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Abstract

Background: Obstructive sleep apnea hypopnea syndrome (OSAHS) is a contributing factor for non-alcoholic fatty liver dis@
(NAFLD). Non-invasive algorithms including fatty liver index (FLI) and hepatic steatosis index (HSI) have been used as a screening
test for NAFLD in epidemiologic studies. The aim of this study is to compare the diagnostic accuracy of FLI and HSI for NAFLD
detection in adults with OSAHS.

Methods: We enrolled consecutive adult subjects who were newly diagnosed with OSAHS from March 2016 to January 2018.
NAFLD was diagnosed by ultrasonography. The accuracy and cut-off point of the FLI and HSI to detect NAFLD were assessed by
analyzing the area under the receiver operating characteristic (AUROC) curve and the maximum Youden index analysis, respectively.
Results: The 326 subjects were diagnosed as NAFLD according to ultrasound findings, while 105 subjects who had normal
abdominal ultrasonography were grouped as controls. Both FLI and HSI values were significantly higher in patients with NAFLD
compared with controls. The AUROC of FLI and HSI for predicting NAFLD was 0.802 (95 % confidence interval [CI] 0.762-0.839)
and 0.753 (95% CI 0.710-0.793), respectively. The AUROC of FLI was significantly higher than that of HSI (P =0.0383). The
optimal cut-off value of FLI and HSI was 60 (sensitivity 66% and specificity 80%) and 335 (sensitivity 81% and specificity 60%),
respectively.

Conclusions: Both FLI and HSI can serve as screening tools for NAFLD in OSAHS adults. The FLI shows better performance in
diagnosing NAFLD than HSI.

Trial registration: Chinese Clinical Trial Registry (No. ChiCTR-OOB-15007253), http://www.chictr.org.cn/showproj.aspx?proj=
11606.
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Thus it is unsurprising that OSAHS is also associated
with another manifestation of metabolic d?fsfunction, non-
alcoholic fatty liver disease (NAFLD).1®8

Introduction

Obstructive sleep apnea hypopnea syndrome (OSAHS) is
characterized by repeated episodes of upper airways
obstruction during sleep that result in episodes of hypoxia

and has an estimated prevalence ranging from 2% to 4% NAFLD, characterized by an abnormal accumulation of

fat in hepatocytes, is increasingly recognized as a major

in general population and 35% to 45% in obese
individuals."*! OSAHS is associated with various com-
ponents of metabolic syndrome, including visceral obesity
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hypertension, dyslipidemia, and insulin resistance.*”
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public health concern for being highly prevalent in the
general population worldwide. Due to the increasing
prevalence of obesity and metabolic syndrome, NAFLD
now ranks the leading cause of chronic liver disease and
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abnormal liver function tests in China.”! The prevalence of
NAFLD in most Asian countrles, including China, is
estimated to be above 25%.1"% The frequency of
biochemical and histological diagnosis of NAFLD was
found to be higher in patients with OSAHS compared with
control subjects, and even greater in severe OSAHS
patients. (715121 1 Jight of the high prevalence of NAFLD
in OSAHS patients, screening patients with OSAHS for the
presence of NAFLD is warranted and should be part of the
health-related risk evaluation of these patients.

The gold standard in the diagnosis of NAFLD is liver
biopsy. However, it is not routinely performed because it is
an invasive and expensive tool that has some health risks
and economic costs. Various non-invasive algorithms,
based on metabolic and anthropometrlc variables, such as
fatty 11ver index (FLD)!'3! and hepatlc steatosis index
(HSI),"* have been used as a screening test for NAFLD in
epidemiologic studies or 1dent12y potential patients for
further clinical investigation."">™'* The evaluation of both
FLI and HSI diagnostic performance has been reported in
various populations.['®*1718] However, external valida-
tion of them in OSAHS patients, a populatlon with a high
prevalence of NAFLD, is rare. Considering OSAHS
patients are more obese and have worse clinical and
laboratory parameters than that of the general population,
it is worthy to explore and validate FLI and HSI for
screening of NAFLD in adults with OSAHS.

