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ABSTRACT

Introduction: Obstructive sleep apnea (OSA) is a sleep-related breathing disorder characterized by partial or com-
plete obstruction of the upper airway, which causes desaturations and arousal. Various studies have shown that
OSA is a major modifiable risk factor for hypertension. Untreated OSA is increasingly associated with cardiovascular
and neurocognitive sequela. Thus, our study aims to determine the high-risk of obstructive sleep apnea among hy-
pertensive patients at a tertiary care hospital in Malaysia. Methods: A cross-sectional study was conducted among
hypertensive patients at a tertiary hospital in Malaysia. A validated Malay version of the Berlin Questionnaire was
utilized along with other questions on sociodemographic characteristics and diabetes mellitus. Results: A total of 161
respondents were involved in the study. The mean age was 48.35 years and among these 75% were males and 25 %
were females. The majority of respondents were of Malay ethnicity (78%), followed by Chinese (11%) and Indians
(10%). Of these, 18 % comprised of obese patients and 29.8% had diabetes mellitus. The prevalence of high-risk
OSA among hypertensive patients was 18.0% (95% Cl). High risk of OSA was found to be prevalent in the elderly
age group (p<0.001), female gender (p<0.001), Indian ethnicity (p<0.001) and among diabetes mellitus patients
(p<0.001). Conclusion: The study results illustrate the high risk of OSA among hypertensive patients with advancing
age and diabetes mellitus. This study finding mandates these high-risk hypertensive patients should be screened for

early diagnosis and timely treatment of OSA to prevent further cardiovascular risk, morbidity and mortality.
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INTRODUCTION

Sleep apnea is a common medical condition where
there is a temporary cessation of breathing(apnea) during
sleep. Obstructive sleep apnea (OSA) is characterized
by normal inspiratory effort with temporary upper
airway obstruction (1). Cardinal manifestations of OSA
include snoring, excessive daytime sleepiness, morning
headaches and short-term memory loss (2,3). OSA is
associated with increased morbidity and mortality from
cardiovascular causes and traumatic accidents due
to excessive daytime somnolence (4-6). A study done
among the adults attending primary health clinics in
Malaysia revealed prevalence of high risk for OSA was
32.9% (7). Berlin questionnaire (8) is the validated and
most widely used screening tool designed to identify the
risk for OSA.

The gold standard for diagnosing and assessing the effects

of treatment in many sleep disorders including OSA is
in-laboratory polysomnography (PSC). Hypertension
is defined as a persistent elevation of systolic blood
pressure of 140 mmHg or greater and/or diastolic blood
pressure of 90 mmHg or greater. Malaysian Community
Salt Study demonstrated the prevalence of hypertension
among the Malaysian population was 49.39% (9).
Hypertensive patients with even severe OSA can be
asymptomatic (10).

Several studies have shown OSA in hypertensive
patients has a synergistic effect on the cardiovascular
system (11-13). It is postulated that apneic events
stimulate peripheral chemoreceptors which activate the
sympathetic nervous system leading to an increase in
blood pressure. Observational studies have demonstrated
that the prevalence of OSA is around 30%-50%
among hypertensive patients and 80% among resistant
hypertensive patients (11,12,14-16).

The purpose of this study was to determine the high-risk
of OSA among hypertensive patients using the Berlin
questionnaire. The design of the other questions also
permitted the analyses of high-risk of OSA based on age
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group, gender, ethnicity, obesity, and diabetes mellitus.
MATERIALS AND METHODS

A cross-sectional study was conducted at a Malaysian
tertiary hospital. The study population consisted
of adult hypertensive patients receiving treatment
from the medical clinic. The inclusion criteria were
adult patients aged 25 years old and above. The
hypertensive patients with mental /psychiatric illness,
hypothyroidism and pregnancy were excluded. The
sample size was calculated using Openepi.com Open
Source Epidemiologic Statistics for Public Health with
the average of high risk of OSA among hypertensive
patients based on various studies. We estimated a 20%
of non-respondent rate making the total sample size as
166. A total of 161 consented patients were included in
the study and five respondents were excluded because
of inadequate data.

