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Liver enzymes in obstructive sleep apnoea syndrome
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ABSTRACT

Background: Obstructive sleep apnea syndrome (OSAS) is a common form of sleep disordered breathing. OSAS is 
associated with the cluster of metabolic abbreations that comprise the metabolic syndrome, including nonalcoholic fatty 
liver disease. Aims and Objectives: We investigated the effects of OSAS and its treatment with short term nasal continuous 
positive airway pressure (CPAP) therapy on serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) 
levels. Materials and Methods: We studied 20 adult males and postmenopausal female aged 50-60 years with OSAS. 
None had hepatitis B antigen or C antibody positive, autoimmune disease, an alcohol intake higher than 20 g/day or on 
regular use of hepatotoxic drugs. Abdominal ultrasound was done to establish the presence of fatty liver. Serum levels of 
AST and ALT were determined at baseline and after nasal CPAP treatment. Results: The baseline ALT and AST values 
were within normal limits. There was no significant change in ALT (25.9 ± 4.7 vs. 26.2 ± 3.4 after CPAP, P > 0.05) and AST 
(27.5 ± 2.0 vs. 24.6 ± 1.8, P > 0.05) values after one night of CPAP treatment. Conclusion: Serum aminotransferase may 
have limited use in assessing liver damage in the OSAS patients. Short term CPAP therapy doesn’t seem have beneficial 
effects on serum aminotransferase levels in patients of OSAS.

KEY WORDS: Obstructive Sleep Apnea Syndrome; Continuous Positive Airway Pressure; Nonalcoholic Fatty Liver 
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a breathing 
disorder during sleep that is characterized by repetitive 
episodes of upper airway occlusion leading to periods of 
apnea along with loud, frequent snoring and excessive day 
sleepiness.[1] With the increasing obesity epidemic past 
decade has seen a rapid increase in the number of patients 
being referred for OSAS. Indeed in many centers, possible 
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OSAS is now among the most common respiratory referrals 
and is a common outpatient respiratory diagnosis.[2] The 
prevalence of OSAS is estimated to be 3-7% in men and 
2-5% in women.[3] In a recent survey OSAS is estimated 
to be present in 41% of patients with a body mass index 
(BMI) >28.[4] This prevalence is similar in magnitude to the 
prevalence of some diseases considered to be major public 
health issues such as diabetes mellitus and asthma.[1] One 
recent study estimated that 93% of women and 82% of 
men with moderate to severe OSAS remain undiagnosed 
emphasizing the importance of vigilant evaluation for clinical 
signs and symptoms of OSAS.[5] It is well established that 
patients of OSAS exhibit various metabolic abnormalities 
like insulin resistance, systemic hypertension, dyslipidemia, 
obesity and oxidative stress including non-alcoholic fatty 
liver disease (NAFLD).[6-9] NAFLD is the most common 
chronic liver disease. NAFLD is a spectrum, the mildest form 
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being simple hepatic steatosis without inflammation, next is 
non-alcoholic steatohepatitis (NASH) and more severe form 
of NAFLD is cirrhosis and less frequently hepatocellular 
carcinoma. It now affects 30% of the general population and 
60-70% of patients who have diabetes or are obese.[10,11] In 
OSA, there occurs chronic intermittent hypoxia (CIH) during 
sleep; CIH induces lipid peroxidation and inflammation in 
the livers of mice on a high-fat, high-cholesterol diet.[12] It 
is seen that hepatocytes from fatty livers have increased 
sensitivity to anoxia.[13] and frequent hypoxic episodes in 
patients with OSA could hinder hepatic function. Thus 
hypoxia in OSA plays a role in pathogenesis of NAFLD by 
predisposing to liver injury. Savransky et al.[12] demonstrated 
CIH induced oxidative stress in the livers of mice model of 
OSA. Hence OSA and NAFLD may be considered related 
based on fact that they share common clinical predictors like 
central obesity, dyslipidemia and insulin resistance.[14,15]

Numerous treatment options are being considered for NAFLD, 
but, with a possible exception of a moderate benefit from 
antioxidant vitamin E, effective therapy is still lacking.[16,17] 
Continuous positive airway pressure therapy (CPAP) remains 
the first line of treatment in OSAS. Studies have shown 
that metabolic derangements like insulin resistance and 
dyslipidemia induced by OSAS can be reversed by CPAP.[18,19] 
Studies on the effect of CPAP treatment on liver enzymes are 
very limited and inconclusive.

