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ABSTRACT

Aims. To evaluate the correlation between serum nitric oxide markers with OSA severity and verify the change after CPAP
treatment.

Methods. This was a cross-sectional study and hospital base on population. We investigate 123 OSA patients (40 mild/
moderate and 83 severe OSA) in Department of Respiratory Diseases, Cho Ray hospital, Vietnam. Serum nitric oxide and
blood test were performed after sleep.

Results. Serum Nitrate were significantly different between mild/moderate, and severe OSA patient (15.5 (9.8-19.7) vs 17.1
(10.9-20.9) respectively, p<0.05). Serum Nitrite were significantly different between mild/moderate, and severe OSA pa-
tient (16.1 (13.6-20.4) vs 18.0 (12.9-27.1) respectively, p<0.05). Serum Nitrate and Nitrite (NOx) significantly increased in
severe OSA patient (34.0 (27.0-37.8) vs 35.5 (26.3-43.5), p=0.006). The connection could be established between OSA severi-
ty and serum nitric oxide markers are through Nitrate, Nitrite (tho = 0.22; p = 0,002 and rho = 0.25 ; p = 0.018). There was
no significant correlation between serum nitric oxide and ESS, clinical OSA severity. There were not any correlations be-
tween serum nitric oxide and nadir SpOa..

Conclusion. This real-life study showed that serum nitric oxide was associated with OSA severity and relatively higher in
the most severe OSA patients. In contrast, serum nitric oxide did not show a clear correlation among clinical OSA severity
and neither with nadir SpO». However, serum nitric oxide changed significantly after CPAP treatment, proposed a simple
biomarker to follow up OSA treatment.
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RESUME

Objectifs. Evaluer la corrélation entre les marqueurs sériques d'oxyde nitrique et la sévérité de I'AOS et vérifier le change-
ment apres le traitement par PPC.

Méthodes. 11 s'agissait d'une étude transversale et d'une base hospitaliére sur la population. Nous étudions 123 patients
souffrant d'AOS (40 légers/modérés et 83 d'AOS séveres) dans le service des maladies respiratoires de I'hopital Cho Ray,
au Vietnam. L'oxyde nitrique sérique et un test sanguin ont été effectués apres le sommeil.

Résultats. Les nitrates sériques étaient significativement différents entre les patients souffrant d'AOS légere/modérée et
sévere (15,5 (9,8-19,7) contre 17,1 (10,9-20,9) respectivement, p<0,05). Les nitrites sériques étaient significativement diffé-
rents entre les patients souffrant d'AOS légeére/modérée et sévere (16,1 (13,6-20,4) vs 18,0 (12,9-27,1) respectivement,
p<0,05). Les nitrates et nitrites sériques (NOx) ont significativement augmenté chez les patients souffrant d'AOS sévere
(34,0 (27,0-37,8) contre 35,5 (26,3-43,5), p = 0,006). Le lien a pu étre établi entre la sévérité de I' AOS et les marqueurs sé-
riques d'oxyde nitrique se font par le biais du nitrate, du nitrite (rho = 0,22 ; p = 0,002 et rho = 0,25 ; p = 0,018). Il n'y avait
pas de corrélation significative entre 1'oxyde nitrique sérique et I'ESS, la sévérité clinique de I'AOS. Il n’y avait pas de corré-
lation entre I'oxyde nitrique sérique et le nadir SpO2.

Conclusion. Cette étude en vie réelle a montré que l'oxyde nitrique sérique était associé a la sévérité de I'AOS et relative-
ment plus élevé chez les patients atteints d'AOS les plus sévéres. En revanche, 1'oxyde nitrique sérique n'a pas montré de
corrélation claire entre la sévérité clinique de I'AOS et ni avec le nadir SpO2. Cependant, I'oxyde nitrique sérique a changé
de maniere significative apres le traitement PPC, a proposé un biomarqueur simple pour suivre le traitement de I' AOS.

