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ABSTRACT 

Background: Obstructive sleep apnea (OSA) is a common disorder that is 

considered one of the secondary causes of hypertension. Hypertension affects 

approximately 50 % of people with OSA. Aim: The purpose of this study is to 

evaluate the relationship between systemic hypertension and OSA in Saudi 

Arabia's general population. Methods: A descriptive cross-sectional survey was 

conducted. Participants who had been diagnosed with hypertension aged 18 

years or more and living in Saudi Arabia were included. An electronic 

questionnaire was used for data collection. Results: We retrieved 509 responses 

from participants whose ages ranged from 18 to more than 44 years, with a 

mean age of 37.9 ± 11.2 years old. OSA was diagnosed among 269 (53.7%) of 

the study patients. 59.6% of male patients had OSA compared to 49.1% of 

female patients, with a statistically significant difference (P=.019). 64.2% of 

hypertensive patients with a secondary level of education complained of OSA 

compared to 44.7% of others with a lower level of education (P=0.001). A total 

of 67.5% of the study patients complained of snoring during sleep which was 

significantly higher among patients with OSA (79.6%) than those without 

(53.4%); (P=.001). Complaints of headache most of the time were significantly 

higher among patients with OSA than others without (84.4% vs. 69.8%, 

respectively; P=.001). Conclusion: According to the current study, there was a 

significant prevalence of OSA among hypertensive patients (more than half of 

the patients), particularly among men, patients with high body mass indexes, 

smokers and patients with a history of the condition in their families. 
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1. INTRODUCTION  

Obstructive sleep apnea (OSA) is a moderately public sleep disorder that is featured by recurring episodes of the incomplete or 

complete ruin of the higher air route thru sleep (Caples et al., 2005). This airway collapse mostly causes acute imbalances in gas 

exchange and recurrent awakenings from sleep (Caples et al., 2005; Punjabi et al., 2008; Ho & Brass, 2011). OSA disorder is 

associated with many health consequences. Neglected OSA leads to high daytime tiredness, mental dysfunction, sleepiness with 

decreased work performance and a significant effecton health related quality of life (Withrow et al., 2019; Moyer et al., 2001; 

Gonsalves et al., 2004). In the general population, the prevalence of OSA with related day time sleepiness is about 3 to 7% among 

adult males and 2 to 5% for adult females. OSA prevalence varies in different population subgroups, such as overweight or obese 

people, those of a minority race and the older population (Punjabi et al., 2008; Senaratna et al., 2017). 

Many studies also recommended that obstructive sleep apnea may have a role inthe development of cardio vascular disease 

(Peker et al., 2006), systemic hypertension (Peppard et al., 2000) and abnormalities in glucose metabolism (Punjabi et al., 2005). 

Obstructive sleep apnea is insidious and patients are often unaware of the associated symptoms. The main clinical presentations 

include loud snoring, observed breathing pauses during sleep, poor sleep quality and disproportionate daytime sleepiness 

(Bonsignore et al., 2018; Kline et al., 2017; Pascoe et al., 2021). 

High blood pressure is a rising health problem that is mostly ignored (Flynn et al., 2017). OSA and hypertension have more 

shared characteristics. Both are frequently undiagnosed and accompanying with aadvanced hazard of cardio vascular diseases. 

Above all, the outstanding epidemiology makes it most improbable that this association may be insignificant. OSA is considered 

one of the secondary causes of hypertension (Chobanian et al., 2003). Hypertension affects approximately 50 % of people with OSA 

and contrarywise that, about 40 % of hypertensive patients may have OSA (Calhoun et al., 2010). There is reliable epidemiological 

evidence that systemic hypertension and sleep disordered breathing are significantly associated. So, the current study aimed to 

assess the association between systemic hypertension and OSA among the general population in Saudi Arabia. 

 

2. METHODOLOGY 

Study Design 

A descriptive cross-sectional study was conducted. 

 

Study Population and Sampling 

A survey targeting all hypertensive patients in Saudi Arabia was conducted during the period from 13/9/2021 to 2/11/2021 

participants who had medically diagnosed hypertension aged 18 years or more and living in Saudi Arabia were included. 

