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RESEARCH ARTICLE

Genetic variant in TNF-a gene and its plasma level in relation to obstructive

sleep apnoea in the Pakistani population

Abstract

Objective: To assess the link between tumour necrosis factor-alpha -308 guanine/adenine polymorphism and
tumour necrosis factor-alpha plasma levels in relation to obstructive sleep apnoea.

Method: The cross-sectional study was conducted from December 2018 to March 2021 at the sleep clinic of Dow
University Hospital, Karachi, on obstructive sleep apnoea patients and healthy controls. Epworth Sleep Scale score
was used to determine daytime sleepiness, while full-night polysomnography was carried out for obstructive sleep
apnoea confirmation and categorisation according to severity. Blood sample collection was followed by
deoxyribonucleic acid extraction and plasma tumour necrosis factor-alpha measurement using enzyme-linked
immunosorbent assay. Genotype distribution and allelic frequency were assessed. Data was analysed using SPSS 20.
Results: Out of the 225 subjects, with a mean age of 47.68+9.88 years, 132 (58.7%) were males, and 93 (41.3%) were
females. Among them, 150 (66.7%) were patients, and 75 (33.3%) were controls. Heterozygous tumour necrosis
factor-alpha -308 guanine/adenine genotypes were significantly higher among the patients (p<0.05). Minor allele -
308 adenine showed an association with obstructive sleep apnoea, its severity, higher tumour necrosis factor-alpha
levels, neck circumference, excessive daytime sleepiness and the presence of hypertension (p<0.05).

Conclusion: Tumour necrosis factor-alpha -308 adenine allele and higher tumour necrosis factor-alpha levels were
found to be linked with obstructive sleep apnoea. The polymorphism also showed an association with hypertension
in obstructive sleep apnoea patients.
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Introduction

Sleep is a normal biological activity, with a recurrent,
reversible state of decreased responsiveness to external
stimulil. It has a huge impact on our mental and physical
health, performance of tasks, and on overall quality of life
(QOL).

Inadequate or disrupted sleep is responsible for increased
risk to mental and physical health and general safety2.
Sleep-related breathing disorders (SRBDs) are a collection
of disorders characterised by breathing issues during
sleep. Among the SRBDs, obstructive sleep apnoea (OSA)
is a condition with serious cardiovascular and other
complications, and consequently necessitates early
diagnosis and treatment3.
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OSA is a disorder in which partial (hypopnoea) or
complete pharyngeal obstruction (apnoea) occurs during
sleep, with each episode lasting at least 10 seconds
involving reduced respiratory flow or complete
interruption of airflow, followed by arousal from sleep#.
Persons with OSA are barely aware of their respiratory
problems during sleep even upon awakening. The
severity of OSA can be defined by the number of
hypopnea/apnoea per hour of sleep, which is called the
Apnoea/Hypopnea Index (AHI), recorded through
polysomnography (PSG), which is the gold standard
diagnostic test for OSA4. OSA has drawn more attention in
the last few years due to a substantial increase in
prevalence rate; 23.4% and 49.7% in females and males,
respectivelys.

OSA is increasingly recognised as a major
contributor/cause  of metabolic  dysregulation,
hypertension, diabetes, stroke and other cardiovascular
diseases (CVDs) as well as mortality It is also the cause of
serious neurocognitive problems, such as impaired
snoring, excessive daytime sleepiness (EDS), diminished
mental alertness, compromised QOL, and road
accidents®’. Findings are not conclusive for the aetiology

Vol. 74, No.1 (Suppl. 2), February 2024



1st International Conference on Biomedical Sciences

and pathophysiology of OSA and its related
comorbidities. Previously, the picture of the association
between OSA and CVDs was not adequately clear due to
the presence of confounding factors, like obesity, but
recent data supports this link independent of obesitys.
Certain studies described that OSA triggers the similar
pathways as does obesity?.

