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Study Objectives: Upper airway infl ammation and oxidative 
stress have been implicated in the pathogenesis of obstruc-
tive sleep apnea (OSA) and may be linked to cardiovascular 
consequences. We prospectively examined fraction of exhaled 
nitric oxide (FENO), a surrogate marker of upper airway infl am-
mation using a portable nitric oxide analyzer (NIOX MINO).
Design: In consecutive adult nonsmokers with suspected 
OSA, FENO was measured immediately before and after poly-
somnographic studies, and within 1-3 months following con-
tinuous positive airway pressure (CPAP) therapy.
Measurement and Results: FENO levels were increased in 
the 75 patients with OSA compared to the 29 controls, both 
before sleep (13.4 ± 6.5 ppb vs. 6.5 ± 3.5; p < 0.001) and after 
sleep (19.0 ± 7.7 ppb vs. 6.9 ± 3.7; p < 0.001). Furthermore, in 
patients with OSA, FENO levels were signifi cantly higher post-
sleep than pre-sleep (19.0 ± 7.7 ppb vs. 13.4 ± 6.5; p < 0.001), 
while there was no signifi cant overnight change in patients 
without OSA. The rise in FENO correlated with the apnea-

hypopnea index (r = 0.65, p < 0.001), nadir oxygen saturation 
(r = 0.54, p < 0.001), and arousal index (r = 0.52, p < 0.001). 
Thirty-seven of these patients underwent CPAP titration and 
treatment. Successful titration was associated with a lower 
overnight increase in FENO (7.2 ± 3.3 vs. 11.0 ± 4.3, p = 0.02). 
FENO levels declined after 1-3 months of CPAP therapy (11.7 
± 4.4 ppb, p < 0.001).
Conclusions: FENO levels are elevated in OSA, correlate 
with severity, and decrease after positive pressure therapy. 
This study supports the role of upper airway infl ammation in 
OSA pathogenesis and a possible role for FENO in monitoring 
CPAP therapy.
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Obstructive sleep apnea (OSA) is a sleep disorder character-
ized by recurrent episodes of upper airway collapse lead-

ing to signifi cant hypoxemia and disturbed sleep with increased 
arousals and sleep fragmentation. The etiology of obstruction 
of the upper airway in OSA is postulated to be multifactorial, 
including anatomic narrowing due to structural changes, neu-
rologic, vascular, and upper airway infl ammation (UAWI).1-4

Mechanical stress on the mucosa caused by intermittent airway 
closure and reopening as well as ischemia-reperfusion injury 
from intermittent nocturnal hypoxemia produces oxygen free 
radicals which can lead to increased UAWI. However the extent 
to which the presence of UAWI plays a role in the pathogen-
esis of sleep disordered breathing is not clear. The fraction of 
exhaled nitric oxide (FENO) has been proposed as a marker 
of airway infl ammation (AWI) and can be easily measured in 
exhaled breath.5,6

Prior studies that have evaluated the FENO levels in OSA 
have shown inconsistent results.7-17 Specifi cally, studies have 
shown no difference,8,10 mild increase,13 or signifi cant increases 
in FENO7,9,11,12,14,16,17 compared to controls. Post- vs. pre-sleep 
FENO was signifi cantly increased in one study7 but unchanged 
in another.9 The FENO correlated with the apnea-hypopnea in-
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dex (AHI) in one study11 but not in another.8 Finally, few studies 
have assessed the impact of CPAP on FENO, generally showing 
a decrease in FENO with CPAP.12,17

