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Purpose: Obstructive sleep apnea (OSA) is characterised by intermittent hypoxia and sleep fragmentation, both of which can impair
cognition. This study aimed to investigate the association between fractional exhaled nitric oxide (FeNO), a non-invasive marker of
airway inflammation, and memory performance in patients with OSA.

Methods: A total of 102 participants were enrolled: 62 with moderate or severe OSA (apnea-hypopnea index, AHI>15) and 40 with
snoring or mild OSA (AHI <15). Memory was assessed with the Rey-Osterrieth Complex Figure Test (RCFT), Digit Ordering Test
(DOT), and Logical Memory Test (LMT). FeNO was measured at 50mL/s (FeNOsg) and 200mL/s (FeNO,q); alveolar NO (CaNO)
was calculated. Group comparisions used #-tests and chi-square tests, cognitive scores employed mixed-design ANOVA, and
associations were examined with Spearman correlation plus hierarchical regression.

Results: Compared with the snoring or mild OSA group, participants with moderate or severe OSA had larger neck circumference,
higher body-mass index, greater daytime sleepiness, and elevated FeNOso and FeNO,go (P < 0.05). They also showed poorer
immediate and delayed visual memory (both P< 0.05), which correlated negatively with AHI (» = —0.088/-0.103, P < 0.05) and
FeNOs, (r =—0.286/-0.302, P < 0.05). RCFT scores fell over time (¥ =271.171, P < 0.05), with a significant group x time interaction
(F = 3.065, P < 0.05). FeNOs, independently predicted poorer immediate recall (# = —0.28, P = 0.018), whereas FeNO,oo was not
significant.

Conclusion: Moderate or severe OSA is associated with impaired immediate and delayed visual memory. Higher FeNOs, correlates
with memory decline, supporting a link between airway inflammation and cognitive dysfunction in OSA.

Plain language summary: OSA is a common sleep disorder in which breathing repeatedly stops and restarts during the night. This
disrupted sleep can lead to persistent tiredness, poor concentration, and memory problems. In our study, we explored whether a quick,
non-invasive breath test called FeNO could flag early memory decline in people with OSA. We found that individuals with more
severe OSA had higher FeNO readings and poorer memory scores. These findings suggest that FeNO reflects airway inflammation that
may also affect the brain. Our study provides early evidence that this simple breath test could help clinicians identify memory issues in
OSA patients sooner and more effectively.
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Introduction

Obstructive sleep apnea (OSA) is a widespread sleep disorder that involves repeated partial or complete blockage of the
upper airway during sleep, causing intermittent oxygen deprivation and sleep disruption.' The prevalence of OSA is
particularly on the rise in developed nations.> OSA is associated with numerous neurological cognitive deficits, such as
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deficits in memory, executive function and concentration,®* which can significantly enhance the probability neurode-
generative diseases.>"

Although the exact mechanisms of cognitive dysfunction in OSA remain unclear, chronic intermittent hypoxia,
oxidative stress, and systemic inflammation are thought to play critical roles.” Airway inflammation in OSA may result
from mechanical trauma due to recurrent upper airway obstruction, as well as the impact of intermittent hypoxia.®
Additionally, there is evidence of systemic inflammation in OSA.? Persistent airway inflammation in OSA might be
involved in the disorder’s complex pathophysiology, indicating the necessity for a comprehensive examination of this
relationship.

Fractional exhaled nitric oxide (FeNO) provides a rapid and non-invasive method for evaluating airway

. . 10-12
inflammation, '®

which has been extensively studied in asthma, chronic obstructive pulmonary disease, OSA, and
COVID-19."*""° NO is produced by endothelial and epithelial cells, as well as macrophages, providing insights into
respiratory tract inflammation.'® FeNO has been recognized as a noninvasive biomarker of airway inflammation.'”
Increased levels of exhaled NO may predict moderate-to-severe OSA.'® Transcriptomic analysis revealed that
peripheral inflammation triggers neuroinflammation within the central nervous system, leading to cognitive decline.'’
However, the mechanisms linking exhaled NO to cognition in OSA remain to be elucidated.
Therefore, the primary aim of this research is to explore the characteristics of exhaled NO in individuals with OSA

and to examine its association with cognitive function.

