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Abstract

BACKGROUND

Obstructive sleep apnea (OSA) has been suggested as an independent risk factor
for nonalcoholic fatty liver disease (NAFLD), and continuous positive airway
pressure (CPAP) is the first-line therapy for OSA.

AIM

To clarify the efficacy of effective CPAP therapy on NAFLD of OSA patients by
serum markers and transient elastography (TE) using FibroScan® (Echosens, Paris,
France).

METHODS

We prospectively enrolled 123 consecutive patients with OSA who met the
indications for CPAP. Liver fibrosis and steatosis were assessed using TE. Before
and after 6 mo of CPAP therapy, serum markers and TE were assessed for all
patients. The mean usage rate of CPAP therapy for 6 mo was arbitrarily calculated
in each patient and expressed as “mean compliance index” (m-CI).

RESULTS

In 50 OSA patients with NAFLD, both aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels were significantly decreased after 6 mo of
CPAP therapy. Univariate analysis showed that decreased body weight (BW),
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decreased body mass index (BMI), decreased AST level, decreased hemoglobin
Alc, and high m-CI were significantly related with improved ALT level. In
multivariate regression model adjusted for quantities of BW change during 6 mo
of CPAP therapy, high m-CI tended to improve ALT level (P = 0.051). All 17 OSA
patients with NAFLD, high m-CI and no BMI changes showed significant
improvements in AST and ALT levels. Meanwhile, no significant changes in TE
data or serum fibrosis markers were seen.

CONCLUSION

Some NAFLD could be associated with chronic intermittent hypoxia due to OSA
independent of BW changes. In those cases, adequate reoxygenation from
effective CPAP therapy may improve NAFLD.

Key Words: Nonalcoholic fatty liver disease; Obstructive sleep apnea; Continuous positive
airway pressure; Chronic intermittent hypoxia; Transient elastography

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Obstructive sleep apnea (OSA) is a condition of chronic intermittent hypoxia
(CIH) during sleep. We evaluated the efficacy of reoxygenation by adequate effective
continuous positive airway pressure (CPAP) therapy for liver injury in nonalcoholic
fatty liver disease (NAFLD) with OSA patients. The results indicate that effective
CPAP therapy for 6 mo in OSA patients with NAFLD could significantly improve
serum transaminase activities independent of body weight (BW) changes. Some
NAFLD patients could be associated with CIH due to OSA independent of BW
changes. We propose that all NAFLD patients be analyzed by polysomnography for the
diagnosis of OSA if any symptoms related to OSA become apparent.

Citation: Hirono H, Watanabe K, Hasegawa K, Kohno M, Terai S, Ohkoshi S. Impact of
continuous positive airway pressure therapy for nonalcoholic fatty liver disease in patients with
obstructive sleep apnea. World J Clin Cases 2021; 9(19): 5112-5125

URL: https://www.wjgnet.com/2307-8960/full/v9/i19/5112 . htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i19.5112

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) seems to be becoming the most common
liver disease worldwide as virus-related liver diseases are being successfully
addressed. NAFLD affects 20%-40% of the general population in Western countries[1,
2], and 9%-30% of the Japanese population[3,4]. Overnutrition and/or lack of exercise
leads to metabolic syndrome, including visceral obesity, impaired glucose tolerance,
dyslipidemia, and hypertension. NAFLD is also considered as the hepatic
manifestation of metabolic syndrome. However, whether NAFLD represents a risk
factor for cardiovascular disease and cerebral vessel disease remains unclear[5-8].
NAFLD encompasses a large spectrum of histological liver alterations, ranging from
simple steatosis to steatosis accompanied by hepatocellular injury, inflammation, and
fibrosis, termed nonalcoholic steatohepatitis (NASH). NASH has the potential to
progress to cirrhosis, which is an established risk factor for hepatocellular carcinoma.
In this setting, NAFLD is considered a major public issue all over the world, and
improved treatment is imperative. However, the pathogenesis is still poorly
understood, and effective pharmacotherapy as an adjunct to lifestyle modifications has
yet to be established.

Obesity is the highest risk factor for NAFLD and is known to be frequently
complicated by obstructive sleep apnea (OSA). OSA is a common medical condition
characterized by repetitive partial or complete obstruction of the upper airway,
resulting in increased negative intrathoracic pressure, sleep fragmentation, and
chronic intermittent hypoxia (CIH) during sleep. Several experimental studies have
demonstrated that CIH from OSA may be relevant to the presence and severity of
NAFLD[9-11]. Moreover, OSA is independently associated with an increased
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prevalence of metabolic syndrome[12] and also leads to chronic systemic inflam-
mations, insulin resistance, and liver injury. Repetitive hypoxia/reoxygenation during
the transient cessation of breathing in OSA resembles ischemia/reperfusion injury and
is known to promote production of reactive oxygen species, leading to oxidative stress
[13]. Savransky et al[10] demonstrated that CIH in lean mice led to lipid peroxidation
of liver tissue and increased levels of the active proinflammatory transcription factor
nuclear factor kappa PBin the nuclear fraction of hepatocytes, suggesting that CIH
induces oxidative stress in the liver[10].

