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Purpose: Simultaneous occurrence of hypertension and excessive daytime sleepiness 
(EDS) is very common in obstructive sleep apnea syndrome (OSAS), although no 
study has specifically addressed this issue. The present study explored the risk factors 
for co-occurrence of OSAS-related EDS and hypertension.
Patients and Methods: A total of 161 OSAS patients were studied after undergoing an 
eight-hour in-laboratory polysomnography for one night. The OSAS severity assessment 
depends on the number of breathing disturbances per hour of sleep. EDS was defined using 
the Epworth Sleepiness Scale (ESS) scores of ≥13. Hypertension was defined according to 
direct cuff blood pressure (BP) measurements. Beat-to-beat R-R interval data were incorpo-
rated in polysomnography for heart rate variability analysis. The low-frequency/high- 
frequency band ratio was used to reflect sympathovagal balance. The study participants were 
divided into four groups based on the presence of EDS and/or hypertension: EDS with 
hypertension (n = 53), EDS without hypertension (n = 27), no EDS with hypertension 
(n = 38), and no EDS or hypertension (n = 43). Clinical, polysomnographic and heart rate 
data were compared and studied among the four groups. Plasma acetylcholine (ACh) levels 
were assessed to explore the effects of the non-neuronal cholinergic system and the co- 
occurrence of EDS and hypertension.
Results: Patients with EDS and hypertension had more severe OSAS severity indices com-
pared to control patients. Increased cardiac sympathovagal imbalance and nocturnal hypox-
emia regulated the presence of EDS and hypertension. Further plasma biomarker analysis 
revealed that both ESS scores and BP levels were associated with significantly elevated plasma 
norepinephrine, interleukin-6 and superoxide dismutase levels and significantly decreased 
ACh levels. Logistic regression analyses showed that ACh was the only factor significantly 
associated with co-occurrence of EDS and hypertension after controlling for confounders 
using odds ratio of 0.932, with a 95% confidence interval of 0.868 to 1.000 (P = 0.049).
Conclusion: The results suggested that OSAS coupled with both EDS and hyperten-
sion is a more severe phenotype of the respiratory disorder. The presence of EDS and 
hypertension was accompanied by sympathovagal imbalance, and co-occurrence of 
these two conditions may be related to decreased plasma ACh levels.
Keywords: acetylcholine, subjective excessive daytime sleepiness, hypertension, obstructive 
sleep apnea
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Introduction
Obstructive sleep apnea syndrome (OSAS) is the most 
common type of sleep breathing disorder and is character-
ized by cyclic episodes of complete or partial upper airway 
obstruction during sleep. Both cross-sectional and long-
itudinal studies have demonstrated that OSAS is an inde-
pendent risk for hypertension.1–3 Mechanisms where 
OSAS may contribute to hypertension include excessive 
daytime sympathetic vasoconstrictor activity combined 
with overproduction of superoxide ion and inflammatory 
effects on resistance vessels.4,5

Excessive daytime sleepiness (EDS) is also common in 
OSAS patients and is considered an important health pro-
blem, leading to road accidents, reduced cognitive perfor-
mance and psychosocial morbidity. A series of studies 
have suggested that OSAS coupled with hypertension is 
associated with higher incidence of EDS, as measured 
using the Epworth Sleepiness Scale (ESS).6,7 Continuous 
positive airway pressure (CPAP) therapy is more effective 
at reducing blood pressure (BP) and preventing hyperten-
sion in OSAS patients with EDS than in those without 
EDS.8,9 These clinical studies have established an associa-
tion between EDS and hypertension or have possibly sug-
gested that EDS might in some way be related to the 
pathogenesis of hypertension and that an interaction 
between hypertension and EDS in OSAS patients may 
exist. However, no existing study has explored the under-
lying reasons for co-occurrence of OSAS-related EDS and 
hypertension.

In OSAS patients, marked increases in sympathetic 
drive during sleep can persist into the daytime and may 
contribute to a sustained increase in BP.5,10 Lombardi et al 
demonstrated that the increased low-to-high frequency 
power ratio of heart rate variability (HRV) was signifi-
cantly higher in OSAS patients with EDS than in those 
without EDS, suggesting that sympathoexcitation may 
contribute to both OSAS-related EDS and 
hypertension.11 Other studies have suggested that the neu-
ronal cholinergic system (NCS) is implicated in the patho-
genesis of hypertension.12 Suzuki et al13 have speculated 
that a deficient NCS is accompanied by impaired cognitive 
performance in OSAS patients and a significant role in 
wakefulness and breathing for ACh was demonstrated by 
Otuyama et al in individuals with sleep-disordered 
breathing.14 These reports revealed that NCS was respon-
sible for regulating the presence of EDS and hypertension. 
As an interaction has been shown between an NCS and 

non-neuronal cholinergic system (NNCS),15 an investiga-
tion of whether NNCS is also associated with EDS and 
hypertension in patients with OSAS is needed.