Methods

Participants

This prospective study was conducted at the Affiliated Nantong Hospital 3 of Nantong University from December 2023

to December 2024. Initially, individuals who underwent polysomnography (PSG) for snoring were recruited for the study.
According to the clinical practice guideline for diagnostic testing of adult OSA,*° the apnea-hypopnea index (AHI) was

used as the diagnostic indicator. Ultimately, 102 individuals were included. Participants with AHI>15/h were classified as

moderate/severe OSA (n = 62); while those with AHI<15/h were classified as snoring/mild OSA (n = 40)**' (Figure 1).
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Figure | Flow chart illustrating the process of selecting patients for this study.
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Inclusion criteria: (1) participants must be aged between 18 and 65 years; (2) participants with at least 9 years of
education; (3) participants who have not received OSA treatment. Exclusion criteria: (1) participants with asthma,
chronic obstructive pulmonary disease, cancer, cardiopulmonary failure, stroke, hepatic dysfunction, renal dysfunction,
anxiety, Parkinson’s disease, or Alzheimer’s disease; (2) sleep disorders such as insomnia or central sleep apnea; (3)
current use of psychotropic medications and corticosteroids; (4) total sleep duration< 5 hours during PSG; (5) smoking in
the past three months or active upper airway infection.

The research was performed in compliance with the Declaration of Helsinki, and all procedures were conducted after
obtaining written informed consent from the participants. Ethical approval for the study was granted by the Ethics
Committee of the Affiliated Nantong Hospital 3 of Nantong University (EK2023115).

Measurement

Fundamental Information

Comprehensive demographic and previous health history information were gathered from all patients. This included age,
sex, educational level, body mass index (BMI), neck circumference (NC), history of alcohol consumption and smoking
habits, history of hypertension and diabetes, and the presence of symptoms such as nocturnal snoring, nocturnal
awakenings, excessive daytime sleepiness, dreaming, memory impairment, morning tiredness, headaches, and dry mouth.

Epworth Sleepiness Scale (ESS)

We utilized the validated Chinese version of the ESS.?*** Scores range between 0 and 24, a score of 10 or higher

indicating significant sleepiness. The ESS assessments for the patients were administered by experts at the sleep center.
The validated Chinese version of the ESS was used in this study with proper authorization from the Mapi Research

Trust (license ID: 116777).

Cognitive Function Assessment

Cognitive assessments were performed 1 hour before PSG to avoid the influence of sleep deprivation on performance.
Tests included the Digit Ordering Test (DOT) for working memory, the Logical Memory Test (LMT) for logical memory,
and the Rey-Osterrieth Complex Figure Test (RCFT) for visual memory.>*** The RCFT involved three phases:Firstly,
participants were asked to copy the geometric shape to assess their copying ability (P1). Secondly, without prior notice,
participants were asked to immediately redraw the figure from memory on a blank sheet, assessing their immediate visual
memory (P2). Thirdly, participants were required to redraw the figure again after 30 minutes to evaluate their delayed
visual memory (P3).®?7 All cognitive tests were conducted approximately one hour before PSG to avoid fatigue or
confounding effects from sleep monitoring. Assessors were blinded to participants’PSG and FeNO results to reduce bias.