Continuous positive airway pressure (CPAP) therapy can treat upper airway
collapse during sleep, and is now accepted as the standard and first-line therapy in the
current management of OSA. The benefits of CPAP therapy have been demonstrated
and established in terms of decreasing hypoxic events and daytime sleepiness, and of
ameliorating metabolic and cardiovascular diseases[14-16]. Whether CPAP therapy
improves the liver injury of NAFLD with OSA has been controversial[17-24].
However, several recent studies have suggested that adequate oxygenation by CPAP
therapy during sleep for longer than 3 mo is associated with improvements in liver
enzymes[25-31], steatosis[20], and fibrosis[28]. Adherence to CPAP therapy could also
be a key point in the effectiveness against liver injury in NAFLD with OSA [25,28,30,
31].

Liver biopsy is the gold-standard method for diagnosing and assessing severity of
hepatic steatosis and for staging fibrosis in NAFLD. However, this method is invasive
and associated with pain and a small risk of serious complications. Instead, liver
stiffness measurement (LSM) using transient elastography (TE) is a non-invasive,
simple-to-perform, totally innocuous, and reproducible method to assess liver fibrosis,
and has been demonstrated to be effective in NAFLD. On the other hand, a non-
invasive method for assessing hepatic steatosis has also been needed. As fat affects
ultrasound propagation, a novel attenuation parameter has been developed to detect
and quantify steatosis. This parameter, controlled attenuation parameter (CAP), is
based on the ultrasonic properties of the reflected radiofrequency signals acquired by
TE using the FibroScan® M probe (3.5 MHz; Echosens, Paris, France)[32]. Although
many reports have demonstrated the efficacy of CPAP therapy for liver enzyme,
hepatic steatosis, and fibrosis in NAFLD with OSA, evaluations by LSM and CAP
using the FibroScan® are not well known. We therefore undertook the present study to
evaluate the efficacy of adequate effective CPAP therapy for liver injury in NAFLD
with OSA by LSM and CAP using FibroScan® along with serological parameters.

MATERIALS AND METHODS
Study population

In a prospective cohort study, we identified patients from October 2016 to September
2018 who presented to our sleep laboratory with symptoms of snoring, with or
without witnessed episodes of sleep apnea or daytime sleepiness. Patients were
analyzed by polysomnography (PSG) for the diagnosis of OSA in an overnight hospit-
alization, and initially, 123 patients who were diagnosed with moderate to severe OSA
[apnea-hypopnea index (AHI) > 15 events/h] and started CPAP therapy were consec-
utively enrolled. Of all the OSA patients, 15 patients who withdrew from CPAP
therapy because of distress or transfer to a different hospital within 6 mo, 8 patients
who had received previous treatment with CPAP and/or an oral appliance, 8 patients
for whom serum samples could not be obtained at all or sufficiently, 3 patients who
were found to have severe type 2 diabetes mellitus and started treatment, 2 patients
who had a medical history of hepatitis virus B or C, 2 patients with excessive inflam-
mation by serum examination, and 1 patient who experienced extreme weight loss due
to prostatic cancer during CPAP therapy were excluded. In addition, 14 patients
showing alcohol consumption > 30 g/d for men or > 20 g/d for women were also
excluded. Finally, 70 patients were investigated in this study (Figure 1).

Informed consent was obtained from each patient prior to enrolment in this study.
The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the institutional review board of The Nippon Dental
University School of Life Dentistry at Niigata, No. ECNG-H-247.

Study protocol

All 70 OSA patients were classified into following two groups according to the
presence of fatty liver evaluated by ultrasonography (US): A Normal group and an
NAFLD group (Figure 1). The NAFLD group was defined as the group in which
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patients were diagnosed with the presence of fatty liver by high-resolution US (Xario
SSA-660A; Toshiba, Tokyo, Japan) evaluated by four trained and experienced
gastroenterologists regardless of the presence or absence of elevated serum liver
enzymes. The Normal group was defined as the remaining patients without fatty liver.
The definition of fatty liver by US was the decisive presence of bright hepatic
echogenicity compared with the right kidney and posterior attenuation of the echo
beam. All subjects with moderate to severe OSA were treated by auto-CPAP under a
set pressure range of 4-16 hPa for 6 mo.

Clinical and laboratory assessments including TE measurements for the two groups
were performed at the diagnosis of OSA. To investigate the influences of CPAP
therapy on NAFLD with OSA, patients from the NAFLD group were re-evaluated
after 6 mo of CPAP therapy in a similar manner. In terms of compliance with CPAP
therapy for 6 mo for all patients in the NAFLD group, those meeting the following
conditions were re-selected and used to assess the impact of CPAP therapy for
NAFLD: (1) alanine aminotransferase (ALT) = 30 U/L at diagnosis of OSA; (2) good
compliance with CPAP therapy for 6 mo, as defined below (Compliance with CPAP
therapy for 6 mo); and (3) change in body mass index (BMI) during the 6-month CPAP
period was <+1kg/m?