Multiple intermediary mechanisms have been suggested
for OSA and its associated comorbidities, like persistent
sympathetic stimulation, endothelial damage, oxidative
stress, elevated inflammatory mediators, etc.!%. Recent
data reinforced that inflammation is a significant correlate
of OSA, and several OSA comorbidities can be causally
described by underlying inflammatory processes’. The
concept of inflammation as an intermediate mechanism is
strengthened by the fact that OSA subject show changes
in the mucosal and muscular layers of the upper airway
that can affect the airways contractility, stiffness and
collapsibility!!l,

OSA patients represent a wide range of clinical variability
in their phenotype because some patients with severe
OSA do not display severe symptoms, while some
patients with mild OSA have different cardio-metabolic or
neurocognitive symptoms?. This considerably different
clinical presentation of OSA and end-organ morbidities
describe multifactorial pathophysiology which could
involve the presence of genetic predisposition and
environmental factors. Grandner MA et al2 defined
inflammation as a correlate of OSA, and a connecting
mechanism for apnoea and CVDs. Some inflammatory
markers, like tumour necrosis factor-alpha (TNF-a),
interleukin-1 (IL-1) and IL-6, have shown a relationship
with sleep disruption in animal models.2

TNF-a is an important cytokine in inflammatory
responses. It acts as an immunostimulant and
immunosuppressant. Irregularity in its production and
distribution has been associated with various diseases’.
Researches have shown that both increase and decrease
in TNF-a levels are associated with sleep disturbance’.

The TNF-a gene, with four exons and three introns, is
positioned on chromosome 6p21.31. Studies show that
TNF-a 308 guanine/adenine (G/A) has a significant impact
on the TNF- a transcription levels. This polymorphic site
could have two alleles; the G allele is considered the major
allele, and the A allele is considered the minor allele!2, The
minor allele at this location has been suggested to
stimulate transcription action and is associated with
numerous immune-related diseases.

Studies have described the association of TNF-a with
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higher incidence and severity of OSA in some
populations!3. Kheyrandish at el. showed that TNF-a
induced encouragement of the nuclear factor kappa B
(NF-kB) pathway, followed by the stimulation of nitric
oxide (NO) synthase, cyclooxygenase 2 (COX-2), and
adenosine A1 receptors (A1ARs), all of which are related
to the regulation of sleep’. A study on American children
with OSA discovered the significance of the TNF-a -
308G/A polymorphism in increasing serum TNF-a levels
and linking this to the presence of EDS symptoms!4.
Another study investigated the Indian population and
reported that the frequency of the minor allele (-308A)
was twice as high in OSA subjects as in controls!s. Studies
described the activation of NF-kB in OSA, which is
associated with TNF-a and might be responsible for the
aggravation of CVD symptoms in these subjects 16,

This is the gene that has previously shown a relationship
with CVDs® so there might be a connection between OSA
and associated comorbidities. However, there are many
differences in the existing data for the role of this gene
and cytokine levels, which demonstrate a significant role
of genetics as well as environmental factors and lifestyle
influences in different populations, and which, to our
knowledge, has not been evaluated in Pakistani
population yet.

Although the exact mechanisms responsible for the
initiation and progression of OSA and the intermediate
mechanisms by which OSA causes comorbidities are not
fully understood, one of the proposed mechanisms that
speak of TNF-a gene involvement!5 needs to be evaluated
in the local population. The current study was planned to
assess the link between TNF-a -308 G/A polymorphism
and TNF-a plasma levels in relation to OSA.

Patients and Methods

The cross-sectional study was conducted from December
2018 to March 2021 at the sleep clinic of Dow University
Hospital, Karachi. After approval from the institutional
ethics review board, the sample size was calculated using
OpenEpi online calculator!”. The sample was raised using
sequential sampling technique. Those included were
patients with snoring, symptoms of apnoea with an
indication of PSG, or daytime sleepiness with ESS score
>9. Epworth Sleep Scale (ESS) scores tell the excessive
daytime sleepiness and therefore the probability of
apnoeal8. Patients were selected after verification of
apnoea by PSG (Alice 6 LDX, Philips Respironics, United
States). Controls with matching age and gender were
selected from among Dow University of Health Sciences
(DUHS) and Karachi Institute of Radiotherapy and Nuclear
Medicine (KIRAN) faculty and employees as well as from
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the general population. Those who were pregnant, had
recent surgery, or with a serious illness were excluded.
PSG tests reveal the characteristics of sleep stages and
AHI.  OSA cases were classified as mild (AHI: 5-15),
moderate (AHI: 15-30) and severe (AHI > 30) apnoea®.