Polysomnography

Overnight PSG recordings were conducted in a sound-insulated room. Recording began at 9:00 pm and ended at 6:00 am,
ensuring at least 7 hours of data. Signals were acquired by the Nox Al system (ResMed, Australia). The PSG data
included eight electroencephalogram channels (F3, F4, C3, C4, O1, 02, M1, M2), electrocardiogram, electromyograms
of both anterior tibialis muscles, bilateral electrooculograms, finger pulse oximetry for oxygen saturation, a nasal
pressure monitor, a thermistor for airflow, and thoracic/abdominal movements via inductance plethysmography. All
data were scored according to the American Academy of Sleep Medicine.”® Recorded parameters included sleep stages
(N1, N2, N3, REM), AHI, oxygen desaturation index (ODI), total sleep time (TST), sleep efficiency (SE), lowest arterial
oxygen saturation (LSpO,), percentage of sleep time with arterial oxygen saturation below 90% (TS90%), and sleep
latency.

FeNO Measurements

FeNO measurements adhered to the American Thoracic Society’s guidelines® and were consistently performed imme-
diately after PSG by a skilled technician. The measurements were taken using a nitric oxide analyzer (Wuxi Shangwo,
China) and results were recorded in parts per billion (ppb). FeNO levels were assessed at two flow rates: 50 mL/s
(FeNOsg) and 200 mL/s (FeNO,qp), with measurement errors below 10%. Participants refrained from smoking, eating,
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vigorous exercise, and pulmonary function testing for at least 1 hour, and avoided consuming nitrogen-rich food for at
least 3 hours before the test. Participants took a deep breath, then exhaled steadily at 50 mL/s for at least 6 seconds or at
200 mL/s for at least 4 seconds. Each flow rate was measured 2—3 times, and the mean value of each was recorded. The
alveolar NO concentration (CaNO) was estimated using a two-flow rate linear regression model based on FeNO
measurements at 50 and 200 mL/s.>® FeNOs, reflects NO from the central airways, FeNO,q, from the distal airways,
and JawNO from the nasal cavity. These measures represented different airway regions and provided complementary
information.

Although FeNO was measured post-PSG while cognition was assessed pre-PSG, this design reflects standard clinical
practice and minimizes sleep deprivation’s potential effects on cognition. The temporal gap was less than 12 hours.

Statistical Analysis

Statistical analyses were conducted with SPSS (version 25.0; SPSS Inc, Chicago, IL, USA), GraphPad Prism (version
9.0; GraphPad Software, San Diego, CA, USA) and the beanplot package (version 1.2).>' Continuous variables were
presented as mean + standard deviation (M £ SD), and group differences were evaluated using the independent
samples f-test. Categorical variables were analyzed using the chi-square (y?) test. Spearman’s rank correlation analysis
was used to assess the relationship between cognitive function and clinical or FeNO-related variables. A mixed-design
repeated measures ANOVA was used to evaluate cognitive function over time. Group (moderate/severe OSA vs
snoring/mild OSA) served as the between-subjects factor, and cognitive domains (copying, immediate, and delayed
visual memory) as the within-subjects factor. The Greenhouse-Geisser correction was applied when necessary, and
multiple comparisons were adjusted using the Bonferroni correction. Hierarchical regression analysis further explored
the relationship between cognitive function and exhaled NO levels. Hierarchical regression analysis was conducted to
explore the relationship between cognitive function and exhaled NO levels. Potential confounders—including age, sex,
educational level, BMI, and ESS score—were selected based on prior literature and clinical relevance, and were
included in the regression models to minimize bias and enhance interpretability. Although no formal a priori power
analysis was conducted, the sample size was comparable to previous studies in this field. P < 0.05 was considered
statistically significant.

Results
Demographic, Clinical, and Sleep Characteristics of All Patients Stratified by AHI

In Table 1, the demographic, clinical, and sleep characteristics are outlined. There were no notable differences between
the moderate/severe OSA group and the snoring/mild OSA group in terms of age, gender, years of education, smoking
history, drinking history, history of hypertension or diabetes, dreaming, morning fatigue, morning headache, TST, SE,
proportion of non-rapid eye movement (NREM) 2 sleep, or proportion of REM sleep (P > 0.05). However, BMI, NC,
witnessed apnea, drowsiness, dry mouth, memory deterioration, ESS score, proportion of NREM1 sleep, ODI, TS90%,
longest apnea duration, and arousal index (Arl), and LSpO, were significantly higher in the moderate/severe OSA group
than in the snoring/mild OSA group (P < 0.05).

