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Abstract:
Objective The exaggerated activation of xanthine oxidase (XO) provokes oxidative stress, a feature of type

2 diabetes mellitus (T2DM) and obesity. Because measuring the plasma XO activity is complicated, we tested

whether urinary isoxanthopterin (IXP), the end product of pterin metabolism catalyzed by XO, could serve as

an alternative marker.

Methods We enrolled 51 patients with mild T2DM and obesity (BMI �25 kg/m2; median HbA1c 6.7%) and

9 healthy individuals. Urinary IXP level was determined by HPLC-FL. Correlations between 24-hour and

spot urinary IXP were examined in healthy individuals to validate spot urine, followed by analyses in patients

stratified by the median IXP/Pterin ratio.

Results In healthy individuals, spot urinary IXP correlated with 24-h measurements (r=0.795, p=0.010);

however, both urinary IXP levels and the IXP/Pterin ratio were not correlated with the XO activity. In pa-

tients with mild T2DM and obesity, the urinary IXP/pterin ratio was significantly associated with fasting

plasma glucose (p=0.030). Among patients with higher urinary IXP/Pterin ratios, this association was tightly

independent of other clinical parameters (p=0.028).

Conclusion The level of spot urinary IXP was correlated with that of 24-h excretion, but not with circulat-

ing XO activity. The ratio of IXP/Pterin was associated with fasting hyperglycemia and provides a novel ave-

nue to evaluate glucose dysmetabolism in obese patients with mild T2DM.
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Introduction

Xanthine oxidase (XO), a rate-limiting enzyme in uric

acid (UA) synthesis, simultaneously produces reactive oxy-

gen species (ROS), such as H2O2 and O2
- (1, 2). Along with

NADPH oxidase, XO is a major source of oxidative stress

throughout the body (3). We previously demonstrated that

the plasma XO activity is well correlated with insulin resis-

tance, body mass index (BMI), and liver dysfunction in pa-

tients with type 2 diabetes mellitus (T2DM) and obesity (4).

Metabolic abnormalities associated with XO-derived oxida-

tive stress considerably exacerbate vascular damage, high-

lighting the importance of an early assessment of residual

cardiovascular risk (5, 6).

In general, the serum UA level is regarded as a surrogate
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marker for obesity (7-9). Indeed, this level is influenced by

various factors, including dehydration, purine-rich diet, alco-

hol consumption, and impaired excretion from the kidneys

and intestines (10). In accordance with this notion, our pre-

vious data suggested that patients with normal serum UA

levels but elevated plasma XO activity represent an in-

creased risk for cardiovascular complications (4). However,

the measurement of the plasma XO activity requires com-

plex procedures and strict temperature control, thus limiting

its clinical applicability (7).

In contrast, isoxanthopterin (IXP), which is mainly ex-

creted in urine, is a stable end product derived from pterin

by XO (1, 2, 11, 12). Unlike plasma XO activity measure-

ment, urinary sample collection for IXP is feasible in clini-

cal settings, thereby offering a practical advantage over

plasma XO measurement (13, 14). Limited studies have re-

ported that the urinary excretion of IXP is increased in pa-

tients with neuromuscular diseases, bladder cancer, heart

failure (13, 15, 16), and children with type 1 diabetes (17).

However, the clinical implications of urinary IXP in patients

with T2DM or obesity remain unclear. Therefore, we ex-

plored the potential benefits of urinary IXP and pterin con-

centrations in assessing the pathophysiology of obese pa-

tients with mild T2DM.

Materials and Methods

Study design

This study was designed to explore the clinical implica-

tions of urinary IXP and pterin in patients with T2DM and

obesity in a single center, cross-sectional study. The study

was approved by the Research Ethics Review Committee of

the Faculty of Medicine at the University of the Ryukyus on

April 22, 2023 (approval number 23-2119-00-00-00) and

conducted in accordance with the principles of the Declara-

tion of Helsinki. Written informed consent was obtained

from all participants.

