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ITT Insulin tolerance test

QUICKI  Quantitative insulin sensitivity check index
MCAD Medium-chain acyl-CoA dehydrogenase
TIMP Tissue inhibitor of metalloproteinases

TGF Transforming growth factor

MTP Microsomal triglyceride transfer protein
AMPK AMP-activated protein kinase
Introduction

Obesity-induced liver disease (nonalcoholic fatty liver
disease, NAFLD), is now the commonest cause of chronic
liver disease in affluent nations. The disease comprises
obesity and insulin resistance (IR), with a consequent his-
topathological spectrum of hepatosteatosis, steatohepatitis
(nonalcoholic steatohepatitis, NASH), cirrhosis and possi-
ble hepatocellular cancer [1-3]. There are presently no
proven treatments for NAFLD or its more severe stage
NASH. Bofutsushosan (BTS), a Japanese herbal (Kampo)
medicine, long used as an anti-obesity medicine in Japan
and other Asian countries [4] has recently been shown in
obese Japanese women, to reduce body weight and
improve IR [4]. In addition, BTS in experimental animals
prevented adipogenesis [5], reduced weight, suppressed
visceral and subcutaneous fat accumulation and in parallel
decreased plasma glucose, triglycerides (TG), insulin,
tumor necrosis factor-alpha [6], and hepatic steatosis
induced by high-fat diet feeding [7, 8]. The mechanism of
action of BTS however, is not known. Qur aim here was to
evaluate the ability of BTS to prevent the development of
NASH in a recently described murine model involving
administration of gold-thioglucose (GTG) and high-fat
feeding to induce NASH [9], and to determine the medi-
ators and pathways involved.

Materials and methods
Animal preparation

All procedures conformed to our institutions’ guidelines for
the care and use of animals in Kochi Medical School. Four-
week-old male C57BL/6 mice were purchased from CLEA
Japan Inc. All animals were housed for 12 weeksona 12 h
light/12 h dark cycle, with food and water freely available.
Mice were fed high-fat-diet (HF, 640 kcal/100 g, F2HFD2,
Oriental Yeast, Tokyo, Japan) or HF admixed with 2 or
5 % BTS (TJ-62, Tsumura & Co., Tokyo, Japan). All
groups were fed standard chow (SC) for the first week and
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then continued on their respective group diets for remain-
der of the protocol.

Three experimental groups were studied: (1) intra-peri-
toneal administered GTG (2 mg/g of body weight, Sigma-
Aldrich, St. Louis, MO, USA) and then SC for 1 week
followed by HF diet for 11 weeks (GTG + HF) [9]; (2 and
3) intra-peritoneal GTG, SC for 1 week followed by HF
diet admixed with either 2 %BTS or 5 % BTS for further
11 weeks (2 %BTS or 5 % BTS). At the end of the treat-
ment period, all animals were fasted overnight, anesthe-
tized with pentobarbital sodium intraperitoneally
(25-50 mg/kg of body weight, Nembutal; Abbott Labora-
tories, Abbott Park, IL, USA). Blood and liver samples
were harvested. Livers were fixed in 10 % formalin, or
snap frozen in liquid nitrogen and stored at —80 °C, for
later analyses.

CT scan analysis for body fat composition

The extent of adiposity in each experimental group was
assayed by CT scanning (La Theta, ALOKA, Tokyo,
Japan) under isoflurane (2 % v/v) anesthesia as described
previously [9]. Animal were scanned at 2-mm intervals
from the diaphragm to the pelvis, and visceral fat and
subcutaneous fat volumes quantified with La Theta soft-
ware (version 1.00) [9-11].

Histopathological examination

Five-micrometer sections of formalin-fixed/paraffin-
embedded livers were processed for haematoxylin and
eosin (H&E). Oil Red-O staining of intracellular neutral
lipids was performed according to the manufacturer’s
instructions (Sigma-Aldrich, St. Louis, MO, USA). For
estimation of extent of hepatic steatosis, the areas of digital
photomicrographs were quantified with a computerized
image analysis system (macintosh MacSCOPE version
2.591) as described previously [9, 12]. Degree of oxidative
stress was determined by staining and quantification with
anti-8-hydroxy-2'-deoxyguanosine (8-OHdG) and anti-4-
hydroxy-2-nonenal (4-HNE) as previously described [9,
12, 13].

Glucose tolerance test (GTT), insulin tolerance test
(ITT) and QUICKI

At 12 weeks, a glucose tolerance test (GTT) (n = 6) and
an insulin tolerance test (ITT) (n = 6) were performed. For
GTT, mice were fasted for 18 h, and then intra-peritoneally
loaded with 20 % glucose at a dose of 1.0 g/kg body
weight. For ITT, mice were fasted for 6 h, and then intra-
peritoneally challenged with human insulin at 1.0 U/kg
body weight [14, 15]. With both GTT and ITT blood
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samples from the orbital sinus were taken at times 0, 30,
45, 60 and 120 min and plasma glucose concentrations
measured using an automatic blood glucose meter (Glutest;
Sanwa Kagaku Kenkyusho Co., Ltd.,, Nagoya, Japan).
Plasma insulin level was measured by Ultrasensitive
Mouse Insulin ELISA kit (Mercodia AB, Uppsala, Swe-
den) according to the manufacture’s protocol. The quanti-
tative insulin sensitivity check index (QUICKI), as a
measure of IR, was calculated from the fasting insulin and
glucose levels.

Measurement of plasma adiponectin

Plasma adiponectin levels were measured by Mouse
Adiponectin/Acrp30 (R&D Systems, Minneapolis, MN,
USA) according to the manufacture’s instructions.

Laboratory evaluation

Asparate aminotransferase (AST), alanine aminotransfer-
ase (ALT) and TG were measured by an autoanalyzer
(BM6010; JEOL Ltd., Tokyo, Japan).

Real-time RT-PCR for quantitative assessment
of mRNA expression

Total RNA was extracted using trizol reagent (Life
Technologies, Grand Island, NY, USA) according to the
manufacture’s protocol. RNA extracts were reverse-tran-
scribed with random hexamers and avian myeloblastosis
virus reverse transcriptase using a commercial kit (Ta-
kara, Kyoto, Japan). Real time RT-PCR were performed
for quantitative assessment of mRNA expression on an
ABI Prism 7000 Sequence Detection system (Applied
Biosystems, Foster City, CA, USA) according to the
manufacturer’s protocol. Probes and primers for TNF-o,
PPAR-o, PPAR-y, MTP, DGAT2, Cyp2El, adiponectin
receptor l/receptor 2 (AdipoR1/R2) were all purchased
from Applied Biosystems. Relative expression of target
gene mRNA was normalized to the amount of GAPDH
mRNA.

Western blot analysis

For in vivo analysis of phosphorylated Akt and total Akt,
mice were fasted for 18 h, injected intra-peritoneally with
human insulin (10 U/kg) or control, and sacrificed 4 min
later. Livers were snap frozen in liquid nitrogen. Liver total
protein was analyzed by western blot with a polyclonal
antibody to phosphorylated Akt/Akt and phosphorylated
AMPK/AMPK (Cell Signaling Technology, Inc., Danvers,
MA, USA) as described [16]. For analysis of SREBP-1c,
mice were fasted for 18 h, sacrificed, and livers dissected

and homogenized to prepare cell nuclear extracts which
were then analyzed by western blotting with anti-SREBP-
Ic antibody (Santa Cruz Biotechnology, Inc., California,
CA, USA) as described [17]. For analysis of 4-HNE, liver
total protein was analyzed by western blot with a mono-
clonal anti-4-HNE antibody (Japan Institate for the Control
of Aging, Shizuoka, Japan).