We therefore sought to address these issues and hypoth-
esized that patients with OSA would have elevated levels of ex-
haled NO at baseline and immediately after sleep, and that the 
levels would be reduced by nasal continuous positive airway 
pressure (CPAP), the current standard recommended treatment 
for OSA. In this study, we set out to demonstrate that FENO 
is elevated in OSA; to assess whether increase in FENO level 
correlates with body mass index (BMI) and polysomnographic 

bRIEF SUMMARY
Current knowledge/Study Rationale: We perform this study to exam-
ine FENO levels in patients with OSA and the impact on these levels by 
CPAP therapy. Thus we hope to establish the role of FENO measure-
ment in the assessment and control of sleep apnea.
Study Impact: This scientifi c work adds to the increasing knowledge on 
the role of upper airway infl ammation in the pathophysiology and treat-
ment of obstructive sleep apnea. It also provides further insight into the 
role of exhaled nitric oxide gas measurement in the diagnosis and moni-
toring of this common sleep condition.
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parameters such as AHI, arousal indices, pulse oximetry oxyhe-
moglobin saturation (SpO2), and percentage of total sleep time 
(TST) with recorded SpO2 < 90% (%TST SpO2 < 90); and to 
determine whether FENO levels are reduced after short-term 
(overnight) or long-term (1-3 months) CPAP treatment.

METHODS

This was a prospective 1-year follow up study of consecutive 
adults ≥ 18 years of age recruited from September 2009 to June 
2010 at a single sleep disorder center in a tertiary care facil-
ity. Patients were selected during their outpatient office visit or 
when they came for their diagnostic overnight polysomnogra-
phy in the sleep laboratory (Figure 1). Subject exclusion crite-
ria included current smoking; history of chronic airway or lung 
disease, atopy, nasal allergy, or polyps; active pulmonary infec-
tions; autoimmune conditions; liver diseases or systemic infec-
tions; current use of immunosuppressive medications including 
corticosteroids or leukotriene modifiers; non-communicative 
patients; and absence of informed consent. Patients who under-
went subsequent CPAP titration on the same night as diagnostic 
PSG, i.e., split-night studies, were also excluded. The protocol 
was approved by the institutional review board. All patients 
signed a written informed consent before participation.

Polysomnography (PSG) was performed in accordance to the 
methods outlined by the American Academy of Sleep Medicine 
(AASM).18 Sleep stage and arousals were scored manually in 30-

sec epochs and respiratory events were identified, both according 
to the standard criteria of the AASM.19 The alternative rule in the 
AASM manual19 for scoring hypopneas was used. The Epworth 
Sleepiness Scale (ESS) was used to evaluate subjective daytime 
sleepiness, with a score ≥ 12 denoting diurnal hypersomnia.

Subjects diagnosed with OSA and planned for CPAP treat-
ment subsequently returned for a full-night CPAP titration study 
in accordance to AASM recommendations.20 Preliminary edu-
cation and habituation for CPAP was performed 30 min prior to 
the start of the CPAP titration. An optimal titration study was 
defined as one in which an optimal CPAP pressure was reached 
that normalizes the AHI and eliminates snoring, desaturation, 
and arousals, and restores a normal flow contour.20 Patients 
were prescribed CPAP treatment at the optimized titrated pres-
sure. A face-to-face reevaluation during an office visit was per-
formed in accordance with CPAP Medicare guidelines between 
30 to 90 days after initiating therapy.21

Adherence to the CPAP was assessed on the follow-up visit 
by reviewing the download information from the CPAP device. 
Adherence was defined as CPAP use for an average of 4 h on 
≥ 70% of the nights.21

FENO measurements were performed with the portable 
NIOX MINO analyzer (Aerocrine, Sweden) according to in-
ternational recommendations,22 using the on-line standardized 
single-breath technique at a constant mouth flow rate of 50 
mL/s. We measured FeNO levels within 1 h before (between 
21:00 and 23:00) starting PSG (prePSGno) or CPAP titration 
(preCPAPno), and within 30 min (06:00-08:00) after complet-
ing the PSG (postPSGno) or CPAP titration study (postCPAPno). 
A final FENO level (Tno) was measured during a scheduled fol-
low-up office visit. An outline of the study work flow is shown 
in Figures 1 and 2.