Based on our previous work (4), the present study was

conducted to investigate whether the urinary indices related

to the IXP metabolism, particularly the urinary IXP/Pterin

ratio (hereafter referred to as the IXP/Pterin ratio), are asso-

ciated with the metabolic parameters known to correlate

with plasma xanthine oxidase activity. Such parameters in-

clude indices of insulin resistance (homeostatic model as-

sessment of insulin resistance: HOMA-IR) and the circulat-

ing levels of liver transaminases. We further explored the

possible association between a dichotomized urinary IXP/

Pterin ratio and fasting plasma glucose (FPG).

Participants

Between June 2023 and February 2024, 51 patients aged

�18 years with type 2 diabetes mellitus and obesity were en-

rolled. All patients had a body mass index (BMI) �25 kg/m2,

estimated glomerular filtration rate (eGFR) �60 mL/min/1.73

m2, without serious liver disease, active infection, or malig-

nancy. We selectively included patients with mild type 2 dia-

betes mellitus, defined as a hemoglobin A1c (HbA1c) level

of 6.0-7.0%, managed by diet therapy with or without oral

anti-diabetic medication. In the present study, obesity dis-

ease refers to the definition in the 2022 Japanese Society for

the Study of Obesity Guidelines (18). Patients treated with

insulin or GLP-1 receptor agonists were excluded; however,

the use of other oral antidiabetic agents, including met-

formin, SGLT2 inhibitors, and thiazolidinediones, was ap-

proved. None of the participants were receiving uric acid-

lowering agents. Of the 56 enrolled participants, two with-

drew, and three patients with pre-existing heart disease were

excluded. We also included nine healthy individuals (four

men aged 30-49 years and five women aged 40-50 years) to

validate the urinary IXP measured in spot urine samples as

an alternative to that measured in 24-h urine samples.

Sample collection

Fasting morning void urine samples were collected at 09:

00, and fasting blood samples were collected to measure

clinical parameters, plasma XO activity, urinary IXP, and

pterin concentrations. To avoid hypoxanthine leakage from

red blood cells into the plasma (4), blood samples were cen-

trifuged within 1 h after collection. The supernatant was

transferred to a new tube and stored at -80°C as plasma

samples.

For healthy individuals, urinary creatinine and IXP con-

centrations, as well as 24-h total urine volume, were meas-

ured from 24-h pooled urine samples. The 24-h IXP excre-

tion was calculated based on urine volume assessed using

urine collection containers (MD-63350, SB-KAWASUMI

LABORATORIES, Inc., Kanagawa, Japan). Urine samples

were stored at -30°C until further analysis.

Measurement of metabolic parameters

Body composition was measured using a body composi-

tion analyzer (Inbody 770; Inbody Japan Inc.). The serum

levels of aspartate aminotransferase (AST), alanine

aminotransferase (ALT), γ-glutamyltransferase (γ-GTP), tri-

glycerides (TG), high-density lipoprotein cholesterol (HDL),

low-density lipoprotein cholesterol (LDL), creatinine, FPG,

and fasting immunoreactive insulin (FIRI) were measured

using an automatic analyzer. High-sensitivity C-reactive pro-

tein (hs-CRP) and high-molecular-weight adiponectin levels

were measured using the latex agglutination method (auto-

mated analyzer 07E1X8000, JEOL Ltd., Tokyo, Japan) and

an electrochemiluminescence enzyme immunoassay (LUMI-

PASS).

Measurement of urinary IXP and pterin

Urinary IXP and pterin concentrations were measured us-

ing high-performance liquid chromatography (HPLC) with a

fluorescence detector (4, 7, 12, 13). Fifty μL of urine was

mixed with 50 μL of 0.05 mol/L Tris-HCl buffer (pH 9.0),

100 μL of 4% HClO4 was added, and centrifuged at 15,000×

g for 10 min at room temperature. The supernatant (150 μL)
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was neutralized with 6 μL of 5 mol/L K2CO3 and centri-

fuged again at 15,000× g for 10 min at room temperature.

