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Obstructive sleep apnea hypopnea syndrome (OSAHS) is characterized by recurrent episodes of 
interruption of ventilation responsible for hypoxemia, hypercapnia and hyper activation of the 
autonomic nervous system. Hypoxemia followed by re-oxygenation promotes the formation of free 
radicals, oxidative stress and vascular inflammation, leading to endothelial dysfunction. The objective 
of this cross-sectional study conducted at the laboratory of Physiology of  Gaston Berger University of 
Saint-Louis was to assess endothelial function during sleep apnea hypopnea syndrome. The 
endothelial function was explored non-invasively by Endopat 2000. Free and informed consent was 
required. Data analysis was carried out on Epi Info 7, uni-varied and bi-varied analyzes performed with a 
significance threshold p <5%. The study involved 42 patients including 69% women and 31% men. The 
average age was 52.11±8.31 years with a predominance of the (40-50yrs and 50-60yrs). The most 
frequently medical disorder was hypertension with 71.43%. Over 75% of the subjects were obese or 
overweight. OSAHS was mild in 35.71% of cases, moderate 38.1% and severe 26.19%. Endothelial 
dysfunction was found in 27.5% of the subjects. It was most noted in subjects with severe OSAHS, with 
no statistical significant difference. No significant association was found between endothelial 
dysfunction, gender, age and body weight. Endothelial function is often impaired during OSAHS. 
Studies on a larger sample should be done for more conclusive results. 
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INTRODUCTION 
 
Obstructive sleep apnea hypopnea syndrome (OSAHS) 
is common and underdiagnosed, both in Africa and in the 
Western countries. In the adult population, the 
prevalence has been estimated between 3 and 7% for 
men and 2 to 5% for women in developed and developing 
countries (Escourrou and Roisman, 2010). The severity 
of the syndrom is based on apnea hypopnea index AHI 
measured by polysomnography and  daytime  sleepiness, 

excluding another cause of sleepiness. Thus, 3 stages 
are noted : light if 5 < AHI < 15 per hour, moderate if AHI 
between 15 and 30 per hour, severe if AHI > 30 per hour.  

Various nonspecific clinical manifestations are 
reported, resulting from complete or partial obstruction of 
the upper airways responsible for sleep fragmentation, 
intermittent hypoxia, arousals and hypercapnie. 
Hypoxemia  causes  a  decrease  in   oxygen   supply   to 
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tissues, especially the myocardium. Changes in pressure 
increase the activity of the autonomic nervous system 
Hypoxemia followed by re-oxygenation promotes the 
formation of free radicals which cause oxidative stress 
and inflammation of the tissues, especially vascular cells. 
Oxidative stress and inflammation induce endothelial 
dysfunction. Metabolic and cardiovascular disorders are 
often associated with OSAHS including high blood 
pressure, coronary heart disease, stroke, atherosclerosis, 
myocardial ischemia, insulin resistance and metabolic 
syndrome, among others (Senaratna et al., 2017). Plasma 
adiponectin level decrease in OSAHS patients. The 
reduction of the secretion of adiponectin resulted from the 
activation of the sympathetic system. Adiponectin can 
exert multiple biological functions such as anti-
inflammatory and anti-atherosclerosis activities, increase 
in sensitivity to insulin, decrease in insulinresistance and 
son (Zhang et al., 2006). Chronic intermittent hypoxia 
may result in pathological changes in cholesterol and 
triglyceride metabolism resulting in increased lipolysis 
and lipid biosynthesis (Celikhisar and Ilkhan, 2020).  

High blood pressure causes functional alterations with 
enlarged smooth muscle cells and decreased endothelial 
function. This endothelial dysfunction results in an 
inhibition of nitric oxide production leading to less 
vasodilation during elevated vascular flow and increased 
vasoconstriction. Even in the absence of known 
cardiovascular disease, subjects with OSAHS would 
have increased arterial stiffness, impaired endothelial 
function and a high risk of cardiovascular disease. 

In sub-Saharan Africa, the challenges in the diagnosis 
and management of OSAHS are important due to the 
ignorance of the syndrome, lack of polysomnography 
equipment, cost of sleep recordings and continuous 
positive pressure (Kashongwe et al., 2019). According to 
our knowledge, in Senegal, few studies related to 
obstructive sleep apnea-hypopnea syndrome OSAHS  
have been done. The objective of this study was to 
assess endothelial function in subjects with OSAHS. 
 