MOTS CLES: Apnée obstructif du sommeil; AOS; Pression positive continue; PPC; Nitrate; Nitrite.
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INTRODUCTION

OSA is characteristic by repeated many episodes of
short apnea and hypopnea during sleep time. The
prevalence of OSA is about 13% in male and 6% in
female worldwide compare with 8,5% in Vietnam
and it nowadays is increasing with the developing of
obesity. Its consequence well-known is arousals and
desaturations. In fact, OSA is known as an independ-
ent risk factor of cardio-vascular diseases such as:
hypertension, arrythmia or stroke. OSA treated was
improved blood pressure significant in some re-
searches. Intermittent hypoxia would be a mecha-
nism of oxidative stress, inflammation, and metabol-
ic dysfunctions in OSA patient. Following some pre-
vious study, its cardiovascular morbidities usually
developed with OSA severity. Thus, evaluation pul-
monary inflammation may be useful to screen severe
OSA so that conduct to evaluation by polysomnog-
raphy or respiratory polygraphy and treat it then.

Nitric oxide (NO) plays an important role both as a
physiological modulator of vascular tone and as a
pathological pro-inflammatory biomarker implicated
in many lung disorders. NO is the main vasodilating
substance released from the endothelium. Endotheli-
um dependent vascular relaxation was impaired in-
dependently of hypertension.

Direct measurements of NO or its derivatives have,
however, not yet been performed in patients with
OSA. However, serum NO is a gas with very short
half-life, so it is difficult to measure it directly. More
feasible is the measurement of the more stable deriv-
atives of NO nitrate and nitrite in biological fluids.
Nitrite and nitrate levels have been suggested as the
most appropriate measure of overall NO production.
So that, we conduct this study to evaluate the rela-
tion between each serum nitric oxide and OSA sever-
ity and its response to treatment.

METHODS

Subjects

Consecutive patients meeting the inclusion criteria
were recruited for this prospective cross-sectional
study. All had been referred to our sleep-disordered
breathing clinic because of clinical symptoms sug-
gestive of OSA. The patients underwent polygraphy
with 4 channels at Cho Ray hospital then all patients
had OSA diagnosis were concluded in this study.
We excluded patients with a history of cognitive dis-
orders, symptoms of respiratory tract infection in the
6 weeks prior to referral, NYHA III-IV heart failure,
chronic respiratory failure, pregnant women. Pa-
tients were also excluded if they had received treat-
ment with inhaled or oral corticosteroids in the last
10 days.

8 VOLUME 12 - ISSUE 37

The study was approved by the ethics committee of
our hospital, and all gave their signed, informed
consent.

Study design: Individual characteristics were record-
ed, and a clinical questionnaire was used to collect
information on smoking, medication, cardiovascular
disease (hypertension, ischemic heart disease, and
stroke), diabetes mellitus and dyslipidemia. Exces-
sive daytime sleepiness was assessed using the Ep-
worth Sleepiness Scale. All individuals were studied
by overnight respiratory polygraphy in hospital.
Trained staff assigned to our lung function laborato-
ry and sleep-disordered breathing unit carried out
the tests.

Patients were included in the severe OSA group con-
secutively if the results of the sleep study indicated
they had an apnea-hypopnea index (AHI) > 30. Mild
-moderate OSA group individuals were found to
have an AHI<30. Then next morning, each subject
had a blood test for serum nitric oxide, all of which
were carried out at the same hour of the day (06:00
to 7:00 a.m.).

Severe OSAS agreed to CPAP treatment then under-
went a titration night study by attended polygraphy
with a simplified automatic CPAP device (Phillip®,
USA). After 3 months of CPAP treatment the patient
came to a follow-up visit that included an interview
and collection of anthropometric data as well as the
blood test needed for determining serum nitric ox-
ide. CPAP treatment adherence was assessed objec-
tively by reading the counter that showed the oper-
ating hours since treatment was started.

Respiratory polygraphy: patients underwent respira-
tory polygraphy (CIDELEC, France). SpO2 was as-
sessed by pulse oximetry and airflow by nasal flow
pressure sensor. Thoracic and abdominal excursion
bands and sus-sternal captor for snoring and respira-
tory sound and body position sensors were also in
position. The same AHI criteria used in polysomnog-
raphy were also used in polygraphy, with the excep-
tion that arousals were not detected by the polygra-
phy device.