The final supernatant was used for the HPLC-FL analysis.

HPLC was performed on a YMC-Triart C18 column (150×

4.6 mm I.D., S-3 μm, 12 nm) (YMC, Kyoto, Japan) using a

Nexera X2 (Shimadzu Corporation, Kyoto, Japan) and a

fluorescence detector RF-20Axs (Shimadzu Corporation).

The mobile phase was 0.05 mol/L phosphate buffer (pH 7.0)

with a flow rate of 0.5 mL/min, the excitation wavelength

for both pterin and IXP was 345 nm, and the fluorescence

wavelength was 450 nm. Standard solutions were 31.25-

2,000 nmol/L of pterin and IXP solutions diluted in 0.1N

NaOH or 0.05 mol/L Tris-HCl buffer (pH 9.0), respectively.

The area under the curve (AUC) of the urine was calculated,

and the concentrations were calibrated using standard

curves. The urinary IXP and pterin concentrations are ex-

pressed in nmol/L and corrected for the urinary creatinine

levels (μmol/g Cr).

Measurement of plasma XO activity

The plasma XO activity was measured using a highly sen-

sitive fluorescence assay (4, 7) as previously described. The

enzyme reaction was initiated by mixing 50 μL of plasma

with 50 μL of 0.05 mol/L Tris-HCl buffer (pH 9.0) contain-

ing 100 μmol/L pterin and 1% dimethyl sulfoxide. For the

blank sample, 0.05 mol/L Tris-HCl buffer (pH 9.0) was used

instead of plasma. After incubation at 37°C for 3 h, the re-

action was stopped by the addition of 100 μL of 4% HClO4.

The resulting mixture was shaken vigorously and centri-

fuged at 15,000× g for 10 min at room temperature. Next,

150 μL of the supernatant was neutralized with 6 μL of 5

mol/L K2CO3 and centrifuged at 15,000× g for 10 min at

room temperature. Ten microliters of the supernatant were

subjected to fluorometric analysis. The plasma XO activity

was measured using the same method as described previ-

ously (4). The plasma XO activity is expressed as pmol

isoxanthopterin/min/mL (pmol IXP/min/mL).

Statistical analysis

We analyzed the IXP-to-creatinine ratio, urinary pterin-to-

creatinine ratio, and IXP/Pterin ratio to evaluate their asso-

ciations with a line of metabolic parameters. All values are

expressed as the mean ± standard deviation, median, inter-

quartile range (IQR), or percentage (%), appropriately. Miss-

ing data were handled using multiple imputations. To exam-

ine intergroup differences in characteristics, the Mann-

Whitney U test was used for numerical variables with a

non-normal distribution, the unpaired t-test for numerical

variables with a normal distribution, and the chi-squared test

for categorical variables. In healthy individuals, we exam-

ined the correlations between 24-h urine and fasting morn-

ing samples for urinary IXP/Pterin via Spearman’s rank cor-

relation coefficient analysis. In patients, we investigated the

urinary IXP-to-creatinine ratio, urinary pterin-to-creatinine

ratio, and urinary IXP/Pterin ratio. Histograms were con-

structed to visualize the distribution of each data point of

the urinary IXP-to-creatinine ratio, urinary pterin-to-

creatinine ratio, and urinary IXP/Pterin ratio. We examined

the correlations between each outcome variable and various

metabolic parameters using a Spearman rank correlation co-

efficient analysis. We compared each metabolic parameter

for the patients grouped according to the lower or higher

levels of urinary IXP/Pterin ratio based on the median value

using the Mann-Whitney U test or unpaired t-test. Because

the urinary IXP/Pterin ratios showed a wide and overlapping

distribution among the patients, and to date, no established

clinical cutoff has been available, we used the median value

to stratify the patient group into two groups.