 
MATERIALS AND METHODS   
 
Study design 
 
This study was conducted at the Physiology Laboratory of the 
Health Sciences Research and Formation Unit at Gaston Berger 
University, Saint-Louis, Senegal. This is a descriptive and cross-
sectional study that took place over the period from January 15 to 
February 20, 2020. The protocol was established in accordance 
with the recommendations of the Helsinki declaration and approved 
by the Ethics Committee of the Faculty of Health Sciences of 
Cheikh Anta Diop University of Dakar, under the reference 
0417/2019/CER/UCAD. All subjects had agreed to volontarily 
participate in the study by signing a free and informed consent 
form.  
 
 
Study population 
 
Forty two  Senegalese patients participated in this study. They were  

 
 
 
 
recruited among the general population. The diagnosis of OSAHS 
was confirmed by polygraphy (CID-LXe, CIDELEC) for all patients, 
after a screening with the Berlin questionnaire (Netzer et al.,  
1999) and the Epworth sleepiness scale (Johns, 1991). The CID-
LXe has 8 electrophysiological channels (3 electroencephalography 
EEG leads, one electrooculography EOG right and left eye lead, 2 
anterior tibial electromyography EMG lead, one chin EMG lead and 
one electrocardiography ECG lead) and all of the airways (tracheal 
sound sensor and suprasternal pressure, oximeter sensor, thoraco-
abdominal straps, a position sensor associated with an actimeter, 
and a nasal pressure measurement by a telescope) for a complete 
recording of sleep. It is equipped with the latest evolution of 
PNEAVOX technology (tracheal sound sensor) with a 
pneumotachograph option. Patients with pregnancy, mental health 
disorders or under psychotrope drugs were excluded.  
 
 
Biochemical parameters and body composition 
 
The biochemical parameters (fasting blood sugar, total cholesterol, 
HDL, triglycerides, serum iron, calcium levels, magnesemia, serum 
creatinine and azotemia) were quantified using the Cyan brand 
spectophotometer, Cyan Smart model. The LDL cholesterol level 
was calculated using Friedwald's formula:  
 
LDL = total cholesterol - HDL - Triglycerides / 5 (in g/L).  
 
A Tanita DC-360 impedance meter was used to determine the body 
composition, according to the required conditions. 
 
 
Exploration of endothelial function  
 
The exploration of endothelial function was done non-invasively by 
Endopat 2000 (Axtell et al.,  2010). Patients were accommodated in 
a quiet, spacious, air-conditioned office with a comfortable bed. The 
examination procedure was explained to them with the 3 stages: 
pre-occlusion, occlusion and post-occlusion. They were told that 
during the period of occlusion, unwanted sensations such as 
tingling or heaviness of the limb may occur. They were warned that 
they should not move their fingers during the entire exam to avoid 
artifacts and ensure the reliability of the recordings. Jewelry and 
rings, especially metal, have been removed to avoid possible 
interference. Then they were placed in the supine position and 
asked to relax as much as possible. 

Systolic and diastolic blood pressures were mesured manually 
using a validated sphygmomanometer (Omron) respecting the 
required conditions and the values mentioned on the patient sheet 
of the software. The inflatable cuff was positioned on the non-
dominant arm, near the crease of the elbow. The Endopat 
biosensors were placed on the index fingers of both arms after 
checking the condition of the skin and the size of the nails. The test 
was easy and lasted 15 min. After recording the baseline for 5 min 
corresponding to the pre-occlusion phase, a 5-min vascular 
occlusion was performed by inflating the pneumatic cuff. After 
deflation, recording has been prolonged for 5 min. 
The post-occlusive reaction was expected to manifest as 
endothelium-dependent dilatation, resulting in an increase in the 
amplitude of the PAT signal. A post-occlusion / pre-occlusion ratio 
was calculated by the Endopat software. The normal values of 
reactive hyperemia index (RHI) and its logarithm Ln were 
respectively 1.67 to 2 and 0.51 to 0.70. RHI and LnRHI values 
below 1.67 and 0.51, respectively, indicated endothelial dysfunction. 
 