Nitric oxide measurement: Arrowstraight ™ Nitric
Oxide measurement system of Lazar Research labor-
atories, Inc, USA. At 06:00 to 7: 00 AM, after under-
going polygraphy, a peripheral venous blood sample
was withdrawn into a tube prepared with EDTA and
centrifuged at 2000 rpm for 10 minutes. The superna-
tant plasma was stored in a refrigerator at -20°C.
The blood test for serum NO also repeated after
CPAP treatment 3 months.

Statistical analysis: Data were analyzed using SPSS
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20.0 (Chicago, IL, USA). Values were expressed as
mean * standard derivation (SD) for continuous pa-
rameters, number, and percentage for categorical
variables. Normal distribution was determined us-
ing Kolmogorov-Smirnov test. Comparisons were
made by Student’s t-test or Mann-Whitney test for
quantitative variables and Chi-square test or Fisher’s
exact test for qualitative variables, as appropriate.
Exhaled NO levels before and after CPAP treatment
were compared using Wilcoxon matched-pairs rank
test. Linear correlations between exhaled NO with
AHI and ST-90% were done using Spearman’s meth-
od. A multivariate linear regression was used to ex-
amine the association of AHI with exhaled NO and
BML. Statistical significance was two-sided at p<0.05.

RESULTS

We prospectively included 123 OSA subjects (105
men) with mean age (53.6 + 14.9 years) from January
2017 to December 2019. Characteristics of patients
were presented in Table 1.

There was no significant difference in term of age,
current-smoking and alcohol status, blood pressure
and daytime sleepiness between the two groups.
There was a significant difference of BMI, neck, and
waist circumference between two group. AHI was
higher and saturation was lower in severe OSA. Dia-
betes type 2 and heart coronary disease: hyperten-
sion, ischemic heart disease and lipid dysfunction
were not significant difference between severity
OSA group.

Regarding respiratory parameters, severe OSA pa-
tients had significantly higher AHI (62.2 + 19.1
events/hour versus 16.6 = 7.4 events/ hour,
p<0.001), lower nadir nocturnal SpO. (63.8 £ 11.8%
versus 75.3 +10.8%, p<0.001 as compared with mild-
moderate OSA subjects. Comparing anthropometric
parameters, severe OSA patients had higher BMI
(29.7 £ 5.0 versus 26.1 = 4.7 kg/m?2), higher neck and
waist circumference (41.5 + 3.7 and 105.1 + 10.8 ver-
sus 38.6 £ 2.9 and 96.8 = 13.0) than mild-moderate
OSA patients.

Anthropometric, respiratory characteristics and comorbidities parameters

OSA mild-

OSA severe

Characteristics OSA patients (n=123) moderate (n=40) (n=83) p-value
Male/Female (n) 105/19 15/25 15/68 0.5662)
Age (year) 53.52 (30.1 - 79) 56.5 (34-80) 52 (30-76) 0.009®)
Current smoking, n (%) 22 (17.9) 5(7.2) 17 (14.84 %) 0.1320)
Alcohol dependent, 1 (%) 43 (35.0) 0 (0%) 4 (100%) 0.158@)
ESS 9(2-17.9) 25.2 (20.0-34.9) 28.7 (23.3 - 39.4) <0.001®
BMI, kg/m? 27.6 (21.7 - 38.6) 39 (34-44.1) 41 (36.0 - 47.5) <0.001®
Neck circumference, cin 40 (35 - 47) 96 (78-120.1) 104 (91.0 - 125.3) <0.001@
Waist circumference, cm 102 (84 - 121.5) 120 (100-150.5) 130 (110 - 150) 0.204®)
f’gfiﬁ;‘“ AT 120(102-150) 80 (69-90) 80 (60 - 100) 0.1000)
E;:;;;HC blood pressure, 80 (60-100) 252 (20.0-349) 287 (23.3-39.4) <0.0010
FEV1, % 78 (73.23 - 100.9) 78.5 (36.7-106) 78.0 (46.2 - 98.8) 0.7690)
FEV1/FVC, % 82 (55.1-93.9) 81(52.3-91.2) 82.0 (57.3 -93.9) 0.107
FVC, % 80 (50.0 - 102.0) 81 (42.7-109) 80.0 (50.0 - 101.9) 0.9230)
AHI 47 (7.2 - 88.9) 18 (5-26.1) 62.0 (33.1 - 91.0) <0.001®
SpO2 minimum 69 (51 - 86) 77 (53.9-89) 63.0 (51.0 - 82.9) <0.001®
Hypertension, n (%) 65 (87.8) 20 (19.5) 40 (40.5) 0.050@)
Type 2 diabetes, n (%) 21 (100) 7(6.5) 13 (13.5) 0.050@)
Ischemic heart disease, 1 (%) 23 (18.6) 6 (6.8) 15 (14.2) 0.053@)
COPD, 1 (%) 26 (21.0) 7 (30.4) 16 (15.5) 0.050@
Lipid dysfunction, n (%) 41 (33.1) 8 (11.3) 27 (23.6) 0.233@)