We then performed a logistic regression analysis in which

the dichotomous variable of the urinary IXP/Pterin ratio was

used as the dependent variable, and the FPG, Fib-4 index,

UA, eGFR, and plasma XO activity were used as independ-

ent variables. Because IXP is a product of the enzymatic

conversion of pterin by XO (19), plasma XO activity and

the variables associated with plasma XO activity demon-

strated in our previous study (4) were selected. The receiver

operating characteristic (ROC) curve illustrated by this

model yielded an area under the curve (AUC). We further

performed a logistic regression analysis after adjusting for

the presence of fatty liver and diabetes duration. As a sensi-

tivity analysis, we conducted bootstrap resampling (2,000 it-

erations) based on the same multivariate logistic regression

model.

Statistical significance was set at p<0.05. All statistical

analyses were performed using EZR (Saitama Medical Cen-

ter, Jichi Medical University, Saitama, Japan) (20), a graphi-

cal user interface for R (Ver 4.5.1: The R Foundation for

Statistical Computing, Vienna, Austria).

Results

Characteristics of Participants

The characteristics of the patients included in the study

are summarized in Table 1. In the nine healthy individuals,

the urinary IXP-to-creatinine ratio measured in the 24-h

urine sample showed a strong correlation with that in the

first-morning void sample (r=0.795, p=0.010) (Fig. 1A).

Plasma XO activity was significantly higher in the patient

group than in the healthy individual group (Fig. 1B). In con-

trast, no significant differences were noted in the urinary

IXP level (Fig. 1C) or the IXP/Pterin ratio between the pa-

tient and healthy individual groups (Fig. 1D). In healthy in-

dividuals, we examined the relationships between the uri-

nary IXP/Pterin ratio and various metabolic parameters (Ta-

ble S1). There were no correlations between plasma XO ac-

tivity and the urinary IXP-to-creatinine ratio (Fig. S1A) or

the IXP/Pterin ratio (Fig. S1B).

Associations Between FPG, eGFR, and Urinary IXP/

Pterin Ratio

In 51 patients, the distributions of the urinary IXP-to-
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Table　1.　Clinical Characteristics of Studied Participants.

Anthropometric and clinical parameters Patients Healthy individuals
p value

(median [IQR] or mean ± SD) (median [IQR] or mean ± SD) (median [IQR] or mean ± SD)

N (M:F) 51 (31:20) 9 (4:5)