Clinical and laboratory assessments

Patients were investigated for clinical data (age, sex, weight, and height) and
completed a questionnaire regarding underlying pathologies (type 2 diabetes,
hypertension, hyperlipidemia, or hyperuricemia). Body weight and height were
measured using digital scales, and BMI was calculated by dividing weight (in
kilograms) by the square of height (in meters). Venous blood samples were obtained in
the morning following overnight fasting for 12 h. Laboratory evaluations in all patients
included aspartate aminotransferase (AST), ALT, y-glutamyl transpeptidase (GGT),
albumin, uric acid, triglycerides (TG), low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol (HDL-C), high-sensitivity C-reactive protein (hs-CRP),
hemoglobin (Hb)Alc, Mac-2-binding protein glycan isomer (M2BPGi), type IV
collagen 7 s, and platelet count. Insulin resistance was also evaluated using the
homeostasis model assessment-insulin resistance (HOMA-IR) method as follows:
HOMA-IR = fasting glucose (mg/dL) x fasting plasma insulin (uIU/mL)/405[33].

Measurement of TE

LSM and CAP measurements were investigated by FibroScan® performed by the
aforementioned four trained gastroenterologists, who were blinded to the clinical data
of the patients. All patients were measured using a 3.5-MHz standard M probe. After
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the patients had fasted overnight, FibroScan® was performed on the right lobe through
the intercostal spaces with the patient in a dorsal decubitus position and the right arm
in maximal abduction[34]. For LSM, the examination was considered reliable if 10
valid measurements were obtained and interquartile range/median LSM was less than
30%.

Compliance with CPAP therapy for 6 mo

In this study, compliance with CPAP therapy for 6 mo in each patient was determined
from the mean usage rate of CPAP therapy for 6 mo, arbitrarily defined as “mean
compliance index” (m-CI). This value was calculated in each patient as: m-CI = [sum of
the following calculations for each of the 6 mo of treatment: [(CPAP usage rate of days
per calendar month) x (ratio of days of CPAP use for > 4 h/d to total days of CPAP
use in the same calendar month)]/6 mo. Compliance with CPAP therapy for 6 mo was
defined as “good” for m-CI > 0.5.

Statistical analysis

Results are expressed as mean and standard deviation (SD) for quantitative variables
and as frequencies with percentages for categorical variables. The Shapiro-Wilk
normality test was used to ascertain the normality of data distributions in a
population. Comparisons between two groups were analyzed using Student's t-test for
equal variances or Welch's t-test for unequal variances if data were normally
distributed, and the Mann-Whitney U test if data were not normally distributed.
Within-group comparisons were examined by a paired f-test for normally distributed
data or the Wilcoxon signed-rank test for non-normally distributed data. Categorical
variables were compared using chi-square test or Fisher’s exact test. Values of P < 0.05
were considered statistically significant. All statistical analyses were performed using
JMP® version 13.2 software (SAS Institute, Cary, NC, United States).

RESULTS

Characteristics of patients

We prospectively enrolled 123 consecutive patients (74.8% men; age, 56.3 + 13.6 years;
BMI, 26.5 + 4.7 kg/m?) with moderate to severe OSA who met the indications for
treatment with CPAP by PSG (data not shown). A total of 70 patients (47 men, 23
women) were finally included in this study, with 20 patients in the Normal group and
50 patients in the NAFLD group. Clinical and laboratory evaluations of the two groups
are shown in Table 1. Clinical features of the two groups were similar in terms of sex
ratio and underlying diagnosis. However, BMI was significantly higher in the NAFLD
group (27.57 £ 0.6 kg/m?) than in the Normal group (23.05 + 0.97 kg/m? P < 0.001).
Blood samples from all patients of the two groups were available for analysis before
CPAP therapy. AST, ALT, GGT, uric acid, TG, hs-CRP, and HOMA-IR were all
significantly higher in the NAFLD group than in the Normal group (P < 0.05 each). On
the other hand, HDL-C was significantly lower in the NAFLD group than in the
Normal group (P = 0.0017). Regarding liver fibrosis, no significant difference was
found between groups in M2BPGi, type IV collagen 7 s, or platelet count. Assessments
of liver fibrosis (LSM) and steatosis (CAP measurement) by FibroScan® before CPAP
therapy were also available for all patients. Both LSM and CAP were significantly
higher in the NAFLD group than in the Normal group (P = 0.0101 and P < 0.001,
respectively).