ESS: Epworth Sleep Scale; AHI: apnea-hypopnea index; ©:Student T test; @ Chi square test.
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TABLE2 Serum nitric oxide characteristics

Serum Nitric Oxide =~ OSA mild OSA se- p-

-moderate vere value
(n=40) (n=83)

Nitrate (NOs-) pmol/ 15.5 171 0.028()

L (9.8-19.7)  (10.9-20.9)

Nitrite (NOy) pmol/L 16.1 18.0 0.037@
(13.6-20.4)  (12.9-27.1)

NOx(=NOz+NOs), 34.0 35.5 0.006

pmol/L (27.0-37.8)  (26.3-43.5)

All variables were described as median (95 % CI).
(V- p_values were based Kruskal-Wallis H test for continuous
variables.

Serum nitric oxide characteristic

We evaluated the changes in serum nitric oxide
markers among 2 OSA severity subgroups using a
non-parametric analysis of variance. The result was
presented in Tuble 2.

Nitrite and nitrate were significantly different be-

tween 2 OSA severity subgroups. Nitrite and Ni-
trate of severe OSA group were increased more than
the one of mild/moderate OSA group (18 vs 16.1
and p= 0.037; 17.1 vs 15.5 and p=0.028). So, the sum
of 2 substances (NOx) were also increased signifi-
cantly in severe OSA group (35.5 vs 34 and p= 0.006).

Then the correlation between exhaled NO was de-
scribed by scatter-dot plot graph in Figure 1 and 2.

Correlation between serum nitric oxide and AHI
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FIGURE 1. Correlation between alveolar concentration of
Nitrite and Apnea-hypopnea Index in 123 patients with
OSA (rho =0.22; p = 0.002)
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FIGURE 2.Correlation between alveolar concentration of
Nitrate and Apnea-hypopnea Index in 123 patients with
OSA (rho = 0.25; p = 0.018).

However, there was no correlation between serum
NO and nadir SpO or ESS in this study.

Correlation between serum NO and

TABLE 4 nadir SpO
NOx Nadir SpO; ESS
e rho =-0,17 ; rho = 0,202 ;
Nitrite p = 0,064 p=0,050
. _ o rho =0,203 ;
Nitrate rho =- 0,17 ; p=0,064 p=0,053

Serum Nitric oxide measurement in

TABLE4 49 severe OSA patient before and
after 3 months CPAP treatment
Before
eNO CPAP Aft((::i:g)AP p-value
(n=49)
Nitrate (NO3") 17.0 15.6 0.0130
pmol/L (13.6-193)  (13.6-19.8)
Nitrite (NOz) 176 16.7 S5
pmol/L (16.7-214)  (145-212)
NOx(=NOz 34.9 329 0.0080)
+NO3), pmol/L.  (298-39.3)  (28.4-39.6) g

Wilcoxon Signed Rank Test

Spearman’s correlation and 95%CI with bootstrap
CPAP treatment was initiated in 49 of the 83 OSAS
patients. At the 3-month follow-up visit, CPAP was
being used for a mean of 6+1 h per night. At which
time Nitrate and Nitrite levels had decreased signifi-
cantly.