Normotensive respondents were excluded. 

 

Data collection tool 

An electronic questionnaire was used for data collection. The study questionnaire was constructed by the researchers after intensive 

literature review and consulting experts on the study issue till the final format was obtained. The study questionnaire included 

patients’ demographic data, work data, medical family history, smoking, body mass index assessment, diagnosis of OSA and effect 

of OSA on patients’ day time activities and sleep. The study questionnaire was uploaded online using social media platforms by the 

researcher and their relatives in the Aseer region till no more new answers were obtained. 

 

Pilot study 

The researcher conducted a pilot study on 20 Saudi individuals. The pilot study helped in finalization of the study questionnaire 

and assessment of the reliability of its statements. Data collected with in the pilot study were not being included in the main study. 

 

Data entry and analysis 

All collected data were coded and verified before data entry into a personal computer. Data entry and statistical analysis were 

conducted using the Statistical Package of Social Sciences (SPSS version 23). Descriptive statistics, (e.g., mean, frequency) were 

calculated. Frequency and percent distribution was done for all variables, including hypertensive patients’ personal data, 

qualification, body mass index, medical history, regular anti-hypertensive drug intake, smoking status and house hold history of 

OSA and diagnosed with OSA. Also, the effect of OSA on patients’ life and sleep were tabulated by their history of OSA complaint. 
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Cross tabulation was used to assess the distribution of patients’ complaints of OSA and their bio-demographic data. Tests of 

significance, e.g., Chi-test were applied. P-values less than 0.05 were considered as statistically significant. 

 

Ethical considerations 

Prior to start of data collection, all necessary official approvals were secured from the research ethics commtee of Najran University, 

southern Saudi Arabia, with letter number (46/1/21/NU/DS) on 04/03/2021. All physicians were informed that their participation is 

optional. All collected data were kept confidential. 

 

3. RESULTS 

A total of 509 hypertensive patients completed the study questionnaire. Participants' age ranged from 18 to more than 44 years, with 

a mean age of 37.9 ± 11.2 years old. Of all, 288 (56.6%) participants were females, 374 (73.5%) were married, while 94 (18.5%) were 

single. As for educational level, 234 (46%) had a secondary level of education and 234 (46%) were university graduates or post 

graduate degree holders. Considering BMI, 154 (30.3%) had overweight, 132 (25.9%) were obese and morbid obesity was detected 

among 116 (22.8%). An exact of 160 (31.4%0 participants had a family history of OSA. Taking anti-hypertensive drugs regularly was 

reported among 400 (79.8%) patients and 162 (32.3%) patients had other co-morbidities. A total of 103 (20.6%) patients were smokers 

(table 1). 

Figure 1 shows the prevalence of OSA among hypertensive patients in Saudi Arabia. OSA was diagnosed among 269 (53.7%) of the 

study patients, while 232 (46.3%) had no history of OSA. 

Table 2 shows the obstructive sleep apnea among hypertensive patients in Saudi Arabia. A total of 59.6% of male patients had 

OSA compared to 49.1% of female patients, with statistically significant difference (P=0.019). Also, 64.2% of hypertensive patients 

with secondary level of education complained of OSA compared to 44.7% of others with lower level of education (P=0.001). OSA 

was diagnosed among 49.5% of patients work at civil jobs versus 70.7% of others at military sector (P=0.005). Additionally, 69.2% of 

hypertensive patients with overweight complained of OSA in comparison to 36.2% of other with morbid obesity and 47% of 

patients with normal weight (P=0.001). Also, OSA was diagnosed among 58% of patients who had anti-hypertensive drug regularly 

versus 36.6% of those who did not (P=0.001). Exact of 65% of smokers complained of OSA versus 50.8% of non smokers (P=0.010). 

Besides, 80% of patients with family history of OSA complained of the disease compared to 39.5% of others with no family history 

(P=0.001). 

Table 3 shows the effect of OSA among hypertensive patients in Saudi Arabia. A total of 67.5% of the study patients complained 

of snoring during sleep which was significantly higher among patients with OSA (79.6%) than those without (53.4%); (P=0.001). 