Berlin Questionnaire (8) was chosen to assess the
risk of having OSA in this study because of its highest
sensitivity. A validated Malay version of the Berlin
questionnaire was utilized to categorize the respondents
to low or high likelihood of sleep-disordered breathing/
sleep apnea (17). The Berlin Questionnaire was
divided into 3 main sections. Section 1 was concerning
snoring, witnessed apneas and the frequency of such
events. Section 2 addressed daytime sleepiness and
drowsy driving. In Section 3, patients were to provide
information on their history of hypertension, age, weight
and height. Body mass index (BMI) was calculated
from the weight and height of the patients in the clinic.
There were also questions on gender, ethnicity, marital
status and medical condition of diabetes mellitus. Risk
grouping for high and low risk of sleep apnea was based
on responses grouped into 3 sections. To be categorized
as high risk of having sleep apnea, 2 or more sections
need to obtain a positive score. A positive score for
section 1 was defined as frequent symptoms of snoring
and witnessed apneas. In section 2, a positive score was
based on frequent symptoms in 2 or more questions
about waketime sleepiness and drowsy driving. A
positive score in section 3 can be obtained by having
a history of high blood pressure or height and weight
information giving a BMI>30kg/m?. Those patients who
denied having those symptoms were placed at low risk
of having OSA.

Data analysis was done to determine the prevalence of
high-risk of OSA among hypertensive patients by their
age group, gender, ethnicity, obesity, and diabetes
mellitus. Univariate analyses of categorical variables
were performed using the Chi-square test. A Chi-Square
test was performed to test for statistical significance
for differences in the prevalence of high-risk of OSA
by age group, gender, ethnicity, obesity and diabetes
mellitus. To facilitate interpretation, some independent
variables were categorized as follows: gender (male/

female),  ethnicity  (Malay/Chinese/Indian/Others),
obesity (BMI>30kg/m? vs BMI<30kg/m?) and diabetes
mellitus (yes/no). The age group was divided into 4
groups, 26-40 years, 41-55years, 56-70 and 71-85years.
The p-value of <0.001 was considered statistically
significant for categorical values. The high-risk patients
for OSA, identified during this study had been referred
to the Otorhinolaryngology clinic for further clinical
evaluation and management.

This study was approved by National Medical Research
Registry of Malaysia (NMRR) NMRR-08-518-1673.

RESULTS

Of the 166 respondents, 161 (97%) were entered
for data analysis. Socio-demographic characteristics
of respondents were divided into age group, gender
and ethnicity as shown in Table I. The mean age of
respondents was 48.35(+x13.08) and among these, the
highest percentage (37.3%) belonged to the age group
between 41 to 55 years. Statistical results showed age
group between 56 to 70 years had a high prevalence
of OSA (37.5%) while the age group of 41 to 55 had a
low prevalence of obstructive sleep apnea (8.3%). The
majority of respondents were male patients (75.0%) and
the remaining 25.0% were female patients. Our female
patients had shown a higher prevalence of high risk of
OSA (39.0%) which was statistically significant (p-value
<0.001), compared to that of male respondents (10.8%)
as shown in the Table II.

Regarding ethnicity, the majority of the respondents were
Malay race (78.0%), followed by Chinese (11.0%) and
Indians (10.0%). Indian respondents had a significant
prevalence (p-value <0.001) of high risk of sleep apnea
(43.8%), followed by Chinese respondents (41.2%) and
Malay respondents (11.1%).

Table I: Socio-demographic characteristics of respondents

Variables studied n %
a) Age group 26-40 50 31.1
41-55 60 37.3
56-70 40 24.8
71-85 11 8.8
b) Gender Male 120 75.0
Female 41 25.0
c) Ethnicity Malay 126 78.0
Chinese 17 11.0
Indian 16 10.0
Others 2 1.0
d) Obesity Non-obese (BMI<30kg/m?) 132 82.0
Obese (BMI>30kg/m?) 29 18.0

With diabetes mellitus 48 30.0.
Without diabetes mellitus 113 70.0

e) Diabetes mellitus
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Table 11I: High risk of sleep apnea by age group, gender, ethnicity, obesity and diabetes mellitus

. . High Risk Low Risk )
Variables studied n (%) n (%) b p value
Age group 26-40 6(12.0) 44 (88.0) 15.955 p=0.001
41-55 5(8.3) 55(91.7)
56-70 15 (37.5) 25 62.5)
71-85 3(27.3) 8(72.7)
Gender Male 13(10.8) 107 (89.2) 16.445 p< 0.001
Female 16 (39.0) 25 (61.0)
Ethnicity Malay 14(11.1) 112 (88.9) 18.803 p<0.001
Chinese 7 (41.2) 10 (58.8)
Indian 7 (43.8) 9 (56.2)
Others 1 (50.0) 1 (50.0)
Obesity Non-obese BMI<30kg/m?) 21(15.9) 111 (84.1) 2.195 p=0.138
Obese (BMI>30kg/m?)
8 (27.6) 21(72.4)
Diabetes mellitus With diabetes mellitus 26 (54.2) 22 (45.8) 60.532 p<0.001
Without diabetes mellitus 3(2.7) 110(97.3)
Most of the respondents were non-obese (82.0%)  DISCUSSION

while only 18.0% of respondents were obese. Obese
respondents showed a higher prevalence of high risk
of sleep apnea (27.6%) compared to those non-obese
respondents (15.9%). However, there was no statistically
significant difference in the prevalence of high-risk of
sleep apnea by obesity as the p-value>0.05.

