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Background: Deceased muscle mass combined with increased visceral fat mass is report-
edly linked to a higher risk of worsening the hepatic conditions of non-alcoholic fatty liver
disease (NAFLD).

Objective: The aim of this study was conducted in a retrospective manner to investigate
whether longitudinal changes in skeletal muscle mass to visceral fat area ratio (SV ratio), an
index of sarcopenic obesity, are influential on the hepatic conditions and pathophysiology of
NAFLD during the clinical course.

Design: The association of SV ratio with hepatic conditions and pathophysiology was
evaluated longitudinally for 2-5.5 years (median 4.1 years) in 92 patients with NAFLD
(36 men and 56 women; 17-78 years). The subjects were divided into three groups according
to the change in their SV ratio: improved, stable, or worsened, and the changes in parameters
associated with NAFLD were compared among the groups.

Results: In the group with a worsened SV ratio, visceral fat area increased (122+30-138
+30 cm?; mean * SD), whereas total muscle mass decreased (26.5+6.1-25.9+£5.9 kg), which
was especially noticeable in the lower extremities (14.84+3.3-14.3+3.1 kg). In accordance with
the change of body composition, transient elastography showed higher levels of liver stiffness
(7.74£5.4-9.0+£6.0 kPa) and fat accumulation (265+43-293+48 dB/m). There were also higher
levels of fasting plasma glucose (115+29-126+40 mg/dL) and HbA Ic (6.0£1.1-6.3+1.0%). In
contrast, deterioration in these parameters did not occur in the groups with improved or stable
SV ratios.

Conclusion: Collectively, a progressive reduction in skeletal muscle mass accompanied by
an increase in visceral fat mass during the clinical course of NAFLD is associated with
a worsening of the hepatic conditions, fat accumulation and progression of fibrosis.
Keywords: non-alcoholic fatty liver disease, skeletal muscle mass to visceral fat area ratio,

sarcopenic obesity, hepatic steatosis, hepatic fibrosis, clinical course

Introduction

Abnormal body composition, such as obesity coupled with low skeletal muscle
mass, reportedly affects the pathophysiology of chronic liver disease.' The relation
between low skeletal muscle mass (sarcopenia) and poor survival outcome of
patients with chronic liver disease has also been published previously.” This may
be because a reduction in exercise tolerance secondary to loss of skeletal muscle
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mass accelerates the progression of chronic liver disease to
cirrhosis.> Low skeletal muscle mass is also an indepen-
dent prognostic factor for hepatocellular carcinoma.>*
However, it also heightens the probability of developing
NAFLD” and exacerbating liver fibrosis.’

Based on the clinical findings above, alterations in
body composition caused by an obesity-related increase
in abdominal fat and a decrease in skeletal muscle mass
are believed to be elements related to the onset and exacer-
bation of chronic liver diseases, in addition to the survival
outcome of chronic liver disease patients. Therefore, both
increases in abdominal fat and decreases in skeletal muscle
mass are being increasingly shown to be important factors
affecting the pathophysiology and survival outcome of
those presented with chronic liver disease.

Recently, we reported on the cross-sectional study
that a low skeletal muscle mass to visceral fat area ratio
(SV ratio),® an index of sarcopenic obesity, is related to
exacerbation of the hepatic conditions in NAFLD; eg,
moderate to severe steatosis and advanced fibrosis.”
When SV ratio was stratified using quartiles, the group
with the lowest SV ratio were more likely to worsen
NAFLD pathophysiological conditions such as insulin
resistance, adipokine imbalance, and inflammatory or
oxidative stress, leading to the exacerbation of hepatic
function, hepatocyte apoptosis, and liver fibrosis. Thus, it
is likely that a low SV ratio aggravates the risk of
NAFLD onset and is an important factor for the progres-
sion of hepatic fibrosis. However, no studies have been
published that assess the influence of longitudinal
changes in SV ratio on the features of NAFLD.

Therefore, this study was undertaken in a retrospective
manner to investigate the influence of longitudinal changes
in SV ratio on the hepatic conditions and pathophysiology
of NAFLD during the clinical course.

Patients and methods

Patients

From April 2011 to October 2015, 300 subjects (179 men
and 121 women), who were referred to the Tsukuba
University Hospital outpatient department for the first
time from April 2011 to October 2015 after hepatic dys-
function or fatty liver was detected as a result of
a complete medical checkup or medical examination,
were diagnosed with NAFLD. The diagnosis of NAFLD
was made on the basis of overeating or physical inactivity,
high serum alanine aminotransferase (ALT), and the

existence of at least two of three atypical findings using
abdominal ultrasonography, as per the diagnostic guide-
lines for NAFLD in the Asia-Pacific region.'” The patients
were removed from this study as follows: (a) the presence
of other causes of liver disease, (b) psychiatric disease,
and (c) those who were taking anti-diabetic or weight loss
medication. Patients with an alcohol consumption of
>20 g/day were also excluded.