Also, complaining of headache most times was significantly higher among patients with OSA than others without (84.4% vs. 69.8%, 

respectively; P=0.001). Additionally, 25.3% of patients with OSA were exposed to accidents due to tiredness compared to 18.5% of 

other patients with no OSA (P=.049). Other factors, including frequent wake up during sleep, morning mouth dryness and 

congestion, were insignificantly higher among patients with OSA than others. 

 

Table 1 Bio-demographic of hypertensive study participants, Saudi Arabia 

Bio-demographic 

data 
No % 

Age in years 

18-29 167 32.8% 

30-44 206 40.5% 

> 44 136 26.7% 

Gender 

Male 221 43.4% 

Female 288 56.6% 

Marital status   

Single 94 18.5% 

Married 374 73.5% 

Divorced / widow 41 8.1% 
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Educational level 

Below secondary 41 8.1% 

Secondary 234 46.0% 

University / above 234 46.0% 

Work 

Not working / 

retired 
242 47.5% 

Civil sector 192 37.7% 

Military sector 75 14.7% 

BMI 

Underweight 24 4.7% 

Normal weight 83 16.3% 

Overweight 154 30.3% 

Obese 132 25.9% 

Morbid obesity 116 22.8% 

Family history of OSA 

Yes 160 31.4% 

No 185 36.3% 

Not sure 164 32.2% 

Have anti-hypertensive drug 

regularly 

Yes 400 79.8% 

No 101 20.2% 

Have other co-morbidity 

Yes 162 32.3% 

No 339 67.7% 

Smoker 

Yes 103 20.6% 

No 398 79.4% 

 

 
Figure 1 Prevalence of obstructive sleep apnea among hypertensive patients in Saudi Arabia 
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Table 2 Obstructive sleep apnea among hypertensive patients in Saudi Arabia 

Bio-demographic 

data 

Diagnosed with OSA 
p-

value 
Yes No 

No % No % 

Age in years 

.135 
18-29 77 48.4% 82 51.6% 

30-44 121 58.7% 85 41.3% 

> 44 71 52.2% 65 47.8% 

Gender 

.019* Male 130 59.6% 88 40.4% 

Female 139 49.1% 144 50.9% 

Marital status 

.072 
Single 48 55.2% 39 44.8% 

Married 206 55.2% 167 44.8% 

Divorced / widow 15 36.6% 26 63.4% 

Educational level 

.001* 
Below secondary 17 44.7% 21 55.3% 

Secondary 147 64.2% 82 35.8% 

University / above 105 44.9% 129 55.1% 

Work 

.005* 
Not working / retired 121 51.7% 113 48.3% 

Civil sector 95 49.5% 97 50.5% 

Military sector 53 70.7% 22 29.3% 

BMI 

.001*$ 

Underweight 11 45.8% 13 54.2% 

Normal weight 39 47.0% 44 53.0% 

Overweight 101 69.2% 45 30.8% 

Obese 76 57.6% 56 42.4% 

Morbid obesity 42 36.2% 74 63.8% 

Have anti-hypertensive drug regularly 

.001* Yes 232 58.0% 168 42.0% 

No 37 36.6% 64 63.4% 

Have other co-morbidity 

.179 Yes 94 58.0% 68 42.0% 

No 175 51.6% 164 48.4% 

Smoker     

.010* Yes 67 65.0% 36 35.0% 

No 202 50.8% 196 49.2% 

Family history of OSA 

.001* 
Yes 128 80.0% 32 20.0% 

No 70 39.5% 107 60.5% 

Not sure 71 43.3% 93 56.7% 

                 P: Pearson X2 test $: Exact probability test * P < 0.05 (significant) 
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Table 3 Effect of OSA among hypertensive patients in Saudi Arabia 