Medical and demographic information was compiled
using a pre-designed form.

Written informed consent was obtained from all the
participants. After PSG recording, 5mL of venous blood
was collected at 6-8am in the morning using vacuum
tubes containing ethylenediaminetetraacetic (EDTA) acid.
The sample was processed in a centrifuge machine at
2000rpm for 20 minutes for plasma separation, followed
by storage at -80°C until the next run. Commercial
enzyme-linked immunosorbent assay (ELISA) kits (DIA
site, S.A. Belgium) were used, according to the
manufacturer’s protocol for temperature control and
procedure steps. Dichromatic readings were obtained,
followed by the average of repeated detections.
Deoxyribonucleic acid (DNA) extraction was performed
using a kit (Thermo-Scientific Gene JET Genomic DNA
Purification Kit, USA; Pub. No: MAN0012663). The purity
and yield of the DNA were tested by spectrophotometry
at 260-280nm. Absorbance ratio A260/280 ranged 1.8 to
2.0. Allele-specific polymerase chain reaction (PCR) was
performed on an analyser (Bio-Rad CFX96 Real-Time
System Analyser, USA) using the relevant kit (SYBR Green
quantitative PCR kit, Thermo-Scientific, USA). The primers
used (Table 1) included: Common forward primer:
CTGCATCCCCGTCTTTCTCC;  Wild reverse primer:
ATAGGTTTTGAGGGGCATCG; Mutant reverse primer:
ATAGGTTTTGAGGGGCATCA.

The extracted DNA samples were run separately on PCR
using wild-type (WT) reverse and mutant reverse primers.
The PCR products were then analysed for the presence of
the selected single nucleotide polymorphisms (SNPs). Gel
electrophoresis was performed using agarose gel
prepared with Tris/Borate/EDTA (TBE) buffer. The resolved
product was analysed based on its size with 850bp and
the ladder size was 1kb.

Data was analysed using SPSS 20. Shapiro-Wilk test was
used to check data normality. Parametric tests, such as
independent sample t-test, analysis of variance (ANOVA)
and chi-square test, were used as appropriate. The
confidence interval (Cl) was 95%, and p<0.05 was
considered significant.

Results
Out of the 225 subjects, with a mean age of 47.68+9.88
years, 132 (58.7%) were males, and 93 (41.3%) were
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Table-1: PCR reaction conditions.
PCR Reaction Condition for Tumour necrosis factor-a gene —308G/A (rs1800629)

Product Size: 850 base pair

Step Temperature and Time No. of cycles
Initial denaturation 95 o Cfor 3 minutes 1
Denaturation 95 0 Cfor 45 second (30 cycles)
Annealing 55 o Cfor 80 seconds (30 cycles)
Extension 72 0 (120 seconds (30 cycles)
Final Extension 720 C 7 minutes 1

PCR: Polymerase chain reaction.

Table-2: Anthropometric and clinical characteristics of the participants (n=225).

Characteristics Total Sample Controls Cases
Mean + SD Mean + SD Mean +SD p-value*

Age (years) 4768 +9.88 4635+1118  4835+9.13 0.152
Weight (kg) 8860+£2025  7143+1475  97.18+16.92 <0.001
Height (cm) 165.83+9.28  166.42+£1046  164.91+863 0.251
BMI (kg/m2) 3213733 2565+5.15 35.37+£5.99 <0.001
Neck Circumference  40.94 +4.62 37.21£345 4277 +3.96 <0.001
(cm)

Waist Gircumference 10657 +19.91  94.33+13.58  112.62+19.81 <0.001
(cm)

Hip Crcumference  11262+1948  10253+£11.91  117.60 +20.57 <0.001
(cm)

Systolic BP (mmHg) 13258 +11.47  12520+10.60 13637 +10.05 <0.001

Diastolic BP (mmHg) ~ 80.56 +8.62 80.33+6.84 80.67 £9.40 0.785
Epworth sleepiness 11.54+6.64 407 +£2.63 15.27 £4.55 <0.001
scale score

Apnoea Hypopnoea  36.76 +19.89 36.76 £19.89 - -
Index (n=150)

Tumour necrosis 9.28+5.27 3.74+£1.62 12.06 +4.15 <0.001

factor-a (pg/ml)

*p<0.05 was considered significant.
SD: Standard deviation, BMI: Body mass index, BP: Blood pressure.

