
Blowing Away Fatty Liver: Mission Impossible?

Nonalcoholic fatty liver disease (NAFLD) describes a group
of conditions in which there is accumulation of excess fat in
the liver. The most common and mild form of NAFLD, fatty
liver, affects up to 25–30% of the general population. Each year, 0.1%
of patients with fatty liver progress to nonalcoholic steatohepatitis, in
which fat accumulation is associated with liver cell inflammation,
which can lead to severe liver scarring and cirrhosis. Almost 50% of
those with NAFLD meet criteria for metabolic syndrome (1).

There is growing cross-sectional data that implicates
obstructive sleep apnea (OSA) in the development and progression
of NAFLD, as assessed by liver biopsies or validated noninvasive
screening tools for liver fibrosis (2, 3).

Intermittent hypoxia is thought to be a plausible mechanism
through which OSA might drive abnormal lipid metabolism
and fatty liver (4). However, there is significant interaction between
the risk factors for NAFLD and OSA, such that it is proving
difficult to clarify cause and effect and therefore what treatment
approaches are likely to be effective (5).

To date, randomized controlled trials (RCTs) have failed to
demonstrate a clinical effect of continuous positive airway pressure
(CPAP) on noninvasive markers of NAFLD severity (Table 1)
(6–9). More broadly, RCTs of CPAP versus sham CPAP have failed to
demonstrate efficacy in improving any components of metabolic
syndrome (10). However, it is still argued that failure to demonstrate
the positive effect of CPAP on metabolic syndrome is not so much
related to a flawed intervention as it is to flawed methodology (11).
Criticisms of previous studies have included investigation of
populations without significant metabolic pathology at baseline, failure
to examine markers of metabolic syndrome as the primary outcome
and insufficient power to enable effective secondary analysis,
intention-to-treat analysis impacted by poor compliance, short
treatment periods (,3 mo), and prevalence of significant obesity
masking treatment effect on metabolic outcomes.

In this issue of the Journal, Ng and colleagues (pp. 493–501) go
a long way to putting this argument to bed, at least for NAFLD
(12). They performed a large RCT (n= 120) of CPAP versus
subtherapeutic CPAP on a population with confirmed NAFLD
for a treatment period of 6 months (the longest RCT to date).
Furthermore, their primary end point was intrahepatic triglyceride
(IHTG) percentage—a sensitive and reproducible marker of
liver fat content measured with proton-magnetic resonance
spectroscopy (13).

In this study, the intimate association of NAFLD and OSA
was again demonstrated with a staggering 98% of patients recruited
from a hepatology clinic diagnosed with OSA on screening sleep study.
Furthermore, there were significant correlations between OSA severity
and liver steatosis. However, Ng and colleagues found no significant

difference between therapeutic and subtherapeutic CPAP on either
IHTG or other secondary markers of liver fat, steatosis, and fibrosis.
This remained the case in both the intention-to-treat and per-protocol
analyses. Comprehensive subgroup analyses of older and more obese
patients as well as in those with milder degrees of liver steatosis
and fibrosis also failed to demonstrate any between-group differences.

Importantly, in their study, CPAP compliance at 6 months
was satisfactory (mean use, 4.4 h in the therapeutic group)
and likely reflects real-life use and previous large RCTs (14).
Furthermore, subgroup analysis comparing CPAP use over
4 hours with lower use did not show any significant difference
in effect. Previous studies have deliberately recruited patients
with moderate to severe OSA. Ng and colleagues randomized
all patients with a diagnosis of OSA syndrome (respiratory event index
[REI].5 units1OSA symptoms), and as a result, the mean REI was
significantly lower in this study compared with previous study groups.
However, subgroup analysis did not show any change in effect with
increasing OSA severity.

The most significant limitation of this study was the
use of subtherapeutic CPAP, which was actually fixed at 4 cm H2O as
the control arm, whereas previous studies have used sham CPAP at
levels between 0.5 and 1 cm H2O (8–10). As a result, a significant
treatment effect was observed in the control arm, with REI reducing
from 28 to 11 (D, 217) compared with 23 to 4 (D, 219) in the
treatment group. It is therefore difficult to conclude that failure to
demonstrate a significant difference between CPAP and sham CPAP
is due to lack of effect of CPAP versus a significant effect of
subtherapeutic CPAP.

Previous studies have demonstrated the beneficial effects of
lifestyle modification and weight loss in the treatment of both OSA and
NAFLD (15, 16). In an RCT of CPAP1 lifestyle intervention versus
CPAP or weight loss alone, Chirinos and colleagues (17) showed
greater reductions in insulin resistance and triglycerides in the
combined group versus CPAP alone. Furthermore, in the per-protocol
analysis of patients meeting adherence criteria, combined treatment
resulted in a larger reduction in systolic blood pressure and mean
arterial pressure than did either CPAP or weight loss alone. In this
study, Ng and colleagues also demonstrated that a change in IHTG
and controlled attenuation parameter, both markers of liver fat,
was associated with degree of weight loss.

In their comprehensive review, Gaines and colleagues conclude
that the complex bidirectional relationship betweenOSA andmetabolic
syndrome, with visceral obesity a key driver of both, means that CPAP
and other mechanical treatments of OSA (surgery) are unlikely to ever
be successful at treating metabolic syndrome unless combined with
weight loss (5). In this large RCT, Ng and colleagues come close to
definitively demonstrating that CPAP alone is not effective in the
management of NAFLD and suggest, in concordance with Gaines,
that we should perhaps turn our attention to the role of CPAP as an
adjunct to weight loss and lifestyle modifications in the treatment of
metabolic syndrome in those with OSA.

In conclusion, Ng and colleagues provide further weight
to the increasingly strong argument that despite the clear
association between intermittent hypoxia and NAFLD, the
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management of OSA with CPAP alone does not improve hepatic
steatosis and fibrosis. By conducting a large 6-month RCT in patients
already diagnosed with NAFLD, and measuring specific noninvasive
markers of intrahepatic lipid content, Ng and colleagues address
many of the concerns held about the methodology of previous RCTs.
Although the use of subtherapeutic CPAP rather than true sham
CPAP leaves some room for doubt, this study provides clear direction
that future studies should focus on the promising role of
combination treatments and multidisciplinary teams to focus on
weight reduction in concert with CPAP for the management of
metabolic syndrome and concomitant OSA. n
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Table 1. Randomized Sham-controlled Studies Examining the Effect of CPAP on Fatty Liver

Year
Population

(n)
Duration
(mo)

AHI
(Events/h)

BMI
(kg/m2)

Outcome Measure of
Fatty Liver

Study
Outcome

Sivam et al. (6) 2012 27 2 50 33 Intrahepatic adiposity (MRI) Negative
Kritkou et al. (7) 2013 42 2 32 (F), 42 (M) 27 (F), 30 (M) Intrahepatic adiposity (CT) Negative
Hoyos et al. (8) 2012 65 3 40 31 Intrahepatic adiposity (MRI) Negative
Jullian-Desayes et al. (9) 2016 103 3 43 28 Blood biomarkers Negative
Ng et al. (12) 2020 120 6 23 27.5 Intrahepatic adiposity (MRI) Negative

Definition of abbreviations: AHI = apnea–hypopnea index; BMI =body mass index; CPAP=continuous positive airway pressure; CT=computed
tomography; MRI =magnetic resonance imaging.
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