Effect 
Total 

Diagnosed with OSA 
p-

value 
Yes No 

No % No % No % 

Snoring during sleep 338 67.5% 214 79.6% 124 53.4% .001* 

Frequent wake up during 

sleeping 
261 52.1% 142 52.8% 119 51.3% .738 

Sleepiness & tiredness 

during day time 
265 52.9% 138 51.3% 127 54.7% .442 

Lack of concentration 

during day time 
274 54.7% 142 52.8% 132 56.9% .357 

Morning mouth dryness 

and congestion 
220 43.9% 119 44.2% 101 43.5% .874 

Have headache most 

times 
389 77.6% 227 84.4% 162 69.8% .001* 

Exposed to RTA due 

tiredness 
111 22.2% 68 25.3% 43 18.5% .049* 

                              P: Pearson X2 test * P < 0.05 (significant) 

 

4. DISCUSSION 

OSA is associated with hypertensive patients. Both diseases often exist together as nearly half of patients with HTN have associated 

OSA and current evidence strengthens the concept that OSA is the most dominant secondary sponsorof elevated blood pressure 

among patients with resistant HTN (Pedrosa et al., 2011). Some population-based surveys showed an association between the 

higher apneahypopnea index and elevated BP, both initially and also with repeated measures during follow-up (Young et al., 

1997). On the other hand, isolated systolic hypertension among elderly patients was not concurrent with OSA in any age group 

(Haas et al., 2005). 

The current study showed that more than half (53.7%) of hypertensive patients were diagnosed with OSA. The most reported 

symptoms among patients with OSA were snoring during sleep (more than three quarters of the patients), having headaches most 

daytime, while only one quarter of them experienced accidents due to daytime sleepiness and fatigue. Lack of concentration during 

daytime and sleepiness and frequent wakeup during sleep were reported among half of the hypertensive patients with OSA besides 

the effect of hypertension which explains this high percentage of those who experienced accidents (one out of each four patients). 

The other study estimated an increased risk for incident HTN among patients with OSA compared with normotensive controls and 

in this second study, the OSA–HTN where age and obesity were not confounders. Also, follow-up of this patient cohort revealed a 

dose response relationship between the severity of OSA and the cumulative incidence of HTN (Marin et al., 2011). Due to long 

follow-up period, the second study delivers relatively strong epidemiological evidence implicating OSA as a factor in the 

development of HTN. 

In the current study, 69.2% of hypertensive patients with overweight complained of OSA in comparison to 36.2% of other with 

morbid obesity and 47% of patients with normal weight (P=0.001). This hypothesis regarding the relation between systematic 

hypertension and OSA is confounded by many variables, especially obesity and age. Recently, two cohort studies focused on these 

hypotheses in the non hypertensive population and with different findings as one of them found that after adjusting for relevant 

confounders OSA was not associated with having systolic HTN (Cano-Pumarega et al., 2011). In the current study, a total of 59.6% 

of male patients had OSA compared to 49.1% of female patients, with statistically significant difference (P=0.019). According to Lin 

et al., (2008) numerous population-based research have revealed that men are more likely than women to suffer from obstructive 

sleep apnea, and this difference is frequently visible in the clinical environment. Men are thought to be more susceptible to the 

disease than women are due to a variety of biological factors. Variations in weight, upper airway structure, respiratory control, 

estrogen and age have all been believed to play a part, though the precise mechanisms remain unknown. 

In our study, exact of 65% of smokers complained of OSA versus 50.8% of non smokers (P=0.010). Besides, 80% of patients with 

family history of OSA complained of the disease compared to 39.5% of others with no family history (P=0.001). Punjabi, (2008), 

stated the factors that increase vulnerability for the disorder include age, male sex, obesity, family history, menopause, craniofacial 
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abnormalities and certain health behaviors such as cigarette smoking and alcohol use. In the current study, OSA was diagnosed 

among 58% of patients who had anti-hypertensive drug regularly versus 36.6% of those who did not (P=0.001). These findings were 

consistent with many literature findings. A longitudinal study suggests that persons with moderate to severe OSA (apnea-

hypopnea index (AHI) > 15 h-1) are asignificant leading cause of hypertension. Patients with severe OSA recorded a 3.2-fold up 

surge in the probabilities of emerging hypertension equated with individuals’ horn of OSA (Peppard et al., 2000). Marin et al., 

(2012) reported that the adjusted risk for Individuals with OSA who were unsuitable for treatment (HR=1.33), denied CPAP therapy 

(HR=1.96) and failed to comply with CPAP treatments all had greater occurrence hypertension (HR=1.78), while the HR was lower 

in patients with OSA who were treated with CPAP therapy (HR=0.71). 