The Cognitive Function and Exhaled NO Parameters in OSA Patients

The results of the cognitive function and exhaled NO parameters between the snoring/mild OSA group and the moderate/
severe OSA group are presented in Table 2. There were no notable differences between the two groups regarding DOT,
LMT delay, copying ability scores (P1), or CaNO (all P > 0.05). However, the LMT immediate, immediate visual
memory (P2) and delayed visual memory (P3) were significantly higher in the snoring/mild OSA group compared to the
moderate/severe OSA group (P < 0.05). Additionally, FeNOso and FeNO,q, were significantly higher in the moderate/
severe group than in the snoring/mild OSA group (P < 0.05). Additionally, FeNO50 and FeNO,o, were significantly
higher in the moderate/severe group than in the snoring/mild OSA group (P < 0.001). FeNO,(, was included to assist in
CaNO estimation, not as a standalone marker. While CaNO levels slightly exceeded normal values (6 ppb), no significant
group difference was observed.(Table 2 and Figure 2).
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Table | Comparison of Demographic and Clinical Traits Between the Snoring/Mild and Moderate/
Severe OSA Group

Parameters Snoring or Mild Moderate or Severe t/y2 Value P-value
OSA (n = 40) OSA (n = 62)

Demographics
Age, years 37.42(6.97) 39.76(7.69) —1.453 0.135
Gender, males 33.00(82.50%) 52.00(83.80%) 0.180 0.858
Education, year 15(14,16) 15(14,15) —1.502 0.502
BMI, kg/m? 24.55(22.80,26.30) 26.90(25.50,29.30) —4.113 <0.00 | *#*
NC, cm 36.00(0.52) 41.10(0.80) —-3.026 0.028*
Drinking 10.00(16.6) 7.00(12.50) 0.321 0.358
Smoking 5.00(8.80) 6.00(9.70) 0.083 0.665
Witnessed apnea 23.00(45.60) 41.00(63.20) 6.302 0.011*
Dreaming 32.00(53.80) 32.00(53.00) 0.020 0.952
Fatigue morning 25.00(41.20) 34.00(56.00) 2.256 0.201
Headaches morning 5.00(8.60) 8.00(12.90) 0.720 0.388
Dry mouth 23.00(40.20) 42.00(66.90) 8.037 0.036*
Drowsiness 23.00(38.80) 40.00(66.70) 9.131 0.002%+*
Memory deterioration 17.00(50.50) 35.00(57.10) 9.436 0.019*

Common comorbidities
Hypertension 10.00(15.90) 17.00(28.80) 2.235 0.156
Diabetes 2.00(3.50) 5.00(8.50) 0.590 0.502

Questionnaires
ESS 7.00(4.00,9.00) 8.00(6.25,11.80) —3.052 0.001%*

Polysomnography
TST, min 399.26(77.94) 424.98(52.26) —1.285 0.199
SE,% 90.25(82.28,93.85) 88.64(6.81) —0.405 0.686
NREMI (% TST) 9.40(5.45,17.83) 15.05(9.98,23.33) —2.844 0.004**
NREM2(% TST) 48.90(9.87) 50.80(13.81) —0.540 0.589
REM(% TST) 19.52(6.09) 18.98(6.09) —0.771 0.441
ODI 2.80(1.20,5.60) 37.30(18.85,66.30) —7.902 <0.00 | *¥*
TS90%,% 0.10(0.00,0.40) 7.65(1.80,29.85) —7.808 <0.00 | #¥*
LSpO,, % 89.50(87.00,92.00) 76.000(63.750,82.00) —7.509 <0.00 | #**
Longest time of apnea, s 44.29(18.73) 69.75(8.28) —4.490 <0.00 |*#*
Arl 2.92(2.80) 13.56(6.68,32.33) —6.557 <0.00 |##*

Notes: *P < 0.05; **P < 0.01; ***P < 0.001.