Thus we aimed at measuring the levels of liver enzymes 
serum alanine transaminase (ALT) and aspartate transaminase 
(AST) in patients of OSAS and to assess the effect of short 
term CPAP treatment on liver enzymes.

MATERIALS AND METHODS

We studied 20 adult males and postmenopausal females 
(M = 13, F = 7) aged 50-60 years, attending the respiratory 
medicine Outpatient Department of VPCI, New Delhi with 
symptoms suggestive of OSAS. A detailed clinical data of 
the patients including their demographics and sleep habits 
was collected. History of hypertension, diabetes mellitus, or 
dyslipidemia was also recorded. All subjects were administered 
the Epworth sleepiness scale (ESS) questionnaire. A score 
of >10 on ESS was taken as evidence for excessive daytime 
sleepiness.[20] After getting the institutional ethical clearance, 
consent was obtained from all participants in the informed 
consent form. Patients with severe respiratory disease, forced 
expiratory volume 1 <50% predicted, respiratory failure on 
the basis of ABG analysis, consuming psychotropic drugs, 
on regular use of hepatotoxic drugs, already being treated for 
OSA, alcohol intake higher than 20 g/day, history of known 
liver disease, liver transplantation etc., hepatitis B antigen 
and hepatitits C antibody positive were excluded from the 
study. All subjects underwent overnight polysomnography 
(PSG) in the sleep laboratory for confirmation of diagnosis.

Anthropometry

Height and weight were measured using standard methods[21] 
and the BMI was calculated using the following formula-
weight in kg/(height in m)2. The circumference of the neck 
was measured at the cricothyroid membrane level. All the 
measurements were performed by the same observer.

Blood Pressure

Blood pressure readings were obtained as an average across 
2 measurements with the patients in supine position using a 
manual cuff sphygmomanometer.[22]

PSG

A split-night (diagnostic and CPAP titration done on the same 
night) PSG was performed in all of the subjects. All subjects were 
acclimatized in the sleep lab one night prior to sleep study. PSG 
was done (RemlogicTM version 1.1, Embla N7000, Medcare, 
Netherland) with a standard montage of electroencephalogram, 
electro-oculogram and electromyogram signals, pulse 
oximetry, respiratory impedance, nasal airflow measurements, 
thoracoabdominal movements, limb movements, body position 
and electrocardiogram. Apneas were defined as decrements in 
air flow ≥90% from baseline for ≥10 sec. Hypopneas were 
defined as a ≥30% decrease in flow lasting at least 10 sec 
and associated with a ≥4% oxyhemoglobin desaturation. 
The number of apneas and hypopneas per hour of sleep was 
calculated to obtain the apnea-hypopnea index (AHI). OSA 
was defined as an AHI score of 5 or more events per hour. 
The data were scored manually by a sleep technician according 
to the recommendations of the American Academy of Sleep 
Medicine.[23] Following diagnosis and CPAP titration, patients 
were given short term CPAP treatment at prescribed pressures 
for one night.

Ultrasound

Abdominal ultrasound was performed by a trained radiologist 
who was unaware of the participant’s characteristics. Normal 
liver parenchyma was seen as solid homogenous echo 
texture, which was midway between the renal cortex and 
pancreatic echogenicity. Hepatic steatosis included increased 
echogenicity and sound attenuation.[24] All subjects included 
in the study had evidence of fatty liver on ultrasound.

Biochemical Investigations

Venous fasting blood samples were collected early in the 
morning before the patient got out of bed for assessment of 
liver enzymes. Sampling was done twice- first baseline before 
sleep study during acclimatization and second after short term 
CPAP therapy. All samples collected were stored at - 80°C.

Liver Enzymes

Serum aminotransferases AST and ALT was measured at 
340 nm using colorimetric method described by Reitman and 
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Frankel.[25] The reactions involved in the determination of 
AST activity are as follows, the oxaloacetate produced by the 
transaminase serves as substrate for malate dehydrogenase 
by which it is reduced to malate in the presence of 
dihydronicotinamide-adenine dinucleotide (NADH), which 
is simultaneously oxidized. NADH has an absorbance peak 
at 340 nm which is not shown by the oxidized form, and the 
decrease in absorbance at this wavelength provides a means 
for the measurement of the transaminase activity. Similar 
principles are employed in the measurement of ALT activity.

Statistical Analysis

All the data were expressed as mean ± ‎standard error of the 
mean. Paired t-test with two tail significance was used to 
compare the changes in study parameters in the same patient 
before and after CPAP treatment. The tests were considered 
significant if they yielded P < 0.05.