Our study also matches previous findings that revealed an independent association between OSA and increased cardio vascular 

disorders (Marin et al., 2005; Young et al., 2008; Punjabi et al., 2009; Yaggi et al., 2005). The association between neglected OSA and 

higher risk for having new on set hypertension was confirmed even after adjustment for probable confounders such as BMI weight 

change. These findings are agreeable with others that assure OSA as a chief cause of vascular dysfunction in obesity (Ip et al., 2004; 

Narkiewicz et al., 1998; Jelic et al., 2010). Additionally, in our study, patients with OSA were more likely to experience accidents 

brought on by fatigue at a rate of 25.3% compared to patients without OSA at a rate of 18.5% (P=.049). According to Sabil et al., 

(2021), the risk of a car accident has seemed to be due to multiple hazard factors in patients who have just been diagnosed with OSA 

and its assessment process might also take into account a number of factors, including the patient's conscience sleepiness behind the 

vehicle, the frequency of accidents linked to sleepiness, body anthropometry, expert status and inadequate sleep protests. 

 

5. CONCLUSIONS AND RECOMMENDATIONS 

In conclusion, the current study showed that OSA prevalence was high among hypertensive patients (more than half of the 

patients), particularly male patients, patients with high BMI, smokers and patients with a family history of OSA. Loud snoring 

during sleep, daytime sleepiness, fatigue and lack of concentration were the main complaint that caused a high rate of accidents. 

The relation between OSA and systematic hypertension may be bidirectional, where both can lead to each other, especially with a 

change in weight or advance in age. A larger scale study with a sufficient follow-up period is recommended to confirm the 

association between these disorders and to clarify the potential positive and negative confounders of the relation. 

 

Informed consent 

Written & Oral informed consent was obtained from all individual participants included in the study. Additional informed consent 

was obtained from all individual participants for whom identifying information is included in this manuscript. 

 

Acknowledgement 

We thank the participants who were all contributed samples to the study. 

 

Author contributions 

We certify, as authors, that we have participated sufficiently in the intellectual content, conception and design of this work or the 

analysis and interpretation of the data (when applicable), as well as the writing of the manuscript, to take public responsibility for it 

and have agreed to have our name listed as a contributor. All persons who have made substantial contributions to the work 

reported in the manuscript. 

 

Ethical approval 

The study was approved from the research ethics commtee of Najran University, southern Saudi Arabia, with letter number 

(46/1/21/NU/DS) on 04/03/2021. 

 

Funding  

This study has not received any external funding. 

 

Conflict of interest  

The authors declare that there is no conflict of interests. 

 

 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science, 26, ms506e2489 (2022)   8 of 9 

Data and materials availability 

All data sets collected during this study are available upon reasonable request from the corresponding author. 

 

REFERENCES AND NOTES 

1. Bonsignore MR, Baiamonte P, Mazzuca E, Castrogiovanni 

A, Marrone O. Obstructive sleep apnea and comorbidities: 

A dangerous liaison. Multidiscip Respir Med 2019; 14:8. doi: 

10.1186/s40248-019-0172-9 

2. Calhoun DA, Harding SM. Sleep and hypertension. Chest 

2010; 138(2):434-43. doi: 10.1378/chest.09-2954 

3. Cano-Pumarega I, Durán-Cantolla J, Aizpuru F, Miranda-

Serrano E, Rubio R, Martínez-Null C, de Miguel J, Egea C, 

Cancelo L, Alvarez A, Fernández-Bolaños M, Barbé F. 