The aim of this study is to compare the diagnostic accuracy
of FLI and HSI for NAFLD detection in adults with
OSAHS (mild to moderate vs. severe). The secondary aim
is to determine the optimal cut-off point of the FLI and HSI
for predicting NAFLD in OSAHS adults.

Methods

Ethical approval

The study protocol conforms to the ethical guidelines of
the 1975 Declaration of Helsinki. The study was approved
by the Institutional Review Boards of Zhangzhou
Affiliated Hospital of Fujian Medical University and the
First Affiliated Hospital of Fujian Medical University and
all subjects signed written informed consent. The study
was registered with the Chinese Clinical Trial Registry
(No. ChiCTR-OOB-15007253).

Study subjects

The study was conducted from March 2016 to January
2018 at two sleep laboratories: the Sleep Laboratory of
Zhangzhou Affiliated Hospital of Fujian Medical Univer-
sity and the Sleep Laboratory of the First Affiliated
Hospital of Fujian Medical University. Consecutive adult
patients (age >18 years) who were newly diagnosed with
OSAHS (apnea hypopnea index [AHI] >5 events/h) by
polysomnography (PSG) were recruited. A standard
questionnaire about sleep symptoms, alcohol consump-
tion, medical history, and medications was completed by
every patient. Exclusion criteria were as follows: (1)
patients who had been previously diagnosed with OSAHS
and treated with continuous positive airway pressure
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(CPAP) or other medical therapies; (2) patients with
excessive alcohol use (defined as >20 g/d for males and 10
g/d for females); (3) patients with hepatitis virus B and/or C
(systematic history and blood tests); (4) patients with
autoimmune hepatitis, drug-induced liver damage or other
liver diseases; (5) patients who had other medical
conditions that may affect FLI and HSI levels.

Anthropometric and biochemical measurements

Body weight and height were measured in bare feet and
light indoor clothing in the morning. Body mass index
(BMI) was defined as weight (kg)/height” (m?). Waist
circumference (WC) was measured midway between the
lower costal margin and the iliac crest and neck
circumference (NC) at the level of the laryngeal promi-
nence. Fasting blood was taken in the morning after a
whole-night PSG for the measurement of serum glucose,
alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), gamma-glutamyltransferase (GGT), and lipid
profile comprising total cholesterol (TC), high density
lipoprotein-cholesterol (HDL-C), low density lipoprotein-
cholesterol (LDL-C), and triglycerides (TG).

Polysomnographical evaluation

Diagnostic PSG was performed on all subjects using
standard techniques, as previously described by our
group.! Polysomnographical parameters including
AHI, oxygen desaturation index (ODI), lowest O,
saturation (LaSO;), mean nocturnal oxygen saturation
(average SpO5), and the percentage of sleep time with SpO,
<90% (T90%) were recorded. The severity of OSAHS was
determined by the AHI and the included OSAHS patients
were sub-divided into two groups: mild to moderate
OSAHS (5< AHI <30) and severe OSAHS (AHI >30).

Evaluation of NAFLD

Ultrasonography

Abdominal ultrasound examination was performed in all
cases. Images hepatic steatosis was determined as diffusely
increased echogenicity of the hepatic parenchyma com-
pared to the kidneys, vascular blurrm% and deep-echo
attenuation as previously described.'””! NAFLD was
defined as subjects with fatty liver disease by ultrasonog-
raphy in the absence of excessive alcohol consumption.

FLI

The FLI, calculated in each participant, is a non-invasive
method of assessing hepatic steatosis and is calculated by the
following formula. The FLI was calculated based on
laboratory and anthropometric measures, including T

GGT, BMI, and WC, by the followin ‘gformula FLI= (%% i
x loge (TG/0.0113)+0.139 x YBMT + 0718 x oge (GGT) + 0.053 x WC —

15.745 /(1 + eO 1953 x loge (TG/0.0113)+0.139 x BMI +0.718 x loge (GGT)
+ 0.052 x WC — 15.745) % 100

HSI

The HSI was calculated based on laboratory and anthropo-
metric measures, including ALT, AST, and BMI, by the
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following formula: HSI = 8 x ALT/AST ratio + BMI (+2, if
diabetes mellitus; +2, if female). The presence of diabetes
mellitus was defined as a fasting glucose of >126 mg/dL or
treatment with anti-diabetic medication.