Table-3: Genotype and allelic frequencies for tumour necrosis factor alpha (-308))
between the groups.

Gene SNP Controls Cases

TNF-a -308 rs1800629 Genotype n (%) n(%) p-value*
GG 73(97.3)  129(86.0)  0.008
GA 2(27) 21(14.0)
AA - -
Alleles
G 148(98.6)  279(93.00  0.009
A 2(1.4) 21(7.0)

*p<0.05 was considered significant.
SNP: Single nucleotide polymorphism, TNF-a: Tumour necrosis factor-alpha.

females. Among them, 150 (66.7%) were patients, and 75
(33.3%) were controls. Detailed characteristics of both the
groups were noted (Table 2). Hypertension was the most
common comorbidity in OSA patients 83(55.3%)
compared to controls 16(21.3%). TNF-a -308 G/G was the
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Table-4: Comparison of tumour necrosis factor-alpha (TNF-a) levels with genotype
variations between the groups.

TNF-a Genotype TNF-a Plasma levels

Controls Cases
Mean+SD  P-value Mean £ SD  P-value*

GG 3.65£1.54
GA 7.01x£0.74 0.003

11.50 +3.99
1550 +3.45  <0.001

*p<0.05 was considered significant. SD: Standard deviation.

Genotvpe frequency of the TNF-a (-308)
P-value 0.016

120.0%
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Figure: Genotype distribution for tumour necrosis factor-alpha (TNF-a( -308 gene according to obstructive sleep

apnoea (0SA) severity (p=0.016).

Table-5: Association of tumour necrosis factor-alpha (TNF-a) gene polymorphism with
anthropometric and clinical characteristics (n=150).

Characteristics G/G G/A p-value*
n (%) n (%)

Hypertension Absent 67(51.9) 0(0.0 <0.001
Present 62 (48.1) 21(100.0)

Diabetes Absent 106(82.2) 18(85.7) 0.691
Present 23(17.8) 3(143)

Asthma Absent 96 (74.4) 15(71.4) 0.772
Present 33(25.6) 6(28.6)

Characteristics G/G G/A p-value

Mean + SD Mean + SD

Weight (kg) 96.06+17.17  10405+13.74 0.045

Height (cm) 164.95+862  164.60 +8.91 0.863

BMI (kg/m2) 3501+6.09 37.55+494 0.072

Neck Circumference (cm) 42.41+4.01 4493 +2.99 0.007

Waist Circumference (cm) 4.12+784 4571+7.59 0.388

Hip Circumference (cm) 46.14+8.15 4728 +7.89 0.552

Systolic BP (mmHg) 135394959 14167 +11.32 0.008

Diastolic BP (mmHg) 79.77 £9.37 86.19+7.73 0.003

Epworth sleepiness scale score 14.89 £4.59 17.62£3.58 0.010

Apnoea Hypopnea Index 3553£19.59  4429+2057 0.061

Tumour necrosis factor-a (pg/ml) 11.50£3.99 1550 £3.45 <0.001

*p<0.05 was considered significant. SD: Standard deviation, BMI: Body mass index.
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most common genotype, but was more common in
controls compared to OSA (p=0.008) (Table 3). The
incidence of heterozygous genotype G/A was 5 times
higher in the OSA group compared to the controls. There
was no homozygous A/A genotype in the subjects. The
frequency of minor allele A was 5 times higher in the OSA
group. The association of heterozygous G/A genotype
with OSA severity was significant (p=0.016) (Figure). The
presence of minor alleles was associated with higher
levels of its related cytokine (Table 4).
Minor allele A was positively associated
with hypertension, daytime sleepiness,
and serum TNF-a levels (Table5).