 
Statistical analysis 
 
The  statistical  analysis  were  carried  out using Excel and Epi Info  
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Table 1. Characteristics of the population. 
 

Characteristics Relative frequency (%) 
Gender 

 
  Male 30.95 
  Female 69.05 
  

Age (yrs) 
 

  30-40 4.76 
  40-50 33.33 
  50-60 38.1 
  60-70 23.81 
  

Medical background 
 

  High blood pressure 71.4 
  Type 2 diabete 7.14 
  Asthma 14.29 
  

Lifestyle 
 

  Tobacco 4.76 
  Alcohol 0 

 

The OSAHS was severe (> 30 per hour) for 26.19% (Figure 1). 
 
 
 

Table 2. Bio-impedancemetric parameters. 
 

Parameter Men Women P 
BMI (kg/m2) 29.25 ±6.37 33.38 ± 7.51 0.09 
%Visceral fat 12.53 ± 4.70 10.82 ± 3.77 0.21 
% Fat mass 26.13 ± 5.43 40.84 ± 6.46 0.00 
Basal metabolism (Calories) 1855 ± 396 1621 ± 269 0.03 

 
 
 
version 7 software. The data were expressed as percentages and 
averages. For quantitative variables, means and the extremes were 
calculated. Univariate and bivariate analyses were performed, 
significance threshold was set at p<0.05, a p-value of less than 
0.05.   
 
 
RESULTS 
 
Characteristics of the population 
 
The study population consisted predominantly of women 
with a sex ratio of 2.23. The mean age was 52.11 ± 8.31 
years; the median 53.5; mode 42 with extremes of 36 and 
66. The age groups (40-50 and 50-60) were the most 
represented. The characteristics of the study population 
have been represented in Table 1. 
 
 
Biochemical and bio-impedancemetric parameters  
 
The majority of our subjects were obese. The mean body 
mass  index   (BMI)  values  were  29.25±6.37  kg/m2 and 

33.38±7.51 kg/m2, respectively for men and women, 
without significant difference. The percentage of body fat 
was significantly higher in women. The bio-
impedancemetric data are presented in Table 2. 

For biochemical parameters, fasting blood sugar was 
abnormal in 12.8% of cases. Renal function, assessed by 
serum creatinine and urea, was normal except for two 
subjects who had elevated serum creatinine. The most 
frequent ionic disorders were hypocalcemia and 
hypermagnesemia, in 60 and 25% of cases, respectively. 
The mean, maximum and minimum values of the lipid 
parameters are represented in Table 3, as well as the 
abnormalities observed. These were elevated total, LDL 
cholesterol, triglycerids and reduced HDL cholesterol. 
The risk of atherogenicity or the ratio of total cholesterol 
to HDL cholesterol was respectively elevated in 10.29% 
and moderated in 48.72% of cases, as shown in Figure 2. 
 
 
Endothelial function  
 
In 27.5% of subjects, an endothelial dysfunction has been 



14         J. Physiol. Pathophysiol. 
 
 
 

Table 3. Values of lipid parameters and abnormalities. 
 

Values (g/L) Mean Maximum Minimum Abnormalities (%) 
Total cholesterol 2.33 ± 0.52 3.59 1.47 58.97 
Triglycerides 1.02 ± 0.51 2.43 0.31 30.77 
HDL cholesterol 0.51 ± 0.11 0.78 0.25 5.13 
LDL cholesterol 1.56 ± 0.50 2.65 0.32 43.59 

 
 
 

 
 
Figure 1. Severity of OSAHS. 

 
 
 

 
 
Figure 2.  Risk of atherogenicity. 

 
 
 
observed with a Ln RHI <0.5. The mean of Ln RHI was 
0.64±0.25 for women and 0.71±0.24 for men, with no 
significant difference (p = 0.47). No statistical significant 
association was noted between endothelial dysfunction 
and other variables such as age, weight, percentage of 
visceral fat, severity of OSAHS, presence or absence of 
hypertension (Table 4). 
 