Demographic, anthropometric, and polysomnographic data 
were analyzed. Comparisons between groups were performed 
using Student t-test for normally distributed data and the Wil-
coxon rank sum test for non-normally distributed data. The re-
lationship between the continuous variables was explored using 
Pearson correlation coefficient for normally distributed data, or 
Spearman correlation test if data were not normally distributed. 
Potential correlations were identified using linear regression 
analysis. Descriptive statistics for patient clinical character-
istics and polysomnographic parameters were expressed as 
mean ± standard deviation (SD) for normally distributed data 
and median (25th, 75th percentiles) if data were not normally 
distributed. Statistical analysis was performed using SPSS 13.0 
software (SPSS Inc. Chicago, IL, USA). Significance level was 
set at p-value < 0.05.

The study was powered to detect a 5 ppb mean difference 
between the post-PSG FENO and the post-treatment FENO. 
We also adopted a conservatively elevated standard deviation 
of 15 for the difference in the response of matched pairs. Other 
assumptions included a type I error probability for a 2-sided 
test of 0.05 (α), and a power of 0.80 of correctly rejecting the 
null hypothesis of equal population means. These assumptions 
yielded a sample size of 73 with a goal to enroll 100 patients to 
accommodate loss to PAP follow-up and other attrition factors.

Figure 1—Flow diagram summarizing study enrollment

Clinically suspected OSA 
scheduled for overnight PSG

(N = 750)

Drop-outs
(N = 38)

Exclusion criteria
Tobacco use
Chronic pulmonary disease
Sinonasal symptoms
Systemic infections
Respiratory tract infections
Anti-inflammatory drug use

Recruited subjects performed 
pre-sleep FENO (prePSGno) & 
post-sleep FENO (postPSGno)

(N = 104)

Polysomnographically 
confirmed OSA, i.e., AHI ≥ 5

(N = 75)

OSA subjects performed
pre-CPAP FENO (preCPAPno) &
post-CPAP FENO (postCPAPno)

(N = 37)

OSA subjects performed 
FENO at office visit (Tno) 31-90 

days post-CPAP treatment
(N = 37)

OSA patients recalled for CPAP titration

Patient contacted every 2 weeks to enforce compliance
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RESULTS

One hundred four patients who fulfilled the inclusion criteria 
were recruited for the study: 75 had OSA with an overall AHI 
(AHItotal) ≥ 5, and 29 had no OSA (non-OSA group). Table 1 
summarizes the characteristics of both groups. Although there 

was a trend for increased age, greater representation of the male 
gender, and increased BMI and neck circumference in the OSA 
compared to the non-OSA group, those differences were not 
statistically significant. Symptoms and polysomnographic ab-
normalities were significantly more prevalent in the OSA than 
the non-OSA group.

Default
(N = 12)

Surgery
(N = 13)

Oral appliance
(N = 6)

Did not complete study 
(N = 38)

Non-contactable (N = 5)

Switched care provider (N = 3)

Returned to native country (N = 3)

Left the area (N = 1)

Weight loss &
Positional therapy

(N = 7)