Influences of CPAP therapy on the liver in OSA patients of the NAFLD group
Influences of CPAP therapy on the liver were evaluated in a total of 50 OSA patients
from the NAFLD group. Data were compared between before and after 6 mo of CPAP
therapy (Table 2). AST and ALT levels after 6 mo of CPAP therapy were significantly
lower than those before CPAP therapy in all 50 patients (P = 0.005 and P = 0.021,
respectively), and body weight (BW) tended to be decreased (P = 0.076). However, no
significant difference in CAP measurement was evident between before and after 6 mo
of CPAP therapy (P = 0.987), and LSM (P = 0.617) and all other serum fibrosis markers
showed the same result. In OSA patients of the Normal group, no significant
differences in data between before and after CPAP therapy were seen for any
measured values (data not shown).
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Table 1 Baseline characteristics of normal and nonalcoholic fatty liver disease groups

Normal group (n = 20) NAFLD group (n = 50) Pvalue
Demographics
Age (yr) 61.5+10.3 54.7 +14.1 0.0301
Male sex, 1 (%) 12 (60) 35 (70) 0.421
BMI (kg/m?) 23.05 +0.97 27.57 0.6 <0.001
History, n (%)
Type 2 diabetes 0(0) 6 (12) 0.1052
Hypertension 10 (50) 20 (40) 0.4450
Hyperlipidemia 2 (10) 16 (32) 0.0571
Hyperuricemia 1(5) 2(4) 0.852
Biochemical parameter
AST (U/L) 212+42 28.2+10.9 0.0035
ALT (U/L) 18.7 £5.6 37.6+19.1 <0.001
GGT (U/L) 23.7+153 45.6 £40.0 0.0008
Albumin (g/dL) 4.57 £0.07 457 £0.35 0.9545
Uric acid (mg/dL) 518 £1.02 581+1.17 0.048
TG (mg/dL) 91.0 £58.6 138.3 £ 66.9 0.0015
LDL-C (mg/dL) 125.9+29.4 133.9 +£35.9 0.3754
HDL-C (mg/dL) 68.5+17.7 55.9+129 0.0017
hs-CRP (mg/dL) 0.0396 + 0.0413 0.1545 + 0.2423 0.0028
HbAlc (%) 5.82+0.35 6.16 +0.78 0.1835
HOMA-IR 1.14+1.14 231+1.70 0.0002
Serum fibrosis markers
M2BPGi 0.460 + 0.206 0.507 £0.226 0.4201
Type IV collagen 7s (ng/mL) 3.09 +£0.54 3.07 £0.69 0.6767
Platelet count (x 10*/pL) 24.00 +5.47 25.28 £ 6.49 0.4197
Transient elastography measurements
LSM (kPa) 3.72+0.88 4.80+2.21 0.0101
CAP (dB/m) 2257 +41.3 304.2 +51.7 <0.001

Data are presented as mean * standard deviation or number of patients (percentage). Comparisons between two groups were analyzed using Student's ¢-
test, Welch’s t-test, or Mann-Whitney U test, as appropriate. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index;
CAP: Controlled attenuation parameter; GGT: y-glutamyl transpeptidase; HbAlc: Hemoglobin Alc; HDL-C: High-density lipoprotein cholesterol; HOMA-
IR: Homeostasis model assessment-insulin resistance; hs-CRP: High-sensitivity C-reactive protein; LDL-C: Low-density lipoprotein cholesterol; LSM: Liver
stiffness measurement; M2BPGi: Mac-2-binding protein glycan isomer; NAFLD: Nonalcoholic fatty liver disease; TG: Triglycerides.

Uni- and multivariate regression models for factors associated with improved ALT

level in OSA patients with NAFLD

In 50 OSA patients from the NAFLD group, relationships between improvement of
ALT level and other factors for 6 mo of CPAP therapy were evaluated (Table 3). In
univariate analyses, the factors of decreased BW, BMI, AST level and HbAlc and the
factor of high m-CI after 6 mo of CPAP therapy were significantly related with
improvement of ALT level (P < 0.05 each). In the multivariate regression model
adjusted for quantities of BW change, the factor of high m-CI tended to be associated
with improved ALT level (p =-0.254, P = 0.051).
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Table 2 Comparison of data between before and after 6 mo of continuous positive airway pressure therapy in obstructive sleep apnea

patients with nonalcoholic fatty liver disease

n Before CPAP After 6 mo of CPAP Pvalue
Demographics
BW (kg) 50 75.6 +13.4 748 +13.0 0.076
BMI (kg/m?) 50 27.6+44 274+44 0.153
Biochemical parameter
AST (U/L) 50 282+109 247+75 0.005
ALT (U/L) 50 37.6+19.1 33.1+224 0.021
GGT (U/L) 50 45.6 £40.0 42.5+40.1 0.299
Albumin (g/dL) 50 4.57 £0.35 4.54 +£0.37 0.445
Uric acid (mg/dL)) 50 581+1.17 579+1.29 0.836
TG (mg/dL) 47 139.5 £ 67.8 126.0 +£54.8 0.105
LDL-C (mg/dL) 50 133.9 +£35.9 134.2+45.7 0.949
HDL-C (mg/dL) 50 55.9+129 56.1+11.4 0.866
hs-CRP (mg/dL) 49 0.154 +0.242 0.152 +0.205 0.953
HbAlc (%) 50 6.16 +0.78 6.06 + 0.55 0.120
HOMA-IR 47 228+1.73 246 +1.63 0.369
Serum fibrosis markers
M2BPGi 50 0.507 +0.226 0.539 +0.314 0.365
Type IV collagen 7s (ng/mL) 50 3.07 £ 0.69 3.09 £ 0.60 0.684
Platelet count (x 10*/pL) 49 25.28 + 6.49 24.78 + 6.43 0.257
Transient elastography measurements
LSM (kPa) 48 4.61+1.78 470 £1.94 0.617
CAP (dB/m) 48 304.0+52.2 303.9+44.1 0.987