The objective of the present study was to examine 
whether there were common underlying pathophysiologic 
characteristics for subjective EDS and hypertension in 
patients with OSAS. Specifically, it was hypothesized that 
the NNCS and/or sympathetic system may be correlated with 
the co-occurrence of OSAS-related EDS and hypertension.

Methods
Study Population
For this study, 1183 patients with suspected sleep- 
disordered breathing were recruited following an overnight 
polysomnographic (PSG) examination at the Sleep Center 
of The Affiliated Huaian No. 1 People’s Hospital of Nanjing 
Medical University. All participants underwent a detailed 
clinical interview with a questionnaire about medical his-
tory, sleep habits and general health and anthropometric 
data were also collected. The exclusion criteria included 
insomnia, narcolepsy, use of medications that could affect 
blood pressure (BP), BP of >180/120 mmHg, age less than 
18 or older than 70 years, atrial fibrillation, autonomic 
nervous system disease (eg, Raynaud disease, erythrome-
lalgia, and hemiatrophy) that might influence continuous 
BP measurements, prior hospitalization for cardiac or 
respiratory issues less than six weeks prior to recruitment. 
None of the patients were being treated with CPAP at the 
time they were enrolled in the study. No patients were on 
cholinergic drugs, sedatives, or hypnotics. Patients with 
OSAS had to meet an apnea/hypopnea index (AHI) criter-
ion of more than five events per hour. Based on these 
criteria, a total of 161 OSAS patients were included in the 
study and further divided into four groups: EDS with hyper-
tension (EDS+/hypertension+, n = 53), EDS without hyper-
tension (EDS+/hypertension−, n = 27), no EDS with 
hypertension (EDS−/hypertension+, n = 38), and no EDS 
or hypertension (EDS−/hypertension−, n = 43) (Figure 1). 
All enrolled patients provided written informed consent 
before study participation. The study protocol was 
approved by the Scientific Research and Technology 
Ethics Committee of Huaian No. 1 People’s Hospital.

Subjective Daytime Sleepiness
Subjective daytime sleepiness was assessed using the 
Epworth Sleepiness Scale (ESS), which is the most widely 
used clinical tool to quantify individual feelings of 
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lethargy and was also used as a criterion for screening 
OSAS by the American Academy of Sleep Medicine 
(AASM).16 The scale ranged from 0 to 24, including 
eight different daytime situations. To qualify for the 
study, a clinical cut-off point for a total ESS score of 13 
was used to define EDS.17

PSG and BP Parameters
All potential participants underwent a full night PSG 
(SOMNOscreen plus system, SOMNOmedics, Randersacker, 
Germany) performed by experienced technicians in the sleep 
laboratory. The OSAS diagnoses and severity were manually 
analyzed according to the AASM guidelines.16 The following 
PSG parameters were evaluated: AHI, arousal index (Al), 
oxygen desaturation index (ODI), the percentage of sleep 

time with oxygen saturation less than 90% (T90), and the mean 
(MSpO2) and lowest (LSpO2) SpO2 values during sleep stage. 
Each participant had their BP assessed when they were referred 
to the sleep laboratory, where cuff BP values were the average 
of three consecutive readings during a 5- min period after 
resting in the supine position for at least 10 min. 
Hypertension was defined as a systolic BP exceeding 140 
mmHg or a diastolic BP exceeding 90 mmHg.18 Non- 
invasive beat-to-beat blood pressure monitoring was synchro-
nized with PSG using a pulse transit time (PTT)-based method 
(SOMNOscreen plus system, SOMNOmedics, Randersacker, 
Germany), where PTT was defined as transmission time of the 
arterial pulse pressure wave from the aortic valve into the 
periphery. The stiffness and tension in the arterial walls are 
major factors determining the speed of the pulse wave 

Figure 1 Flow chart of the study design and analysis.
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transmission, which in turn depends to a significant extent on 
BP. The PTT calibration was implemented using a cuff mea-
surement of each patient after a supine resting period of 10 min. 
Using this one-point calibration, accurate BP values were 
calculated for each PTT value and synchronized with PSG.19 

Several reports have shown that BP calculated from PTT using 
a one-point calibration correlates significantly with BP mea-
sured by the cuff method.20 Awake BP was calculated as the 
average of BP values taken during a supine resting period of 10 
min in the awake state, while asleep BP was the average of BP 
values during the nighttime period.

