These observations indicate the possibility that not
only circulating AGEs but also localized AGEs might play important
pathophysiological roles. It is reported that infused AGEs crossed
the blood retinal barrier in rats [29]. In vitro studies also showed that
when retinal cells were exposed to AGEs, their expression of vascular
endothelial growth factor increased, which might promote retinal
neovascularization and increase permeability of the retinal barrier [30].

Most previous reports investigated the relationship between
diabetic complications and serum or tissue [31,32] pentosidine level.
On the contrary, I investigated urinary pentosidine. It is reported that
the concentrations of both serum and urinary pentosidine are high in
patients with active rheumatoid arthritis [33] and elderly patients with

cerebral infarction [34]. It is also reported that urinary pentosidine level
was correlated with serum pentosidine level, indicating that circulating
pentosidine in the blood might be excreted into the urine according to
its serum level [34]. As urine collection is less invasive than blood or
tissue collection, urinary pentosidine is expected to be a useful tool for
the evaluation of diabetic vascular complications.

Limitations of this study include its cross-sectional design. In
addition, patients admitted to university hospitals are selected patients,
and the results of my study may not be applicable to the general
population or to patients with type 2 diabetes in a primary care setting.
Furthermore, subjects without diabetes were not included in my study,
indicating that my study had no control.

Although I am unable to clarify the cause and effect relationship
between pentosidine and diabetic vascular complications, my
findings suggest that urinary pentosidine might have significance as
a novel biomarker of retinopathy in patients with type 2 diabetes. It
remains to be clarified whether measurement of urinary pentosidine
concentration will help prevent the onset or progression of vascular
complications. Further prospective studies will be necessary to
address these issues.
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