 
DISCUSSION 
 
We noted in patients with OSAHS endothelial dysfunction,  

especially in those with severe OSAHS. Several studies 
have reported an alteration of endothelial function during 
OSAHS (Budhiraja et al.,  2007; Hoyos et al., 2015). 
Endothelial dysfunction contributes substantially to the 
pathogenesis of cardiovascular disorders (Wang et al.,  
2015). It is a predictive marker of cardiovascular events 
and atherosclerosis. The association between endothelial 
dysfunction and OSAHS results from intermittent hypoxia 
with re-oxygenation, leading to reduced NO 
bioavailability, increased oxidative stress, systemic 
inflammation, and sympathetic activity. The secretion of 
reactive   oxygen   species   (ROS)  due  to  repeated  re- 
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Table 4. Association between endothelial dysfunction and other parameters. 
 
Variables Relative frequency (%) OR IC P 
Age 

    
 < 50 yrs 26.67 

0.93 [0.22-3.94] 0.47 
> 50 yrs 28 
     

Weight load 
 

  
 

Normal weight 37.5 
0.25 

Obesity/  overweight 25 
     

High blood pressure 
 

  
 

HBP +  21.43 
0.11 

HBP - 41.7 
     

OSAHS 
 

  
 

Severe 40 
0.17 

Light to moderate 23.33 
 
 
 
oxygenations hypoxia explains endothelial dysfunction 
and associated micro-vascular disorders. 

In addition, a study carried out in type 2 diabetics with 
OSAHS did not show correlation between endothelial 
dysfunction and the severity of OSAHS (Bironneau et al.,  
2017). In a randomized controlled trial which included 
150 patients with severe OSAHS, without associated 
cardiovascular disease and with 5% type 2 diabetes, the 
mean RHI value was 2.15. The RHI value obtained was 
slightly lower, but without significant difference between 
the different apnea hypopnea index (AHI) groups 
(Bironneau et al.,  2017). Another study showed the lack 
of association between OSAHS and endothelial function 
assessed by RHI in obese subjects (Araujo, 2015). 
Studies have suggested an improvement in endothelial 
dysfunction in patients with severe OSAHS, after 3 
months, under continuous positive pressure (Azuma et 
al.,  2015).  

In one study, severe OSAHS was reported to be 
associated with endothelial dysfunction independently of 
obesity and serum adiponectin level. It would be 
interesting to perform serum assays for endothelial 
dysfunction markers such as endocan, a proteoglycan 
secreted by the vascular endothelium and involved in 
endothelial dysfunction and inflammatory processes 
(Kanbay et al.,  2018). We observed disturbances in lipid 
metabolism in our study. Numerous disturbances in lipid 
metabolism have been reported in patients with OSAHS, 
including increased total cholesterol, LDL - cholesterol 
and triglycerides, decreased HDL - cholesterol, impaired 
oxidative capacity of HDL - cholesterol and increased 
lipid peroxidation (Bosshard and Sériès, 2008; Nadeem 
et al., 2014). Chronic intermittent hypoxia is the main 
factor behind dyslipidemia, systemic inflammation, 
oxidative stress, endothelial dysfunction and 
atherosclerosis (Adedayo et al.,  2014). 

In  our  study,  hypermagnesemia  was  the  main  ionic  

disorder observed. Data were contradictory. In OSAHS, 
oxidative stress and inflammation may be followed by 
alteration of trace elements and heavy metals. Levels of 
cadmium, cobalt, iron, manganese, lead, magnesium and 
zinc were significantly higher in affected subjects (Asker 
et al., 2015). An other study had shown lower level of 
magnesium in patients with OSAHS (Karamanli et al.,  
2017). 

Our study had some limitations. It was not possible to 
conclude formally that there was no significant correlation 
between the severity of OSAHS and endothelial 
dysfunction due to the small sample. In addition, it was 
difficult for these patients with associated cardiovascular 
risk factors such as obesity, hypertension, diabetes or 
dyslipidemia to distinguish between what would come 
under the apnea syndrome or these comorbidities. 
 
 
Conclusion 
 
Our study shows that endothelial dysfunction has been 
observed in patients with OSAHS. This endothelial 
dysfunction could increase the occurrence of 
cardiovascular complications in these subjects. Further, 
larger-scale research is needed to confirm early vascular 
alterations in OSAHS. 
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