Discussion

§24% The participants of the current study were

from the cosmopolitan, multi-ethnic city
of Karachi. Both groups were matched for
age and gender. Hypertension was the
most common comorbidity in the OSA

ITf% group, with more than half of them having
high blood pressure (p<0.001). The
current findings described a considerably

Severe DS A

higher prevalence of heterozygous G/A
variant in the OSA group with a 5 times
higher frequency of a minor allele (Table
2). The heterozygous G/A variant was also
found to be associated with OSA severity
(Figure).

Wilson et al. found that substitution of G to A at position -
308 was more prominent in OSA. According to Riha et
al.,, the 308A allele was more common in British OSA
subjects compared to controls (28% vs. 18%)20,
Almpanidou et al. analysed population samples from
Greece and reported similar findings2!l. The present
findings were in line with these studies.

Khalyfa et al. in Chicago!5 examined 4 TNF-a SNPs,
rs1800629 (-308), rs361525 (-238), rs2228088 (-256), and
rs30993665 (-948), and discovered the significance of the
TNF-a -308G/A substitution to affect TNF-a levels and its
link with EDS. No association was reported for the other
SNPs tested. Similarly, the current study explained the link
of elevated TNF-a levels with heterozygous TNF-a -
308G/A genotype and with daytime sleepiness.

Bhushan et al. scrutinised this link in 207 Indian subjects
and found minor allele to be twice as high in OSA patients
as in those without OSA (28% vs 13%). TNF-a -308G/A OSA
carriers had higher serum TNF-a levels compared to WT
carriers of OSA!5, SNP -308G/A was described to have
involvement in the alteration and regulation of the cell
and the specific regulation of TNF-a transcription!4,
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There are studies showing that the TNF-a gene was not
associated with OSA. The frequency of the -308 A allele in
the Polish group (n=179) was 14% and 12% while in the
Turkish group, it was 13% and 11% (n=111) in OSA and
controls, respectively?2. None of these studies believed
that this SNP played any significant role in OSA in their
respective populations.

Behboudi et al. presented contrary results, with higher
frequency of TNF-a -308 A allele (27% in controls
compared to 23% in cases) in the Swedish subjects, and
suggested that these results were due to the presence of
confounding diseases, such as diabetes, hypertension
and heart disease, in the controls, but they did not report
positive conclusion for this association!3. However, the
current findings explained the link between the minor
allele and OSA, and evaluated that OSA subjects with G/A
genotype had higher ESS scores compared to OSA
subjects with the G/G variant (Table 4).

A 2016 study with a large sample of the Chinese
population, including 750 OSA cases and 800 controls,
identified the association of minor allele A in TNF
rs1800629 -308 with OSA susceptibility, but not with OSA
severity?3. Though, the present findings also explained
the relationship between minor alleles with severity
(Figure 1), the study did not find A/A homozygosity at
position -308 in the subjects. Similar findings were
reported by Popko et al. for the Polish population, but the
frequency of G/A genotype was not higher in OSA22, Saba
N. et al. also described the rare occurrence of the
homozygous minor allele A/A in a Pakistani study with
asthmatic patients24 while there was no association of the
minor allele with asthma in the current population.

It is noteworthy that 91.3% G/A carriers had OSA and all
(100%) had hypertension, reflecting the strong link of
minor alleles with the presence of hypertension in OSA.

It can be said that genetic factors predispose people to
OSA, followed by negative conditions, such as apnoea,
hypopnoea, sleep fragmentation and sympathovagal
imbalance, as well as genetic predisposition, exacerbated
hypertension, and other comorbidities.

OSA is a common cause of many CVDs and a well-known
risk for EDS-related driving and occupational accidents.
The prevalence of this disease is steadily increasing, and
research is needed now more than ever to prevent OSA or
decrease its severity. Synergistic approaches that
combine different types of genetic analysis, such as
genome scans, genome-wide association studies,
microarrays, etc., are needed?s.

PSG is an expensive, time-consuming method and cannot
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be tolerated by many patients. Measurement of plasma
TNF-a can be considered before PSG to assess high-risk
individuals. Larger samples are recommended for
longitudinal studies. Based on the available findings, it
seems necessary to investigate the role of other
inflammatory genes.