Sympathovagal Balance
Beat-to-beat RR interval data was incorporated into the 
PSG and short-term frequency domain analysis as 
a primary method to study HRV. Spectral-domain analyses 
were performed on 5-min stationary series. All stationary 
segments were subjected to spectral analysis using a fast 
Fourier transform algorithm and were then displayed in 
different power spectrums as high band (HF), low band 
(LF) and very low band (VLF). The efferent vagal activity 
is a major contributor to the HF component, while sympa-
thetic activity is related to spectral power in the LF band. 
The LF/HF ratio reflects the sympathovagal balance, while 
an increased LF/HF ratio indirectly indicates sympathetic 
dominance.21

Plasma Sample Collection and Clinical 
Assays
To explore the relevant molecular biomarkers for co- 
occurrence of EDS and hypertension, four to five mL 
peripheral venous blood samples were obtained from 61 
patients prior to PSG and used for further analysis. Blood 
collected from the indwelling catheter was transferred to 
an EDTA-containing tube and refrigerated until centrifu-
gation. Plasma was frozen at −80°C until use.

ELISA kits were used for quantitative in vitro determi-
nation of serum concentrations of the following potential 
plasma risk factors for EDS and hypertension in OSAS 
patients: norepinephrine (NE) and ACh, which reflected 
sympathetic and NNCS activities, respectively; interleu-
kin-6 (IL-6) and tumor necrosis factor-α (TNF-α), which 
reflected inflammatory stress; and endothelin-1 (ET-1) and 
superoxide dismutase (SOD), which represented endothe-
lial dysfunction and oxidative stress, respectively 
(Biovision, Milpitas, CA, USA [for ACh]; Cloud-Clone 
Corp., Wuhan, China [for NE and SOD]; Neobioscience, 

Shenzhen, China [for IL-6 and TNF-α]; and 
MultiSciences, Hangzhou, China [for ET-1]). The mini-
mum detectable dose (MDD) for ACh was 0.5 pg/mL and 
the assay ranged between 3 and 160 pg/mL, MDD below 
24.4 pg/mL for NE with a range between 61.7 and 5000 
pg/mL, MDD of 0.055 ng/mL for SOD, with a range 
between 0.156 and 10 ng/mL, MDD of 1.56 pg/mL for 
IL-6 with a range between 3.125 and 200 pg/mL, MDD of 
0.11 pg/mL for ET-1, with a range between 0.16 and 20 
pg/mL and MDD of 7.8 pg/mL for TNF-α, with a range 
between 15.6 and 1000 pg/mL.

Statistical Analysis
The Kolmogorov–Smirnov and Levine tests were used to 
assess the normality and homogeneity of the distributions, 
respectively. The values of normally distributed samples 
were presented as the mean ± standard error and were 
compared by ANOVA test. Samples with skewed distribu-
tions were expressed as medians, and the Kruskal–Wallis 
rank-sum test was performed to compare these data. The 
comparisons between groups after ANOVA or Kruskal– 
Wallis test were statistically evaluated using post-hoc tests. 
The chi-square test was performed for comparisons of 
categorical variables. Multiple linear regression analysis 
was performed to investigate the relevant clinical risk 
factors for EDS and hypertension.

To explore the possible risk factors for co-occurrence 
of OSAS-related EDS and hypertension, correlation ana-
lysis among plasma indicators, ESS scores and BP values 
was performed, followed by logistic regression model 
analysis with NE, ACh, IL-6, TNF-α, ET-1, and SOD 
plasma levels as predictors and co-occurrence of EDS 
and hypertension as outcomes. The relevant sleep para-
meters, demographic, and anthropometric data were 
entered into the models as covariables using an enter 
method. All data analyses were performed using SPSS 
version 20 statistical software (IBM Corp., Armonk, NY, 
USA). P values <0.05 were considered statistically 
significant.

Results
Characteristics of the Study Population 
and PSG Parameters
Table 1 represents a summary of demographic, clinical, 
and sleep characteristics of all OSAS patients. A total of 
161 participants were made up of 136 men and 25 
women aged 23 to 68 years, had a mean BMI of 29.3 
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± 4.2 kg/m2, an AHI of 58.4 ± 25.8 events/h, ESS 
scores of 11.8 ± 5.9, and mean cuff SBP of 138.2 ± 
14.9 mmHg. In the study population, 49.7% of the 
OSAS patients presented with EDS, 56.5% had hyper-
tension and 32.9% exhibited both conditions. At the first 
pretreatment PSG, 87.6% of the participants presented 
with severe OSAS. Sleep onset latency differed between 
the groups with and without EDS. Patients in the EDS 
+/hypertension+ group had significantly worse sleep- 
related respiratory parameters AHI, ODI, AI, MSpO2 

and T90 compared with the other three subgroups (all 
P < 0.05), while no significant difference were observed 
between the EDS−/hypertension+ and EDS+/hyperten-
sion− groups and both were worse than the EDS 

−/hypertension− group. Moreover, LF/HF showed 
a similar trend. In contrast, other data, including age, 
tobacco use, alcohol consumption, presence of coronary 
heart disease, diabetes, and TST, were comparable 
among the four subgroups.