J Func Vent Pulm 2021;37(12):7-12
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FIGURE 4. Nitrite after CPAP treatment was significant-
ly lower than before (p=0.013).
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FIGURE 5. Nitrate after CPAP treatment was not differ-
ent before (p=0.224).
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FIGURE 6. Nitrate-nitrite after CPAP treatment was
significantly lower than before (p=0.008).

DISCUSSION

In our study, the main result is nitrate-nitrite level was
significantly different among 2 OSA severity group and
asocicated with AHI, second result is nitrite level and
decreased after CPAP treatment. Nevertheless, serum NO
concentration depends not only on endogenous NO
produce but also on other aspects of NO metabolism such

J Func Vent Pulm 2021;37(12):7-12

as NO uptake or kidney metabolism. Then, it is difficult to
evaluate this association. In our study, we didn’t eliminate
cardiovascular disease comorbidities that could influence
to this result. Research of Ip (2000) with 70 OSA subjects
found a negative correlation among nitrate-nitrite with AHI
(r=-0.389, p=0.001) [3]. Ozkan (2007) did a research with
34 OSA subjects which found only a negative correlation
between nitrate-nitrite with severe OSA (r=-0,641,
p=0,007) [5]. Yuksel (2013) with 51 OSA subjects which
didn’t find any correlation between nitrate-nitrite and AHI
(p=0,9854) [7]. In Weiss (2012) article with 38 OSA
subjects, they confirmed a negative correlation among
nitrate-nitrite and AHI (r=-0,42, p<0,05) [6]. Article of
Canino (2015) had a similar result with correlation between
AHI and nitrate-nitrite (r=-0,61, p<0,001) [1]. So, summary
all subjects were pure cardiovascular diseases and negative
correlation between AHI with nitrate-nitrite. Finally,
endogenous NO had an association with OSA severity in
our study and some previous studies.

The association between serum NO and nadir oxygen
saturation did not establish in our study. Ortac and al
found a negative correlation among serum NO and
oxygen desaturation time (r=-0.45 and p< 0.05) [4]. IP
and al confirmed the correlation between desatura-
tion time and serum NO with r=-0.346 and p=0.004
[3]. However, Noda and al in a research did not found any
correlation among nadir saturation and saturation time.
Ozkan and al found only negative correlation among serum
NO and nadir saturation in severe OSA (r=0.641 va
p=0.007) [5]. For summary, serum NO was not corelated
with nadir oxygen similar with previous studies
unfortunately, we did not found correlation with
desaturstion time. The correlation between serum NO and
nighttime saturation in OSA patients was not the same in
previous studies. Perhaps the studied sample sizes were
small or intermittent hypoxia do not correlate with nadir
oxygen. Therefore, the influence of drugs on NOx levels
must be considered [8-11].

Severe excessive daytime sleepiness is one of im-
portant symptom for evaluation OSA severity. How-
ever, this procedure is almost subjective. Other objec-
tive methods for this procedure are still not available
in Vietham so that serum NO is a potential bi-
omarker. Unfortunately, we did not find any correla-
tion between serum NO and Epworth sleepiness
scale. Franco and al (2004) had the similar result with
us, that they did not find any association among se-
rum NO and Epworth sleepiness scale [2].

Physiologic serum NO levels were restored after 3
months of CPAP treatment. Classically, we used
CPAP counter to evaluate treatment effect but it’s not
enough. Some study demonstrated that, cardiovascu-
lar event could also affect to OSA with CPAP treat-
ment. So in this case, serum NO: Nitrite and nitrate
could be a biomarkers noninvasive measurements
could eventually to provide valuable molecular sig-
natures in severe OSA treatment for long term [12-16].
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CONCLUSION

Severe OSAS patients have higher serum NO levels
compared to mild-moderate, and physiologic levels are
restored after 3 months of CPAP treatment.
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