Statistics

Data are shown as mean £ SD. A univariate analysis was
conducted with the Mann-~Whitney U test to determine
significance between groups. Qualitative data were com-
pared using Fisher’s exact test. Statistical significance
was accepted at p < 0.05. All analyses were performed
using Stat View software (SAS Institute, Cary, NC,
USA).

Results

BTS treatment reduces GTG 4+ HF induced obesity
and steatohepatitis

Mice administered GTG and then fed a HF diet
(GTG 4+ HF), had a comprehensive histological and dys-
metabolic phenotype resembling human NASH as reported
recently [9]. To then evaluate the effectiveness of BTS in
the GTG + HF model, we studied the anthropometric,
radiological, biochemical and histological parameters as
detailed above in the presence or absence of BTS 2 or 5 %
admixed with the HF component of the GTG 4 HF.
Administration of BTS attenuated weight gain in a dose
dependent manner (Fig. 1a). Unexpectedly, GTG + HF
induced increase in the volume of the visceral and subcu-
taneous fat were not markedly attenuated by treatment with
BTS (Fig. 1b). However, hepatic steatosis on H&E or Oil
Red-O staining in 12 weeks was attenuated in a dose
dependent manner by BTS treatment (Figs. 2a, 3a). Addi-

tionally, BTS treatment also attenuated GTG + HF
induced hepatomegaly in a dose-dependent manner
(Fig. 2b).

GTG + HF mice livers showed steatohepatitis with
marked steatosis and inflammation, hepatocyte ballooning
and Mallory-Denk bodies as described previously (Fig. 3a)
[9]. BTS treatment attenuated hepatic steatosis and hepatic
inflammation (Fig. 3a), and inhibited hepatocyte balloon-
ing and Mallory-Denk bodies. In parallel, oxidative stress
makers, 8-OHdG (Fig. 3b) and 4-HNE (supplemental fig-
ure), were remarkably reduced by BTS, as was the
expression of TNF-a (Fig. 3b). BTS treatment moreover,
attenuated GTG + HF induced elevation of transaminases
(Table 1).
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photomicrographs of abdominal CT scan of SC, GTG + HF,
2 %BTS and 5 %BTS mice shown at 12 weeks. Yellow subcutaneous
fat, purple visceral fat, blue lean tissue. ii Time course of increase of
volume of subcutaneous and visceral fat. Neither subcutaneous fat nor
visceral fat was significantly attenuated by treatment with BTS;
2 %BTS, 5 %BTS vs GTG 4+ HF,p = ns,n = 6

Fig. 1 Effectiveness of BTS for obesity and adiposity. a BTS dose-
dependently attenuated weight gain in GTG + HF mice. **p < 0.01,
*p < 0.05 vs GTG + HF, n=6. SC standard chow fed mice,
GTG + HF GTG treated and HF fed mice, 2 %BTS
2 %BTS + GTG + HF fed mice, 5 %BTS 5 %BTS + GTG + HF
fed mice. b Anthropometry and evaluation of subcutaneous fat
and visceral fat volumes by abdominal CT i representative

(Fig. 4a). In addition, expression of PPAR-y, an activator
of AMPK, was increased by BTS treatment (Fig. 4d).

BTS inhibition of hepatic lipid metabolism occurs
through induction of adiponectin signaling

Attenuation of hepatic steatosis with BTS treatment
involves activation of fatty acid oxidation

We examined plasma adiponectin levels and liver expres-
sion of the adiponectin receptors (AdipoR1 and AdipoR2),
an important anti-inflammatory cytokine and receptors

[18-20], because both plasma adiponectin levels and liver
expression of the adiponectin receptors were decreased in
GTG + HF mice as described previously [9]. Plasma
adiponectin level and hepatic expression of AdipoR1, R2
were significantly enhanced by BTS (Fig. 4a). We next
investigated the pathways of suppression of hepatic lipid
metabolism by adiponectin in the presence of BTS. The
expression of SREBP-lc was decreased dose depen-
dently by BTS (Fig. 4b). The phosphorylation of AMPK
(P-AMPK/AMPK) was here increased by BTS treatment
(Fig. 4c) in parallel with activation of AdipoR1 signaling
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Additionally, the expression of PPAR-o and its target
genes, MCAD, involved in mitochondrial -oxidation and
CYP2E-1 involved in microsomal w-oxidation [21, 22]
were increased by treatment with BTS (Fig. 4e-g).

BTS promotes hepatic lipid export

We next determined if enhanced secretion of TG from the
liver could contribute to the attenuation of hepatic steatosis
by BTS treatment. The expression of microsomal triglyc-
eride transfer protein (MTP) known to play a central role in
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Fig. 2 BTS reduces
hepatomegaly and hepatic
steatosis. a Oil red-O staining
and image analysis of livers: Oil
red-O staining showed that BTS
attenuated hepatic steatosis in
GTG + HF fed mice. In
addition, image analysis for Oil
red-O staining of liver sections
confirmed that BTS treatment
attenuated hepatic steatosis.
Plus symbol p < 0.0001 vs

2 %BTS, double plus symbol

p < 0.00001 vs GTG + HF,

n = 6. b Liver weight and liver/
body weight ratio (liver/body):
the increase of both liver weight
and liver/body ratio was
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lipoprotein assembly [23] was increased with BTS treat-
ment (Fig. 4h). Interestingly, expression of DGAT2
reported to be involved in the conversion of free fatty acids
into TG in the liver [24] was also increased in the BTS
treated groups (Fig. 4i).

BTS reduces glucose intolerance and insulin resistance
through induction of Akt

Since IR isregarded as a central pathogenic feature of NAFLD
[25], we now investigated the effect of BTS treatment on IR.
Fasting plasma glucose and insulin levels were markedly
reduced in a dose dependent manner by BTS treatment, and
QUICKI as an index of IR was also increased by BTS
(Fig. 5a). We next evaluated the attenuation of glucose
intolerance and IR using the GTT and the ITT in the presence
of BTS. GTT revealed that treatment with BTS remarkably
attenuated severe glucose intolerance induced by GTG + HF,
and ITT showed that treatment with BTS attenuated IR
induced by GTG + HF (Fig. 5b). Thereduction of IR by BTS
involved its promotion of the phosphorylation of Akt (Fig. 5c)
an important factor in glucose metabolism [26].

Discussion
The public health importance of NAFLD [1, 2] and the

unavailability of proven and effective therapies drive the
search for a greater understanding of its pathophysiology

2%BTS

5%BT

o

5%BTS GTG+HF  2%BTS
and novel therapeutic pathways. In this study, we have
clarified the mechanisms through which BTS attenuates
NASH based on a novel animal model of NASH [9]. BTS
attenuated the GTG + HF induced increases in body and
liver weight, serum transaminases, hepatic steatosis, degree
of oxidative stress and TNF-o expression (Figs. 1, 2, 3;
Table 1) without reducing intake volume of diets (data not
shown). However, in contrast to previous reports [6], we
did not demonstrate statistically remarkable reduction by
BTS, in GTG + HF mice, of induced increases in visceral
or subcutaneous fat (Fig. 1b), perhaps because the volume
of these fats in our mice were much larger than previously
reported [6]. Additionally, the reduction of body weight
might mainly be through the reduction of fat accumulation
in muscles, since it has been reported that the degree of
hepatosteatosis is well correlated with the degree of fat
accumulation in muscles [27].