RESULTS

The results presented here are the data collected from 20 
OSAS patients who stayed for the full length of the study. All 
our subjects were middle aged, obese, had severe OSA and 
excessive daytime sleepiness. The complete anthropometric 
details including blood pressure and ESS are given in Table 1.

The baseline ALT and AST values were within normal limits. 
There was no significant change in ALT (P > 0.05, Table 2) 
and AST (P > 0.05, Table 2) values after one night of CPAP 
treatment.

DISCUSSION

The main outcome of the present study is that there is no 
elevation of liver enzymes in patients of OSAS. Several 
studies suggest that in patients of OSAS there occurs liver 
damage due to the nocturnal CIH. Oxidative stress and lipid 
peroxidation in the liver leads to inflammation that plays a key 
role in the progression of NAFLD.[26-28] Damage to the liver 
classically results in a leak of serum aminotransferases (AST 
and ALT) into the blood stream. Since serum levels of AST 
and ALT are the most commonly used as screening tools to 
identify fatty liver disease, in the present study we used these 
measurements as a surrogate marker for suspected NAFLD.[29] 
Although there is no single standard cutoff point for abnormal 
liver function tests levels, the most commonly used criterion 
is a value of ≥40 U/L for both ALT and AST.[30] Few authors 
like Polotsky et al.[31] and Aron-Wisnewsky et al.[32] similar to 
the present study reported normal range serum ALT and AST 
values in bariatric population with a BMI >45, regardless 
of the severity of OSA and NASH. It is worthy to note that 
liver biopsy of patients in both studies showed evidence of 
NASH with ballooning and liver fibrosis. Further, Tatsumi 
and Saibara.[33] reported a direct correlation between a serum 

marker of liver fibrosis, Type III pro-collagen, triglyceride 
and fasting plasma glucose, but not ALT or AST. The 
reason behind such an observation is not yet clear. Possible 
explanations could be that though serum ALT and AST are 
considered as desirable non-invasive biomarkers of NAFLD, 
they are neither sensitive nor specific to diagnose NAFLD and 
characterize its severity.[34] Also, Jun et al.[35] demonstrated 
that lipid peroxidation is increased in the liver due to CIH 
in animal modal of OSA, but serum aminotransferases 
remained within the normal range suggesting the possibility 
that histopathological changes in the liver are not always 
associated with a concomitant increase in biochemical 
markers. Moreover the NASH clinical research network 
currently recommends serum ferritin to identify NAFLD 
patients at risk for NASH than serum aminotransferases.[36] 
However, the sensitivity and specificity of ferritin for the 
diagnosis of NASH are relatively low[37] and liver biopsy 
remains the gold standard for diagnosis and staging of 
NAFLD.[34] We also investigated the effects of short term 
treatment of CPAP on liver enzymes. We did not observe any 
change in the liver enzymes following CPAP therapy. Our 
findings are in agreement with the only randomized placebo 
controlled study by Kohler et al.[38] who did not find any effect 
of therapeutic CPAP treatment for 4 weeks on liver enzymes 
compared to sham CPAP. Sivam et al.[39] in a randomized 
double-blinded sham controlled trial of CPAP for 8 weeks 
reported no effect of CPAP on liver enzyme. In contrast to 

Table 1: Baseline anthropometric, blood pressure and 
sleep characters

Subjects (n=20) Mean±SEM
Age (years) 54.6±4.3
Sex M=13, F=7
BMI (kg/m2) 33.8±2.3
Systolic blood pressure (mmHg) 132.1±3.6
Diastolic blood pressure (mmHg) 86.4±2.1
NC (cm) 39.0±1.0
ESS 13.0±0.7
AHI (/h) 45.6±8.1
Sleep efficiency (%) 90.4±1.4
Oxygen desaturation events (/h) 44.6±8.1
Average snore episode duration (sec) 0.4±0.06

NC: Neck circumference, ESS: Epworth sleepiness score, 
AHI: Apnea‑hypopnea index, CPAP: Continuous positive airway 
pressure, SEM: ‎Standard error of the mean, BMI: Body mass index

Table 2:Comparison of liver enzymes before and after 
CPAP treatment

Liver enzymes Before CPAP After CPAP
Serum ALT (U/L) 25.9±4.7 26.2±3.4
Serum AST (U/L) 27.5±2.0 24.6±1.8