Data are presented as mean * standard deviation. Data were examined by a paired f-test or the Wilcoxon signed-rank test, as appropriate. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; BW: Body weight; CAP: Controlled attenuation parameter; CPAP: Continuous
positive airway pressure; GGT: y-glutamyl transpeptidase; HbAlc: Hemoglobin Alc; HDL-C: High-density lipoprotein cholesterol; HOMA-IR:
Homeostasis model assessment-insulin resistance; hs-CRP: High-sensitivity C-reactive protein; LDL-C: Low-density lipoprotein cholesterol; LSM: Liver
stiffness measurement; M2BPGi: Mac-2-binding protein glycan isomer; m-CI: Mean compliance index; NAFLD: Nonalcoholic fatty liver disease; OSA:

Obstructive sleep apnea; TG: Triglycerides.
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Efficacy of adequate CPAP therapy for NAFLD with abnormal ALT in OSA patients

after excluding BMI change as a factor

Of the 50 OSA patients in the NAFLD group, 17 patients fulfilled the following three
conditions: (1) BMI change < £ 1.0 for 6 mo of CPAP therapy; (2) ALT level before
CPAP therapy 230 U/L; and (3) m-CI for 6 mo of CPAP therapy > 0.5. After excluding
the factor of BMI change, both AST and ALT levels were significantly decreased after 6
mo of good CPAP therapy in OSA patients with NALFD. However, no significant
improvement in CAP measurement including other factors was evident between
before and after 6 mo of CPAP therapy (Table 4).

DISCUSSION

To the best of our knowledge, this is the first prospective cohort study to investigate
the effects of reoxygenation by effective CPAP therapy for OSA patients with NAFLD
using TE by FibroScan®. This study demonstrated that effective CPAP therapy for 6
mo in OSA patients with NAFLD could significantly improve serum transaminase
activities independent of BW changes. However, no changes were seen in liver
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Table 3 Analyses of uni- and multivariate regression models for factors to improve alanine aminotransferase level in obstructive sleep

apnea patients with nonalcoholic fatty liver disease

Partial regression

Factor n L. Standard error B P value
coefficient

Univariate model

Decreased factors for 6 mo

BW 50 2.051 0.600 0.443 0.001

BMI 50 5.578 1.664 0.436 0.002

AST 50 1.318 0.134 0.818 <0.001

TG 47 0.030 0.036 0.124 0.407

LDL-C 50 -0.027 0.063 -0.061 0.674

HbAlc 50 11.076 4.064 0.366 0.009

HOMA-IR 47 0.521 1.496 0.052 0.729

M2BPGi 50 4126 7.657 0.078 0.593

LSM 48 1.871 1.656 0.164 0.264

CAP 48 0.020 0.047 0.064 0.667

m-CI for 6 mo of CPAP 50 -11.878 5.354 -0.305 0.031

therapy

Mutivariate regression model

m-CI for 6 mo of CPAP 50 -9.890 4.928 -0.254 0.051

therapy

The multivariate regression model was adjusted for quantities of BW change during the 6 mo of continuous positive airway pressure therapy. AST:

Aspartate aminotransferase; BMI: Body mass index; BW: Body weight; CAP: Controlled attenuation parameter; HbAlc: Hemoglobin Alc; HOMA-IR:

Homeostasis model assessment-insulin resistance; LDL-C: Low-density lipoprotein cholesterol; LSM: Liver stiffness measurement; M2BPGi: Mac-2-binding

protein glycan isomer; m-CI: Mean compliance index; TG: Triglycerides; B: Standardized partial regression coefficient.
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stiffness or steatosis from TE or serum fibrosis markers, or in insulin resistance, hs-
CRP, or other biochemical parameters.

We first compared anthropometric data, serum biochemical parameters, serum
fibrosis markers, and TE measurements between OSA patients of the NAFLD and
Normal groups before CPAP therapy. In the analysis of HOMA-IR, NAFLD with OSA
represented high insulin resistance as well as NALFD without OSA[35]. TE
measurement showed that LSM and CAP measurements in the NAFLD group were
significantly higher than those in the Normal group. We also examined hs-CRP in
OSA patients of the two groups before CPAP therapy. The concentration of hs-CRP is
known to offer a marker of systemic inflammation, and a low-level elevation of hs-
CRP level is known to be seen in metabolic syndrome, cardiovascular disease, type 2
diabetes, hypertension[36], some cancers[37], and NAFLDI[38]. In this study, hs-CRP
was significantly higher in OSA patients with NAFLD than in OSA patients without
NAFLD, presumably reflecting the systemic inflammation associated with NAFLD.