To examine the mechanisms though which BTS atten-
uated hepatic steatosis, we firstly evaluated the effect of
BTS on adiponectin, thought to be a central adipokine in
the pathogenesis for NASH [18, 19]. The expression of
AdipoR1 and AdipoR2 in the livers was increased in a dose
dependent manner by BTS (Fig. 4a), indicating that BTS
could have PPAR-o agonist like effect, since PPAR-a
agonists are known to increase expression of AdipoR1 and
AdipoR2 [28]. Interestingly, plasma adiponectin levels
were also remarkably induced by BTS treatment (Fig. 4a)
even though neither visceral nor subcutaneous fat were
decreased. These data indicated that BTS through putative
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Fig. 3 BTS treatment reduces hepatic inflammation and oxidative
stress. a The extent of hepatic inflammation was markedly attenuated
with BTS: hepatocyte ballooning and Mallory—Denk bodies in the
livers of GTG + HF fed mice were absent in BTS treatment livers.
Filled arrow ballooning hepatocyte, arrow Mallory-Denk body.
b Oxidative stress and TNF-a expression: BTS reduced hepatic

TNF-a

*

relative mRNA level

SC GTG+HF

2%BTS

5%BTS

oxidative stress as shown by reduction of numbers of nuclei stained
positive for 8-OHdG in GTG + HF mice. BTS similarly reduced
hepatic TNF-a mRNA expression. Triple asterisk p < 0.001, asterisk
p <0.01 vs GTG + HF, Triple plus symbol p < 0.001 vs 2 %BTS,
n==6

Table 1 Physiological and biochemical analyses in mice treated with BTS

SC (n = 6) GTG + HF (n = 6) 2 %BTS (n = 6) 5 %BTS (n = 6)
AST (U/L) 86 &+ 11 310 £ 114 271 £ 27 170 + 46*
ALT (U/L) 31£9 514 £ 170 433 £ 37 299 + 133*
TG (mg/dL) 36 £ 7 37 £13 52 & 11% 49 £ 8

Serum ALT and AST levels were significantly reduced in mice treated with GTG + HF + 5 % BTS compared to the control GTG + HF group,
*p < 0.05. There was no change in serum TG level between the GTG + HF + 5 % BTS and GTG + HF groups although TG was elevated by

2 %BTS compared to GTG + HF (*p < 0.05)
* p < 0.05 vs GTG + HF, n = 6

PPAR-y effects may also function to increase serum
adiponectin, since PPAR-y agonists have been shown to
positively regulate serum adiponectin independently of
adipose tissue volume regulation [28, 29].

To now study the mechanisms of inhibition of liver lipid
metabolism by BTS in the presence of the activated
adiponectin signaling pathway, AdipoR1 signaling path-
ways and their target genes were examined. It is known
that activated AdipoR1 signaling decreases expression of
SREBP-1c [30], a key regulator of hepatic fatty acid

@ Springer

synthesis [31, 32], through AMPK activation [33]. Here,
we showed increased phosphorylation of AMPK by BTS in
parallel with activated AdipoR1 signaling (Fig. 4c).
Additionally, the phosphorylation of AMPK could also
have been induced by activated PPAR-vy, in BTS treated
mice, since as above BTS could also have PPAR-y agonist
like actions. Moreover, in the livers of mice treated with
BTS, there was a reduced expression of SREBP-1c
(Fig. 4b) in parallel with activated adiponectin signaling
and phosphorylation of AMPK.
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Fig. 4 BTS attenuates hepatosteatosis through activation of adipo-
nectin. a Plasma adiponectin and expression of adiponectin receptors
1 (AdipoR1) and 2 (AdipoR2): plasma adiponectin levels and hepatic
mRNA expression of AdipoR1 and AdipoR2 were dose dependently
increased by BTS. Asterisk p < 0.05, triple asterisk p < 0.001 vs
GTG + HF, n = 6. b-d AdioR1 signaling and target genes expres-
sion: BTS induced AdipoR1 signaling suppressed nuclear expression
of SREBP-I¢ (n = 4) through phosphorylated AMPK (n = 4).
Expression of PPAR-y mRNA was also increased by BTS treatment

TNF-o expression is also known to regulate expression of
SREBP-1c through activation of AMPK [31, 34]. Therefore,
the suppression of TNF-o expression by BTS, as observed
here, could also have contributed to the decreased SREBP-
lc expression. Taken together, therefore, the data here
suggest that activation of AdipoR1 signaling and conse-
quent suppression of SREBP-1c may be central mechanisms
through which BTS attenuates hepatic steatosis.

BTS may also have enhanced hepatic fatty acid oxidation
via AdipoR2 signaling, known to increase the expression of
PPAR-a [24] and its fatty acid oxidation related target
genes. Here, the expression of PPAR-a (Fig. 4e) and its
target gene MCAD (Fig. 4f) and CYP2E1 (Fig. 4g), were
increased by treatment with BTS. Therefore, activated fatty

(n = 6). Asterisk p < 0.05, double asterisk p < 0.01 vs GTG + HFE.
e—g Expression of PPAR-o and its target genes: Expression of PPAR-
o mRNA was increase by BTS (n = 6). Expression of MCAD
(n = 6) and CYP2E1 (n = 6), PPAR-o target genes, was similarly
increased by BTS. Asterisk p < 0.05, double asterisk p < 0.01, triple
asterisk p < 0.001 vs GTG + HF. h, i BTS promotes hepatic lipid
export: MRNA expression of MTP (n = 6) and DGAT2 (n = 6) was
increased by treatment with BTS. Asterisk p < 0.05 vs GTG + HF

acids oxidation could also contribute to the attenuation of
hepatic steatosis by BTS. Activation of fatty acid oxidation
would be expected to increase production of reactive oxy-
gen species (ROS) in the liver [35, 36]. BTS treatment here
reduced ROS levels, probably contributing to the improved
hepatic inflammation observed with BTS.

Additionally, MTP expression was confirmed here to be
increased by treatment with BTS, possibly contributing to
attenuation of steatosis by increasing hepatic export of TG
(Fig. 4h). Interestingly, expression of DGAT2 was also
increased by BTS treatment (Fig. 4i). Reduced hepatic
accumulation of TG in BTS-treated livers may therefore
have been due to increased MTP expression and increased
expression of DGAT2 to reduce the content of FFA.
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Fig. 5 Glucose intolerance and insulin resistance (IR) were attenu-
ated by BTS. a Fasting plasma glucose, insulin levels and QUICKI:
increased level of fasted plasma insulin and glucose were decreased,
and QUICKI increased by treatment with 5 %BTS, and ITT
confirmed severe IR double asterisk p < 0.01, triple asterisk
p < 0.001 vs GTG + HF, double plus symbol p < 0.01 vs 2 %BTS,
n = 6. b Glucose tolerance test (GTT) and insulin tolerance test

Furthermore, increased expression of DGAT2 might also
have contributed to the reduction of ROS production by
reducing hepatic FFA availability.

We next also investigated the effect of BTS on IR.
GTG + HF induced elevation of fasting plasma glucose and
plasma insulin were markedly reduced by BTS treatment,
whilst QUICKI was markedly increased by BTS (Fig. 5a). In
addition, ITT also was attenuated by BTS treatment. Fur-
thermore, GTT showed that BTS remarkably attenuated
severe glucose intolerance induced by GTG + HF (Fig. 5b).
Phosphorylation of hepatic Akt after administration of
insulin was reduced by treatment of BTS (Fig. 5c). The
mechanisms through which BTS improves insulin sensitiv-
ity may involve Akt phosphorylation triggered through as
yet uncertain mechanisms, but possibly involving induction
of adiponectin signaling by BTS, since adiponectin is known
to be involved in the suppression of hepatic gluconeogenesis
and insulin secretion by activating AMPK [37].

