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Urinary 8-0x0-2’-deoxyguanosine is associated with
respiratory-related arousal index: potential implications for
screening obstructive sleep apnea as a preliminary study

Yuichiro MAEDA, Yujiro FUKUDA, Masahiro KOMORI, Shin KARIYA, Hirotaka HARA

Department of Otolaryngology - Head and Neck Surgery, Kawasaki Medical School

ABSTRACT Background: Obstructive sleep apnea (OSA) harms health and quality of life.
Its high prevalence necessitates mass-screening. Intermittent hypoxia caused by pharyngeal
stenosis or obstruction causes sleep fragmentation and leads to impaired vascular endothelial
function and atherosclerosis, increasing the risk for cardiovascular disease. In patients with
severe OSA (apnea-hypopnea index AHI = 30 times/h), urinary 8-oxo-2’-deoxyguanosine (8-
OHdG), an oxidative stress marker, is associated with respiratory-related markers of OSA,
including AHI. Treatment with continuous positive airway pressure (CPAP) decreases urinary
8-OHdG and improves endothelial function. In patients with mild to moderate OSA (AHI 5-29
times/h), sleep fragmentation can lead to daytime sleepiness and impaired concentration,
compromising work efficacy and road safety. CPAP can also decrease sleep fragmentation.
Here we investigated the relationship between urinary 8-OHdG and sleep-related markers of
OSA to clarify its usefulness as a screening tool.

Methods: From 72 patients admitted to Kawasaki Medical School Hospital for
polysomnography, the first urine sample in the morning following polysomnography was
collected, and urinary 8-OHdG was measured by ELISA.

Results: Urinary 8-OHdG differed significantly between subjects with a respiratory arousal
index (RAI) of < 15 times/h and those with RAlI = 15 (p = 0.046, 5.70 = 2.84 vs 7.23 * 3.52
ng/mg creatinine). The normal value of RAI is about 15 times/h in healthy adults aged in their
40s to 60s. The cut-off value was 4.03 ng/mg creatinine with respect to RAl = 15 on the urinary
8-OHdG. Apart from sex (o = 0.011) and body mass index ( p = 0.022), patient groups did not
differ in age (p = 0.201), smoking ( o = 0.857), alcohol consumption ( o = 0.511), hypertension
(o = 0.2), diabetes (p = 0.366), or dyslipidemia (o = 0.408).

Conclusion: Urinary 8-OHdG significantly increased in OSA patients with RAI = 15 times/
h. This result suggests that combined with specific symptoms such as snoring and sleepiness,
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urinary 8-OHdG may be useful as a mass-screening tool not only for respiratory-related severe

cases (AHI = 30 times/h), but also for abnormal sleep-related cases.
doi:10.11482/KMJ-E202551209 (Accepted on October 20, 2025)
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INTRODUCTION

Obstructive sleep apnea (OSA) harms health and
quality of life". Its high prevalence necessitates
mass-screening. Recent data from the USA and
Europe suggest that between 14% and 49% of
middle-aged men have clinically significant OSA,
and that prevalence rates in women are lower but
still substantial”’. Another study reported that OSA
affects approximately 34% of men and 17% of
women, highlighting its widespread occurrence .
The overall prevalence of OSA in Japan is estimated
at 15%, with moderate-to-severe OSA affecting
20% of adult males and 10% of postmenopausal
women *’.

Among Japanese commercial drivers, 23.9%
have moderate to severe OSA, with significant
associations with obesity, hypertension, and
diabetes” . Among Japanese public transportation
drivers, 9.8% were diagnosed with OSA, indicating
a substantial prevalence 9 In OSA, intermittent
hypoxia caused by disrupted breathing during
sleep is often accompanied by brief episodes
of arousal. This is due to pharyngeal stenosis, a
narrowing or occlusion of the pharynx, during
sleep. Intermittent hypoxia in turn leads to impaired
vascular endothelial function and atherosclerosis,
increasing the risk for cardiovascular disease 7.
Arousal fragments sleep, increasing sympathetic
nerve function and inflammationg), which induce
hypertension, insulin resistance, atherosclerosis,
and cognitive decline ¥ Arousal can also lead to
daytime sleepiness and impaired concentration'”,
which affects work efficacy and road safetym.
Fortunately, these adverse effects can be ameliorated
by treatments such as continuous positive airway

pressure (CPAP) 1213, Despite the high prevalence

of OSA in Japan, treatment rates remain insufficient.
This gap suggests a need for enhanced screening,
diagnosis, and treatment strategies to address the
unmet needs of people with OSA.