Figure 2—Reasons for dropping out of study

Table 1—Characteristics of OSA and non-OSA patients

Variables OSA (N = 75) Non-OSA (N = 29) p-value
Age (years) 46 ± 14 35 ± 14 NS
Male (%) 57 45 NS
BMI (kg/m2) 37.0 ± 10.3 31.7 ± 9.3 NS
Neck girth (cm) 41.3 ± 4.6 37.4 ± 4.0 NS
Snoring (%) 97 69 < 0.001
Witnessed apnea (%) 55 21 0.002
Choking in sleep (%) 44 24 0.048
Morning headache (%) 35 37 NS
Morning dry mouth (%) 73 55 NS
Epworth Sleepiness Scale 11 ± 6 11 ± 5 NS
Sleep latency (min) 15 ± 22 13 ± 19 NS
TST (min) 327 ± 76 386 ± 100 NS
Sleep efficiency (%) 76 ± 14 84 ± 11 NS
% Supine time 52 ± 33 54 ± 30 NS
% REM time 16 ± 10 16 ± 8 NS
AHItotal (/h)* 40 ± 33 2 ± 1 < 0.001
AHIsupine (/h)† 47 ± 36 3 ± 4 < 0.001
AHIREM (/h)‡ 47 ± 37 5 ± 3 < 0.001
Arousal index (/h) 38 ± 17 19 ± 11 0.029
SpO2baseline (%)** 99 ± 1 100 ± 1 NS
SpO2mean (%) 92 ± 3 96 ± 2 0.028
SpO2nadir (%) 80 ± 9 91 ± 5 < 0.001

Data are expressed as mean ± SD. OSA, obstructive sleep apnea; CPAP, continuous positive airway pressure; NS, nonsignificant p > 0.5; BMI, body mass 
index; TST, total sleep time. *Average apnea-hypopnea index during TST. †Average apnea-hypopnea index during supine sleep. ‡Average apnea-hypopnea 
index during REM sleep. **Oxyhemoglobin saturation on pulse oximetry. 
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Sleep apnea patients had significantly higher pre-sleep 
FENO (prePSGno) than non-OSA patients (13.4 ± 6.5 ppb 
versus 6.5 ± 3.5 ppb, p < 0.001), who had normal FENO 
levels. They also had significantly higher post-sleep FENO 
(postPSGno) levels than non-OSA patients (19.0 ± 7.7 ppb ver-
sus 6.9 ± 3.7 ppb, p < 0.001; Figure 3). There was a signifi-
cant rise in FENO levels following sleep (∆FENOpre-postPSG) in 
OSA, which was not seen in non-OSA patients (6.0 ± 2.9 ppb 
versus 0.4 ± 0.8 ppb, p < 0.001). The prePSGno was signifi-
cantly correlated with AHItotal on PSG (r = 0.73, p < 0.001) but 
was not significantly correlated with any of the demographic 
or anthropometric parameters, nor with the other polysomno-
graphic data such as arousal index (AI), average SpO2 during 
sleep (SpO2mean), lowest SpO2 recorded during sleep (SpO2nadir), 
and %TST SpO2 < 90. Similarly, postPSGno was also signifi-
cantly correlated with AHItotal on PSG (r = 0.79, p < 0.001) but 
was not associated with any of the demographic or anthropo-
metric, nor with the polysomnographic parameters. In linear 
regression analysis, ∆FENOpre-postPSG was positively correlated 
with AHItotal (r = 0.65, p < 0.001; Figure 4) and AI (r = 0.52, 
p < 0.001), and negatively correlated to SpO2nadir (r = 0.54, 
p < 0.001). Incorporating these 3 variables in a multiple linear 
regression model, only AHItotal remained significantly correlat-
ed to ∆FENOpre-postPSG (p < 0.001).

Of the 75 OSA patients, 37 subsequently underwent CPAP 
titration with FENO levels measured before and after sleep as 
outlined in the methodology section. Table 2 summarizes the 
characteristics of these 37 study subjects. Mean TST during ti-
tration was 337.4 ± 65.0 min, and mean percentage of TST dur-

Table 2—Characteristics of 37 OSA patients undergoing 
CPAP titration and CPAP treatment

Variables OSA (N = 37)
Age (years) 46 ± 14
Male (%) 51
BMI (kg/m2) 38.0 ± 11.4
Neck girth (cm) 41.3 ± 4.0
Snoring (%) 100
Witnessed apnea (%) 64
Choking in sleep (%) 46
Morning headache (%) 27
Morning dry mouth (%) 73
Epworth Sleepiness Scale 12 ± 6
§AHItotal (/h) 60 ± 34
Arousal index (/h) 37 ± 20
¶SpO2nadir (%) 82 ± 9
**% TST SpO2 < 90 11 ± 21
††% CPAP titration time AHI < 5 77 ± 29
CPAP treatment level (cm H2O) 12 ± 6
CPAP average nightly use (h) 6.2 ± 2.1
CPAP treatment duration (week) 9.0 ± 3.2