Clinical Predictors of EDS and 
Hypertension
Table 2 represents the clinical risk factors for EDS and hyper-
tension. After adjusting for age, gender, neck and waist cir-
cumferences, BMI, and tobacco and alcohol use in multiple 
linear regression models, ESS scores were significantly asso-
ciated with MSpO2 (β = −0.252, P = 0.003) and LF/HF ratio 
(β = 0.194, P = 0.005). Awake SBP was negatively correlated 

Table 1 Demographic, Clinical, Sleep Characteristics and LF/HF Ratio of Four OSAS Subgroups

Variables EDS+/Hypertension+ 
(n = 53)

EDS+/Hypertension- 
(n = 27)

EDS-/Hypertension+ 
(n = 38)

EDS-/Hypertension- 
(n = 43)

Age (years) 43.4±10.1 47.7±9.3 41.8±9.5 44.9+11.4

Gender (Men), n (%) 48(90.6) 23(85.2) 28(73.7)ab 37(86.0)c

BMI (kg/m2) 31.4±3.7 28.5±3.8a 29.5±4.9a 27.3±3.1ac

ESS (scores) 17.2±3.6 15.9±3.0 7.3±2.9ab 6.6±2.8ab

Neck circumferences (cm) 43.2±3.6 39.2±3.9a 41.1±4.7a 38.6±3.5ac

Waist circumferences (cm) 109.6±7.1 102.2±11.1a 105.4 ±12.2a 102.3±7.8a

Alcohol drinking, n (%) 21(39.6) 6(22.2) 19(50.0)b 18(41.9)

Smoking, n (%) 26(49.1) 10(37.0) 17(44.7) 18(41.9)
Diabetes mellitus, n (%) 8(15.1) 2(7.4) 6(15.8) 5(11.6)

Coronary heart disease, n (%) 5(9.4) 2(7.4) 5(13.2) 2(4.7)

Cuff SBP(mm Hg) 151.1±8.5 124.4±7.7a 147.0±7.7 ab 123.1±6.1 ac

Cuff DBP(mm Hg) 97.3±8.4 77.4±9.3a 95.6±11.4b 79.5±9.2ac

Awake SBP (mm Hg) 154.3±10.7 126.2±6.9a 149.8±10.0ab 126.0±7.7ac

Awake DBP (mm Hg) 99.1±9.4 79.6±9.6a 96.9±10.4b 80.5±9.9ac

Asleep SBP (mm Hg) 151.7±13.1 126.0±8.5a 146.0±10.0ab 122.9 ±10.9ac

Asleep DBP (mm Hg) 98.5±10.9 80.1±9.6a 95.1±9.9b 78.9±10.0abc

Mild-to-moderate OSAS (n,%) 0(0) 1(3.7) 4(10.5) 15(34.9)abc

Sleep-onset latency (min) 8.6(7.2, 9.6) 8.6(6.9,10.3) 10.3(9.4, 11.3)ab 10.5(8.6, 12.7)ab

Sleep efficiency (%) 80.1±6.0 79.8±5.3 80.6±4.0 81.3±4.9

AHI (event/h) 77.7±21.1 56.9±16.6a 56.3±25.7a 37.6±17.7abc

T90 (%) 56.7(43.4, 64.2) 18.1(7.4, 42.8)a 34.8(9.7, 45.6)a 10.6(9.7, 12.4)abc

Arousal index (events/h) 53.5±18.2 32.8±15.6a 32.9±21.3a 18.4±13.6abc

MSpO2 (%) 88.0(85.0, 90.0) 93.0(90.0, 94.0)a 92.0(90.8, 94.0)a 94.0(93.0, 95.0)abc