In 50 OSA patients with NAFLD, we compared data between before and after 6 mo
of CPAP therapy, and both AST and ALT levels were significantly decreased after
therapy compared to before. However, LSM and CAP measurement, and other serum
biochemical parameters including serum fibrosis markers, were unchanged after
therapy. On the other hand, BW tended to decrease after CPAP therapy (P = 0.076).
BW loss is known as the most important factor in improving abnormal transaminases
for NAFLD[39]. We then considered that improvement of abnormal transaminases in
OSA patients with NAFLD may depend more on BW loss than on the reoxygenation
achieved by effective CPAP therapy for 6 mo. We therefore next performed uni- and
multivariate regression analyses of factors associated with improved ALT level, partic-
ularly for the factor of compliance with CPAP therapy.

Compliance with CPAP therapy is one of the most influential factors for the effect-
iveness of the therapy and is an indispensable factor in this study. Good compliance
leads to adequate reoxygenation, but several factors can exert deleterious influences on
compliance. The most common reason for poor compliance cited by patients is a
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Table 4 Comparison of data between before and after 6 mo of continuous positive airway pressure therapy in 17 obstructive sleep

apnea patients of the nonalcoholic fatty liver disease group for whom alanine aminotransferase level was 2 30 U/L before continuous
positive airway pressure, mean compliance index was > 0.5, and body mass index changed < * 1 kg/m?

n Before CPAP After 6 mo of CPAP P value
Demographics
Age (yr) 17 571+122 - -
Male sex, number (%) 17 13 (76.4) - -
BW (kg) 17 74.36 +13.44 74.23 £13.27 0.7700
BMI (kg/m?) 17 27.02+4.36 27.03 +4.37 0.9691
Biochemical parameter
AST (U/L) 17 333+9.8 285+75 0.0167
ALT (U/L) 17 48.6+18.4 409+19.1 0.0177
GGT (U/L) 17 452+24.1 45.6 £29.9 0.8904
Albumin (g/dL) 17 451+0.36 4.50 £0.35 0.9071
Uric acid (mg/dL) 17 5.59 £ 0.86 545+1.14 0.3776
TG (mg/dL) 16 123.4+33.8 139.4 +48.8 0.0819
LDL-C (mg/dL) 17 145.8 +34.0 139.8 £34.5 0.3002
HDL-C (mg/dL) 17 583+128 5714139 0.5143
hs-CRP (mg/dL) 16 0.1087 £ 0.1202 0.0881 £ 0.0671 0.3740
HbA1c (%) 17 6.28 +0.92 6.16 + 0.62 0.2636
HOMA-IR 16 2.38+1.36 2.87+218 0.1436
Serum fibrosis markers
M2BPGi 17 0.519+0.215 0.556 +0.148 0.2151
Type IV collagen 7s (ng/mL) 17 3.35+0.70 3.40 £0.53 0.7018
Platelet count (x 10*/pL) 17 25.44 +7.30 24.65+5 .70 0.3100
Transient elastography
measurements
LSM (kPa) 17 4.59+£0.97 4.79 £1.42 0.3243
CAP (dB/m) 17 306.1 +58.2 319.8+43.3 0.2105

Data are presented as mean + standard deviation. Data were examined by a paired t-test or the Wilcoxon signed-rank test, as appropriate. m-CI = {sum of

the following calculations for each of the 6 mo of treatment: [Continuous positive airway pressure (CPAP) usage rate of days per calendar month] x (ratio
of days of CPAP use for > 4 h/d to total days of CPAP use in the same calendar month)}/6 mo. ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; BMI: Body mass index; BW: Body weight; CAP: Controlled attenuation parameter; CPAP: Continuous positive airway pressure; GGT: y-
glutamyl transpeptidase; HbAlc: Hemoglobin Alc; HDL-C: High-density lipoprotein cholesterol; HOMA-IR: Homeostasis model assessment-insulin
resistance; hs-CRP: High-sensitivity C-reactive protein; LDL-C: Low-density lipoprotein cholesterol; LSM: Liver stiffness measurement; M2BPGi: Mac-2-

binding protein glycan isomer; TG: Triglycerides.
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troublesome experience using CPAP every night[40]. Although compliance with CPAP
therapy is important, standardized evaluations remain lacking. Several studies have
used the term “adherence” as a definition of good compliance with CPAP therapy.
Kribbs et al[41] and Salepci et al[42] defined adherence as > 4 h per night for > 70% of
monitored days, and this definition has been used in many studies. Many prior studies
have also expressed adherence to CPAP therapy as mean + SD for hours per night[18,
21,22]. However, detail of the calculations used for this parameter have not been well
described. This study therefore originally quantified and expressed compliance with
CPAP therapy as a mean usage rate of therapy over 6 mo using a new value, m-CI. In
the multivariate regression model, the factor of m-CI for 6 mo of CPAP therapy tended
to be associated with improvements in ALT level (P = 0.051), indicating a high
probability that compliance with CPAP therapy was associated with improved ALT
level independent of BW changes during therapy. The number of participants in this
study was so small that the only adjusted factor in multivariate analysis was change in
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BW.