Urinary 8-o0x0-2'-deoxyguanosine (8-OHdG)
levels can directly and simply reflect oxidative
stress. Various markers have been associated with
oxidative stress produced by intermittent hypoxia
due to apnea'™'”. 8-OHJG is a reactive oxygen
species (ROS) produced when blood flow is restored
to ischemic, hypoxic tissue 17, Urinary 8-OHdG

is more stable than serum and plasma 8-OHdG™ *

22 or the

and is not affected by diurnal variations
body’s repair mechanisms®” . Therefore, urine can
provide a simple sample for mass-screening.

The aim of this study was to investigate the
relationship between urinary 8-OHdG levels
and sleep-related markers of OSA to ascertain
its usefulness as a tool for screening for sleep
fragmentation. Urinary 8-OHdG has been associated
with respiratory-related markers of OSA, such
as the apnea-hypopnea index (AHI) and the 3%
oxygen desaturation index (ODI), in patients with
severe OSA (AHI = 30 times/h)® ", Treatment
with CPAP decreases urinary 8-OHdG levels and

12 patients with

improves endothelial function
mild to moderate OSA (AHI 5-29 times/h) also
experience sleep fragmentation. We investigated
whether urinary 8-OHdG could serve as a viable

marker for screening for sleep fragmentation.

MATERIALS AND METHODS
Ethics approval

The prospective study protocol was approved by
the ethics committee of Kawasaki Medical School
(5865-03). Written informed consent was obtained
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from all patients on the day of admission for

polysomnography.

Subjects

We assessed data of 72 patients (male = 48,
female = 24) admitted to Kawasaki Medical
School Hospital for polysomnography between
May 2023 and September 2024. Total 77 patients
were examined in the period, and all of them were
diagnosed as OSA; however, patients with a history
of psychiatric disorders or of treatments for OSA
were excluded. All patients” weight and height
were recorded on the day of admission, and body
mass index (BMI) was calculated. We verified
all patients’ medical history and preferences of

smoking and drinking.

Collection of blood and urine samples

Peripheral venous blood samples were collected
on the day of decision for polysomnography
admission. The first urine sample in the morning
was collected the next day® and stored at -20C

until analysis.

Measurements of 8-OHdG

Urine samples were thawed, centrifuged at 3000
X g for 10 min, and used for analysis of urinary
8-OHdG in 1 ml with an ELISA kit (Nikken SEIL
Corp.; Fukuroi, Shizuoka, Japan). The optical
density was measured on a multimode microplate
reader (Thermo Scientific, MA, USA) at 450 nm.
The urinary 8-OHdG value was standardized to

urinary creatinine.

Sleep studies

Polysomnography comprised an
electroencephalogram (EEQG), an electrocardiogram,
oxygen saturation, airflow (nasal pressure), leg
and chin electromyograms, eye movements,
chest and abdominal movements, and snoringw.

Apnea is defined as a = 90% drop in airflow from

baseline, lasting at least 10 s, and hypopnea was
defined as a = 30% drop in airflow lasting = 10 s,
accompanied by a decrease in oxygen saturation of
3% or an arousal response. The arousal response
index (ARI) is calculated as the number of cortical
arousals measured by EEG per total sleep time; the
respiratory arousal index (RAI) is calculated as the
number of respiratory- or saturation of percutaneous
oxygen (SpO,)-related arousal responses per total

sleep time.