Abbreviations: BMI, body mass index; NC, neck circumference; NREM, non-rapid eye movement sleep; ESS, Epworth Sleepiness
Scale; TST, total sleep time; SE, sleep efficiency; TS90%, Percentage of total sleep time with oxygen saturation <90%; REM, rapid
eye movement sleep; LSpO,, lowest oxygen saturation; ODI, oxygen desaturation index; Arl, arousal-index.

Table 2 Cognitive Function and Exhaled NO Parameters for the Snoring/Mild OSA and
Moderate/Severe OSA

Parameters Snoring or Mild Moderate or Severe t/Z Value P-value
OSA (n = 40) OSA (n = 62)
DOT 8.85(2.30) 8.17(2.32) —-1.273 0.203
LMT
LMT immediate 5.00(4.00,7.00) 5.00(4.00,7.00) —2.032 0.013*
LMT delay 5.00(3.00,6.00) 4.00(3.00,6.00) —0.778 0.436
RCFT
Pl 34.24(2.12) 33.61(1.60) —2.647 0.082
P2 26.14(6.04) 23.04(5.76) —-1.738 0.032*
P3 25.28(6.28) 22.56(5.59) -2,178 0.019*
(Continued)
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Table 2 (Continued).

Parameters Snoring or Mild Moderate or Severe t/Z Value P-value
OSA (n = 40) OSA (n = 62)

FeNOs, 13.57(3.41) 21.00(17.25,26.00) —6.728 <0.00 | ##*

FeNOyg0 8.67(2.88) 11.00(9.00,13.75) —3.995 <0.00 |#**

CaNO 6.23(3.08) 6.00(3.20,8.40) —0.014 0.989

Notes: *P < 0.05; ***P < 0.001.
Abbreviations: DOT, digit ordering test; LMT, logical memory test; RCFT, rey-osterrieth complex figure test; FeNO,
fractional exhaled nitric oxide; CaNO, concentration of alveolar nitric oxide.

Correlation of Exhaled NO with Cognitive Function

Firstly, results showed a significant negative correlation between immediate visual memory and FeNOsq (» = —0.286, P =
0.039), AHI (» =—0.088, P = 0.036), and witnessed apnea (» = —0.211, P = 0.034). Furthermore, delayed visual memory
(P3) showed a negative relationship with FeNOs, (» = —0.302, P = 0.037) and AHI (» = —0.103, P = 0.031) (Figure 3).
FeNO,o and CaNO were not significantly correlated with cognitive test scores (P > 0.05).

Secondly, The RCFT scores at three different time points (P1, P2, P3) for patients in both the snoring/mild OSA group
and the moderate/severe OSA group followed a normal distribution. In the moderate/severe OSA group, P2 and P3 were
significantly lower than those in the snoring/mild group (P < 0.05), indicating statistically significant differences. A one-
way repeated measures ANOVA revealed that the immediate visual memory and delayed visual memory in the moderate/
severe OSA group differed significantly from those in snoring/mild group (P < 0.05). Moreover, multiple comparisons
using the LSD method demonstrated significant differences in RCFT scores across all time points.

The main effect of time was significant, /' = 271.171, P < 0.001, indicating that P1, P2, and P3 scores changed
significantly over time. Furthermore, the group-by-time interaction was significant, with F' = 3.065, P < 0.05, suggesting
that the RCFT scores in the moderate/severe OSA group decreased more rapidly over time. The between-subjects main
effect revealed a significant difference, F'= 6.041, P < 0.05, indicating that the reduction in P1, P2, and P3 scores differed
significantly between the two groups according to Table 3.