LSpO2 (%) 61.7±9.4 68.9±12.1a 74.6±11.7ab 77.2 ±9.0ab

TST (h) 6.8±1.2 6.4±1.0 6.4±1.2 6.3 ±1.1

ODI (events/h) 71.9±17.9 51.8±18.6a 52.7±27.0a 31.8±20.2abc

LF/HF (%) 3.3±0.9 2.5±0.7a 2.5±0.8a 1.7±0.6abc

Notes: The values of normally distributed samples are presented as the means±standard error. Skewed distribution samples are expressed as medians and categorical 
variables are represented as percentages. aP < 0.05, significantly different from EDS+/hypertension+; bP < 0.05, significantly different from EDS+/hypertension-; cP < 0.05, 
significantly different from EDS-/hypertension+; abP < 0.05, significantly different from both EDS+/hypertension+ and EDS+/hypertension-; acP < 0.05, significantly different 
from both EDS+/hypertension+ and EDS-/hypertension+; abcP < 0.05, significantly different from EDS+/hypertension+, EDS+/hypertension- and EDS-/hypertension+. 
Abbreviations: LF, low-frequency; HF, high-frequency; LF/HF, the sympathovagal balance; OSAS, obstructive sleep apnea syndrome; EDS, excessive daytime sleepiness; BMI, 
body mass index; ESS, Epworth Sleepiness Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; AHI, apnea-hypopnea index; T90, percentage of sleep time with 
oxygen saturation <90%; MSpO2, mean oxygen saturation during sleep; LSpO2, the lowest oxygen saturation during sleep; TST, total sleep time; ODI, mean arterial oxygen 
desaturation per hour of sleep.
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with LSpO2 (β = −0.230, P = 0.031) and positively with LF/ 
HF ratio (β = 0.229, P = 0.007). Results were similar when the 
model was conducted with asleep SBP as the dependent vari-
able for T90 (β = 0.293, P = 0.027) and LF/HF ratio 
(β = 0.214, P = 0.009), where AI was not associated with 
ESS scores or BP values (all P > 0.05).

Plasma Biomarker Result Analysis
Due to the unbalanced distribution among the four groups of 
patients who provided the plasma biomarker data, 61 patients 
(EDS+/hypertension+, n = 33; EDS+/hypertension−, n = 0; 
EDS−/hypertension+, n = 13; EDS−/hypertension−, n = 15) 
were reanalyzed to represent the entire cohort. The baseline 
data for these patients are presented in Table 3. Unadjusted 
correlation analyses were performed among ESS scores, 
awake SBP, and plasma biomarkers. Both higher ESS scores 
and awake BP levels were associated with significantly ele-
vated plasma NE (ESS: r = 0.272, P = 0.034; awake SBP: 
r = 0.497, P < 0.001), IL-6 (ESS: r = 0.321, P = 0.012; awake 
SBP: r = 0.448, P < 0.001) and SOD (ESS: r = 0.371, 
P = 0.003; awake SBP: r = 0.324, P = 0.011) levels. Plasma 
ACh level was negatively correlated with ESS scores 
(r = −0.442, P < 0.001) and with awake SBP (r = −0.501, 
P < 0.001). The ET-1 was only associated with awake SBP 
(r = 0.329, P = 0.010), but not with ESS scores (r = 0.158, 
P = 0.223), while TNF-α level was not associated with either 
ESS scores or awake BP value (both P > 0.05) (Table 3). When 
EDS+/hypertension+ (ESS scores of ≥13 and awake SBP of 
≥140 mmHg) was modeled as a binary outcome, logistic 
regression models revealed that co-occurrence of both EDS 

and hypertension was associated with decreased plasma ACh 
levels (odds ratio = 0.971, 95% confidence interval: 0.948 to 
0.994, P = 0.016) compared to OSAS without the two condi-
tions as (Model 1 in Table 4). After adjusting for the potentially 
relevant baseline data of (age, etc.) and PSG parameters (AHI, 
etc.), the regression model results were similar (Model 2 and 3 
in Table 4). In contrast, the remaining plasma biomarkers did 
not have significantly increased odds of co-occurrence with 
EDS and hypertension.

Discussion
Previous studies have reported conflicting results for the 
association between EDS and hypertension in OSAS 
patients. Kapur et al found that the association between 
sleep-disordered breathing and hypertension is stronger in 
individuals who have reported EDS than in those who 
have not.6 Goldstein et al predicted that patients with 
EDS will have a higher BP and will be more likely to 
develop hypertension after five years compared to patients 
who have shown few symptoms of daytime sleepiness.22 

Conversely, Tam et al found that the ESS scores in nor-
motensive moderate-to-severe OSAS patients were signif-
icantly higher than those in hypertensive patients.23 After 
examining 1649 OSAS patients, Roure et al have found 
that BP parameters were similar in individuals with and 
without EDS.24 This inconsistency might be due to the 
OSAS severity, participant age, and/or the study sample 
size. In addition, ESS is a simple, self-administered and 
subjective sleepiness questionnaire for evaluating the pro-
pensity to sleep during the day, which could introduce 

Table 2 The Associations Between ESS Scores, BP Parameters, PSG and Demographic Variables, as Well as LF/HF Ratio in Patients 
with OSAS

Predictors ESS Scores Awake SBP Asleep SBP

β P β P β P

AHI 0.071 0.611 −0.002 0.992 −0.051 0.758
AI 0.055 0.684 0.283 0.087 0.264 0.099

T90 −0.059 0.060 0.251 0.067 0.293 0.027
MSpO2 −0.252 0.003 −0.060 0.557 −0.074 0.452
LSpO2 −0.108 0.216 −0.230 0.031 0.150 0.145