Statistical analyses

Patient characteristics are expressed as quartiles
and percentages. To assess the relationship between
urinary 8-OHdG and various parameters, we used
Spearman’s correlation coefficient, followed by the
Wilcoxon signed rank test, with an RAI cutoff value
of 15 times/h, in accordance with the established
normal range of < 15 times/h in healthy adults aged
in their 40s to 60s™. The RAI < 15 and RAI =
15 groups were also compared in age, sex, BMI,
SpO, < 90% (min), minimum SpO, (%), smoking,
alcohol consumption, hypertension, diabetes,
and dyslipidemia by the Wilcoxon test and chi-
square test. The area under the receiver operating
characteristic (ROC) curve (AUC) was used to
assess the capacity to predict the cut-off value of
continuous variable for RAI = 15 in the urinary
8-OHdG. The highest value with (sensitivity +
sepecificity-1) was determined as the cut-off value.
All statistical analyses were conducted in SPSS v.
28 software (SPSS, Chicago, IL, USA).

RESULTS

Patient characteristics are shown in Table
1 Urinary 8-OHdG was correlated with AHI
(Spearman’s: » = 0.358, p = 0.002), 3% ODI (r
= 0.355, p = 0.002) (Fig. 1), ARI (» = 0.235, p =
0.047), and RAI (r = 0.288, p = 0.014) (Fig. 2).
At the RAI cutoff value of 15 times/hzg), it differed
significantly (Wilcoxon test: p = 0.046) between
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8-OHdG/creatinine(ng/mg)

Table 1. Characteristics of subjects
Total RAI>15 RAI <15
Subjects (1) 72 38 34
Male 48 30 18
Female 24 8 16
Age (years) 53 [43-66.5] 58 [49.75 - 69.25] 50 [37-56.5]
M 52 [38.25 - 68]
F53.5 [51 - 64.5]
BMI (kg/m®) 25.08 [22.13 - 27.06] 25.81 [23.91 - 27.38] 22.96 [20.81 - 27.09]
AHI (X /h) 26.2 [17.2 - 36.65] 35.7 [27.03 - 48.4] 16.5 [11.53 - 22]
ARI (X /h) 23.55 [15.65 - 35.28] 33.15 [26.9 - 40.85] 15.56 [12.55 - 18.98]
RAI (X /h) 13.75 [8.43 - 25.00] 23.1 [15.55 - 31.3] 8.2 [4.88-11]
3% ODI (X /h) 20.9 [10.9 - 34.88] 31.85 [20.35 - 45.3] 13.35 [7.8 - 21.03]
Minimum SpO, (%) 81.5 [76 - 86.75] 79 [71 - 84] 84 [80 - 88]
Urinary 8-OHdG (ng/mg creatinine) 6.51 = 3.29 7.23 = 352 570 = 2.84
Smoking (n) 9 (12.5%) 5 (13.2%) 4 (11.8%)
Alcohol consumption () 21 (29.1%) 12 (31.6%) 9 (26.5%)
Hypertension (n) 32 (44.4%) 22 (57.9%) 10 (29.4%)
Diabetes (n) 9 (12.5%) 6 (15.8%) 3 (8.8%)
Dyslipidemia (1) 18(25.0%) 12 (31.6%) 6 (17.6%)
Data are presented as 7 (%), mean * SD, or median [interquartile range].
BMI, body mass index; AHI, apnea-hypopnea index; ARI, arousal response index; RAI, respiratory arousal index; ODI,
oxygen desaturation index; SpO,, saturation of percutaneous oxygen; 8-OHdG: 8-hydroxy-2'-deoxyguanosine.
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Fig. 1. Scatterplots of 8-OHdG vs AHI (left panel) and 3% ODI (right panel). Urinary 8-oxo0-2'-deoxyguanosine (8-OHdG)
was significantly correlated with apnea-hypopnea index (AHI; » = 0.358, p = 0.002) and 3% oxygen desaturation index