Impact of Exhaled Nitric Oxide on Cognitive Function
To investigate the effect of FeNO on cognitive function, a hierarchical regression analysis was conducted with immediate
memory as the dependent variable. We employed a two-step modeling approach. Model 1: We first included the
following covariates: age, gender, longest apnea duration, Arl, witnessed apnea, BMI, ODI, TS90%, LSpO,, and AHI,
constituting Model 1. The results indicated that Arl and AHI were positively associated with immediate visual memory
(P < 0.05). Model 2: Building upon Model 1, FeNOsy and FeNO,q, were added as predictors. The findings showed that
FeNOs, had a significant negative impact on immediate visual memory (P < 0.05), while FeNO,y, did not show
a significant association (P > 0.05) (Table 4).

We also included delayed visual memory as a dependent variable in the hierarchical regression analysis; however, no
significant effect of exhaled NO on delayed visual memory was observed. These findings suggest that higher FeNOs, are
associated with poorer immediate visual memory in OSA, independent of other factors.

Discussion

Earlier research, including our own, has demonstrated that cognitive function is impaired in patients with OSA.**? In this
study, we quantified proximal and distal airway inflammation by chemiluminescence analysis and assessed dynamic
cognitive trajectories via multi-phase RCFT. Our findings revealed that elevated FeNOs, independently predicted
impaired visual memory. Furthermore, a significant group X time interaction indicated that RCFT scores declined
more rapidly over time in the moderate/severe OSA patients than those in the snoring/mild OSA group. These results

underscore the specificity of airway inflammation in driving OSA-related cognitive impairment.
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Figure 2 The Cognitive Function and Exhaled NO Parameters in OSA patients. (A) Bean plot for the comparison of fractional exhaled NO values between the snoring/mild
OSA group and the moderate/severe OSA group. (B) Bean plot for the comparison of RCFT scores (Pl, P2, P3) between the snoring/mild OSA group and the moderate/
severe OSA group. The green distributions present results for the snoring or mild OSA group, and the Orange distributions present results for the moderate or severe OSA
group. Horizontal black lines denote the averages of each experiment-specific distribution, while dashed lines indicate the overall averages.

This study provides significant insights into the relationship between FeNO and cognitive function in OSA patients.
Notably, we are the first to report that FeNOs,, a marker of proximal airway inflammation, independently predicts
immediate visual memory deficits in OSA. In contrast, FeNO,q, reflecting distal airway inflammation, showed no
significant correlation with cognition. This distinction highlights that proximal airway inflammation may have a more
direct cognitive impact than distal inflammation.
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Figure 3 Correlation of Exhaled NO with Cognitive Function. (A) Correlation between RCFT scores at various time points and FeNOys. (B) Correlation between RCFT
scores at various time points and AHI.

Furthermore, our findings reveal that individuals suffering from moderate/severe OSA exhibit a more rapid decline in
RCFT scores over time. The significant group-by-time interaction highlights the progressive nature of cognitive decline
in OSA, which is often overlooked in traditional single time point studies. Through multi-time point assessments, we

Table 3 RCFT Scores Comparison Between the Moderate/Severe OSA and Snoring/Mild OSA
Group at Different Time Points

Snoring or Mild Moderate or Severe t Value P-value
OSA (n = 40) OSA (n = 62)
Copy ability 34.237(2.118) 33.605(1.597) —2.647 0.082
Immediate visual memory 25.628(6.039) 23.040(5.763) —-1.738 0.032*
Delayed visual memory 25.382(6.282) 22.556(5.591) -2,178 0.019*
F value 93.421 205.465
P value <0.00 | *#* <0.00 | *#*
Between-group effects F=6.041, P=0.016*
Within-group effects F=271.171, P<0.00 | ***
Interaction effects F=3.065, P=0.038*

Notes:The dependent variable is the immediate visual memory. *P < 0.05; ***P < 0.001.