Concerning the association of diabetes mellitus, only
30.0% of respondents had diabetes mellitus while
70.0% of respondents were non-diabetic. Respondents
with diabetes mellitus showed a higher prevalence
of high risk of OSA (54.2%) than those non-diabetic
respondents (3.1%) which was statistically significant
with a p-value of <0.001.

In this study, the prevalence of high-risk OSA among
hypertensive patients was 18.0% as shown in Fig. 1.

- 29(18%)

—

132 (82%)

m High risk Low risk

Figure 1: High risk of obstructive sleep apnea among hyper-
tensive respondents (n=161)

Our study results demonstrated the prevalence of
high risk of OSA among hypertensive patients at our
institute as 18.0%. This finding was low compared
to several other studies conducted even though the
published results are not consistent (18-21). A literature-
based analysis illustrated that globally the prevalence
of OSA apnea affects around one billion people.
Asian epidemiological studies demonstrated that the
prevalence of OSA in patients with hypertension varies
from 14 to 75% (19-21). Yeghiazarians et al mentioned
in the scientific statement from the American Heart
Association, OSA prevalence is as high as 40% to 80%
in patients with hypertension and heart disease (22).
OSA is highly prevalent in hypertensive patients, of
whom 30% to 50% will have comorbid OSA. Where
else study by Worsnop et al shows the wide variation
of prevalence of OSA ranges from 12-83% (23). A study
conducted by Pensuksan et al assessed the high risk for
OSA among young adults using Berlin Questionnaire
and found that the high risk for OSA among overweight
and obese young adults is associated with elevated BP
and hypertension, 12.9% and 4.5% respectively (20).
This inconsistency and wide variation in different studies
may be due to heterogeneity in the study populations,
methods and monitoring devices used to assess OSA or
the varying definitions of OSA and hypertension.

Our study setting is a tertiary Hospital where hypertensive
patients are required to be referred since most of them
are obtaining treatment from primary care health clinics.
This led to a limited number of hypertensive patients
attending the medical clinic. However, this was similar
to a study conducted in India by Kareem et al which
showed the prevalence of high risk of sleep apnea was
23.8% among hypertensive patients based on their
response using the Berlin Questionnaire (19). According
to population-based studies, the prevalence of high
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risk of OSA in patients with uncontrolled hypertension
ranges from 50% to 80% (11,12,15,19).

Our study findings revealed that among hypertensive
respondents, the age group between 56-70 years old
had a statistically significantly high prevalence rate of
OSA. This finding was in accordance with a study done
by Khamsai et al, which showed a peak prevalence rate
of high risk of sleep apnea at 55 to 59 years of age in
men while the corresponding figure in women the peak
prevalence rate was at 60 to 64 years old (24). In contrast
to this, a study conducted by Jinchai et al found a high
prevalence of OSA in hypertensive patients younger
than 35 years old (25).

Various previous studies demonstrated that male
gender is an independent risk factor for OSA in patients
with hypertension even though the reason for male
predominance is unclear (18,24,26). In contrast to these
findings, our study showed a statistically significant
(p-value <0.001) high risk of sleep apnea among female
respondents (39.0%) compared to male respondents
(10.8%). O’Connor et al. also reported that female
patients with moderate and severe OSA have a higher
prevalence of essential hypertension than male patients
(27).

Regarding the ethnic distribution of our study cohort,
the prevalence of high-risk of sleep apnea was highest
among the Indians (43.8%) p-value <0.001, followed by
Chinese (41.2%) and Malays (11.1%). According to a
Malaysian study conducted by Kamil et al, the prevalence
of disordered breathing during sleep based on ethnicity
was higher in Chinese (56.1%) and Indians (56.0%) than
in Malays (38.3%) (28). Hou et al in their meta-analysis
demonstrated that OSA and hypertension are strong
among male patients and Caucasian populations (18). A
study by Koo et al showed risks for OSA was positively
associated with resistant hypertension in African
Americans compared with Caucasians (29). Racial
differences in OSA may explain the racial disparity in
hypertension prevalence.