In conclusion, therefore, BTS—a Japanese anti-obesity
herbal (Kampo) medicine—is an effective preventive agent
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2%BTS 5%BTS

(ITT): GTT revealed severe glucose intolerance was attenuated, and
ITT confirmed IR was attenuated by 5 %BTS. Asterisk p < 0.05 vs
GTG + HF, n = 6. ¢ Involvement of Akt in BTS reduction of IR:
phosphorylation of Akt was involved in the reduction of IR by BTS
treatment as reflected by increased phosphorylation of Akt in the
livers of BTS treated mice upon insulin administration. Asterisk
p < 0.05, double asterisk p < 0.01 vs GTG + HF, n = 4

against the development of NASH. The challenge is now to
identify the active components of BTS to allow its refine-
ment and the rational design of more potent analogues.
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Abstract

Background It is suggested that nonalcoholic fatty liver
disease (NAFLD), including nonalcoholic fatty liver
(NAFL) and nonalcoholic steatohepatitis (NASH), can be
associated with insomnia and gastro-esophageal reflux
disease (GERD). The relationship between GERD and
insomnia in subjects with biopsy-proven NAFLD was
investigated.

Methods This study enrolled 123 patients with biopsy-
proven NAFLD. Insomnia was assessed by the Athens
Insomnia Scale (AIS), a self-assessment psychometric
instrument designed to quantify sleep difficulty based on
ICD-10 criteria; AIS scores > 6 were considered positive
for insomnia. GERD symptoms were evaluated using a
frequency scale for the symptoms of GERD (FSSG); FSSG
scores > 8 were considered positive. Logistic regression
models were used to evaluate the association of insomnia
with GERD, after adjusting for potential confounders.
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Thirteen patients with GERD were treated with the proton

pump inhibitor rabeprazole (RPZ; 10 mg/day), for
12 weeks.
Results Of the 123 patients, 76 (62 %) were female and

87 (71 %) were obese, with 34 (28 %) having AIS scor-
es > 6 and 31 (25 %) having FSSG scores > 8. Liver
biopsy revealed that 40 patients (33 %) had NAFL and 83
(67 %) had NASH. FSSG and AIS scores were similar in
the two groups. HOMA-IR, FSSG scores and yGT (GGT)
concentrations were significantly higher in insomniacs than
in non-insomniacs. Logistic regression analysis demon-
strated that FSSG score and GGT concentration were
independently associated with insomnia. RPZ treatment
resulted in significantly reductions in both AIS and FSSG
scores.

Conclusions Nearly 30 % of patients with biopsy-proven
NAFLD had insomnia, which was related to GGT and
GERD and could be relieved by RPZ treatment.
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BMI Body mass index

GERD  Gastro-esophageal reflux disease
NAFLD Nonalcoholic fatty liver disease
NASH  Nonalcoholic steatohepatitis

Introduction

Nonalcoholic fatty liver disease (NAFLD) [1] is the most
common chronic liver disease in many developed countries
and results in serious public health problems worldwide.
NAFLD includes a wide spectrum of liver diseases, rang-
ing from nonalcoholic fatty liver (NAFL), which is usually
benign, to nonalcoholic steatohepatitis (NASH), which
may progress to liver cirrhosis (LC), hepatic failure and
hepatocellular carcinoma (HCC) in the absence of signifi-
cant alcohol consumption [2]. A large proportion of NA-
FLD patients are asymptomatic, but some occasionally
experience fatigue, anxiety, and/or insomnia, resulting in a
significant decrement in quality of life (QOL) [3]. In
middle-aged Koreans, short sleep duration and poor sleep
quality were found to be significantly associated with an
increased risk of NAFLD [4]. Similarly, short sleep dura-
tion was associated with NAFLD in the general Japanese
population [5]. However, the mechanisms underlying the
association between insomnia and NAFLD remain
unknown. Sleep is important to maintain body homeostasis,
with sleep problems associated with all-cause mortality [6].

In addition to being associated with sleep problems,
NAFLD was found, in two recent studies from Japan and
Italy, to be associated with a high prevalence of the
symptoms of gastro-esophageal reflux disease (GERD) [7,
8]. Evidence has emerged suggesting a link between met-
abolic syndrome, specifically obesity and visceral fat
accumulation, and the onset of GERD. Studies throughout
the world have shown that GERD is associated with sleep
problems [9-14]. For example, a population-based study
from Sweden showed positive associations among the
presence of insomnia, sleeplessness, problems falling
asleep, and risk of GERD [10]. In addition, an analysis of
19864 healthy adults in Japan found that poor sleep quality
and irregular dietary habits were strong risk factors for high
scores on the frequency scale for the symptoms of GERD
(FSSG) [15]. Thus, it can be hypothesized that GERD
symptoms may be responsible for insomnia in patients with
NAFLD. To our knowledge, no study to date has assessed
the prevalence of insomnia or GERD, or their association,
in patients with biopsy-proven NAFLD.

@ Springer

Rabeprazole (RPZ), a proton pump inhibitor (PPI), is a
potent and irreversible inhibitor of the H(4-)/K(+)-ATP-
ase gastric pump and is indicated for the treatment of
GERD, Zollinger-Ellison syndrome, and duodenal and
gastric ulcers. Moreover, the combination of RPZ and
antibiotics is indicated for the eradication of Helicobacter
pylori. RPZ is therefore expected to be effective in the
treatment of GERD patients with sleep disturbances [16,
17]. This study was designed to evaluate the prevalence
of insomnia and GERD in patients with biopsy-proven
NAFLD; to compare the rates of insomnia and GERD in
patients with NASH and NAFL; to determine independent
predictors of insomnia, including FSSG score, among
these patients; and to evaluate the effect of RPZ on
insomnia.

Methods
Study population

The study included a total of 123 patients with well-
characterized, liver biopsy—confirmed NAFLD who com-
pleted the FSSG questionnaire assessing symptoms of
GERD and the Athens Insomnia Scale (AIS) question-
naire. All patients underwent biopsies at one of the seven
hepatology centers included in the Japan Study Group of
NAFLD (JSG-NAFLD): Center for Digestive and Liver
Diseases, Nara City Hospital; Division of Gastroenterol-
ogy, Yokohama City University Graduate School of
Medicine; Department of Medicine and Molecular Sci-
ence, Graduate School of Biomedical Sciences, Hiroshima
University; Department of Gastroenterology and Hepa-
tology, Kochi Medical School; Department of Internal
Medicine, Saga Medical School, Saga University;
Department of Hepatology, Graduate School of Medicine,
Osaka City University; and the Department of Gastroen-
terology and Hepatology, Kyoto Prefectural University of
Medicine.

NAFLD was diagnosed based on liver biopsy findings of
steatosis in > 5 % of hepatocytes and the exclusion of
other liver diseases, including viral hepatitis, autoimmune
hepatitis, drug-induced liver disease, primary biliary cir-
rhosis, biliary obstruction, hemochromatosis, Wilson’s
disease, and o-l-antitrypsin-deficiency-associated liver
disease. Patients consuming more than 20 g of alcohol per
day, those with evidence of decompensated LC or HCC,
those with psychiatric disorders or psychiatric drug users,
and those taking PPIs and/or histamine H2-receptor
antagonists were excluded. All patients provided written
informed consent at the time of liver biopsy, and the study
was conducted in conformance with the Declaration of
Helsinki.
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Laboratory and clinical parameters

Venous blood samples were taken in the morning after a
12-h overnight fast. Laboratory assays included blood cell
counts and measurements of serum concentrations of
aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT), gamma glutamyl transpeptidase (GGT), cho-
linesterase (ChE), total cholesterol, triglycerides, fasting
plasma glucose (FPG), immunoreactive insulin (IRI), fer-
ritin, hyaluronic acid, and type IV collagen 7S. These
parameters were measured using the standard techniques of
clinical chemistry laboratories.

