
Obstructive sleep apnoea severity and
liver steatosis measured by magnetic
resonance imaging

To the Editor:

Obstructive sleep apnoea (OSA) and non-alcoholic fatty liver disease (NAFLD) are two of many diseases
associated with obesity. NAFLD is a common condition ranging in severity from liver steatosis to
non-alcoholic steatohepatitis and liver fibrosis, the last step of NAFLD progression. Numerous studies have
investigated whether the frequent co-occurrence of OSA and NAFLD simply reflects their link to obesity,
or whether there is an independent pathophysiological interconnection between the two diseases (see [1]
for comprehensive review). In animal models, intermittent hypoxia mimicking OSA has been shown to
cause insulin resistance, dysfunction of key steps in hepatic lipid metabolism, liver steatosis and fibrosis [1].
In the clinical setting, the increased burden of chronic liver disease and the practical limitations of using
liver biopsy has led to the development of serum- or imaging-based non-invasive tests, allowing reliable
detection and quantification of liver steatosis and fibrosis [2]. Our group has recently reported that severe
OSA is independently associated with increased liver stiffness, a validated marker of liver fibrosis, in
patients with metabolic comorbidities [3]. In the same clinic-based cohort, we aimed to determine whether
OSA severity is also independently associated with liver steatosis, the first step of NAFLD. We used
magnetic resonance imaging (MRI), which is considered as the gold standard for non-invasive assessment
of liver steatosis according to current European guidelines [4].

As previously described [3], the study was nested within the NUMEVOX cohort (Clinicaltrials.gov
NCT00997165), a clinic-based cohort including patients with at least one criterion for metabolic syndrome
referred to Angers University Hospital (Angers, France). Exclusion criteria included age <18 or >65 years,
causes of chronic liver disease other than NAFLD, complicated cirrhosis and insulin-treated diabetes.
Baseline evaluation included anthropometric data, medical history, medication use and fasting blood tests
including blood glucose, insulin, liver enzymes and total bilirubin. All patients fulfilled the Berlin
questionnaire to evaluate the clinical likelihood of OSA.

Between March 2008 and August 2017, 205 patients subsequently investigated by overnight
polysomnography (PSG) based on a positive Berlin questionnaire were eligible for the present study.
Overnight PSGs (CID 102; Cidelec, Angers, France) were performed (date of MRI±1 month) and
manually scored according to standard criteria [5]. Patients were examined on a 1.5T SIGNA HDx MRI
(GE Healthcare, Milwaukee, WI, USA) upgraded to HDxt in 2011. As previously described [6], the
protocol systematically included a breath-hold multi-echo gradient echo sequence comprising alternating
in-phase and opposed-phase echoes with 10 echoes. The sequence was performed with a body coil, using
the following acquisition parameters: matrix 240×192; field of vision 470×376; slice thickness 10 mm; 1
excitation; bandwidth 488 kHz. A 20° flip angle was used in order to avoid the T1 effect. MRI
measurement of liver proton density fat-fraction (PDFF-MRI) was performed with MRQuantif free
software developed in the University of Rennes – France (imagemed.univ-rennes1.fr/en/mrquantif/
download.php) using the two-point Dixon method corrected by T2*. Three regions of interest were
placed in the right lobe of the liver on a MRI slice with a large volume of right lobe, avoiding large
vascular structures, bile ducts, liver lesions or artefacts, and one region of interest was placed in the air
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outside of the body for noise measurement. The presence of liver steatosis was defined by a PDFF-MRI
value >5.6% [4].

Out of 205 eligible patients, 38 were excluded from the analysis due to unavailability or contraindications
to MRI. Our final sample size therefore comprised 167 patients who were predominantly male (65%),
obese or overweight (mean±SD body mass index (BMI) 30.3±4.9 kg·m−2), frequently presenting metabolic
comorbidities (diabetes 14.5%; metabolic syndrome 52%). OSA was confirmed by PSG in all patients, with
94 (56.3%) mild-to-moderate and 73 (44%) severe OSA. Liver steatosis was diagnosed in 85 (51%) patients
on MRI. The association of OSA severity, indices of nocturnal hypoxaemia and covariates with the
presence of liver steatosis was assessed by logistic regression analysis. On univariate analysis, severe OSA
was associated with a significantly increased risk of liver steatosis (OR 1.88, 95% CI 1.01–3.51; p=0.0473)
(table 1). On multivariate analysis, liver steatosis was associated with male sex (OR 2.69, 95% CI 1.23–5.87;
p=0.0128) and the homeostasis model assessment of insulin resistance (OR 2.06, 95% CI 1.26–3.37 for
1 SD; p=0.0039), but not with OSA severity. There was no significant association between liver steatosis and
hypoxaemia during sleep, as reflected by the oxygen desaturation index (ODI) and the percentage of sleep
time with oxygen saturation <90% (t90). To avoid bias in choosing arbitrary cut-points, regression analyses
were performed with OSA severity indices and PDFF-MRI values kept as continuous variables. On
univariate analysis, PDFF-MRI was associated with apnoea–hypopnoea index (p=0.0085), ODI (p=0.0062)
and t90 (p=0.0014), but the association was no longer significant after adjustment for confounders.