Our evaluation on the association between obesity
and the high risk of prevalence of OSA revealed that
obese hypertensive respondents had a high risk of sleep
apnea (27.6%) compared to that of non-obese patients
(15.9%). This was in line with the findings by Jehan et
al and Romero et al (30,31) where a significant number
of obese individuals (45%) were at high risk of sleep
apnea compared to those non-obese individuals. A
retrospective study by Xia et al found obesity and severe
obstructive sleep apnea were independently associated
with hypertension and severe OSA was associated with
the presence of higher diastolic blood pressure (32).
However, in our study results there was no statistically
significant difference in the prevalence of high-risk of
OSA by obesity as the p-value>0.05.

Among our study cohort, the prevalence of high risk
of OSA in hypertensive patients with diabetes mellitus
was 54.2% compared to that of non-diabetic patients. A
cross-sectional study by Kawada et al observed that mild
OSA was associated with a higher prevalence of impaired
glucose metabolism and places patients at increased
risk of the development of type 2 diabetes mellitus (33).
Evaluation of epidemiological data by Kent et al also
proved sleep apnea was independently associated with
glucose intolerance and insulin resistance that led to
type 2 diabetes mellitus (34).

There are various limitations in our study. Only
consented patients were selected as respondents for the
study, which means our study cohort was a convenient
sample. This study was conducted in a tertiary hospital
and the results might not be a representative of large
general population. Another limitation is that we did
not include the complete medical history of the patients
which may affect the changes in blood pressure. Berlin
questionnaire was utilized to evaluate the high risk of
OSA even though sleep laboratory polysomnography is
the gold standard test for the diagnosis of OSA in clinical
settings (35). The in-lab polysomnography is expensive,
time consuming and causes participant burden. We
have used a validated modified Berlin questionnaire to
identify the high risk for OSA before polysomnography
due to limited resources. Future elaborative studies with
a large cohort of hypertensive patients with various
screening questionnaires to identify the high risk of
OSA and further confirmation with polysomnography is
recommended.

CONCLUSION

In conclusion, the findings of this study demonstrated that
hypertensive patients with diabetes mellitus or within
advancing age are associated with high risk of having
OSA. The goal of this study was to raise public awareness
of the dangers of untreated OSA in hypertensive patients
as well as the potential consequences. Hypertensive
patients who are at high risk for OSA should be screened
early to obtain appropriate treatment and thus to reduce
the associated cardiovascular risks and morbidity.

ACKNOWLEDGEMENT

We would like to thank the hypertensive patients
for their participation in the study. We would like to
express our appreciation to the Head of Department of
Medicine, Director of Hospital Serdang and Director
General of Ministry of Health Malaysia for the approval
of this study and publication.

REFERENCES

1. Bangash A, Wajid F, Poolacherla R, Mim FK,
Rutkofsky IH. Obstructive Sleep Apnea and

4 Mal ] Med Health Sci 19(SUPP19): 1-6, Dec 2023



10.

11.

12.

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Hypertension: A Review of the Relationship and
Pathogenic Association. Cureus. 2020 ;12(5):
€8241. doi: 10.7759/cureus.8241.

Celikhisar H, Dasdemir llkhan G. Comparison
of clinical and polysomnographic characteristics
in young and old patients with obstructive sleep
apnea syndrome. Aging Male. 2020;23(5):1202-
1209. doi:10.1080/13685538.2020.1730789
Osman AM, Carter SG, Carberry JC, Eckert DJ.
Obstructive sleep apnea: current perspectives.
Nat Sci Sleep. 2018; 10:21-34. doi: 10.2147/NSS.
S$124657.

Mitra AK, Bhuiyan AR, Jones EA. Association
and Risk Factors for Obstructive Sleep Apnea
and Cardiovascular Diseases: A  Systematic
Review. Diseases. 2021 ;9(4):88. doi: 10.3390/
diseases9040088.

Lin YC, Chen TY, Chien WC, Chung CH, Chang
HA, Kao YC et al. Stimulants associated with
reduced risk of hospitalization for motor vehicle
accident injury in patients with obstructive sleep
apnea-a nationwide cohort study. BMC Pulm Med.
2020 ;20(1):28. doi: 10.1186/s12890-019-1041-1.
Randerath W, Bassetti CL, Bonsignore MR, Farre
R, Ferini-Strambi L, Grote L et al. Challenges and
perspectives in obstructive sleep apnoea: Report by
an ad hoc working group of the Sleep Disordered
Breathing Group of the European Respiratory
Society and the European Sleep Research Society.
Eur Respir J. 2018 Sep 16;52(3):1702616. doi:
10.1183/13993003.02616-2017.