Table 4 Hierarchical Regression Analysis of Exhaled Nitric Oxide Levels on Cognitive Function

Variable Model | Model 2
B SE t P B B SE t P B

Age -0.020 0.107 -0.189 0.851 -0.024 -0.009 0.103 -0.084 0.934 -0.010
Gender -0.902 0.116 -0.266 0.320 -0.252 -0.787 0.112 -0.182 0.402 -0.103
Longest time of apnea 0.027 0.033 0816 0418 0.134 0.039 0.032 1.202 0.234 0.192
Arl 0.216 0.078 2.786 0.0077* 0.755 0.240 0.080 3.005 0.004** 0.836
Witnessed apnea -2.863 2.070 -1.383 0.172 -0.167 -3.536 1.979 -1.787 0.079 -0.207
BMI 0.332 0.242 1.368 0.176 0.208 0.211 0.235 0.896 0.374 0.132
ODI -0.208 0.150 -1.392 0.169 -0.980 -0.136 0.145 -0.934 0.354 -0.637
TS90% -0.065 0.080 -0.819 0416 -0.210 -0.112 0.077 -1.453 0.152 -0.362
LSpO2 -0.029 0.128 -0.228 0.821 -0.061 -0.059 0.122 -0.479 0.634 -0.123
AHI 0.110 0.165 0.663 0.031* 0.490 0.082 0.157 0.521 0.042* 0.366
FeNOsq -1.373 0.443 -3.103 0.003** -1.429
FeNOyqo 3.853 1.360 2.834 0.120 3.365

F value F (17,61)=1.362,P=0.046* F (20,58) = 1.888, P=0.031*

R? 0.275 0.394

Notes: The dependent variable is the immediate visual memory. *P < 0.05; **P < 0.01.
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delineated the dynamic trajectory of cognitive deterioration, offering a comprehensive understanding of cognitive
impairment in OSA.
Studies have focused on the link between exhaled NO and cognitive function. The RCFT is widely used to assess

visual memory, including both copying and recall tasks,>*

and is applied to evaluate cognitive function in OSA
patients. Ribeiro®* demonstrated that in OSA patients following weight loss treatment, the RCFT effectively captures
changes in cognitive function, particularly improvements in executive function, memory, and information processing
speed. Our study extends these findings by using the RCFT to assess dynamic cognitive trajectories. We observed that
immediate and delayed visual memory were negatively correlated with AHI and FeNOs, suggesting that FeNOs, may be
associated with cognitive impairment in OSA.

A meta-analysis found elevated post-sleep FeNO levels in OSA, a pattern absent in controls. Furthermore, long-term
continuous positive airway pressure (CPAP) therapy markedly reduces FeNO.!” In obese OSA patients, this post-sleep
FeNO increase is particularly pronounced, likely due to obesity-related oxidative stress and comorbidities.'” Elevated NO
has been recognized as a risk factor for Alzheimer’s disease.”® These findings support FeNO as a marker related to
cognitive deficits in OSA. Accordingly, we hypothesized that elevated FeNOs, indicates inflammation in OSA patients,
contributing to cognitive decline.

Despite progress, inconsistencies remain regarding the relationship between FeNO and cognitive function. Some
studies have reported higher bronchial NO and lower alveolar NO in OSA, with CPAP enhancing alveolar NO.*
Conversely, others have found elevated alveolar NO without bronchial NO level differences,” likely due to variations in
study design and sample size. Furthermore, a study on vehicle pollution found cognitive impairment in the high-pollution
group despite no difference in FeNO.*® Our analysis of FeNOs,, FeNO,,, and CaNO, clarifies their distinct roles.

The negative correlation between FeNOs, and immediate visual memory can be explained by proximal airway
inflammation triggering systemic inflammation. Gramiccioni®® reported that exhaled NO increases with age and
correlates with systemic oxidative stress and neurocognitive dysfunction, supporting eNO as a biomarker for cognitive
impairment in OSA. In contrast, the absence of an association between FeNO,q and cognitive function suggests that
distal airway inflammation has a limited systemic impact and fewer neurotoxic effects.