TST −0.021 0.728 0.014 0.843 0.008 0.909

Sleep-onset −0.346 <0.001 0.024 0.749 −0.008 0.911
Sleep efficiency −0.012 0.823 0.068 0.309 0.090 0.162

LF/HF 0.194 0.005 0.229 0.007 0.214 0.009

Notes: Values that are associated with a P value <0.05 are given in bold. β and P values of multiple linear regression models were calculated after adjusting for age, gender, 
BMI, neck and waist circumference, smoking history, alcohol use. 
Abbreviations: ESS, Epworth Sleepiness Scale; BP, blood pressure; PSG, polysomnography; LF, low-frequency; HF, high-frequency; OSAS, obstructive sleep apnea syndrome; 
SBP, systolic blood pressure; AHI, apnea-hypopnea index; AI, arousal index; T90, percentage of sleep time with oxygen saturation <90%; MSpO2, mean oxygen saturation 
during sleep; LSpO2, the lowest oxygen saturation during sleep; TST, total sleep time.
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a certain degree of misclassification. Therefore, the meth-
ods for assessing EDS or the clinical cut-off point to define 
EDS might also explain these conflicting results. The 

present study aimed to explore the potential risk factors 
for co-occurrence of subjective EDS and hypertension, so 
accurate identification of EDS was very important. 

Table 3 Demographic and Sleep Characteristics, Plasma Biomarkers and the Correlations Between ESS Cores and BP Values in 
Patients with OSAS

Variables Mean ± SD ESS Cores Awake SBP

N = 61 r P r P

Age (years) 42.5±11.4 −0.050 0.704 −0.028 0.831
Gender (male), n(%) 53(86.8) 0.097 0.455 0.092 0.482

BMI (kg/m2) 30.1±4.7 0.312 0.014 0.178 0.170

Neck circumferences (cm) 41.6±3.8 0.222 0.086 0.186 0.151
Waist circumferences (cm) 105.8±8.9 0.286 0.025 0.224 0.083

Alcohol drinking, n(%) 31(50.8) 0.186 0.152 0.057 0.663

Smoking, n(%) 20(32.8) 0.050 0.701 0.006 0.961
ESS (scores) 14.0±5.2 – – 0.319 0.012
Awake SBP (mm Hg) 148.6±13.5 0.319 0.012 – –

Sleep-onset latency (min) 9.4±2.3 0.561 <0.001 −0.110 0.398
AHI (event/h) 67.5±23.1 0.447 <0.001 0.423 0.001
T90 (%) 44.0±18.7 0.547 <0.001 0.338 0.008
AI (events/h) 48.1±20.7 0.353 0.005 0.382 0.002
MSpO2 (%) 89.7±4.4 −0.555 <0.001 0.364 0.004
LSpO2, (%) 67.1±10.7 0.453 <0.001 −0.227 0.008
TST (h) 7.0±1.2 −0.077 0.557 −0.077 0.555
ODI (events/h) 62.7±21.6 0.472 <0.001 0.365 0.004
LF/HF (%) 2.9±0.9 0.299 0.019 0.287 0.025
Ach (pg/mL) 140.5±38.2 −0.442 <0.001 −0.501 <0.001
NE (pg/mL) 549.4±189.3 0.272 0.034 0.497 <0.001
SOD (ng/mL) 84.7±17.6 0.371 0.003 0.324 0.011
IL-6 (pg/mL) 2.4±1.0 0.321 0.012 0.448 <0.001
TNF-α (pg/mL) 51.4±26.6 −0.040 0.759 −0.025 0.846

ET-1(pg/mL) 17.8±3.5 0.158 0.223 0.329 0.010

Notes: Variables are presented as mean± SD; r and P values of correlation analyses were calculated; bold text = P < 0.05, significantly correlated with ESS scores or Awake 
SBP levels. 
Abbreviations: ESS, Epworth Sleepiness Scale; BP, blood pressure; OSAS, obstructive sleep apnea syndrome; SBP, systolic blood pressure; BMI, body mass index; AHI, 
apnea-hypopnea index; T90, percentage of sleep time with oxygen saturation <90%; AI, arousal index; MSpO2, mean oxygen saturation during sleep; LSpO2, the lowest 
oxygen saturation during sleep; TST, total sleep time; ODI, mean arterial oxygen desaturation per hour of sleep; LF, low-frequency; HF, high-frequency; LF/HF, the 
sympathovagal balance; Ach, acetylcholine; NE, norepinephrine; SOD, superoxide dismutase; IL-6, interleukin- 6; TNF-α, tumor necrosis factor-α; ET-1, endothelin-1.