Body mass index (BMI) was calculated as weight in
kilograms/(height in meters)®, with obesity defined as a
BMI > 25 kg/m?, according to the criteria of the Japan
Society for the Study of Obesity [18]. Patients taking
oral hypoglycemic medication, and those with a random
glucose concentration > 200 mg/dl or a fasting glucose
concentration > 126 mg/dl, were regarded as positive for
hyperglycemia [19]. Patients with serum cholesterol
concentrations > 220 mg/dl or triglyceride concentra-
tions > 160 mg/dl were diagnosed with dyslipidemia.
Patients taking antihypertensive agents and those having
a resting recumbent blood pressure > 140/90 mmHg on
at least two occasions were regarded as having hyper-
tension [20].

Table 1 Athens Insomnia Scale (AIS) [26]

GERD score

The FSSG is a questionnaire widely used to diagnose
GERD [21-24] and to evaluate the effectiveness of any
treatment [21, 25].The FSSG consisted of 12 questions
assessing the frequency of symptoms (never, 0; occasion-
ally, 1; sometimes, 2; often, 3; and always, 4). Patients with
FSSG scores > 8 were considered positive for GERD; at
this cut-off point, the FSSG had a sensitivity of 62 %, a
specificity of 59 %, and an accuracy of 60 % in assessing
GERD [21].

Insomnia scale

The intensity of sleep difficulty was evaluated using the AIS,
a self-administered psychometric tool with high consistency,
reliability and external validity (Table 1) [26, 27]. The AIS
consists of eight items, five of which are used to assess
insomnia, and the three used to assess well-being, functional
capacity, and sleepiness during the day. The full eight-item
version (AIS-8) was developed for clinical settings, while the
five-item version (AIS-5) can be used to assess sleep quantity
and quality. These first five questions (AIS-5) are used to
assess difficulty with sleep induction, awakenings during the
night, early morning awakening, total sleep time and overall
quality of sleep. The last three items in the AIS-8 refer to

Sleep induction (time it takes you to fall asleep after turning-off the lights)

0: No problem 1: Slightly delayed 2: Markedly delayed 3: Very delayed or did not sleep at all
Awakening during the night

0: No problem 1: Minor problem 2: Considerable problem 3: Serious problem or did not sleep at all
Final awakening earlier than desired

0: Not earlier 1: A little earlier 2: Markedly earlier 3: Much earlier or did not sleep at all
Total sleep duration

0: Sufficient 1: Slightly insufficient 2: Markedly insufficient 3: Very insufficient or did not sleep at all
Overall quality of sleep (no matter how long you slept)

0: Satisfactory 1: Slightly unsatisfactory 2: Markedly unsatisfactory 3: Very unsatisfactory or did not sleep at all
Sense of well-being during the day

0: Normal 1: Slightly decreased 2: Markedly decreased 3: Very decreased
Functioning (physical and mental) during the day

0: Normal 1: Slightly decreased 2: Markedly decreased 3: Very decreased
Sleepiness during the day

0: None 1: Mild 2: Considerable 3: Intense

Instructions this scale is intended to record own assessment of any sleep difficulty you might have experienced. Please, check (by circling the
appropriate number) the items above to indicate your estimate of any difficulty, provided that it occurred at least three times per week during the

last month

The period of the self-assessment may vary, depending on the design of a given study. Whenever the self-assessment pertains to a period other
than that of the last month, the second sentence of the instructions should be rephrased accordingly
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daytime symptoms that often result from sleep disorders,
such as narcolepsy and obstructive sleep apnea, in patients
with insomnia. Each item on the AIS was rated from 0 (no
problem at all) to 3 (very serious problem). Total scores can
range from O to 24, with scores > 6and < 6representing the

presence and absence of insomnia, respectively. This cutoff

point had a sensitivity of 93 %, a specificity of 85 % (90 %
overall correct case identification), a positive predictive
value (PPV) of 41 % and a negative predictive value (NPV)
of 99 % [27].

Responders were asked to calculate their scores if they
had experienced sleep difficulties at least three times a
week during the previous month.

Liver histology

All enrolled patients underwent a percutaneous liver

liver specimens were embedded in paraffin and stained
with hematoxylin and eosin, Masson-trichrome, reticulin
silver stain, and Perls’ Prussian blue. The specimens were
evaluated by two hepatic pathologists (S.T. and Y.S.),
who were blinded to the clinical findings. An adequate
liver biopsy sample was defined as a specimen of
length > 1.5 cm and/or having more than 6 portal tracts.
NASH was defined as steatosis with lobular inflammation
and ballooning degeneration, with or without Mallory—
Denk body or fibrosis. Patients with liver biopsy
specimens showing simple steatosis or steatosis with
nonspecific inflammation were identified as the NAFL
cohort  [28]. Specimens with steatosis of <5,
5-33, > 33-66, and > 66 % were scored as having stea-
tosis grades of 0, 1, 2, and 3, respectively [29]. Histo-
logical grade and stage were scored as described [30].
Necroinflammatory grades of 1, 2, and 3, were defined as

biopsy under ultrasonic guidance or peritoneoscopy. The  mild, moderate

Table 2 Clinical characteristics of enrolled patients with NAFL and NASH

severe hepatocellular  steatosis,

Clinical parameter Total (n = 123 [100 %]) NAFL (n = 40 [33 %)) NASH (n = 83 [67 %)) P value
Age (years) 59 (14-82) 56 (20-78) 62 (14-82) 0.0025
Gender (female) 76 (62 %) 17 (43 %) 59 (71 %) 0.0030
BMI (kg/m?) 26.6 (16.6-43.4) 26.6 (18.9-43.4) 27.3 (16.6-41.0) 0.1405
Obesity (BMI > 25) 87 (71 %) 27 (68 %) 60 (72 %) 0.6731
Dyslipidemia (yes [%]) 46 (37 %) 12 (30 %) 34 (41 %) 0.3202
Hypertension (yes [%]) 48 (39 %) 10 (25 %) 38 (46 %) 0.0310
Type 2 diabetes (yes [%]) 55 (45 %) 13 (33 %) 42 (51 %) 0.0811
Hemoglobin (g/dl) 14.1 (10.5-18.3) 14.8 (10.6-18.3) 13.8 (10.5-16.7) 0.0728
Platelet count (x 10%/ul) 21.4 (4.6-78.5) 23.5 (13.0-78.5) 20.8 (4.6-45.4) 0.0125
AST (1U/1) 45 (17-186) 37 (17-151) 51 (18-186) 0.0001
ALT (IU/1) 69 (12-358) 61 (15-358) 71 (12-218) 0.2425
GGT (1u/m 61 (20-391) 60 (20-319) 62 (21-391) 0.6382
Cholinesterase (IU/1) 371 (167-547) 378 (266-545) 370 (167-547) 0.2873
Total cholesterol (mg/dl) 209 (87-335) 218 (127-335) 203 (87-319) 0.0183
Triglyceride (mg/dl) 156 (61-659) 155 (61-416) 162 (66-659) 0.4849
HDL-C (mg/dl) 50 (23-290) 49 (31-77) 52 (23-290) 0.7727
Ferritin (ng/ml) 163 (5~1100) 113 (10-1100) 210 (5-923) 0.0160
FPG (mg/dl) 96 (60-452) 96 (60-161) 96 (60-452) 0.3571
IRI (uU/ml) 11.4 (1.59-49.5) 8.4 (1.6-46) 13.2 (2.8-49.5) <0.0001
HOMA-IR 2.62 (0.38-33.04) 1.87 (0.38-13.63) 3.02 (0.65-33.04) <0.0001
Hyaluronic acid (ng/ml) 37 (9-3480) 22 (9-149) 49 (9-3480) 0.0001
Type IV collagen 7S (ng/ml) 4.5 (2.7-13) 3.7 (2.8-7.1) 5.1 (2.7-13.0) <0.0001
FSSG 4 (0-38) 4 (0-29) 3 (0-38) 0.5009