Data are expressed as mean ± SD. OSA, obstructive sleep apnea; CPAP, 
continuous positive airway pressure; BMI, body mass index; TST, total 
sleep time. §Average apnea-hypopnea index during TST. ¶Oxyhemoglobin 
saturation on pulse oximetry. **Percentage of TST SpO2 < 90%. 
††Percentage of TST during CPAP titration in which AHI < 5 was achieved.
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Figure 3—FENO levels before and after sleep in OSA and 
non-OSA subjects

Pre-sleep FENO (prePSGno) and post-sleep FENO (postPSGno) levels 
during 1 night of diagnostic PSG study in OSA (N = 75) and non-OSA 
subjects (N = 29). OSA patients had significantly higher prePSGno and 
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Figure 4—Relationship between ∆FENOpre-postPSG levels 
and AHI

Rise in FENO levels following sleep (∆FENOpre-postPSG) in our study cohort 
(N = 104) increased with OSA severity, as indicated by AHI. There was 
a significant positive correlation between ∆FENOpre-postPSG and AHItotal 
(r = 0.65, p < 0.001).
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ing which AHI was < 5/h (%TST AHI < 5) was 77% ± 29%. 
After a night of CPAP titration, FENO levels (postCPAPno) taken 
immediately following sleep were higher than pre-sleep levels 
(preCPAPno) (22.7 ± 7.7 ppb versus 14.7 ± 6.6 ppb, p < 0.001). 
This trend was similar to that observed after sleep without CPAP 
application during diagnostic PSG. Mean rise in FENO level 
post-sleep following CPAP titration (∆FENOpre-postCPAP) was 8.0 
± 3.7 ppb. Seventy-three percent (N = 27) of the subjects under-
went an optimal titration study. ∆FENOpre-postCPAP was significant 
lower in patients who achieved an optimal titration than those 
who did not (7.2 ± 3.3 vs. 11.0 ± 4.3, respectively; p = 0.02). 
Information on whether CPAP was started prior to the CPAP ti-
tration to allow acclimatization to the device was available in 45 
patients. There was no difference in postCPAPno, postCPAPno, 
or ∆FENOpre-postCPAP between those who received and those who 
did not receive an acclimatization device. There was no associa-
tion between postCPAPno or ∆FENOpre-postCPAP levels and any of 
the demographic or anthropometric parameters.

Comparing FENO levels obtained during CPAP titration 
night and that of diagnostic PSG, there was no significant dif-
ference between mean preCPAPno and prePSGno levels (14.7 ± 
6.6 ppb versus 13.4 ± 6.5 ppb). However mean postCPAPno was 
slightly higher than mean postPSGno level (22.7 ± 7.7 ppb ver-
sus 19.0 ± 7.7 ppb, p < 0.001).

All 37 patients were successfully initiated on CPAP and re-
turned for their first office visit with repeat FENO measure-
ments between 1 to 3 months of starting CPAP treatment. The 
mean duration of CPAP treatment among these 37 subjects was 
9.0 ± 3.2 weeks at a mean pressure level of 12 ± 6 cm H2O 
for an average of 6.2 ± 2.1 h per night (Table 2). All the pa-
tients were adherent to the CPAP therapy. Figure 5 shows the 
FENO levels at various timelines in the study in these patients 
(N = 37). We saw a reduction in the mean FENO level per-
formed at the post-CPAP treatment office visit, Tno, compared 
to their baseline mean pre-sleep FENO levels, prePSGno, and 
preCPAPno (11.7 ± 4.6 ppb versus 13.4 ± 6.5 or 14.7 ± 6.6 ppb, 
respectively; both p < 0.001; Figure 5).