(ODI; = 0.355, p = 0.002) by Spearman’s correlation coefficient.
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Fig. 2. Scatterplots of 8-OHdG vs ARI (left panel) and RAI (right panel). Urinary 8-oxo-2-deoxyguanosine (8-OHdG) was
correlated with arousal response index (ARIL; 7 = 0.235, p = 0.047) and especially respiratory arousal index (RAI; = 0.288,
p=0.014) by Spearman’s correlation coefficient.
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Fig. 3. Comparison of urinary 8-OHdG value by RAI.
Urinary 8-0x0-2'-deoxyguanosine (8-OHdG) value differed
significantly (Wilcoxon test: p = 0.046) between the
respiratory arousal index (RAI) < 15 times/h group (mean
5.70 = 2.84 ng/mg creatinine) and the RAI = 15 times/h
group (7.23 * 3.52 ng/mg creatinine).

groups (RAI < 15, 5.70
RAI = 15, 7.23 £ 3.52 ng/mg creatinine; Fig. 3).
The cut-off value was 4.03 ng/mg creatinine with
93.3% sensitivity and 31.0% specificity with respect
to RAI = 15 on the urinary 8-OHdG (Fig.4). Patient
backgrounds differed significantly between groups

+ 2.84 ng/mg creatinine;

also in sex (chi-square test: p = 0.011) and BMI
(Wilcoxon test: p = 0.022), but not in age (Wilcoxon
test: p = 0.201), smoking (chi-square test: p = 0.857),
alcohol consumption (chi-square test: p = 0.511),
hypertension (chi-square test: p = 0.2), diabetes
(chi-square test: p = 0.366), or dyslipidemia (chi-
square test: p = 0.408).

DISCUSSION

Urinary 8-OHdG, an oxidative stress marker, may
prove useful as a tool for screening sleep-related
parameters as well as respiration-related parameters.
Its correlation with severe OSA defined as AHI
= 30 times/h or 3% ODI = 30 times/h has been

%) Chronic intermittent hypoxia is thought

reported
to be associated with increased sympathetic nerve
function and with increased 8-OHdG, indicating that
urinary 8-OHdG is elevated in OSA patients%). We
focused on respiratory arousal, a sleep characteristic
that has not been studied before, and found that

urinary 8-OHdG was significantly increased in
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Fig. 4. Receiver operating characteristic (ROC) curve (AUC).
The AUC values for RAI = 15 were 0.63889 for the value of
urinary 8-OHdG in the ROC curves.

patients with RAI = 15 times/h, who may include
patients with mild to moderate OSA, relative to
patients with RAI < 15. Since respiratory arousal
is associated with sleep disturbances and daytime
sleepiness“, our results suggest that urinary
8-OHdG, which can be collected safely and easily,
may be useful for screening for sleep fragmentation
in OSA.

In living cells, ROS such as 8-OHdG are found as
a consequence of metabolic reaction in the previous
reports. Under normal physiological conditions,
a balance between endogenous oxidants and anti-
oxidants. When an imbalance occurs, the abnormal
oxidant system enters what is called oxidative stress
as well. Most 8-OHdG in diabetes is generated in
the mitochondria of muscle DNA, suggesting that
hyperglycemia induces mitochondrial ROS, which
contributes, in part, to the pathogenesis of diabetic
complications‘m. Additionally, increase of 8-OHdG
are found in leukocyte DNA of patients with
diabetic nephropathy and retinopathy. In patients
with hypertension, level of antioxidant glutathione
is increased and activity of superoxide dismutase

32)

is reduced™ . Activation of the renin-angiotensin
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system has been proposed as a major stimulator
of vascular NADPH oxidase activation and ROS
production, 8-OHdG. Then, during vascular damage,
when oxidative stress is increased, redox-sensitive
growth process leads to accelerate proliferation
and hypertrophy, contributing to vascular injury
and remodeling. Thus, 8-OHdG are also generated
in atherogenesis and advanced atherosclerosis by
macrophagessg). 8-OHdG is also correlated with
oxidized LDL as well as hypercholesterolemia,
hyperglyceridemia, and high levels of low-
density lipoproteinw. It has been suggested
that dyslipidemia impairs antioxidant defense
functions, induces oxidative stress, and causes
DNA damagew. Furthermore, oxidized LDL has
been established as a pro-inflammatory pathogenic
particle that causes endothelial dysfunction%). In
patients with obesity, ROS products are produced

in the mitochondria of fat cells™”