Age (years) 58 (52–64) 42 (40–45) <0.001a

Duration of diabetes (years) 9 (5–12) NA

Waist circumference (cm) 98 (92–105.5) 74 (67.8–80.2) 0.002a

BMI (kg/m2) 28 (26.5–32.4) 22.9 (21.1–24.4) <0.001a

HbA1c NGSP (%) 6.7 (6.4–7.0) 5.2 (5.2–5.3) <0.001a

HbA1c IFCC (mmol/mol) 50 (46–52) 33 (33–34) <0.001a

FPG (mmol/L) 6.8 (6.1–7.4) 5.5 (5.2–5.8) 0.001a

FIRI (μIU/mL) 9.5 (5.9–15.5) 10.0 (5.67–17.9) 0.709a

HOMA-IR 2.8 (1.9–4.6) 2.4 (1.2–4.0) 0.717a

C-peptide (ng/mL) 2.2 (1.6–2.9) 2.3 (1.1–2.5) 0.627a

ALT (U/L) 22 (16–31.5) 18 (13–20) 0.229a

AST (U/L) 20 (17–24.5) 20 (17–22) 0.844a

γ-GTP (U/L) 30 (20.5–46) 24 (18–38) 0.330a

Fib-4 index 1.094±0.5 0.8±0.3 0.090b

Cre (mg/dL) 0.73 (0.65–0.83) 0.79 (0.65–0.88) 0.626a

eGFR (mL/min/1.73m2) 77 (69–83.5) 76 (73–83.1) 0.975a

Urinary microalbumin (mg/g/Cr) 8.7 (1.3–26.1) –

UA (mg/dL) 5.4 (4.4–6.1) 4.4 (4.2–5.2) 0.118a

HDL (mg/dL) 50 (43.5–57) 68 (60–82) 0.004a

TG (mg/dL) 133 (93–179.5) 84 (67–94) 0.021a

LDL (mg/dL) 110±31 113±27 0.826b

hs-CRP (mg/dL) 0.08 (0.04–0.2) 0.03 (0.02–0.04) 0.008a

Body fat percentage (%) 34.4 (29.1–40.1) –

Fatty liver (+), n (%) 44 (86.3) NA

Urinary creatinine (mg/dL) 82.9 (49.8–121.6) 93.0 (70.7–107.2) 0.836a

Plasma XO activity (pmol IXP/min/mL) 0.34 (0.21–0.74) 0.16 (0.14–0.28) 0.024a

Urinary IXP concentration (nmol/L) 351 (239–564) 195 (131–432) 0.199a

Urinary IXP to creatinine ratio (μmol/g Cr) 0.5 (0.3–0.8) 0.2 (0.2–0.5) 0.185a

Urinary Pterin concentration (nmol/L) 322 (259–533) 309 (224–471) 0.494a

Urinary Pterin to creatinine ratio (μmol/g Cr) 0.4 (0.3–0.6) 0.3 (0.3–0.6) 0.203a

Urinary IXP / Pterin ratio 0.96 (0.64–1.30) 0.82 (0.58–1.23) 0.562a

Continuous variables are expressed as a median (1st quartile–3rd quartile) or a mean ± standard deviation. Numbers of participants are 

shown as n (men:women). –, not assessed; NA, not applicable. ALT: alanine aminotransferase, AST: aspartate aminotransferase, BMI: 

body mass index, eGFR: estimated glomerular filtration rate, FIRI: fasting immunoreactive insulin, FPG: fasting plasma glucose, γ-GTP: 

γ-glutamyltransferase, HbA1c: glycated hemoglobin, HDL: high-density lipoprotein cholesterol, HOMA-IR: homeostatic model assessment 

of insulin resistance, hs-CRP: high-sensitivity C-reactive protein, IFCC: International Federation of Clinical Chemistry, LDL: low-density 

lipoprotein cholesterol, NGSP: National Glycohemoglobin Standardization Programme, TG: triglycerides, UA: uric acid, XO: xanthine oxi-

dase. a Mann-Whitney U test; b unpaired t-test.

creatinine ratio (Fig. 2A), pterin-to-creatinine ratio

(Fig. 2B), and IXP/Pterin ratio (Fig. 2C) were non-normal.

In contrast, there was a significant correlation between the

urinary IXP-to-creatinine ratio and the urinary pterin-to-

creatinine ratio (Fig. 2D).

A correlation analysis within the patients did not reveal

any significant correlations between the urinary IXP-to-

creatinine ratio and body mass index, homeostasis model as-

sessment of insulin resistance, hepatic enzyme levels, or

UA. No correlation was observed between the urinary

pterin-to-creatinine ratio and any metabolic parameters.

A significant positive relationship was found between the

urinary IXP/Pterin ratio and FPG (r=0.313, p=0.030)

(Fig. 3A), as well as a significant negative association be-

tween the urinary IXP/Pterin ratio and eGFR (r=−0.314, p=

0.010) (Fig. 3B). There were no correlations between the

plasma XO activity and the urinary IXP-to-creatinine ratio

(Fig. S1C) or the IXP/Pterin ratio (Fig. S1D) in patients

with T2DM and obesity. Among the scatter plot showing the

significant relationship between the urinary IXP/Pterin ratio

and FPG (Fig. 3C), patients with a urinary IXP/Pterin ratio

�0.96 showed significantly lower eGFR (p<0.05) as well as

significantly higher FPG values (p<0.05) compared to the

group with a urinary IXP/Pterin ratio <0.96 (Table S2).