Statistical analysis

Data were tested for normal distribution before analysis.
Data were expressed as mean +standard deviation,
median (interquartile range), number (percentage) for
normally distributed, skewed and categorical data,
respectively. Differences in normally distributed continu-
ous variables between groups were determined by using
Student’s ¢ test whereas differences in non-normally
distributed continuous variables were compared by using
Mann-Whitney U-test. Chi-square test or Fisher exact test
was performed for categorical variables. We used receiver
operating characteristic (ROC) curve analyses with area
under curve (95% confidence interval [CI]) to determine
FLI and HSI in NAFLD detection in each group separately.
Comparison between ROC curves was performed using
the method described by De Long et al*”! Effective cut-off
values were determined using ROC curves. A value of
P <0.05 was considered statistically significant. All
statistical analyses were conducted using MedCalc 18.10
(MedCalc Software bvba, Ostend, Belgium) and SPSS17.0
(SPSS, Inc, Chicago, IL, USA).

Results

A total of 431 subjects were included in the study. The 326
subjects were diagnosed as NAFLD according to ultrasound
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findings, while the remaining 105 subjects who had normal
abdominal ultrasonography were grouped as controls.

Table 1 reports clinical, biochemical and anthropometric
characteristics of all subjects with and without NALFD.
No significant differences in LDL-C and sex ratio were
detected between NAFLD group and controls. Patients
with NAFLD tended to be younger. Compared to control
subjects, those with NAFLD had significantly larger NC,
WC, BMI, higher levels of fasting glucose, TC, TG, ALT,
AST, ALT/AST ratio, GGT, higher AHI, ODIL, T90%, but
lower LaSO,, average SpO,, HDL-C. Both FLI and HSI
values were also significantly higher in patients with
NAFLD.

Table 2 summarizes the validity of FLI and HSI in detecting
NAFLD in all OSAHS patients, mild to moderate and
severe OSAHS patients. In the total population, both FLI
and HSI were able to discriminate between patients with
and without NAFLD. The area under the receiver
operating characteristic (AUROC) of FLI and HSI for
predicting NAFLD was 0.802 (95% CI 0.762-0.839) and
0.753 (95% CI 0.710-0.793), respectively [Figure 1]. The
AUROC of FLI was significantly higher than that of HSI
(difference between areas 0.049, standard error 0.024,
95% CI10.003-0.096, Z statistic 2.072, P = 0.038). In mild
to moderate OSAHS patients, the AUROC of FLI and HSI
for predicting NAFLD was 0.770 (95% CI 0.698-0.832)
and 0.732 (95% CI 0.658-0.798), respectively [Figure 2].
In severe OSAHS patients, The AUROC of FLI and HSI for
predicting NAFLD was 0.802 (95% CI 0.749-0.848) and
0.748 (95% CI 0.692-0.799), respectively [Figure 3].

Table 1: Comparisons of clinical, biochemical, and anthropometric characteristics of subjects with and without NAFLD.

Items Control (n=105) NAFLD (n=326) P

Age (years) 49.26 +13.63 46.26 +12.56 0.038
Male (%) 80.0 85.9 0.147
BMI (kg/m?) 25.33+3.35 28.33+3.68 <0.050
NC (cm) 38.210+3.16 40.48 +3.53 <0.050
WC (cm) 92.16 +8.94 99.59+9.15 <0.050
AHI 27.60 (16.55, 48.15) 43.55 (23.80, 63.55) <0.050
ODI 21.70 (12.00, 44.65) 38.65 (18.38, 61.68) <0.050
T90% (%) 3.14 (0.65, 9.55) 4.91 (1.32, 21.82) 0.005
LaSO, (%) 78.00 (69.00, 84.00) 72.00 (59.00, 80.00) <0.050
Average SpO, (%) 94.00 (91.00, 95.00) 92.00 (88.00, 95.00) 0.003
TC (mmol/L) 4.86 +1.04 513+1.11 0.031
TG (mmol/L) 1.27 (0.92,1.77) 1.8100 (1.40, 2.70) <0.050
HDL-C (mmol/L) 1.19+0.28 1.09 +£0.29 0.002
LDL-C (mmol/L) 3.19+0.89 3.28+0.98 0.369
Fasting glucose (mmol/L) 5.16 (4.70, 5.48) 5.45 (5.04, 6.18) <0.050
ALT (U/L) 21.00 (16.00, 31.50) 31.00 (24.00, 49.00) <0.050
AST (U/L) 21.00 (17.15, 25.00) 23.85 (20.00, 32.00) <0.050
ALT/AST ratio 1.13 +£0.42 1.40 +£0.44 <0.050
GGT (U/L) 27.00 (19.00, 42.00) 40.00 (28.48, 71.23) <0.050
FLI 44.20 (23.22, 57.58) 73.18 (53.44, 88.00) <0.050
HSI 35.03 £5.30 40.19+5.52 <0.050