Conclusion

The was a strong association of OSA with the presence of
minor alleles TNF-a -308A (rs1800629). Also, the degree of
expression of the SNP significantly correlated with OSA
and its severity in the Pakistani population. OSA patients
with G/A genotype had higher TNF-a levels compared to
OSA subjects with G/G genotype. The SNP was also linked
to OSA-related co-morbidity, like hypertension. Plasma
TNF-a may be helpful in the identification of OSA patients
requiring immediate intervention.

Disclaimer: None.
Conflict of Interest: None.
Source of Funding: None.

References

1. Mograss MA, Cartwright RD, Foulkes D, Ellenbogen JM, Dang-Vu
TT. Sleep: Biology. [Online] 2023 [Cited 2023 April 10]. Available
form URL: https://www.britannica.com/science/sleep

2. Grandner MA, Alfonso-Miller P, Fernandez-Mendoza J, Shetty S,
Shenoy S, Combs D. Sleep: important considerations for the
prevention of cardiovascular disease. Curr Opin Cardiol
2016;31:551-65. doi: 10.1097/HCO.0000000000000324.

3. Adegunsoye A, Ramachandran S. Etiopathogenetic mechanisms
of pulmonary hypertension in sleep-related breathing disorders.
Pulm Med 2012;2012:273591. doi: 10.1155/2012/273591.

4. Mullins AE, Kam K, Parekh A, Bubu OM, Osorio RS, Varga AW.
Obstructive Sleep Apnea and Its Treatment in Aging: Effects on
Alzheimer's disease Biomarkers, Cognition, Brain Structure and
Neurophysiology. Neurobiol Dis 2020;145:105054. doi:
10.1016/j.nbd.2020.105054.

5. Drzazga J, Cyganek B. An LSTM Network for Apnea and Hypopnea
Episodes Detection in Respiratory Signals. Sensors (Basel)
2021;21:5858. doi: 10.3390/521175858.

6. Patil SP, Ayappa IA, Caples SM, Kimoff RJ, Patel SR, Harrod CG.
Treatment of Adult Obstructive Sleep Apnea With Positive Airway
Pressure: An American Academy of Sleep Medicine Systematic
Review, Meta-Analysis, and GRADE Assessment. J Clin Sleep Med
2019;15:301-34. doi: 10.5664/jcsm.7638.

7. Kheirandish-Gozal L, Gozal D. Obstructive Sleep Apnea and
Inflammation: Proof of Concept Based on Two Illustrative
Cytokines. Int J Mol Sci 2019;20:459. doi: 10.3390/ijms20030459.

8. Michailidis V, Steiropoulos P, Nena E, Papanas N, Maltezos E,
Bouros D. Continuous positive airway pressure treatment: effect
on serum lipids in patients with obstructive sleep apnoea. Open

Cardiovasc Med J 2011;5:231-8. doi:
10.2174/1874192401105010231.
9. Pack Al, Gislason T. Obstructive sleep apnea and cardiovascular

disease: a perspective and future directions. Prog Cardiovasc Dis
2009;51:434-51. doi: 10.1016/j.pcad.2009.01.002.

10.  Liu PK, Chiu TY, Wang NK, Levi SR, Tsai MJ. Ocular Complications
of Obstructive Sleep Apnea. J Clin Med 2021;10:3422. doi:

Vol. 74, No.1 (Suppl. 2), February 2024



1st International Conference on Biomedical Sciences

11.

12.

13.

14.

15.

16.

17.

18.

10.3390/jcm10153422.

Boyd JH, Petrof BJ, Hamid Q, Fraser R, Kimoff RJ. Upper airway
muscle inflammation and denervation changes in obstructive
sleep apnea. Am J Respir Crit Care Med 2004;170:541-6. doi:
10.1164/rccm.200308-11000C.

Abd El-Raheem T, Mahmoud RH, Hefzy EM, Masoud M, Ismail R,
Aboraia NMM. Tumor necrosis factor (TNF)-a- 308 G/A gene
polymorphism (rs1800629) in Egyptian patients with alopecia
areata and vitiligo, a laboratory and in silico analysis. PLoS One
2020;15:€0240221. doi: 10.1371/journal.pone.0240221.