To our knowledge, this is the first study evaluating the relationship between OSA severity and liver
steatosis measured by MRI. We found that severe OSA was associated with a significant increased risk of
liver steatosis in patients with metabolic comorbidities. However, the association was no longer significant
after adjustment for confounders.

The potential impact of OSA on liver fat accumulation has been studied in animal models. Lean and obese
mice submitted to intermittent hypoxia, a hallmark of OSA, showed increased liver triglycerides content
resulting in mild histological liver steatosis [7, 8]. Inconsistent results have been reported concerning the
association between OSA and liver steatosis in clinical cohorts. Several studies performed in predominantly
female morbidly obese patients undergoing intraoperative needle liver biopsy during bariatric surgery
found no independent relationship after adjustment for confounders [9, 10]. In contrast, clinical studies
evaluating liver steatosis by abdominal ultrasonography suggested that OSA may modulate the early
NAFLD phenotype [11, 12]. In 175 non-obese individuals undergoing PSG and abdominal
ultrasonography, QI et al. [11] found that the lowest oxygen saturation during sleep independently
predicted the development of NAFLD in multi-regression analysis. Likewise, in a population including
both lean and overweight NAFLD patients diagnosed using ultrasound, the severity of intermittent
hypoxia was an independent predictor of increased liver enzymes [13]. However, a comprehensive review
and meta-analysis have demonstrated that the overall performance of abdominal ultrasonography is clearly
lower than that of MRI for the evaluation of hepatic steatosis [14]. Recent large clinic-based cohort studies
demonstrated an independent association between OSA severity and liver steatosis assessed by clinical
prediction rule combining risk factors and blood-based biomarkers [15, 16]. However, the fact that the
BMI is included in the calculation of these predictive scores must be taken into account as a potential
limitation when interpreting these findings.

TABLE 1 Unadjusted and adjusted odds ratios for having liver steatosis on magnetic resonance
imaging, according to obstructive sleep apnoea (OSA) severity, indices of hypoxaemia during
sleep and covariates

Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age 10 years 0.92 (0.68–1.25) 0.6014
Male sex 2.47 (1.29–4.72) 0.0064 2.69 (1.23–5.87) 0.0128
Body mass index 1 SD 1.72 (1.22–2.42) 0.0020 1.50 (0.97–2.31) 0.0656
Diabetes 3.97 (1.51–10.42) 0.0051 2.44 (0.81–7.35) 0.1135
Hypertension 1.77 (0.96–3.24) 0.0664
HOMA-IR# 1 SD 2.89 (1.79–4.68) <0.0001 2.06 (1.26–3.37) 0.0039
Severe OSA 1.88 (1.01–3.51) 0.0473 1.08 (0.51–2.30) 0.8400
ODI ⩾20 versus <20 events·h−1 1.55 (0.84–2.88) 0.1607
t90 ⩾2% versus <2% 1.85 (0.99–3.44) 0.0542

HOMA-IR: homeostasis model assessment of insulin resistance; ODI: oxygen desaturation index; t90: sleep
time with oxygen saturation <90%. #: the HOMA-IR was calculated from fasting glucose and insulin
concentrations, as follows: insulin (mIU·L−1)×glucose (mmol·L−1)/22.5.
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A major strength of the present study is the use of gold-standard procedures for both OSA diagnosis
(PSG) and non-invasive liver steatosis measurement (MRI) in a relatively large sample of patients.
Altogether, the present results and those from bariatric surgery cohorts suggest that OSA might play a
limited role in the development of liver steatosis [9, 10]. Considering the limited impact of positive airway
pressure (PAP) therapy alone on insulin resistance in obese patients with OSA, combined modality
therapy including weight-loss interventions is a promising strategy for the management of patients with
OSA, metabolic comorbidities and liver steatosis [17].

Conversely, recent clinical data suggested that OSA and its hypoxia-related consequences may accentuate
liver injury in NAFLD, leading to a shift in the phenotype toward non-alcoholic steatohepatitis (NASH)
and liver fibrosis. A recent cross-sectional study using a large national database demonstrated that patients
with OSA are three times more likely to have NASH compared to non-OSA patients after controlling for
metabolic comorbidities [18]. Within the NUMEVOX cohort, our group has recently reported that severe
OSA is independently associated with increased liver stiffness, which may predispose to a higher risk of
significant liver disease and poorer prognosis [3]. Further large prospective cohort studies using validated
non-invasive tests should evaluate the nature of the relationship between OSA, liver steatosis, NASH and
liver fibrosis. In addition, well-designed randomised controlled trials are required to evaluate the effect of
PAP therapy, alone or combined with lifestyle interventions on NAFLD progression [19].

In conclusion, among patients with metabolic comorbidities, liver steatosis assessed by MRI was associated
with male sex and insulin resistance, but not with OSA severity and nocturnal hypoxaemia. This study
does not support the hypothesis of an independent contribution of OSA and its hypoxia-related
consequences to liver fat accumulation.
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