All data were shown as mean + standard deviation, or median (interquartile range). NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index;
NC: Neck circumference; WC: Waist circumference; AHI: Apnea-hypopnea index; ODI: Oxygen desaturation index; T90%: The percentage of total
sleep time spent with SpO, <90%; LaSO,: Lowest O, saturation; Average SpO,: Average O, saturation; TC: Total cholesterol, TG: Triglycerides; HDL-
C: High density lipoprotein-cholesterol; LDL-C: Low density lipoprotein-cholesterol; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
GGT: Gamma-glutamyltransferase; FLI: Fatty liver index; HSI: Hepatic steatosis index.
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Table 2: Diagnostic performance of FLI and HSI in 0SA patients (mild to moderate vs. severe).

Items AUC 95% Cl SE P
All (n=431)
FLI 0.802 0.762-0.839 0.024 0.038
HIS 0.753 0.710-0.793 0.029
Mild to moderate OSA (n=165)
FLI 0.770 0.698-0.832 0.038 0.328
HIS 0.732 0.658-0.798 0.043
Severe OSA (n=266)
FLI 0.802 0.749-0.848 0.034 0.113
HSI 0.748 0.692-0.799 0.041

* Comparison between FLI and HIS. AUC: Area under curve; CI: Confidence interval; SE: Standard error; FLI: Fatty liver index; HSI: Hepatic steatosis

index; OSA: Obstructive sleep apnea.
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Figure 1: ROC curve comparisons between FLI and HSI in detecting NAFLD in OSAHS

patients. FLI: Fatty liver index; HSI: Hepatic steatosis index; NAFLD: Non-alcoholic fatty liver

disease; OSAHS: Obstructive sleep apnea hypopnea syndrome; ROC: Receiver operating
characteristic.

There were no significant differences in the discriminant
abilities between FLI and HSI in mild to moderate subjects
or severe OSAHS patients.

Table 3 shows the optimal cut-off value of FLI and HSI in
identifying NAFLD in OSAHS patients. The best cut-off
value of FLI and HSI was 60 (sensitivity 66% and
specificity 80%) and 35 (sensitivity 81% and specificity
60%), respectively. Accordmg to the cut-off values
proposed by Bedogni et al,'3! sensitivity and specificity
of FLI <30 for predicting absence of NAFLD were 95 %
and 36%, respectively. When the cut-off value came to
>60 for predicting presence of NAFLD, sensitivity
and specificity were 66% and 80%, respectwely Accord-
ing to the cut-off values proposed by Lee et al,'"
sensitivity and specificity of HSI <30 for predicting
absence of NAFLD were 98% and 21%, respectively.
When the cut-off value came to >36 for predicting
presence of NAFLD, sensitivity and specificity were 74%
and 65%, respectively.
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Figure 2: ROC curve comparisons between FLI and HSI in detecting NAFLD in mild to
moderate OSAHS patients. FLI: Fatty liver index; HSI: Hepatic steatosis index; NAFLD: Non-
alcoholic fatty liver disease; OSAHS: Obstructive sleep apnea hypopnea syndrome; ROC:
Receiver operating characteristic.