Obstructive sleep apnea and systemic hypertension: 

Longitudinal study in the general population: The Vitoria 

Sleep Cohort. Am J Respir Crit Care Med 2011; 184(11):1299-

304. doi: 10.1164/rccm.201101-0130OC 

4. Caples SM, Gami AS, Somers VK. Obstructive sleep apnea. 

Ann Intern Med 2005; 142(3):187-97. doi: 10.7326/0003-4819-

142-3-200502010-00010 

5. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green 

LA, Izzo JL Jr, Jones DW, Materson BJ, Oparil S, Wright JT 

Jr, Roccella EJ. National Heart, Lung and Blood Institute 

Joint National Committee on Prevention, Detection, 

Evaluation and Treatment of High Blood Pressure; National 

High Blood Pressure Education Program Coordinating 

Committee. The Seventh Report of the Joint National 

Committee on Prevention, Detection, Evaluation and 

Treatment of High Blood Pressure: The JNC 7 report. JAMA 

2003; 289(19):2560-72. doi: 10.1001/jama.289.19.2560 

6. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll 

AE, Daniels SR, de Ferranti SD, Dionne JM, Falkner B, Flinn 

SK, Gidding SS. Clinical practice guideline for screening and 

management of high blood pressure in children and 

adolescents. Pediatrics 2017; 140(3). doi: 10.1542/peds.2017-

1904 

7. Gonsalves MA, Paiva T, Ramos E, Guilleminault C. 

Obstructive sleep apnea syndrome, sleepiness and quality of 

life. Chest 2004; 125(6):2091-6. doi: 10.1378/chest.125.6.2091 

8. Goyal M, Johnson J. Obstructive Sleep Apnea Diagnosis and 

Management. Mo Med 2017; 114(2):120-124. 

9. Haas DC, Foster GL, Nieto FJ, Redline S, Resnick HE, 

Robbins JA, Young T, Pickering TG. Age dependent 

associations between sleep disordered breathing and 

hypertension: Importance of discriminating between 

systolic/diastolic hypertension and isolated systolic 

hypertension in the Sleep Heart Health Study. Circulation 

2005; 111(5):614-21. doi: 10.1161/01.CIR.0000154540.62381.CF 

10. Ho ML, Brass SD. Obstructive sleep apnea. Neurol Int 2011; 

3(3):e15.doi: 10.4081/ni.2011.e15 

11. Ip MS, Tse HF, Lam B, Tsang KW, Lam WK. Endothelial 

function in obstructive sleep apnea and response to 

treatment.  Am J Respir Crit Care Med 2004; 169(3):348-53. 

doi: 10.1164/rccm.200306-767OC 

12. Jelic S, Lederer DJ, Adams T, Padeletti M, Colombo PC, 

Factor PH, Le Jemtel TH. Vascular inflammation in obesity 

and sleep apnea. Circulation 2010; 121(8):1014-21. doi: 10.   

1161/CIRCULATIONAHA.109.900357 

13. Kline LR, Collop N, Finlay G. Clinical presentation and 

diagnosis of obstructive sleep apnea in adults. Uptodate. 

Com (Internet) 2017. 

14. Lin CM, Davidson TM, Ancoli-Israel S. Gender differences 

in obstructive sleep apnea and treatment implications. Sleep 

Med Rev 2008; 12(6):481-96. doi: 10.1016/j.smrv.2007.11.003 

15. Marin JM, Agusti A, Villar I, Forner M, Nieto D, Carrizo SJ, 

Barbé F, Vicente E, Wei Y, Nieto FJ, Jelic S. Association 

between treated and untreated obstructive sleep apnea and 

risk of hypertension. Jama 2012; 307(20):2169-76. doi: 

10.1001/jama.2012.3418 

16. Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long term 

cardio vascular outcomes in men with obstructive sleep 

apnoea-hypopnoea with or without treatment with 

continuous positive airway pressure: An observational 

study. The Lancet 2005; 365(9464):1046-53. doi: 10.1016/  

S0140-6736(05)71141-7 

17. Moyer CA, Sonnad SS, Garetz SL, Helman JI, Chervin RD. 

Quality of life in obstructive sleep apnea: A systematic 

review of the literature. Sleep Med 2001; 2(6):477-91. doi: 10.   