In addition, to confirm the effectiveness of adequate CPAP therapy for NAFLD with
OSA independent of BW changes, we conducted a comparison of biochemical
parameters and FibroScan® data between before and after 6 mo of CPAP therapy in 17
OSA patients with NAFLD who met the following three criteria: No BMI change (BMI
<+ 1kg/m? in 6 mo; high ALT level (ALT > 30 U/L) before therapy; and good CPAP
therapy for 6 mo (m-CI > 0.5). Both AST and ALT levels were significantly decreased
after 6 mo of CPAP therapy. However, LSM and CAP measurements including serum
fibrosis markers and other biochemical parameters were unchanged. This suggests
that reoxygenation by effective CPAP therapy for OSA patients with NAFLD first
might improve hepatitis, but does not first improve liver steatosis or fibrosis.
Moreover, hs-CRP representing systemic inflammation was also unchanged between
before and after CPAP therapy. As levels of hs-CRP were too low, there might be no
significant difference in this study. Other systemic inflammatory markers should be
considered.

Many studies have investigated the impacts of CPAP therapy on NAFLD with OSA.
Kohler et al[18] and Sivam et al[21] investigated the influences on liver enzymes of
NAFLD by CPAP therapies for relatively short durations in randomized controlled
trials (RCTs). However, no significant improvements in AST or ALT levels were seen
compared with controls in either study. On the other hand, several cohort studies have
demonstrated improvements in transaminase levels among NAFLD patients with OSA
following CPAP therapy for longer than 3 mo[17,19,26-28]. Likewise, a recent meta-
analysis indicated that CPAP therapy was associated with significant decreases in both
AST and ALT levels among OSA patients, and was more effective in OSA patients
receiving treatment for > 3 mo[25]. Similarly, the present study demonstrated that 6
mo of CPAP therapy improved both AST and ALT levels. An RCT to investigate the
impacts on NAFLD in OSA patients on CPAP therapy for > 3 mo is warranted.

The influences on liver steatosis and fibrosis of CPAP therapy remain controversial
in patients with NAFLD and OSA. Many techniques can be used to evaluate liver
steatosis. Sivam ef al[21] compared the percentage of intrahepatic lipid by liver volume
using magnetic resonance spectroscopy between 2 mo of therapeutic CPAP therapy
and 2 mo of sham therapy, finding no significant difference[21]. Moreover, short-term
(< 6 mo) CPAP therapy in other studies did not decrease liver fat as evaluated by liver
attenuation values on computed tomography (CT)[43,44]. Shpirer et al[19] also
evaluated liver steatosis by liver attenuation index from CT, but demonstrated a
significant improvement of liver steatosis with long-term (2-3 years) CPAP therapy
[19]. In the present study, we evaluated liver steatosis by CAP measurements of TE
using FibroScan®, finding that 6 mo of CPAP therapy did not significantly improve
liver steatosis. Improvement of liver steatosis from NAFLD in OSA patients may
require over 2 years of effective CPAP therapy. As for liver fibrosis, evaluations can
include serum markers, liver fibrosis indexes, and imaging. Buttacavoli et al[20] invest-
igated liver fibrosis by LSM from TE using FibroScan®, the same method as used in our
study, and compared values between before and after 6-12 mo of CPAP therapy in 11
OSA patients[20]. However, no significant differences were identified, supporting our
results for 6 mo of CPAP. On the other hand, a few reports have demonstrated
significant improvement of liver fibrosis from NAFLD by CPAP therapy. Mesarwi et al
[45] evaluated liver fibrosis by serum lysyl oxidase (LOX), an enzyme that cross-links
collagen and can serve as a biomarker of hepatic fibrosis[46], and demonstrated
significant reductions in serum LOX among 8 OSA patients after 3 mo of CPAP
therapy[45]. In addition, Wai et al[47] used AST-to-platelet ratio index (APRI)[47] to
evaluate liver fibrosis, and assessed adequate CPAP adherence using a cutoff of > 4
h/night > 70% of treatment nights[28]. Significant improvements in AST, ALT, and
APRI were seen with 3 mo CPAP therapy (P < 0.01 each)[28]. Moreover, a dose-
response relationship seemed to be present, with patients showing good adherence to
CPAP therapy also displaying significantly larger decreases in AST and ALT levels
than patients with poor adherence (P < 0.01). Multivariable logistic regression analysis
identified CPAP therapy with good adherence (odds ratio 3.93, 95% confidence
interval 1.29-11.94) as an independent predictor of NAFLD regression after adjusting
for obesity class and severity of OSA[28]. Effective CPAP therapy for an adequate
duration was associated with significant biochemical improvement and reductions in
CIH-related liver fibrosis, suggesting that reoxygenation over the long term could
reduce liver fibrosis from NAFLD only in terms of serum markers. However, to the
best our knowledge, no studies have demonstrated patent improvement of liver
fibrosis on either visual images or pathological specimens. Further studies are needed
to clarify the impacts of reoxygenation on liver fibrosis of NAFLD with OSA.
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Several limitations to this study should be considered. The first and biggest
limitation of this prospective cohort study was the small sample size, particularly for
OSA patients with NAFLD. Only 50 OSA patients in the NAFLD group were invest-
igated by multivariate analysis regarding improvement of ALT levels. Only BW
change could be adjusted for due to this small sample size. Second, this study did not
include untreated samples and could not compare variations in ALT levels between
OSA patients with NAFLD showing good compliance with CPAP therapy and
patients with no therapy. Setting patients with moderate to severe OSA to receive no
therapy as negative controls would be difficult and ethically questionable. Third,
NAFLD in this study was not defined histopathologically using the gold standard of
liver biopsy, and the definition was somewhat obscure and determined by the
existence of fatty liver images on US and by alcohol consumption. Fourth, our invest-
igation could only be conducted for 6 mo. This was because if OSA patients in our
sleep laboratory showed improvements in general condition (e.g., decreased BW and
fat around the neck) and AHI after 6 mo of CPAP therapy, therapy would often be
changed to combination therapies with an oral appliance. Combination therapy could
not be evaluated for adequate reoxygenation and was thus not included in this study.