Discussion

In this study, we aimed to evaluate the ability of FLI
and HSI, based on simple clinical parameters, to
detect NAFLD in a group of OSAHS patients. The major
finding was that both FLI and HSI could be valuably
screened NAFLD in OSAHS patients. The FLI showed
better performance in terms of higher AUROC in
diagnosing NAFLD than HSI. The respective optimal
cut-off value of FLI and HSI to discriminate NAFLD in
OSAHS patients was 60 and 35, with acceptable sensitivity
and specificity.

Several studies evaluating diagnostic performance of FLI
and HSI have been conducted in Europe and Asia. A study
including 228 subjects with ultrasound diagnosis of fatty
liver and 268 subjects without fatty liver showed that an
FLI <30 can be used to rule out (sensitivity 87%; negative
likelihood ratio 0.2) and an FLI >60 to rule in hepatlc
steatosis (specificity 86 %; positive likelihood ratio 4.3).13
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Table 3: The optimal cut-off value of FLI and HSI in detecting NAFLD.

Index Cut-off value Sensitivity Specificity PPV NPV LR+ LR—

FLI 30 0.954 0.362 0.823 0.717 1.500 0.130
60 0.660 0.800 0.911 0.431 3.300 0.430
60 0.660 0.800 0.911 0.431 3.300 0.430

HSI 30 0.979 0.210 0.794 0.759 1.240 0.100
35 0.810 0.600 0.836 0.648 2.020 0.320
36 0.742 0.648 0.834 0.613 2.110 0.400

FLI: Fatty liver index; HIS: Hepatic steatosis index; NAFLD: Non-alcoholic fatty liver disease; PPV: Positive predictive value; NPV: Negative predictive

value; LR+: Positive likelihood ratio; LR—: Negative likelihood ratio.
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Figure 3: ROC curve comparisons between FLI and HSI in detecting NAFLD in severe
OSAHS. FLI: Fatty liver index; HSI: Hepatic steatosis index; NAFLD: Non-alcoholic fatty liver
disease; OSAHS: Obstructive sleep apnea hypopnea syndrome; ROC: Receiver operating
characteristic.

100

Yang et al®! enrolled 29,797 consecutive subjects who

received health check-up services and showed that FLI had
the best discriminative ability to identify patients with
ultrasonographic fatty liver with an AUROC of 0.827. A
retrospective cross-sectional study performed in western
China found that AUROC of FLI for predicting NAFLD
was 0.880 (95% CI 0.874-0.886).1*2) The ROC analysis
showed that the optimal cut-off value for FLI in diagnosing
NAFLD was 30.420 with sensitivity 83% and specificity
77% .22 With respect to HSI, a cross-sectional study with
10,724 health check-up subjects reported that HSI had an
AUROC of 0.812 (95% CI 0.801-0.824). At values of
<30.0 or >36.0, HSI ruled out NAFLD with a sensitivity
of 93%, or detected NAFLD with a specificity of 92%,
respectively.!'* Zhu et al'*?! found that AUROC of FLI
was significantly higher than that of HSI. Another study
focusing on patients with type 1 diabetes also found that
the diagnostic performance of FLI (AUROC 0.860) was
better than HSI (AUROC 0.750).17)

Accumulating evidence has shown that OSAHS is an
independent risk factor of NAFLD. Our previous studies

demonstrated that OSAHS was independently associated
with liver steatosis and elevation of serum aminotransfer-
ases. Serum ALT declined significantly after 3 months of
CPAP treatment.'**! Aron-Wisnewsky et al**! studied 101
subjects getting bariatric surgery and found that hypoxic
burden was independently predictive of liver fibrosis and
NAFLD activity score. A recent study including 124
patients suspected OSAHS suggested a dose-response
relationship between OSAHS severity and liver stiffness.
Severe OSAHS was independently associated with signifi-
cant fibrosis.””*! High prevalence of OSAHS was also
found in OSAHS patients.'""'?l' A study found that the
prevalence of ultrasound diagnosis of NAFLD was up to
83% in 137 subjects who underwent PSG for suspected
OSAHS."#l While another study showed that prevalence
of liver steatosis was 66% and 83% in mild to moderate
and severe OSAHS patients, respectively.!'!!