FSSG > 8 (n [%)) 31 [25 %] 10 [25 %] 21 [25 %] 1.0000
AIS 3 (0-15) 3 (0-12) 4 (0-15) 0.5591

AlS > 6 (n [%]) 34 [28 %] 10 [25 %] 24 [29 %) 0.8299

Results are presented as numbers with percentages in parenthesis for qualitative data or as mean & SD for quantitative data

BMTI body mass index, AST aspartate aminotransferase, ALT alanine aminotransferase, GGT gamma glutamyl transpeptidase, FPG fasting plasma

glucose, IRl immuno-reactive insulin

P values were calculated by 7 test or y* analysis
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ballooning and inflammation (acinar and portal), respec-
tively. The severity of hepatic fibrosis (stage) was scored
as: stage 1, zone 3 perisinusoidal fibrosis; stage 2, zone 3
perisinusoidal fibrosis with portal fibrosis; stage 3, zone 3
perisinusoidal fibrosis and portal fibrosis with bridging
fibrosis; and stage 4, cirrhosis.

Treatment with RPZ

Thirteen NAFLD patients with GERD symptoms (11
females and 2 males) were administered 10 mg/day RPZ
for 12 weeks. These patients completed both the FSSG and
AIS before and after RPZ treatment.

Statistical analysis

Quantitative results are presented as medians and ranges,
and qualitative results as numbers and percentages. Sta-
tistical differences in quantitative data were determined
using the Mann—Whitney U test or Wilcoxon rank-sum
test, and differences in qualitative data using Fisher’s
exact probability test or Xz analysis (Tables 2, 4, 5;
Figs. 1, 2, 3, 4). Correlations were calculated by Spear-
man rank correlation analysis (Table 3). Multivariate
logistic regression analysis was used to identify variables
independently associated with the occurrence of insomnia
(Table 6). Statistical significance was defined as a
P value < 0.05.

Fig. 1 The distribution of
Athens Insomnia scale (AIS)

NAFL(n=40)
15

AIS

NASH (n=83)
15

12

Results
Characteristics of study subjects

Table 2 summarizes the clinical and laboratory data of the
patient population. Of the 123 patients with NAFLD, 76
(62 %) were female, and 87 (71 %) were obese
(BMI > 25 kg/m?). Histologically, 83 patients (67 %)
were diagnosed with NASH, and 40 (33 %) with NAFL.
Patients with NASH were significantly older; were more
predominantly female; were more likely to have hyper-
tension and type 2 diabetes; had lower platelet counts and
total cholesterol concentrations; and had higher levels of
AST, ferritin, IRI, HOMA-IR, hyaluronic acid, and type IV
collagen 7S. Of the 83 patients with NASH, 41 (49 %), 22
(27 %), 13 (16 %), and 7 (8 %) had stage 0-1, 2, 3, and 4
fibrosis, respectively.

Comparisons between NASH and NAFL

The distribution of AIS scores in patients with NAFL and
NASH is shown in Fig. 1. Overall, 34 of the 123 patients
(28 %) with NAFLD had AIS scores > 6, diagnostic of
insomnia, including 10 of 40 (25 %) patients with NAFL
and 24 of 83 (29 %) with NASH (P = 0.8299). Males and
females had similar median AIS scores [3 (range 0-13) vs.
3 (range 0-15), P = 0.7954] and a similar prevalence of
insomnia [26 % (12/47] vs. 29 % (22/76), P = 0.8359].

25% (10/40)

29% (24/83)
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Fig. 2 Correlation between 16 7
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Fig. 4 Effects of rabeprazole (a) (b)
(RPZ) on the improvement of
GERD symptoms and insomnia. 30 7 207
The box represents the
interquartile ranges (25 and 18 1 x
75 %) from the median 25 4
(horizontal line). The bars 16 A
indicate the 10 and 90 %. x "
a Change in the total FSSG 14
score. RPZ significantly reduced 20
total FSSG scores. *P = 0.0071 * 12 4
compared to baseline response
before treatment. b Change in Qo 10 4
.. wn 15 "
the total AIS. RPZ significantly 2 =
reduced total AIS. *P = 0.0144 g
compared to baseline response
before treatment 10 1 6
4 =
51 y |
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Before RPZ After RPZ Before RPZ After RPZ
Table 3 Correlation between -
AIS/FSSG and clinical Variables AlS FSSG
parameters in 123 patients with Correlation P value Correlation P value
biopsy-proven NAFLD coefficient coefficient
Age —0.0431 0.6363 —0.2363 0.0085
BMI ~0.0075 0.9345 0.091 0.3128
Hemoglobin 0.0104 0.9100 0.0328 0.7220
Platelet 0.1079 0.2407 0.2197 0.0159
AST 0.0588 0.5197 0.0015 0.9868
ALT 0.0284 0.7558 0.1148 0.2080
AST/ALT ratio —0.0046 0.9597 —0.1254 0.1689
vGT 0.1545 0.0935 —0.1272 0.1681
Cholinesterase 0.1366 0.1646 0.1683 0.0861
Prothrombin time 0.0359 0.6998 0.1403 0.1296
Cholesterol 0.1366 0.7233 0.0624 0.5039
Triglyceride —0.0343 0.7132 0.0506 0.5879
HDL-C —0.0128 0.8943 —0.1166 0.2230
FPG 0.0442 0.6316 —0.2010 0.0277
IRI —0.1073 0.2412 —0.1570 0.0855
HOMA-IR —0.0993 0.2806 —0.1948 0.0330
Ferritin 0.0934 0.3081 —0.0490 0.5932
Hyaluronic acid —0.0340 0.7088 —0.2246 0.0125
P values are based on Type IV collagen 7S —0.0193 0.8323 -0.1277 0.1592
Spearman’s non-parametric FSSG 0.4108 <0.0001 - -
correlation analysis
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FSSG scored did not differ in NAFL and NASH patients,
with the prevalence of GERD being 25 % in each group.

Factors positively correlating with AIS and FSSG
scores

AIS score was positively correlated with FSSG score
(r = 04108, P < 0.001) (Fig. 2), but not with any other
parameter (Table 3). FSSG score was positively correlated
with platelet count (r = 0.2197, P = 0.0159), and nega-
tively correlated with age (r = —0.2363, P = 0.0085),
FPG concentration (r = —0.2010, P = 0.0277), HOMA-
IR score (r = —0.1948, P = 0.0330) and hyaluronic acid
concentration (r = —0.2246, P = 0.0125). BMI, transam-
inase activities, lipid profiles, and iron parameters were not
correlated with AIS or FSSG score.