The plasma XO activity did not differ between the two

groups (p=0.88; Table S2). Similarly, no significant correla-

tion between FPG and the urinary IXP/Pterin ratio was ob-

served within each group (the urinary IXP/Pterin ratio over
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Figure　1.　Validation of urinary IXP measurement and comparison between the healthy individuals 
and patients with type 2 diabetes mellitus. (A) Correlation between 24-hour urinary isoxanthopterin 
(IXP) and spot urinary IXP in healthy individuals (n=9). A significant correlation was observed 
(r=0.795, p=0.010). Data are shown as individual values with regression lines. A statistical analysis 
was performed using Spearman rank correlation coefficient. (B-D) Comparison of the plasma XO 
activity, urinary IXP to creatinine ratio and urinary IXP/Pterin ratio between healthy individuals 
and patients with type 2 diabetes mellitus and obesity. (B) The plasma XO activity was significantly 
higher in the patient group compared to the healthy individual group (p=0.020, Mann-Whitney U 
test). (C) Urinary IXP to creatinine ratio and (D) urinary IXP/Pterin ratio did not differ significantly 
between the two groups. Cre: creatinine, IXP: isoxanthopterin, XO: xanthine oxidase

0.96 group: r=0.119, p=0.560; the urinary IXP/Pterin ratio

under 0.96 group: r=0.110, p=0.601; Fig. 3C).

A logistic regression analysis with the dichotomized uri-

nary IXP/Pterin ratio as the dependent variable demonstrated

that higher FPG was associated with a higher urinary IXP/

Pterin ratio (odds ratio [OR]: 1.84; 95% Confidence Interval

[CI]: 1.07-3.17; p=0.028; Table 2). In contrast, elevated uri-

nary IXP/Pterin ratios were neither significantly associated

with eGFR (p=0.196) nor the plasma XO activity (p=0.561;

Table 2). The ROC curve derived from this model yielded

an area under the curve (AUC) of 0.732 (95% CI: 0.59-

0.87; Fig. S2).

The association between the IXP/Pterin ratio and FPG re-

mained significant even after adjusting for fatty liver and

diabetes duration (OR:1.66; 95% CI: 1.00-2.75; p=0.048;

Table S3). Bootstrap resampling analyses (OR, 1.84; 95%

CI, 1.22-6.36; Table S4) yielded estimates and confidence

intervals that were largely comparable to those in the pri-

mary analysis (OR, 1.84; 95% CI, 1.07-3.17; Table 2).

Discussion

To our knowledge, the present study is the first to demon-

strate that the urinary IXP/Pterin ratio is significantly associ-

ated with elevated FPG levels in patients with obese T2DM.

Among patients with a higher urinary IXP/Pterin ratio,

this association was strongly independent of other clinical

parameters (Fig. 3A, Table 2). XO converts pterin into

IXP (11, 18). Therefore, we examined whether urinary IXP

reflected the plasma XO activity and utilized an alternative



Intern Med Advance Publication DOI: 10.2169/internalmedicine.7101-26

6

Figure　2.　Histograms of urinary IXP-related values in patients with type 2 diabetes mellitus and 
obesity. Histograms of urinary IXP to creatinine ratio (A), urinary pterin to creatinine ratio (B), and 
urinary IXP/Pterin ratio (C) in patients with type 2 diabetes mellitus and obesity. There was a sig-
nificant correlation between the urinary IXP to creatinine ratio and urinary pterin to creatinine ratio 
(r=0.703, p<0.01, Spearman rank correlation coefficient; D). Cre: creatinine, IXP: isoxanthopterin

biomarker of the plasma XO activity. In healthy individuals,

the urinary IXP concentrations in spot urine were strongly

correlated with those in 24-h urine samples (Fig. 1A), indi-

cating that spot urine measurements reliably reflect daily

urinary IXP excretion. Therefore, spot urine samples were

used for subsequent analyses in the present study.