Based on the close relationship between OSAHS and
NAFLD and the evidence of high prevalence of NAFLD
in OSAHS patients, our study focused on OSAHS
patients and showed that the AUROC of FLI and HSI
for predicting NAFLD was 0.802 and 0.753, respectively.
The performance of FLI and HSI in our pilot study was
weaker as compared to that described by other
studies.!'>1*21 However, another study indicated that
the AUROC for FLI and HSI in detecting liver steatosis
were found to be low (FLI 0.647 and HSI 0.637) in 220
patients with type 2 diabetes.!*®! Factors such as ethnicity,
morbidities, method for diagnosis of liver steatosis,
sample size, and different prevalence of NAFLD could be
responsible for different diagnostic efficacy of the indices.
Consistent with other studies,'!”"**! we demonstrated that
performance of FLI tended to be better than HSI in
identifying NAFLD. In the present study, the best cut-off
value of FLI and HSI was 60 (sensitivity 66% and
specificity 80%) and 35 (sensitivity 81% and specificity
60%), respectively. Consistent with the results of the
present study, our previous study with a group popula-
tion with OSAHS showed that the best cut-off value of
FLI was 60 in diagnosing NAFLD.!?”!

An FLI <30 was suggested to be used to rule out NAFLD
with sensitivity 87% and specificity 64% by Bedogni
et al'3! At a value of <30.0, HSI could rule out NAFLD
with a sensitivity 91% and specificity 40%.['* Our study
showed that sensitivity and specificity of FLI <30 for
predicting absence of NAFLD were 95% and 36%,
respectively. Sensitivity and specificity of HSI <30 for
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predicting absence of NAFLD were 98% and 21%,
respectively. Both indices showed high sensitivity, while
the specificity was relatively low. If they are to be used to
screen the NAFLD, it should be further evaluated carefully
combining with other factors.

Even though the gold standard in the diagnosis of NAFLD
is liver biopsys, it is not routinely performed because it is an
invasive and expensive tool. Currently, the dlagnosns of
NAFLD is usually made by ultrasonography in a clinical
setting. Compared with ultrasonography, the indices have
several advantages. First, FLI is a feasible marker that
involves four clinical available parameters, and it is easily
calculated in an office setting. It is easier to access in
comparing with ultrasonography. Second, it is more cost-
effective; it is reported to cost only 20 Yuan per capita to
obtain the results of all parameters.'*?! The application
of these indices may help the selection of a potential
population before imaging tests, which lowers the cost.
Third, it is a quantitative method for the evaluation of fatty
liver disease, while ultrasonography is a semi-quantitative
method. Lastly, FLI could be applied not only for screening
fatty liver disease, but also has been increasingly used to be
a maker to predict atherosclerotic lesions, cardiovascular
and non-cardiovascular mortality as well as all-cause
mortality.[15:16:28.29]

This study has several limitations that are worth noting.
First, a selection bias is possible because subjects were
recruited from among individuals who were presented to
our sleep laboratories due to symptoms of sleep apnea and
were diagnosed as OSAHS by PSG. Second, ultrasonogra-
phy was used as a diagnostic tool for NAFLD, lacking data
of the liver biopsy in our study. Previous studies reported
that its sensitivity decreased while hepatic steatosis was less
than 20% to 30%.1%%3" Third, the severity of hepatic
steatosis was not accessed, Wthh restrained us to find
specific cut-offs for steatosis quantification in OSAHS
patients with NAFLD. Fourth, compared with the sample
size of other studies which focused on general population,
the sample size of the present study was relatively small.
However, we only focused on the OSAHS population
diagnosed based on PSG and included the patients at two
sleep laboratories. Lastly, ultrasonography was not
performed by a single ultrasound technician. There may
have been intra-operator and inter-operator variability in
interpreting fatty liver on ultrasonography despite the
same criteria.

In conclusion, both FLI and HSI can serve as screening
tools for NAFLD in OSAHS patients. The FLI shows better
performance in diagnosing NAFLD than HSI. The
respective optimal FLI and HSI cut-off value to discrimi-
nate NAFLD in OSAHS patients is 60 and 35, with an
acceptable sensitivity and specificity.
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