Correlation between histological findings and AIS
scores

Assessment of histological findings in the 123 patients with
NAFLD showed that 53 (43 %), 40 (33 %), and 30 (24 %)
had steatosis grades 1, 2, and 3, respectively; 30 (24 %), 70
(57 %), 18 (15 %), and 5 (4 %) had inflammation grades 0,

1, 2, and 3, respectively; and 44 (36 %), 38 (31 %), 21
(17 %), 13 (11 %), and 7 (6 %) had fibrosis grades 0, 1, 2,
3, and 4, respectively. Evaluation of correlations between
AIS scores and histological findings showed that AIS score
was not correlated with steatosis, inflammation, or fibrosis
grade (Fig. 3).

Clinical findings in patients with and without insomnia

Comparisons of clinical and laboratory findings in patients
with and without insomnia showed that yGT concentrations
and FSSG scores were higher, and the prevalence of
hypertension and IRI and HOMA-IR scores were lower, in
patients with insomnia (Table 4). Moreover, GERD
symptoms were significantly more prevalent in patients
with than without insomnia (56 vs. 13 %, P < 0.0001).

Drug usage

Drug usage in patients involved in this study was shown in
Table 5. Beta-blockers users were more prevalent in
patients with GERD compared to those without. The
prevalence of other drug users was not different between
patients with GERD/insomnia and those without.

Table 4 The comparison

between insomniacs and non-
insomniacs

Results are presented as
numbers with percentages in
parenthesis for qualitative data
or as mean =+ SD for
quantitative data

BMI body mass index, AST
aspartate aminotransferase, ALT
alanine aminotransferase, GGT
gamma glutamyl transpeptidase,
FPG fasting plasma glucose, IR/
immuno-reactive insulin

P values were calculated by
f test or ¥ analysis

@ Springer

Clinical parameter

Insomniacs (n = 34 [28 %]) Non-insomniacs (n = 89 [72 %]) P value

Age (years)
Gender (female)
BMI (kg/m?)

Obesity (BMI > 25)

Dyslipidemia
Hypertension (yes)

Type 2 diabetes (yes)

Hemoglobin (g/dl)

Platelet count (x 10%/pl)

AST (IU/I)
ALT (IU/))
GGT U/

Cholinesterase (IU/1)
Total cholesterol (mg/dl)
Triglyceride (mg/dl)

Ferritin (ng/ml)
FPG (mg/dl)
IRI (pU/ml)
HOMA-IR

Hyaluronic acid (ng/ml)
Type IV collagen 7S (ng/ml)

FSSG

FSSG > 8 (n [%])

NASH (n [%])

56 (35-74) 60 (14-82) 0.8100
22 (65 %) 54 (61 %) 0.8359
26.4 (21.9-38.6) 26.6 (16.6-43.4) 0.5028
25 (74 %) 62 (70 %) 0.8252
21 (62 %) 56 (63 %) 1.0000
8 (24 %) 40 (45 %) 0.0385
16 (47 %) 39 (44 %) 0.8400
14.4 (11.0-18.3) 14.0 (10.5-17.1) 0.9072
22.3 (8.7-33.5) 21.1 (4.6-78.5) 0.7137
47 (20-182) 44 (17-186) 0.4682
71 (12-358) 69 (15-218) 0.6233
77 (24-391) 59 (20-268) 0.0063
373 (208-547) 371 (167-545) 0.7992
206 (125-314) 214 (87-335) 0.3670
146 (68-424) 164 (61-659) 0.3864
128 (11-1100) 170 (5-923) 0.7315
94 (70-452) 97 (60-171) 0.7708
9.8 (2.8-11.2) 12.0 (1.6-49.5) 0.0326
2.10 (0.65-33.04) 2.96 (0.38-16.34) 0.0335
32 (9-392) 37 (9-3480) 0.9774
4.7 (2.7-13.0) 44 (2.8-10.0) 0.9054
8 (0-38) 3 (0-17) <0.0001
19 [56 %) 12 [13 %] <0.0001
24 [71 %] 59 [66 %] 0.8299
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Table 5 Drug usage

Drug usage FSSG < 8 FSSG > 8 P value Insomniacs Non-insomniacs P value
n = 92) (n = 31) (n = 34) (n = 89)
Use of antihypertensive drugs
Calcium antagonists 26 [28 %] 10 {32 %] 0.6560 7 [21 %] 29 [33 %] 0.2680
ARBs 4[4 %] 2 [6 %] 0.6412 2 [6 %] 4[4 %] 0.6679
Beta-blockers 2 [2 %] 4113 %] 0.0348 2 [6 %] 4[4 %] 0.6679
Use of NSAIDs 10 [11 %] 2 [6 %] 0.7285 13 %] 11 [12 %] 0.1762
Use of anticoagulants 22 %] 0 [0 %] 1.0000 010 %] 2 [2 %] 1.0000
Use of digestive drugs 2 [2 %] 0 [0 %] 1.0000 0 [0 %] 2 [2 %] 1.0000

ARBs angiotensin receptor blockers, NSAIDs non-steroidal anti-inflammatory drugs

Table 6 Results of multivariate analysis: independent predictors of
insomniacs

Variables Adjusted (multivariate)

OR 95 % CI P value
FSSG 1.2315 1.1221-1.3516 <0.0001
GGT 1.0109 1.0031-1.0189 0.0063
IRI 0.9515 0.8908-1.0164 0.1396
Hypertension 0.5503 0.1823-1.6610 0.2893

OR odds ratio, CI confidence interval, FSSG frequency scale for the
symptoms of GERD, GGT gamma glutamyl transpeptidase, [RI
immuno-reactive insulin

Factors independently predictive of insomnia
in patients with NAFLD

Multivariate logistic regression analysis showed that
plasma GGT concentration [odds ratio (OR) 1.2315,
95 % confidence interval (CI) 1.1221-1.3516, P <
0.0001] and FSSG score (OR 1.0109, 95% CI
1.0031-1.0189, P = 0.0063) were significant independent
predictors of insomnia (Table 6). In contrast, IRI
and HOMA-IR scores and hypertension were not
predictive.

Effects of RPZ on insomnia

RPZ treatment of patients with GERD significantly
reduced FSSG and AIS scores (Fig. 4). Of the 9 patients
with insomnia treated with RPZ, 4 (44 %) showed reso-
lution of insomnia after treatment.

Discussion

This study of Japanese NAFLD patients demonstrated that
(1) 28 % had AIS scores > 6, indicative of insomnia; (2)
25 % had FSSG scores > 8, indicative of GERD; (3) AIS
and FSSG scores did not differ significantly in patients

with NASH and NAFL; (4) FSSG score was independently
associated with AIS score; and (5) insomnia could be
relieved after treatment with RPZ.