CPAP: Continuous positive airway pressure, ALT: Alanine 
transaminase, AST: Aspartate transaminase
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the present study Chin et al.,[40] demonstrated abnormal 
serum aminotransferase levels in 35% of obese OSAS 
patients included in the study. Before treatment, AST levels 
were higher in the morning than in the previous afternoon. 
The overnight mean increases in serum aminotransferase 
levels were less marked after the first night of CPAP 
treatment. Improvements in serum aminotransferase levels 
were maintained after 1 and 6 months of CPAP treatment. 
Several cross-sectional studies have reported elevated levels 
of liver enzymes in patients with OSAS. Shpirer et al.[41] 
demonstrated increased ALT, AST, and alakaline phosphate 
in adult patients with moderate to severe OSA. In a study 
by Gude et al.[42] serum gamma glutamine transferease levels 
directly correlated with a degree of nocturnal hypoxemia 
in OSA patients. However, all of the above studies lacked 
a control group. Few cross-sectional studies that compared 
OSA patients to control subjects like Kheirandish-Gozal 
et al.[43] reported significantly higher serum ALT levels in 
children with OSA compared to controls. Also, Jouët et al.[44] 
demonstrated a higher prevalence of abnormal liver enzymes 
in patients with OSA compared to those without OSA. Thus, 
overall evidence that OSAS has an effect on liver enzyme 
levels remains inconclusive.

Our study has several limitations. Firstly, the liver enzymes 
were not compared with normal controls. Secondly, the 
sample size was too small to draw conclusions. Thirdly, 
the duration for which CPAP therapy was administered was 
also short. Finally liver biopsy to confirm NAFLD was not 
performed.

CONCLUSION

In conclusion, our data show that oxidative stress in the 
circulation during CIH does not necessarily reflect organ 
damage and that serum markers may be of limited use in 
assessing liver damage in the OSAS patients. Also, short 
term CPAP therapy doesn’t seem have beneficial effects on 
serum aminotransferase levels in patients of OSAS.

ACKNOWLEDGMENTS

We thankfully acknowledge, Dr. V.K. Vijayan, former 
Director, V. P. Chest Institute, for making the sleep laboratory 
accessible for us and MS. Kuldeep Patial for the technical 
help and sleep study analysis.

REFERENCES

1.	 Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The 
occurrence of sleep-disordered breathing among middle-aged 
adults. N Engl J Med. 1993;328(17):1230-5.

2.	 Douglas NJ. Recent advances in the obstructive sleep apnea/
hypopnea syndrome. Med Sess. 2003;31:6.

3.	 Punjabi NM. The epidemiology of adult obstructive sleep 

apnea. Proc Am Thorac Soc. 2008;5(2):136-43.
4.	 Vgontzas AN, Tan TL, Bixler EO, Martin LF, Shubert D, 

Kales A. Sleep apnea and sleep disruption in obese patients. 
Arch Intern Med. 1994;154(15):1705-11.

5.	 He J, Kryger MH, Zorick FJ, Conway W, Roth T. Mortality and 
apnea index in obstructive sleep apnea. Experience in 385 male 
patients. Chest. 1988;94(1):9-14.

6.	 Lam JC, Lam B, Lam CL, Fong D, Wang JK, Tse HF, et al. 
Obstructive sleep apnea and the metabolic syndrome in 
community-based Chinese adults in Hong Kong. Respir Med. 
2006;100(6):980-7.

7.	 Lavie L, Vishnevsky A, Lavie P. Evidence for lipid peroxidation 
in obstructive sleep apnea. Sleep. 2004;27(1):123-8.

8.	 Katsoulis K, Kontakiotis T, Spanogiannis D, Vlachogiannis E, 
Kougioulis M, Gerou S, et al. Total antioxidant status in patients 
with obstructive sleep apnea without comorbidities: The role 
of the severity of the disease. Sleep Breath. 2011;15(4):861-6.

9.	 Dyken ME, Somers VK, Yamada T, Ren ZY, Zimmerman MB. 
Investigating the relationship between stroke and obstructive 
sleep apnea. Stroke. 1996;27(3):401-7.

10.	 Krieger J, McNicholas WT, Levy P, De Backer W, Douglas N, 
Marrone O, et al. Public health and medicolegal implications 
of sleep apnoea. Eur Respir J. 2002;20(6):1594-609.