Md Aris MA, Amir Hamzah AF, Abdullah
F, Asha’ari ZA. Prevalence of High Risk for
Obstructive Sleep Apnoea and Its Risk Factors
Among Adults Attending Government Primary
Health Clinics in Kuantan. lUM Medical Journal
Malaysia.2021;20(1).

Netzer NC, Stoohs RA, Netzer CM, Clark K, Strohl
KP. Using the Berlin Questionnaire to identify
patients at risk for the sleep apnea syndrome.
Ann Intern Med. 1999 ;131(7):485-91. doi:
10.7326/0003-4819-131-7-199910050-00002.
Zaki NAM, Ambak R, Othman F, et al. The
prevalence of hypertension among Malaysian
adults and its associated risk factors: data from
Malaysian Community Salt Study (MyCoSS). |
Health Popul Nutr. 2021;40(Suppl 1):8. Published
2021 May 31. doi:10.1186/s41043-021-00237-y
Hoshide S, Kario K, Chia YC, Siddique S,
Buranakitjaroen P, Tsoi K et al . Characteristics of
hypertension in obstructive sleep apnea: An Asian
experience. ) Clin Hypertens (Greenwich). 2021
;23(3):489-495. doi: 10.1111/jch.14184.

Ahmad M, Makati D, Akbar S. Review of and
Updates on Hypertension in Obstructive Sleep
Apnea. Int ] Hypertens. 2017;2017:1848375.
doi:10.1155/2017/1848375

Cai A, Wang L, Zhou Y. Hypertension and
obstructive  sleep apnea. Hypertens Res.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mal ] Med Health Sci 19(SUPP19)

2016;39(6):391-395. doi:10.1038/hr.2016.11

Lo lacono CAM, Reali E. Correlation between
Obstructive Sleep Apnea Syndrome, Arrhythmias
and Autonomic Cardiac Activity: A Retrospective
Case-Control Study. ] Sleep Disord Manag.
2020;6:030. doi: 10.23937/2572-4053.1510030
Patel AR, Patel AR, Singh S, Singh S, Khawaja I.
The Association of Obstructive Sleep Apnea and
Hypertension. Cureus. 2019 ;11(6): e4858. doi:
10.7759/cureus.4858

Muxfeldt ES, Margallo V, Costa LM, Guimara“es
G, Cavalcante AH, Azevedo JC, et al. Effects of
continuous positive airway pressure treatment
on clinic and ambulatory blood pressures in
patients with obstructive sleep apnea and resistant
hypertension: a randomized controlled trial.
Hypertension. 2015; 65:736-42. doi: 10.1161/
HYPERTENSIONAHA.114.04852.

Thunstrum E, Manhem K, Rosengren A, Peker Y.
Blood pressure response to losartan and continuous
positive airway pressure in hypertension and
obstructive sleep apnea. Am ] Respir Crit Care Med.
2016; 193:310-20. doi: 10.1164/rccm.201505-
09980C.

Yunus A, Seet W, Mohamad Adam B, Haniff
J. Validation of the Malay version of Berlin
questionnaire to identify Malaysian patients for
obstructive sleep apnea. Malays Fam Physician.
2013 ;8(1):5-11.

Hou H, Zhao Y, Yu W, Dong H, Xue X, Ding J,
Xing W, Wang W. Association of obstructive sleep
apnea with hypertension: A systematic review and
meta-analysis. ] Glob Health. 2018 ;8(1):010405.
doi: 10.7189/jogh.08.010405.

Kareem, O., Tanvir, M. & Bader, G.N. Prevalence
of high-risk obstructive sleep apnoea by Berlin
questionnaire in patients with hypertension: study
from a tertiary care hospital. Sleep Science Practice.
2020; 4:15. doi: 0.1186/s41606-020-00052-0
Pensuksan WC, Chen X, Lohsoonthorn V,
Lertmaharir S, Gelave B, Williams MA. High risk for
obstructive sleep apnea in relation to hypertension
among southeast Asian young adults: role of
obesity as an effect modifier. Am ] Hypertens.
2014;27(2):229-36. doi: 10.1093/ajh/hpt194.
Shirani G, Morovati SP, Shamshiri AR, Nouri M,
Givi NE, Farhadi M. Prevalence of cardiovascular
disorders in Iranian patients suffering from
obstructive sleep apnea. ] Dent (Tehran).
2016;13(3):151-6.