The precise prevalence of insomnia in NAFLD patients
has been unclear. Using the AIS, we found that 28 % of
patients with biopsy-proven NAFLD had insomnia.
Although sleep dysfunction has been defined as a Pitts-
burgh Sleep Quality Index (PSQI) score > 5.5 in other
studies [17, 31], the AIS is satisfactorily validated, simple
to perform, and well accepted based on ICD-10 criteria.
The AIS has been used to assess insomnia in the general
population in Japan. For example, a study of approximately
3000 individuals found that 21.4 % had experienced
insomnia during the previous month [32]. The prevalence
of insomnia in our NAFLD patients does not seem to be
markedly different from that in the general population.
Though this precise reason is unknown, one plausible
explanation is that about 20-30 % of the general popula-
tion is estimated to have NAFLD. We should obtain data
from sex- and age-matched non-NAFLD population to
clarify whether the prevalence of insomnia in NAFLD is
really higher compared to that in the general population.
Assessments of employees of two local governments in
Japan found that 1382 of 5951 males (23.2 %) and 465 of
1500 females (31.0 %), aged 34-59 years, had insomnia
[33, 34]. Assessments of middle-aged women found that
27.5-43.6 % had AIS scores > 6 [35, 36]. Taken together,
these findings indicate that the prevalence of insomnia is
higher in women than in men, across countries and cul-
tures. In contrast, we observed no differences in AIS scores
between men and women with NAFLD. Since the dis-
crepancy between our results and previous studies can be
explained by a small number of patients involved in this
study, a larger number of patients should be examined in
the future. Since Yoshioka et al. [34] showed that the
gender difference disappeared after adjustment for paid
work and family responsibilities, detailed characteristics of
patients should be considered to clarify the gender differ-
ences. In Japanese studies in which insomnia was
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diagnosed using AIS, factors associated with insomnia
included work at visual display terminals for = 6 h per day
[37], job stress [38, 39], and reduced illumination in the
workplace [40]. In this study, however, we did not evaluate
these work environmental factors.

The mechanisms by which insomnia arises in patients
with NAFLD have never been clarified. We found that AIS
scores and the incidence of insomnia were similar in
patients with NAFL and NASH. AIS scores did not cor-
relate with any histological findings, such as steatosis,
inflammation, and fibrosis scores, indicating that histolog-
ical severity is not important in the pathogenesis of
insomnia in patients with NAFLD. In contrast, many
studies have explored the associations between life-style
related disorders/obesity and sleep disturbance. Changes in
secretion of the hormones cortisol, leptin, and ghrelin, and
increased insulin resistance due to short sleep duration
were found to increase the risks of obesity and diabetes
[41-43]. In contrast, insomniacs were more likely to have
insulin resistance than non-insomniacs. This study dem-
onstrated that FSSG score was significantly correlated only
with AIS score. Multivariate analysis showed that FSSG
was an independent risk factor associated with insomnia,
suggesting that GERD symptoms are responsible for
insomnia in NAFLD patients, findings consistent with
previously reported results [9, 17]. For example, sleep
disorders, such as inability to sleep, difficult falling asleep,
and awakening during the night, were observed in 56.3 %
of patients with heartburn [9]. Similarly, we found that
61.3 % (19/31) of NAFLD patients with GERD had
insomnia. A study in 134 Japanese patients with GERD
found that FSSG score was significantly positively corre-
lated with PSQI score [11]. GERD can affect sleep through
two primary mechanisms. First, nighttime reflux, which
occurs in 47-79 % of patients with GERD, can cause
awakening during the night. Second, GERD can cause
short, amnestic arousals (approximately 30 s), resulting in
sleep fragmentation. However, recent studies also sug-
gested that the link between GERD and sleep problems
may be bidirectional. Sleep stage may influence the eso-
phago-upper esophageal sphincter contractile reflex [44].
Sleep disturbance may reinforce the perception of intra-
esophageal acid [45]. The association of NAFLD with
GERD has been assessed in only two studies, which
reported that 37 and 51 % of patients with NAFLD had
GERD symptoms [7, 8], percentages higher than observed
in the present study. Plausible explanations of a lower
prevalence (25 %) of GERD in our NAFLD patients were
the difference of ethics, sex/age distribution, and the
diagnostic method of GERD or NAFLD between previous
studies [7, 8] and ours. Another explanation is the possi-
bility that our NAFLD patients receiving dietary
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educations might avoid irregular diet habits, which are
known to be the most significant risk factors for GERD
symptoms [15]. In the future, sex- and age-matched con-
trolled studies using a larger population is essential to draw
conclusions. A recent study of Japanese patients with
NAFLD found that GERD symptoms were significantly
more severe in the group with higher than lower total
cholesterol (T-CHO) and triglyceride (TG) levels [7]. In
contrast, we observed no correlation between GERD
symptoms and either T-CHO or TG. These conflicting
results may be due to our inclusion of only patients with
biopsy-proven NAFLD, who are not representative of the
general population of patients diagnosed with NAFLD. In
contrast, the patients included in the previous study were
diagnosed with NAFLD by ultrasound [7]. Moreover, that
study did not assess the association of insomnia with
GERD symptoms. Thus, to our knowledge, our study is the
first to clarify the relationship between insomnia and
GERD symptoms in patients with NAFLD.

Previous studies suggested that acid suppression can
improve sleep problems in GERD patients. For example, a
prospective randomized clinical trial found that a signifi-
cantly higher percentage of patients treated with esomep-
razole than placebo showed resolution of GERD-related
sleep disturbances [46]. RPZ treatment also significantly
improved subjective indices of sleep quality over placebo
[16]. Moreover, an 8-week course of RPZ treatment sig-
nificantly decreased both FSSG and PSQI scores in Japa-
nese patients [11]. Consistent with these findings, we found
that treatment with RPZ significantly decreased both AIS
and FSSG scores. These results also indicate that GERD
symptoms are at least partly responsible for the occurrence
of insomnia in NAFLD patients.

In addition to AIS score, GGT concentration was found
to be an independent predictor of insomnia in patients with
NAFLD. Serum GGT activity is a marker of oxidative
stress [47]. The primary function of GGT is to maintain
intracellular concentrations of glutathione, a critical anti-
oxidant molecule. Thus, increased GGT activity can be
regarded as a response to oxidative stress, aimed at
increasing the intracellular concentration of glutathione.
Although little is known about the relationship between
insomnia and oxidative stress, a preliminary study showed
that anti-oxidant activity was significantly lower and lipid
peroxidation levels significantly higher in patients with
primary insomnia than in controls [48]. Serum concentra-
tions of GGT and 8-hydroxydeoxyguanosine are correlated
in patients with NAFLD, indicating the occurrence of
oxidative stress [49]. GGT has also been associated with
the occurrence of metabolic syndrome, early atheroscle-
rosis, and cardiovascular events [50]. Moreover, GGT
concentrations are higher in patients with obstructive sleep
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apnea syndrome (OSAS) than in controls [51] and have
been associated with nocturnal arterial oxygen desatura-
tion. Furthermore, continuous positive airway pressure
treatment has been shown to decrease GGT, further sug-
gesting that the increase in GGT is directly associated with
OSAS. OSAS has also been associated with the presence
and severity of NAFLD [52], suggesting that insomnia in
patients with NAFLD is at least partly associated with the
occurrence of OSAS. Our finding, that elevated GGT is an
independent predictor of insomnia, suggests that these
patients also have OSAS, although this was not directly
evaluated in our patient population.

This study had several limitations. First, its design was
cross-sectional, making it difficult to establish a cause—
effect relationship, and suggesting the need for prospective
studies. Second, the AIS is a self-administered question-
naire and subjective measure of insomnia, suggesting the
need for assessment of objective sleep variables such as
those obtained during polysomnography. Third, GERD was
diagnosed based on FSSG scores alone, without endoscopic
examination or 24 h pH monitoring. Because all partici-
pants were Japanese, there is a possibility that our results
may not be applicable for NAFLD patients of other races or
ethnic groups. The current study also did not assess the
effects of smoking habits, mental status, dietary habit, and
work environments. Additional studies, in larger popula-
tions, are needed to assess these variables.

In conclusion, we found that about 30 % of Japanese
patients with biopsy-proven NAFLD have insomnia.
GERD symptoms may be important in the development of
insomnia. PPIs may be clinically useful for treating
insomnia in NAFLD patients.
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