Of the 75 subjects with sleep apnea, 38 did not complete 
the study. Figure 2 summarizes the reasons for non-completion 
of the study. Twenty-six of them received non-CPAP forms of 
therapy because of the nature and severity of their sleep apnea, 
comorbidities (morbid obesity, retrognathia and otolaryngolog-
ical pathology, e.g., enlarged tonsils, adenoids, and turbinates, 
deviated nasal septum), and/or as a result of patient’s treatment 
preference. The remaining 12 patients were advised CPAP 
treatment but did not undergo CPAP titration and follow-up for 
various reasons (Figure 2). Of these 12 patients, 5 were lost to 
follow-up; we were unable to ascertain the reason as they were 
not available via mail or phone.

DISCUSSION

Our study conclusively demonstrates that baseline pre-sleep 
FENO levels are elevated in untreated OSA patients and rise 
further after overnight sleep. The overnight increase in FENO 
levels correlates with AHI, hypoxia, and sleep fragmentation. 
The overnight rise in FENO is not affected by a single-night 
CPAP application, but declines significantly to below baseline 
levels after long-term regular use of CPAP.

Nasal, tonsillar, and oropharyngeal tissues are potential 
inflammatory sites in patients with OSA.4,23-24 The results 
we observed in our study are consistent with the current evi-
dence showing elevated cytokines and inflammatory markers 
in exhaled breath as well as upper airway tissues of OSA pa-
tients.4,9-17,23,25-28 Salerno et al. and Devouassoux et al. detected 
increased neutrophils and reduced macrophages in the induced 
sputum of OSA patients.27,28 The latter study also observed a 
concurrent higher interleukin-8 concentration in the induced 
sputum specimen of these patients.28 Petrosyan et al., using 
samples of exhaled breath condensate demonstrated increased 
levels of NO, carbon monoxide (CO), 8-isoprostane, leukotri-
ene B4 (LTB4), nitrates, and hydrogen peroxide (H2O2) in OSA 
patients compared to control subjects; they found AHI to be 
positively correlated with nitrates, H2O2, LTB4, and 8-isopros-
tane. They also concluded that AWI and oxidative stress are 
present in OSA patients.17

Previous reports on FENO measurements in OSA revealed 
inconsistent results.7-17 Part of the problem could have been pa-
tient selection or the use of old technology and methodology. 
With the latest generation portable FENO analyzer, we dem-
onstrated a rise in FENO levels following sleep in adult OSA 
patients reflecting increased UAWI that were not present in 
healthy controls with normal airways. Airway inflammation in 
this patient group could indicate physical injury to the mucosal 
lining due to repetitive airway closure and reopening. Oxida-
tive stress from recurrent nocturnal oxygen desaturation may be 
contributive. In our study, the correlation between FENO levels 
and markers of OSA severity such as AHI, degree of nocturnal 
oxygen desaturations, and arousals suggests more severe OSA 
patients have an increased amount of UAWI. Przybyłowski et 
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Figure 5—FENO levels at various study stages in OSA 
patients on CPAP therapy