Table 4 Predictors of the Co-Occurrence of EDS and Hypertension

Predictors Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Ach 0.971 (0.948~0.994) 0.016 0.966 (0.939~0.994) 0.019 0.932 (0.868~1.000) 0.049
NE 1.002 (0.998~1.005) 0.415 1.001 (0.996~1.006) 0.735 0.999 (0.990~1.000) 0.913

SOD 1.011 (0.971~1.052) 0.594 1.040 (0.977~1.108) 0.216 0.964 (0.873~1.065) 0.472

IL-6 1.823 (0.870~3.820) 0.112 1.943 (0.721~5.233) 0.189 1.951 (0.418~9.101) 0.395
ET-1 1.108 (0.905~1.356) 0.322 1.126 (0.870~1.457) 0.367 1.125 (0.770~1.644) 0.544

TNF-α 1.003 (0.979~1.027) 0.835 0.988 (0.955~1.022) 0.487 0.976 (0.918~1.036) 0.422

Notes: Values that are associated with P values <0.05 are given in bold. OR and P values of the logistic regression models with plasma biomarkers as predictors, the co- 
occurrence of EDS and hypertension as outcomes. ESS score greater than or equal to 13 was used to define EDS. Hypertension was defined as a awake systolic blood 
pressure≥140mm Hg. Model 1: unadjusted analysis; Model 2: adjusted for age, sex, BMI neck and waist circumference, smoking history, alcohol drinking; Model 3: adjusted 
for age, sex, BMI neck and waist circumference, smoking history, alcohol drinking and relevant sleep covariables, including AHI, AI, sleep-onset latency, TST, ODI, MSpO2. 
Abbreviations: EDS, excessive daytime sleepiness; Ach, acetylcholine; NE, norepinephrine; SOD, superoxide dismutase; IL-6, interleukin-6; ET-1, endothelin-1; TNF-α, 
tumor necrosis factor-α; OR, odds ratio; CI, confidence interval.
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According to the ESS, a score between 0 and 10 was 
within the normal range, a score of 10 represented the 
upper limit of normal, while scores of 16 or more, indicat-
ing of daytime sleepiness, were found only in patients with 
OSAS of at least moderate severity.25 A plethora of studies 
have relied on a clinical total ESS score cut-off point 
exceeding 10 to define subjective EDS, but a previous 
study has reported that some participants with EDS 
where ESS scores exceed 10 had an AHI of less than 
five events per hour,26 suggesting that this cut-off value 
has a limited predictability for patients with suspected 
OSAS. This dichotomization for both clinical screening 
and research purposes still has some limitations, and sup-
porting evidence for this particular cut-off point is 
limited.27 According to the original description by 
Aurora et al,17 an established correlation was found 
between subjective assessments of sleepiness, where ESS 
scores of ≥13 optimally predicted a mean sleep latency of 
<8 min on a multiple sleep latency test (MSLT). Based on 
theoretical considerations, a clinical cut-off point for 
a total ESS score of 13 was used to define EDS in the 
current study. Like the previous studies, ESS scores posi-
tively correlated with BP values in the present study. In 
addition, OSAS patients with EDS and hypertension 
exhibited even more severe sleep disorders than those 
with hypertension or EDS alone. Additionally, contribu-
tions from indices of sympathetic activity, oxidative stress, 
inflammation, or endothelial dysfunction to the relation-
ship between hypertension and EDS were not found. In 
contrast, non-neuronal ACh deficiency was associated 
with co-occurrence of subjective EDS and hypertension.

The OSAS-related hypertension is thought to be 
induced by multifactorial mechanisms, mainly including 
sympathetic hyperactivity caused by repeated intermittent 
hypoxia, which might even occur during daytime 
normoxia.28 On the other hand, a pilot study by Donadio 
et al demonstrated that the mechanism that induced EDS 
in OSAS was related to the degree of daytime sympathetic 
hyperactivity.29 Lombardi et al11 reported that both LF and 
HF power tended to be lower in OSAS with EDS, 
although not significantly. In this study, the EDS group 
had a significantly higher nighttime LF/HF ratio compared 
to non-EDS patients, where the increased LF/HF ratio 
indirectly indicated the prevalence of sympathetic over 
parasympathetic cardiac modulation. These clinical find-
ings suggested that sympathetic activity associated with 
EDS in OSAS may allow the identification of one of the 
mechanisms potentially associated with an increased 