1016/s1389-9457(01)00072-7 

18. Narkiewicz K, Van De Borne PJ, Cooley RL, Dyken ME, 

Somers VK. Sympathetic activity in obese subjects with and 

without obstructive sleep apnea. Circulation 1998; 98(8):772-

6. doi: 10.1161/01.cir.98.8.772 

19. Pedrosa RP, Drager LF, Gonzaga CC, Sousa MG, de Paula 

LK, Amaro AC, Amodeo C, Bortolotto LA, Krieger EM, 

Bradley TD, Lorenzi-Filho G. Obstructive sleep apnea: The 

most common secondary cause of hypertension associated 

with resistant hypertension. Hypertension 2011; 58(5):811-7. 

doi: 10.1161/HYPERTENSIONAHA.111.179788 

20. Peker Y, Carlson J, Hedner J. Increased incidence of 

coronary artery disease in sleep apnoea: A long term follow-

up. Eur Respir J 2006; 28:596–602. doi: 10.1183/09031936.06.   

00107805 

21. Peppard PE, Young T, Palta M, Skatrud J, Prospective study 

of the association between sleeps disordered breathing and 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science, 26, ms506e2489 (2022)   9 of 9 

hypertension. New Eng J Med 2000; 342:1378-1384. doi: 10.  

1056/NEJM200005113421901 

22. Peppard PE, Young T, Palta M, Skatrud J. Prospective study 

of the association between sleep disordered breathing and 

hypertension. N Engl J Med 2000; 342:1378–1384. doi: 10.  

1056/NEJM200005113421901 

23. Punjabi NM, Caffo BS, Goodwin JL, Gottlieb DJ, Newman 

AB, O’Connor GT, Rapoport DM, Redline S, Resnick HE, 

Robbins JA, Shahar E. Sleep disordered breathing and 

mortality: A prospective cohort study. PLoS medicine 2009; 

6(8):e1000132. doi: 10.1371/journal.pmed.1000132 

24. Punjabi NM, Polotsky VY. Disorders of glucose metabolism 

in sleep apnea. J Appl Physiol 2005; 99:1998–2007. doi: 10.   

1152/japplphysiol.00695. 

25. Punjabi NM. The epidemiology of adult obstructive sleep 

apnea. Proc Am Thorac Soc 2008; 5(2):136-43. doi: 10.1513/   

pats.200709-155MG 

26. Sabil A, Bignard R, Gervès-Pinquié C, Philip P, Le Vaillant 

M, Trzepizur W, Meslier N, Gagnadoux F. Risk Factors for 

Sleepiness at the Wheel and Sleep Related Car Accidents 

Among Patients with Obstructive Sleep Apnea: Data from 

the French Pays de la Loire Sleep Cohort. Nat Sci Sleep 2021; 

13:1737-1746. doi: 10.2147/NSS.S328774 

27. Senaratna CV, Perret JL, Lodge CJ, Lowe AJ, Campbell BE, 

Matheson MC, Hamilton GS, Dharmage SC. Prevalence of 

obstructive sleep apnea in the general population: A 

systematic review. Sleep Med Rev 2017; 70-81. doi: 10.1016/  

j.smrv.2016.07.002 

28. Withrow K, Evans S, Harwick J, Kezirian E, Strollo P. Upper 

Airway Stimulation Response in Older Adults with 

Moderate to Severe Obstructive Sleep Apnea. Otolaryngol 

Head Neck Surg 2019; 161(4):714-719. doi: 10.1177/    

0194599819848709 

29. Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, 

Mohsenin V. Obstructive sleep apnea as a risk factor for 

stroke and death. N Engl J Med 2005; 353(19):2034-41. doi: 

10.1056/NEJMoa043104 

30. Young T, Finn L, Peppard PE, Szklo-Coxe M, Austin D, 

Nieto FJ, Stubbs R, Hla KM. Sleep disordered breathing and 

mortality: Eighteen-year follow-up of the Wisconsin sleep 

cohort. Sleep 2008; 31(8):1071-8.PMCID: PMC2542952 

31. Young T, Peppard P, Palta M, Hla KM, Finn L, Morgan B, 

Skatrud J. Population based study of sleep disordered 

breathing as a risk factor for hypertension. Arch Intern Med 

1997; 157(15):1746-52. PMID: 9250236 