This graph shows the trending of FENO values (mean ± 95% confidence 
intervals) taken before and after sleep during PSG study (prePSGno 
and postPSGno), before and after sleep during CPAP titration night 
(preCPAPno and postCPAPno), and following 1-3 months of CPAP therapy 
(Tno) in the OSA patients (N = 37) who were started on CPAP therapy 
and had undergone all 5 sets of NO measurements. Mean FENO levels 
increased following sleep during both nights of PSG and CPAP titration 
studies. Mean FENO level, Tno, dropped to a level lower than baseline 
pre-sleep values after regular long-term use of CPAP therapy.
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al.9 found a weak but statistically significant correlation be-
tween post-sleep FENO with SpO2mean, SpO2nadir during sleep, 
and %TST SpO2 < 90. Similarly Fortuna et al.12 reported a sig-
nificant correlation between post-sleep FENO levels with AHI, 
SpO2mean, and %TST SpO2 < 90. In the study by Petrosyan et 
al.,17 AHI was positively correlated with exhaled breath mark-
ers such as 8-isoprostane, LTB4, nitrates, and H2O2 that were 
measured in the morning. In another experiment by Verhulst 
et al.16 involving the pediatric population, habitual snoring and 
age were the only variables associated with raised FENO levels 
in the morning and afternoon, leading the authors to conclude 
that snoring is more important than the actual obstructive respi-
ratory events in leading to increased UAWI, with the mecha-
nism being that snoring induced vibration of the soft tissues 
which caused damage to these tissues contributing to the patho-
genesis of OSA.

It is interesting to note that the increase in FENO during the 
CPAP titration night was much lower in patients for whom an 
optimal CPAP titration was achieved. Moreover, the long-term 
use of CPAP resulted in a significant decline to below baseline 
pre-sleep levels. CPAP treatment has been associated with ana-
tomical change of the nasal mucosa and increased resistance of 
the nasal passageway.29,30 It can trigger or exacerbate nasal mu-
cosal inflammation due to continuous compression stimulation, 
giving rise to increased nasal symptoms of sneezing, conges-
tion, and rhinorrhea.31-33 In the study by Devouassoux et al.,28 
one week of CPAP use in OSA patients was found to induce 
increased airway hyperresponsiveness to methacholine with in-
creased NO levels in exhaled breath and neutrophil concentra-
tion in induced sputum. In the study by Foresi et al.,10 increased 
alveolar NO concentrations were normalized after two nights of 
CPAP treatment, suggestive of restoration of endothelial func-
tion in OSA patients, although FENO remained unchanged fol-
lowing the two nights of CPAP therapy. However, we note that 
in that study, the baseline FENO levels taken in the morning 
were not different from the healthy controls, and 18 of their 
subjects had underlying arterial hypertension. In another study 
by Petrosyan et al.,17 a significant reduction in FENO levels was 
seen with one month of CPAP use. Similarly in the latest study 
by Fortuna et al.,12 three months of CPAP therapy saw a sig-
nificant decline in FENO levels at the same restored depressed 
alveolar NO levels to normal. The uniform use of CPAP in our 
study, as objectively documented from CPAP compliance data 
downloads, was at odds with the usual 45% to 80% adherence 
rate34 and may reflect the close follow-up the patients received 
as study participants.

One possible limitation to our interpretation of the post-
CPAP titration measurement data is the washout of nitric oxide 
from the upper airway by the overnight CPAP treatment. We are 
not aware of any evidence for this possibility in the literature 
and thus did not consider this in our study plans. Based on our 
knowledge and experience with the use of FENO, it equilibrates 
rather quickly within minutes of any changes in flow. As such, 
we think the stated concern is at most a theoretical limitation.

Elevated FENO levels seen in OSA patients, and falls in the 
levels only after a period of compliant and effective CPAP ther-
apy, may confer a role to this measurement as an adjunct to cur-
rent device-based adherence tracking. The role of NO analyzers 
in that regard remains to be determined, but with their increas-

ing portability, it may be feasible to expand the role of FENO to 
the monitoring of AWI and follow-up on CPAP therapy in oth-
erwise healthy OSA patient, similar to their use in the diagnosis 
and management of bronchial asthma.6

CONCLUSIONS

Our study supports the emerging concept that UAWI is pres-
ent in OSA, is directly related to its severity, responds to treat-
ment, and likely contributes to its pathogenesis. In addition, our 
findings suggest that parallel to its established role in the evalu-
ation and management of asthma, FENO may have a role in the 
assessment and control of sleep apnea. Measuring FENO levels 
with a portable analyzer may thus be a simple way to monitor 
AWI in OSA patients.
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