Yeghiazarians Y, Jneid H, Tietjens JR, et al.
Obstructive Sleep Apnea and Cardiovascular
Disease: A Scientific Statement From the American
Heart Association [published correction appears
in Circulation. 2022 Mar 22;145(12):e775].
Circulation. 2021;144(3):e56-e67. doi:10.1161/
CIR.0000000000000988

Worsnop CJ, Naughton MT, Barter CE, Morgan
TO, Anderson Al, Pierce RJ. The prevalence of

1 1-6, Dec 2023 5



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

24.

25.

26.

27.

28.

29.

obstructive sleep apnea in hypertensives. Am
) Respir Crit Care Med. 1998;157(1):111-115.
doi:10.1164/ajrccm.157.1.9609063

Khamsai S, Mahawarakorn P, Limpawattana P,
Chindaprasirt ], Sukeepaisarnjaroen W, Silaruks
S et al . Prevalence and factors correlated with
hypertension secondary from obstructive sleep
apnea. Multidiscip Respir Med. 2021 ;16(1):777.
doi: 10.4081/mrm.2021.777.

Jinchai J, Khamsai S, Chattakul P, Limpawattana
P, Chindaprasirt J, Chotmongkol V, et al. How
common is obstructive sleep apnea in young
hypertensive patients? Intern Emerg Med. 2020.
doi: 10.1007/s11739-019-02273-3.

Dong R, Dong Z, Liu H, Shi F, Du J. Prevalence,
risk factors, outcomes, and treatment of obstructive
sleep apnea in patients with cerebrovascular
disease: A systematic review. J Stroke Cerebrovasc
Dis  2018; 27:1471-80. doi:  10.1016/].
jstrokecerebrovasdis.2017.12.048.

O’Connor GT, Caffo B, Newman AB, Quan SF,
Rapoport DM, Redline S, et al. Prospective study
of sleep - disordered breathing and hypertension:
the Sleep Heart Health Study. Am ] Respir Crit
Care Med. 2009; 179:1159-64. doi: 10.1164/
rccm.200712-18090C.

Kamil MA.Teng CL, Hassan SA.  Snoring
and breathing pauses during sleep in the
Malaysian  population. Respirology (Carlton,

Vic.).2007; 12(3), 375-380. doi: 10.1111/j.1440-
1843.2007.01030.x.

Koo P, Muntner P, Hall ME, Gjelsvik A, McCool
FD, Eaton CB. Relationship Between Risks for

30.

31.

32.

33.

34.

35.

Obstructive Sleep Apnea, Resistant Hypertension,
and Aldosterone Among African American Adults
in the Jackson Heart Study. American journal
of hypertension. 2022; 35(10):875-883. doi:
10.1093/ajh/hpac091.

Jehan S, Zizi F, Pandi-Perumal SR, Wall S, Auguste
E, Myers AK et al. Obstructive Sleep Apnea and
Obesity: Implications for Public Health. Sleep Med
Disord. 2017;1(4):00019.

Romero-Corral A, Caples SM, Lopez-Jimenez F,
Somers VK. Interactions between obesity and
obstructive sleep apnea: implications for treatment.
Chest. 2010; 137(3):711-9. doi: 10.1378/
chest.09-0360.

Xia Y, Liang C, Kang J, You K, Xiong Y. Obstructive
Sleep Apnea and Obesity Are Associated
with Hypertension in a Particular Pattern: A
Retrospective Study. Healthcare (Basel). 2023
;11(3):402. doi: 10.3390/healthcare11030402.
Kawada T, Katsumata M, Inagaki H, et al Sleep-
disordered breathing and disorders of glucose
metabolism. Diabetes Metab Syndr 2017; 11: 189-
191. doi: 10.1016/j.dsx.2016.09.001.

Kent BD, McNicholas WT, Ryan S. Insulin
resistance, glucose intolerance and diabetes
mellitus in obstructive sleep apnoea. ) Thorac Dis.
2015 ;7(8):1343-57.  doi: 10.3978/j.issn.2072-
1439.2015.08.11.

Medical Advisory Secretariat. Polysomnography in
patients with obstructive sleep apnea: an evidence-
based analysis. Ont Health Technol Assess Ser.
2006;6(13):1-38.

Mal J Med Health Sci 19(SUPP19): 1-6, Dec 2023