. Then, antioxidant
defenses decreased in obese adipose tissues. ROS
may act as second messengers, reflect development
of insulin resistance, particularly in muscle. In
cancer, oxidative damage to DNA reflected in the
formation of 8-OHdG is important in mutagenesis
and carcinogenesis. The level of oxidative damage
that escape immediate repair and persist in DNA
appear to be in the range that could contribute to
mutation rate. As mentioned above, ROS including
8-OHdG have been addressed to be produced at
various organs in the diseases.

Urinary 8-OHdG has been associated with

17, 18)

various diseases , including lifestyle-related

diseases associated with OSA such as type 2
diabetesm, hypertensionsg' ), dyslipidemiam' 34),
and obesity“). It also increases in life-threatening
diseases such as myocardial infarction'”, bladder
cancer43>, and prostate and breast cancers'”. The
urinary 8-OHdG level in healthy individuals is
3.2-4.1 ng/mg creatinine, in contrast, 8.8 ng/
mg creatinine [range: 6.9 - 10.5] in diabetes™ , 6.6

)

+ 4.1 ng/mg creatinine in dyslipidemia®”, and

7.5 ng/mg creatinine [6.6 - 8.6] in hypertension™.

Furthermore, the urinary 8-OHdG level was
extremely high at 24.4 = 3.8 ng/mg creatinine
following myocardial infarction”, 11.9 * 1.6 ng/
mg creatinine in breast cancer'”, 70.5 * 38.2 ng/
mg creatinine in bladder cancerm), and 58.8 * 434
ng/mg creatinine in prostate cancer.

Here, we considered that 8-OHdG level in patients
with RAT = 15 times/h, at 7.23 += 3.52 ng/mg
creatinine, acceptable because it was clearly greater
than normal range and lower than those in patients
with severe OSA, compared with a study in which
the AHI cutoff value of was set at 30 times/h, where
it was 8.5 = 2.4 ng/mg creatinine in non-severe
OSA and 9.5 = 2.5 in severe OSA™. The cut-
off value of 4.03 ng/mg creatinine with respect to
RAI = 15 on the urinary 8-OHdG closed to the
upper limit value in healthy individuals (3.2 - 4.1
ng/mg creatinine)45). These results imply that OSA
induces the same oxidative stress as lifestyle-related
diseases. But, the value of urinary 8-OHdG cannot
be separated patients with OSA from patients with
lifestyle-related diseases, because in fact, those
diseases are often merged. Therefore, we suppose
that combined with specific symptoms of OSA
such as snoring and sleepiness, low specificity of
31.0% may improve and the diagnose of OSA may
be clarified. We believe that urinary 8-OHdG may
be useful in screening for lifestyle-related diseases
including OSA, and help to identify OSA in people

free of lifestyle-related diseases.

LIMITATIONS

Our study had three limitations. First, there was
no control group; however, the 8-OHdG value in
our subjects was clearly greater than the normal
rangew. Second, the number of patients was small.
Third, we were not able to eliminate confounding
factors, including the severity of medical history and
the degree of smoking and drinking. Further study

will be needed to increase the number of subjects
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in order to improve statistical reliability and to set a
clear cutoff value of urinary 8-OHdG as a marker of
OSA.

CONCLUSION

Urinary 8-OHdG significantly increased in OSA
patients with RAI = 15 times/h. The cut-off value
was 4.03 ng/mg creatinine. The result shows that
combined with specific symptoms of OSA such as
snoring and sleepiness, urinary 8-OHdG may be
useful as a tool for the mass-screening not only for
severe respiratory-related cases (AHI = 30 times/h)

but also for abnormal sleep-related cases.
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