11.	 Younossi ZM, Stepanova M, Afendy M, Fang Y, Younossi Y, 
Mir H, et al. Changes in the prevalence of the most common 
causes of chronic liver diseases in the United States from 1988 
to 2008. Clin Gastroenterol Hepatol. 2011;9(6):524-30.

12.	 Savransky V, Bevans S, Nanayakkara A, Li J, Smith PL, 
Torbenson MS, et al. Chronic intermittent hypoxia causes 
hepatitis in a mouse model of diet-induced fatty liver. Am J 
Physiol Gastrointest Liver Physiol. 2007;293(4):G871-7.

13.	 Caraceni P, Ryu HS, Subbotin V, De Maria N, Colantoni A, 
Roberts L, et al. Rat hepatocytes isolated from alcohol-induced 
fatty liver have an increased sensitivity to anoxic injury. 
Hepatology. 1997;25(4):943-9.

14.	 Douglas NJ. Sleep apnea. In: Longo DL, Fauci AS, Kasper DL, 
Hauser SL, Jameson J, Longo LJ, et al., editors. Harrison’s 
Principles of Internal Medicine. 18th ed. New York: McGraw-
Hill; 2012. p. 2186-9.

15.	 Eckel RH. The metabolic syndrome. In: Longo DL, Fauci AS, 
Kasper DL, Braunwald E, Hauser SL, Jameson L, et al., editors. 
Harrison’s Principles of Internal Medicine. 18thed. New York: 
McGraw-Hill; 2012. p. 1992-7.

16.	 Kashi MR, Torres DM, Harrison SA. Current and emerging 
therapies in nonalcoholic fatty liver disease. Semin Liver Dis. 
2008;28(4):396-406.

17.	 Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, 
Diehl AM, Bass NM, et al. Pioglitazone, vitamin E, or 
placebo for nonalcoholic steatohepatitis. N Engl J Med. 
2010;362(18):1675-85.

18.	 Robinson GV, Pepperell JC, Segal HC, Davies RJ, Stradling JR. 
Circulating cardiovascular risk factors in obstructive sleep 
apnoea: Data from randomised controlled trials. Thorax. 
2004;59(9):777-82.

19.	 Sharma SK, Agrawal S, Damodaran D, Sreenivas V, 
Kadhiravan T, Lakshmy R, et al. CPAP for the metabolic 
syndrome in patients with obstructive sleep apnea. N Engl J 
Med. 2011;365(24):2277-86.

20.	 Johns MW. A new method for measuring daytime sleepiness: 
The Epworth sleepiness scale. Sleep. 1991;14(6):540-5.

21.	 Arkansas Center for Health Improvement. A Training Manual 



Sadasivam et al.� Liver enzymes in OSAS

869	 National Journal of Physiology, Pharmacy and Pharmacology  2017 | Vol 7 | Issue 8

for Height and Weight Assessment. Available from: http://
www.achi.net.Manual.pdf. [Last accessed on 2010 Nov 21].

22.	 British Hypertension Society Guidelines. Available from: 
http://www.guidance.nice.org.uk/CG127/NICEGuidance/pdf/
English. [Last accessed on 2011 Aug 24].

23.	 Iber C, Ancoli-Israel S, Chesson A, Quan S. The AASM 
Manual for the Scoring of Sleep and Associated Events: Rules, 
Terminology and Technical Specifications. 1st ed. Westchester: 
American Academy of Sleep Medicine; 2007.

24.	 Mishra P, Younossi ZM. Abdominal ultrasound for diagnosis of 
nonalcoholic fatty liver disease (NAFLD). Am J Gastroenterol. 
2007;102(12):2716-7.

25.	 Reitman S, Frankel S. A colorimetric method for the 
determination of serum glutamic oxalacetic and glutamic 
pyruvic transaminases. Am J Clin Pathol. 1957;28(1):56-63.

26.	 Robertson G, Leclercq I, Farrell GC. Non alcoholic steatosis 
and steatohepatitis II Cytochrome P-450 enzymes and 
oxidative stress. Am J Physiol Gastrointest Liver Physiol. 
2001;281:G1135-9.

27.	 McCullough AJ. Pathophysiology of non alcoholic 
steatohepatitis. J Clin Gastroenterol. 2006;40:S17-29.

28.	 Oliveira CP, Faintuch J, Rascovski A, Furuya CK, Bastos Mdo S, 
Matsuda M, et al. Lipid peroxidation in bariatric candidates 
with non alcoholic fatty liver disease (NAFLD) - Preliminary 
findings. Obes Surg. 2005;15:502-5.