FeNO and CaNO primarily reflect inducible nitric oxide synthase (iNOS) activity in the airway, indicating inflam-
mation. In contrast, neuronal nitric oxide synthase (nNOS), expressed in the brain, regulates synaptic plasticity and
memory. Dysregulated nNOS impair cognition through disrupted neurotransmission and neurotoxicity. Although
FeNOS5O0 is a peripheral marker, it may reflect systemic inflammation that affects central nNOS activity. This suggests
interaction between iNOS and nNOS, warranting further investigation, ideally combining FeENO with neuroimaging or
cerebrospinal fluid biomarkers.

NO is essential for vascular regulation and neurotransmission.*® However, in inflammation, excessive NO can worsen
neurodegeneration by promoting neuronal apoptosis and oxidative stress.*!**> Elevated NO levels have been linked to
cognitive decline,” and patients with OSA are prone to repeated hypoxia-reoxygenation cycles, which trigger oxidative
stress and systemic inflammation, further impacting neurocognitive function.*> FeNOs,, a marker of proximal airway
inflammation, may exacerbate this process by increasing oxidative stress, impairing neuronal integrity and synaptic
plasticity, particularly in memory-related regions like the hippocampus.**

The observed interaction between OSA severity and cognitive trajectory supports this hypothesis. Studies indicate
that high concentrations of NO can lead to the formation of reactive nitrogen species.*> This aligns with neuroimaging
studies demonstrating that severe OSA is associated with structural brain changes, including reduced gray matter volume
in the prefrontal cortex and hippocampus, regions critical for memory and executive function.*® Our findings linking
FeNOs, to impaired memory reinforce the notion that airway inflammation contributes to neurocognitive dysfunction.
Studies on RCFT indicate that memory is closely tied to hippocampal integrity, whereas familiarity-based recognition is
associated with the medial temporal cortex.*”**

Although cognitive tests were conducted before PSG and FeNO was measured after PSG, this sequence was chosen
to minimize fatigue-related interference with cognitive assessments. Since FeNO may reflect acute airway inflammation
influenced by nocturnal hypoxia and arousals, post-PSG measurement helps capture relevant physiological changes. We
acknowledge this time gap as a methodological limitation.
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This study has several limitations. First, its cross-sectional design restricts causal inferences between FeNO and
cognitive decline. Second, although the sample size was acceptable for exploratory analysis, it was relatively small,
which may limit the generalizability of the findings. Although our regression models adjusted for key covariates
including age, sex, education, BMI, and ESS score, we acknowledge that not all significantly different clinical or sleep-
related variables (eg, ODI, TS90%) were included. This decision was made to avoid overfitting and maintain model
stability given the sample size. Future studies with larger cohorts may incorporate a broader range of variables to further
clarify the independent contribution of FeNO to cognitive impairment in OSA. Third, while we measured FeNO, we did
not assess other inflammatory markers, which could offer a more comprehensive understanding of the inflammatory
processes underlying cognitive decline in OSA. Finally, investigating the effects of OSA treatment on exhaled NO and
cognitive function could provide further insights into the reversibility of cognitive impairment in OSA.

Conclusions

This study enhances understanding of the association between exhaled NO and cognitive impairment in patients with
OSA. Our results indicate that FeNOs,, a marker of proximal airway inflammation, is independently associated with
poorer immediate visual memory. Additionally, patients with moderate to severe OSA exhibited a faster decline in
cognitive function over time. These findings suggest that FeNOS0 may serve as a potential non-invasive indicator of
cognitive dysfunction in OSA; however, as a cross-sectional study, causality cannot be inferred. The time gap between
cognitive testing (pre-PSG) and FeNO measurement (post-PSG) may affect the temporal interpretation of this associa-
tion. In addition, although key covariates were adjusted for, the possibility of residual confounding remains. Further
studies are needed to confirm its diagnostic and prognostic value of FeNO in this population.
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