In the present study, the plasma XO activity levels were

significantly higher in patients with obese T2DM than in

healthy individuals (Fig. 1B), consistent with our previous

report (4). However, no significant differences were ob-

served in the urinary IXP-to-creatinine ratio and pterin-to-

creatinine ratios between patients with obese T2DM and

healthy individuals (Table 1). In addition, no significant as-

sociation was found between the plasma XO activity and the

urinary IXP levels in either group (Fig. S1). Such a lack of

association may be due to the overlap in the interquartile

ranges of the urinary IXP-to-creatinine ratio (IQR; patients

with obese T2DM: IQR 0.3-0.8; healthy individuals: IQR

0.2-0.5; Table 1). As the plasma XO activity is largely de-

rived from hepatic sources (4), these findings reflect physi-

ological differences in the regulation of purine metabolism

between systemic circulation and urine. Because urinary IXP

represents an end-stage metabolite excreted into the urine,

these findings may also suggest that the urinary IXP/Pterin

ratio reflects a more complex metabolic state than XO enzy-

matic activity per se. A recent study in patients with gout

demonstrated that the value of urinary IXP is helpful in

identifying clinically occult gout (12). However, to date, no

clear relationship has been reported between urinary IXP

and plasma XO activity.

In the present study, no significant differences were ob-

served in the concentrations of urinary IXP and pterin be-

tween patients and healthy individuals. Pterin is oxidized to

IXP by xanthine oxidoreductase (XOR). Therefore, this con-

version reflects the activity of XOR, and importantly, this

conversion has been shown to be stable in healthy individu-

als (11). Based on this notion, we focused on the urinary

IXP/Pterin ratio. Pterin is a substrate of XO, and IXP is a

metabolite of this reaction. In the present study, a significant

correlation was observed between urine IXP and urine pterin

(Fig. 2D). Based on this finding, we focused on the urinary

IXP/Pterin ratio for subsequent analyses. However, no corre-

lation was found between the urinary IXP/Pterin ratio and

plasma XO activity, and simple regression analysis did not

demonstrate any significant relationship. Given the wide and

overlapping distribution of urinary IXP levels between pa-
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Figure　3.　Correlations between urinary IXP/Pterin ratio and FPG or eGFR in type 2 diabetes pa-
tients with obesity. (A) FPG: correlation coefficient r=0.313, p=0.030. (B) eGFR: r=-0.314, p=0.010. 
Spearman rank correlation coefficients were used for both analyses. (C) Scatter plot of FPG versus 
the urinary IXP/Pterin ratio, stratified by the median urinary IXP/Pterin ratio (0.96): ≥0.96 (○) and 
<0.96 (▲). Regression lines for each group are shown. No significant correlation was observed within 
each group (the urinary IXP/Pterin ratio ≥0.96 group: r=0.119, p=0.560; the urinary IXP/Pterin ratio 
<0.96 group: r=0.110, p=0.601). Cre: creatinine, eGFR: estimated glomerular filtration rate, FPG: 
fasting plasma glucose, IXP: isoxanthopterin

Table　2.　Logistic Regression Analysis was Performed 
with Urinary IXP/Pterin Ratio as the Dependent Variable.