Behboudi A, Thelander T, Yazici D, Celik Y, Yucel-Lindberg T,
Thunstrom E, et al. Association of TNF-a (-308G/A) Gene
Polymorphism with Circulating TNF-a Levels and Excessive
Daytime Sleepiness in Adults with Coronary Artery Disease and
Concomitant Obstructive Sleep Apnea. J Clin Med 2021;10:3413.
doi: 10.3390/jcm10153413.

Khalyfa A, Serpero LD, Kheirandish-Gozal L, Capdevila OS, Gozal D.
TNF-a gene polymorphisms and excessive daytime sleepiness in
pediatric obstructive sleep apnea. J Pediatr 2011;158:77-82. doi:
10.1016/j.,jpeds.2010.07.032.

Bhushan B, Guleria R, Misra A, Luthra K, Vikram NK. TNF-alpha
gene polymorphism and TNF-alpha levels in obese Asian Indians
with obstructive sleep apnea. Respir Med 2009;103:386-92. doi:
10.1016/j.rmed.2008.10.001.

Minoguchi K, Tazaki T, Yokoe T, Minoguchi H, Watanabe Y,
Yamamoto M, et al. Elevated production of tumor necrosis factor-
alpha by monocytes in patients with obstructive sleep apnea
syndrome. Chest 2004;126:1473-9. doi: 10.1378/chest.126.5.1473.
Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source
Epidemiologic Statistics for Public Health, Version: 3.01. [Online]
2013 [Cited 2023 December 23]. Available from URL:
https://www.openepi.com/Menu/OE_Menu.htm

Guo Q, Song WD, Li W, Zeng C, Li YH, Mo JM, et al. Weighted

19.

20.

21.

22.

23.

24,

25.

S-13

Epworth sleepiness scale predicted the apnea-hypopnea index
better. Respir Res 2020;21:147. doi: 10.1186/512931-020-01417-w.
Wilson AG, di Giovine FS, Blakemore Al, Duff GW. Single base
polymorphism in the human tumour necrosis factor alpha (TNF
alpha) gene detectable by Ncol restriction of PCR product. Hum
Mol Genet 1992;1:353. doi: 10.1093/hmg/1.5.353.

Riha RL, Brander P, Vennelle M, McArdle N, Kerr SM, Anderson NH,
et al. Tumour necrosis factor-alpha (-308) gene polymorphism in
obstructive sleep apnoea-hypopnoea syndrome. Eur Respir J
2005;26:673-8. doi: 10.1183/09031936.05.00130804.

Almpanidou P, Hadjigeorgiou G, Gourgoulianis K, Papadimitriou
A. Association of tumor necrosis factor-a gene polymorphism (-
308) and obstructive sleep apnea-hypopnea syndrome.
Hippokratia 2012;16:217-20.

Popko K, Gorska E, Potapinska O, Wasik M, Stoklosa A,
Plywaczewski R, et al. Frequency of distribution of inflammatory
cytokines IL-1, IL-6 and TNF-alpha gene polymorphism in patients
with obstructive sleep apnea. J Physiol Pharmacol 2008;59(Suppl
6):607-14.

Zhang Z, Wang Q, Chen B, Wang Y, Miao Y, Han L. Association
study of genetic variations of inflammatory biomarkers with
susceptibility and severity of obstructive sleep apnea. Mol Genet
Genomic Med 2019;7:e801. doi: 10.1002/mgg3.801.

Saba N, Yusuf O, Rehman S, Munir S, Bashir N, Mansoor A, et al.
Association of Tumor Necrosis Factor Alpha 308 G/A
Polymorphism with Asthma in Pakistani Population. Iran J Allergy
Asthma Immunol 2015;14:287-91.

Kaditis AG, Gozal D, Khalyfa A, Kheirandish-Gozal L, Capdevila OS,
Gourgoulianis K, et al. Variants in C-reactive protein and IL-6
genes and susceptibility to obstructive sleep apnea in children: a
candidate-gene association study in European American and
Southeast European populations. Sleep Med 2014;15:228-35. doi:
10.1016/j.sleep.2013.08.795.

J Pak Med Assoc (Suppl. 2)

Open Access