cardiovascular risk in patients with this condition. Unlike 
the study by Bisogni et al30 where neither LF power nor 
LF/HF differed between OSAS patients with and without 
subjective EDS. Similarly, Sforza et al31 found that all 
frequency-domain data for the HRV did not reveal any 
differences between non-sleepy and sleepy participants 
(assessed by ESS scores) in a study of 825 elderly indivi-
duals. The present study observed that both ESS scores 
and BP values were significantly associated with LF/HF 
ratio after adjusting for the potential confounders in linear 
regression models. No association was found in logistic 
regression models between co-occurrence of two phenom-
ena and increased sympathetic activity assessed using 
plasma NE levels. No significant contribution to arousal 
in EDS was found, while nocturnal hypoxemia was shown 
to be the most correlative clinical predictor of subjective 
EDS. One explanation for these disparate results is that 
EDS evaluations were performed by different methods. 
The ESS rating embodies a patient’s overall or average 
propensity or trait for falling asleep, whereas the MSLT 
uses physiological data to assess a state or rate of falling 
sleep.17 Given that objectively and subjectively measured 
EDS may reflect distinct aspects of sleepiness, some dis-
agreements in findings are to be expected, so it is specu-
lated that objective EDS, which is measured by the MSLT 
and is sensitive to the arousal system, is closely associated 
with sympathetic nervous system overactivity.11,32 In con-
trast, subjective EDS, which is assessed by ESS and 
reflects daytime alertness and sleepiness, is correlated 
with the severity of nocturnal hypoxemia and is closely 
associated with NNCS depression.

Extensive research effort has resulted in a substantial 
body of evidence that is consistent with the role of central 
cholinergic mechanisms that were implicated in the patho-
genesis of hypertension.33 Evidence has shown that hyper-
tensive individuals and those in the early stages of 
hypertension also have an increased sympathetic and 
a reduced cardiac vagal drive.34 It can also be inferred 
that from normotension to mild and more severe degrees 
of BP elevation, there is a gradual reduction in bradycardic 
and tachycardic responses to baroreceptor stimulation and 
deactivation, which is a major mechanism of heart rate 
control.35 These responses were largely reduced or even 
abolished via administration of atropine,36 which was 
likely explained by the hypertension-related alteration of 
the parasympathetic division of the autonomic nervous 
system. These studies have provided evidence that both 
NCS and NNCS may be involved in the development of 
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hypertension. On the other hand, activation of ACh recep-
tors by ACh itself and by nicotinamide promotes cortical 
activation and wakefulness.37 According to Eggers et al, 
ACh degradation by acetylcholinesterase (AChE) in the 
brainstem was lower in patients with Alzheimer’s disease 
presenting with sleepiness than in patients without sleep 
disturbances.38 Donepezil, a reversible AChE inhibitor, 
has been approved to enhance cholinergic transmission. 
When administered to patients presenting with opiate- 
type dementia, it can improve daytime sleepiness symp-
toms, as assessed by ESS scores,39 in narcolepsy patients, 
donepezil has also been reported to improve ESS scores,40 

and it can also alleviate subjective EDS in patients with 
OSAS.41 Neural ACh therefore plays a significant role in 
wakefulness physiology and reduced ACh levels may be 
associated with subjective sleepiness in patients with 
OSAS.

These studies are the first to report that subjective 
daytime sleepiness is associated with reduced plasma 
ACh levels. Similarly, a pilot study by Pak et al showed 
that lower levels of plasma choline metabolites are linked 
with subjective sleepiness.42 In contrast, Reale et al 
observed a significant reduction in choline in patients 
with OSAS compared with healthy controls, suggesting 
NNCS dysfunction may be associated with OSAS. 
However, no correlation was found between plasma cho-
line levels and ESS scores.43 Causes of the discrepancies 
in these studies remain unclear. Also, we cannot explain 
the association mechanism between lower plasma ACh 
levels and self-reported sleepiness. According to the 
study by Saw et al, neuronal cholinergic tone is diminished 
because of the impaired ability of the NNCS to either 
produce or release ACh.15 Malow et al have revealed 
that intermittent peripheral stimulation of the vagus nerve 
could improve subjective EDS in epilepsy patients.44 

These results imply a cross-talk mechanism between the 
NNCS and NCS that regulates both. For NCS impairment 
induced by OSAS-related neuroinflammation, an intri-
guing hypothesis that arises from these findings is that 
decreased plasma ACh level is the result of NCS dysfunc-
tion or vice versa.

Limitations
Although this work revealed important discoveries, it was 
a preliminary study with some limitations that should be 
addressed. There may have been patient bias, as most of 
the study participants had an AHI of >30. Second, the 
study had a small sample size and only 61 blood samples 

were collected and analyzed. Plasma biomarkers should be 
obtained and evaluated from more participants, which may 
better define the relationship between EDS and 
hypertension.

Conclusions
This study showed that depression of NNCS is associated 
with co-occurrence of hypertension and self-reported EDS 
in patients with OSAS. Future prospective studies that 
incorporate large samples and different EDS measures 
are needed to explore the possible mechanisms of the 
two different EDS dimensions, as well as the common 
molecular OSAS pathways associated with objective 
EDS and hypertension.
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