Variable Odds ratio 95% CI p value

FPG 1.84 1.07–3.17 0.028

Fib-4index 1.02 0.21–4.88 0.980

UA 1.29 0.70–2.39 0.422

eGFR 0.96 0.91–1.02 0.196

Plasma XO activity 0.71 0.22–2.29 0.561

The urinary IXP/Pterin ratio in the patient group was divided into low 

(<0.96) and high (≥0.96) groups based on the median values (0.96), and 

logistic regression analysis was performed with urinary IXP/Pterin ratio 

divided into two groups as the dependent variable. CI: confidence inter-

val, eGFR: estimated glomerular filtration rate, FPG: fasting plasma 

glucose, IXP: isoxanthopterin, ROC: receiver operating characteristic, 

UA: uric acid, XO: xanthine oxidase

tients and healthy individuals, we attempted to stratify the

patient group into two groups based on the median IXP/

Pterin ratio (Fig. 3C). Consequently, logistic regression

analyses demonstrated that the IXP/Pterin ratio was associ-

ated with FPG levels (Table 2). In the logistic regression

analysis, in which fatty liver and duration of diabetes were

included as covariates and missing data were handled using

multiple imputation (Table S3), the OR was 1.66 (95% CI,

1.00-2.75; p=0.048; Table S3), which was consistent with

the findings observed in the primary analysis (OR, 1.84;

95% CI, 1.07-3.17; p=0.028; Table 2). To overcome the lim-

ited sample size, bootstrap resampling was performed using

the same model as in Table 2, and the results are presented

in Table S4. The OR for FPG obtained from the bootstrap

analysis was 1.84 with a 95% confidence interval of 1.22-

6.36 (Table S4), which was comparable to the results of the

primary analysis (OR, 1.84; 95% CI, 1.07-3.17; Table 2).
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When logistic regression was performed using the same

model as in Table S3 and restricted to complete-case data

(Table S5), the direction and magnitude of the association

between FPG and the outcome (OR, 1.88; 95% CI, 1.05-

3.37; P=0.034, respectively in Table S5) remained consistent

with those observed in the multiple imputation analysis

(OR,1.66; 95% CI, 1.00-2.75; p=0.048; Table S3).

It has been suggested that obesity aggravates endothelial

dysfunction through impaired pterin metabolism (21). In-

triguingly, such dysmetabolism of pterin, characterized by

low-grade inflammation and impairment in cellular redox

state, has been shown to be associated with glucose intoler-

ance (22). In this context, a significant association between

a higher urinary IXP/Pterin ratio and elevated FPG levels

(Fig. 3A, Table 2) may represent a facet of the metabolic

milieu independent of XO.

We fully acknowledge that the present study has several

limitations. First, owing to its cross-sectional study design,

the temporal direction of the association between the urinary

IXP/Pterin ratio and FPG could not be determined, and it

remains unclear whether an elevated IXP/Pterin ratio pre-

cedes dysglycemia or merely reflects existing metabolic al-

terations. Second, because of the extremely limited sample

size, the present study should be considered exploratory.

Third, the HbA1c level in most participants was within 6-

7%, warranting further analyses in patients with a wider

range of HbA1c values. Although patients treated with insu-

lin or GLP-1 receptor agonists were excluded, some of the

participants were taking oral antidiabetic agents, including

metformin, SGLT2 inhibitors, or thiazolidinediones, all of

which may influence the serum insulin levels (23-25).

Although eGFR was not significant in the multivariable

models, the observed association between the urinary IXP/

Pterin ratio and renal function raises the possibility that re-

nal handling of IXP or pterin may influence urinary meas-

urements. However, it should be noted that the study popu-

lation largely consisted of individuals with a preserved renal

function (eGFR >60 mL/min/1.73 m2). In this context, fur-

ther validation in larger, multicenter cohorts with more di-

verse clinical characteristics is warranted.

Despite these limitations, the following points merit con-

sideration. Our data suggest that the urinary IXP/Pterin ratio

can contribute to identifying residual risks that cannot be

predicted by XO activity. It should also be noted that the

urinary IXP/Pterin ratio can be measured noninvasively and

conveniently. This measurement requires only routine urine

collection and basic analytical procedures. Therefore, the ra-

tio is advantageous for assessing metabolic risk in primary

care settings with limited resources.

In obese patients with mild T2DM, whose HbA1c levels

were well controlled (6-7%), but exhibited elevated FPG, the

urinary IXP/Pterin ratio was significantly associated with

FPG, providing a potentially novel clue to evaluate meta-

bolic derangement independent of plasma XO activity.
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