29.	 Yu AS, Keeffe EB. Elevated AST or ALT to nonalcoholic fatty 
liver disease: Accurate predictor of disease prevalence? Am J 
Gastroenterol. 2003;98(5):955-6.

30.	 Seist G, Schiele F, Galteau M, Panek E, Steinmertz J, Fagnani F, 
et al. Aspartate aminotransferase and alanine aminotransferase 
activities in plasma: Statistical distributions, individual 
variations, and reference values. Clin Chem. 1975;151:260-5.

31.	 Polotsky VY, Patil SP, Savransky V, Laffan A, Fonti S, 
Frame LA, et al. Obstructive sleep apnea, insulin resistance, 
and steatohepatitis in severe obesity. Am J Respir Crit Care 
Med. 2009;179(3):228-34.

32.	 Aron-Wisnewsky J, Minville C, Tordjman J, Lévy P, 
Bouillot JL, Basdevant A, et al. Chronic intermittent hypoxia 
is a major trigger for non-alcoholic fatty liver disease in morbid 
obese. J Hepatol. 2012;56(1):225-33.

33.	 Tatsumi K, Saibara T. Effects of obstructive sleep apnea 
syndrome on hepatic steatosis and non alcoholic steatohepatitis. 
Hepatol Res. 2005;33:100-4.

34.	 Clark JM, Diehl AM. Nonalcoholic fatty liver disease: An 
underrecognized cause of cryptogenic cirrhosis. JAMA. 
2003;289(22):3000-4.

35.	 Jun J, Savransky V, Nanayakkara A, Bevans S, Li J, Smith PL, 
et al. Intermittent hypoxia has organ-specific effects on 
oxidative stress. Am J Physiol Regul Integr Comp Physiol. 
2008;295(4):R1274-81.

36.	 Kim CW, Chang Y, Sung E, Shin H, Ryu S. Serum ferritin 
levels predict incident non-alcoholic fatty liver disease in 
healthy Korean men. Metabolism. 2012;61(8):1182-8.

37.	 Kowdley KV, Belt P, Wilson LA, Yeh MM, 
Neuschwander-Tetri BA, Chalasani N, et al. Serum ferritin is 
an independent predictor of histologic severity and advanced 
fibrosis in patients with nonalcoholic fatty liver disease. 
Hepatology. 2012;55(1):77-85.

38.	 Kohler M, Pepperell JC, Davies RJ, Stradling JR. Continuous 
positive airway pressure and liver enzymes in obstructive sleep 
apnoea: Data from a randomized controlled trial. Respiration. 
2009;78(2):141-6.

39.	 Sivam S, Phillips CL, Trenell MI, Yee BJ, Liu PY, Wong KK, 
et al. Effects of 8 weeks of continuous positive airway pressure 
on abdominal adiposity in obstructive sleep apnoea. Eur 
Respir J. 2012;40(4):913-8.

40.	 Chin K, Nakamura T, Takahashi K, Sumi K, Ogawa Y, 
Masuzaki H, et al. Effects of obstructive sleep apnea syndrome 
on serum aminotransferase levels in obese patients. Am J Med. 
2003;114(5):370-6.

41.	 Shpirer I, Copel L, Broide E, Elizur A. Continuous positive 
airway pressure improves sleep apnea associated fatty liver. 
Lung. 2010;188(4):301-7.

42.	 Gude F, Rey-Garcia J, Fernandez-Merino C, Meijide L, García-
Ortiz L, Zamarron C, et al. Serum levels of gamma-glutamyl 
transferase are associated with markers of nocturnal hypoxemia in 
a general adult population. Clin Chim Acta. 2009;407(1-2):67-71.

43.	 Kheirandish-Gozal L, Sans Capdevila O, Kheirandish E, 
Gozal D. Elevated serum aminotransferase levels in children 
at risk for obstructive sleep apnea. Chest. 2008;133(1):92-9.

44.	 Jouët P, Sabaté JM, Maillard D, Msika S, Mechler C, Ledoux S, 
et al. Relationship between obstructive sleep apnea and liver 
abnormalities in morbidly obese patients: A prospective study. 
Obes Surg. 2007;17(4):478-85.

How to cite this article: Sadasivam K, Patial K, Ravi K, 
Aiyyavo S. Liver enzymes in obstructive sleep apnoea 
syndrome. Natl J Physiol Pharm Pharmacol 2017;7(8):865-869.

Source of Support: Nil, Conflict of Interest: None declared.