CONCLUSION

In conclusion, our findings suggest that transaminase activity in NAFLD patients with
OSA could be associated with CIH due to OSA, independent of BW changes, and
adequate reoxygenation by effective CPAP therapy for an extended duration of at least
6 mo may thus improve activity of NAFLD. A period of years might be required to
improve liver steatosis and fibrosis following adequate reoxygenation. The CIH of
OSA might just be part of the cause of NAFLD. However, what kind of NAFLD
patients with OSA are indicated for effective CPAP therapy to improve activity of
NAFLD has yet to be clarified. Progression from NAFLD to NASH could be
preventable if patients with OSA and NAFLD can be appropriately selected and
receive effective CPAP therapy. More detailed analyses including experimental
research are required. We propose that all NAFLD patients should be analyzed by PSG
for the diagnosis of OSA if any symptoms of OSA are apparent.

ARTICLE HIGHLIGHTS

Research background

Several experimental studies have demonstrated that chronic intermittent hypoxia
(CIH) from obstructive sleep apnea (OSA) may be relevant to the presence and
severity of nonalcoholic fatty liver disease (NAFLD). Continuous positive airway
pressure (CPAP) therapy is the first-line therapy for OSA, and good compliance with
CPAP therapy leads to adequate reoxygenation.

Research motivation

It has been controversial whether reoxygenation by CPAP therapy improves the liver
injury of NAFLD with OSA.

Research objectives
We evaluated the efficacy of reoxygenation by adequate effective CPAP therapy for
liver injury in NAFLD with OSA patients.

Research methods

We prospectively enrolled 123 consecutive patients with OSA who met the indications
for CPAP. After excluding for their underlying disease or excessive alcohol
consumption, 70 OSA patients were finally included in this study. They were classified
into following two groups according to the presence of fatty liver evaluated by
ultrasonography: A Normal group and an NAFLD group. Liver fibrosis and steatosis
were assessed by transient elastography (TE) using FibroScan® (Echosens, Paris,
France). Before and after 6 mo of CPAP therapy, serum markers and TE were assessed
for OSA patients in the NAFLD group. The mean usage rate of CPAP therapy for 6 mo
was arbitrarily calculated in each patient and expressed as “mean compliance index”
(m-CI).
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Research results

Influences of CPAP therapy on the liver were evaluated in 50 OSA patients from the
NAFLD group. In 50 OSA patients with NAFLD, both aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) levels were significantly decreased after 6
mo of CPAP therapy. In multivariate regression model adjusted for quantities of body
weight (BW) change during 6 mo of CPAP therapy, high m-CI tended to improve ALT
level (P = 0.051). All 17 OSA patients with NAFLD, high m-CI and no BMI changes
showed significant improvements in AST and ALT levels. Meanwhile, no significant
changes in TE data or serum fibrosis markers were seen.

Research conclusions

Some NAFLD patients could be associated with CIH due to OSA independent of BW
changes. We propose that all NAFLD patients be analyzed by polysomnography for
the diagnosis of OSA if any symptoms related to OSA become apparent.

Research perspectives

This prospective study demonstrated the efficacy of reoxygenation by adequate
effective CPAP therapy for liver injury in NAFLD with OSA patients. An randomized
controlled trials to investigate the impacts on NAFLD in OSA patients on CPAP
therapy for longer than 3 mo is warranted. Progression from NAFLD to nonalcoholic
steatohepatitis could be preventable if patients with OSA and NAFLD can be
appropriately selected and receive effective CPAP therapy.
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