Of the 300 recruited, 92 patients (36 men and 56
women of 17-78 years) whose clinical course (2-5.5 years;
median, 4.1 years) were subsequently followed as outpa-
tients who continuously visited the Hospital for treatment.
The remaining 208 patients were referred from our uni-
versity hospital to the related hospitals located near the
patient’s residence according to their will. In the treatment
of these 92 patients, guidance for lifestyle improvement
was provided through consultation on diet and exercise at
the first visit. Subsequently, patients with poorly controlled
diabetes mellitus were treated with oral antidiabetic drugs,
while patients with hepatic dysfunction were treated with
ursodeoxycholic acid under the primary care physician.
The patients visited the Hospital about once a year, and
a consultation to improve lifestyle was conducted on each
visit.

Based on the retrospective analysis, the 92 subjects
followed up in the Hospital were classified as having an
“improved” SV ratio when the ratio had increased by >5%
of its baseline value, while those classified as having
a “stable” SV ratio had a ratio that had increased or
decreased by <5% of its baseline value, and those classi-
fied as having a “worsened” SV ratio had a ratio that had
decreased by >5% of its baseline value.

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki, as reflected in prior
approval by the Ethics Committee of the Tsukuba
University Hospital. Written informed consent was col-
lected from each patient.

Anthropometric measurements

Body weight and composition (fat mass, skeletal muscle
mass, and abdominal visceral fat area) were analyzed by
using an InBody 720 (Biospace Japan Inc., Tokyo, Japan),
and then SV ratio (g/em?)® was calculated. Height was
measured with a wall-mounted stadiometer (Muratec-KDS
Co., Kyoto, Japan). Using these data, BMI was calculated
(kg/m?). The maximum strength of the isometric contrac-
tion connected with knee extension to an angle of 90° in
a seated position was measured using a hand-held
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dynamometer (p-TasF-1; Anima Co., Tokyo, Japan).
Isometric movement was conducted by exerting maximum
effort to extend the knee joint for up to 5 seconds. The
greater of two measurements was recorded for each subject
and the data were normalized according to body mass (kg)

and expressed as percentages.

Blood biochemical measurements

Blood was drawn from a median cubital vein. Measurements
of blood biochemistry were conducted as previously
reported.!’ Surrogate markers were calculated from the
laboratory measurements: for homeostasis model assessment
of insulin resistance (HOMA-IR),'? and for NAFLD the
NAFLD fibrosis score (NFS)'* and the fibrosis (FIB)-4
index."*

Ultrasonography

An ultrasound scanner (Aplio-400; Toshiba Co. Ltd.,
Tokyo) was utilized to gauge liver steatosis. The grade
of steatosis (GO, normal echogenicity; G1, minimal, dif-
fuse increase in fine echoes in liver parenchyma, but with
normal visualization of the diaphragm and intrahepatic
vessel borders; G2, modest, diffuse increase in fine
echoes with slightly impaired visualization of intrahepa-
tic vessels and the diaphragm; G3, significant increase in
fine echoes with poor or non-visualization of the intrahe-
patic vessel borders, diaphragm, and posterior right lobe
of the liver) was determined according to criteria reported
previously,' by a clinical radiologist, who was blinded to
the treatment assignment of the patients. The scans were
scored in an arbitrary order without the provision of any
clinical data.

Liver stiffness and steatosis

Hepatic stiffness was determined by using a Fibroscan®
(Echosens, Paris, France) with a 3.5-MHz standard
probe. The principle and examination methodology
have been reported previously.'® According to the valid-

. . -1
1ty criteria, 7

the liver stiffness measurement (LSM)
reliability includes the conditions as follows: 10 valid
acquisitions are available; the success rate is >60%; and
the interquartile range to median ratio (IQR/M) is <30%.
We decided to use the LSM data when all the above
conditions were met. Measurements of CAP and LSM
were performed by a single laboratory technician. In
addition, hepatic fat quantity was determined with
a controlled attenuation parameter (CAP) designed to
evaluate hepatic ultrasonic attenuation with a 3.5 MHz

standard probe by using signals acquired by the
Fibroscan. A detailed description of CAP has also been

reported previously.'®

Statistical analysis

The statistical analysis was conducted by using Statistical
Package for the Social Sciences (SPSS) for Windows, version
23.0 (SPSS Inc., Chicago, USA). The measurement values
are expressed as mean + standard deviation. Comparisons on
the time course of changes in each pathophysiological factor
in the improved, stable, or worsened SV-ratio groups were
analyzed by using ANCOVA with and without adjustment for
age and gender as covariates. A P-value of <0.05 was defined
as representing statistical significance.

Results

Longitudinal changes in the SV ratio

The 92 subjects followed up in the Hospital were divided
into three groups according to the change in their SV
ratio: 14 improved, 46 stable, and 32 worsened. Table 1
provides summarized information on age, gender, type 2
diabetes mellitus, and prevalence of other lifestyle-
related diseases at baseline (when the observation was
started) in the groups. While the gender composition was
different, there were no significant differences in the age
and prevalence of lifestyle-related diseases among the
groups.

Anthropometric characteristics in the SV
ratio groups

The mean SV ratio across all of the subjects with NAFLD
decreased, and the visceral fat area and waist to hip ratio
increased, during the observation period, as shown in
Table 2. When the subjects were divided into groups
according to their change of SV ratio (improved, stable,
or worsened), the group with a worsened SV ratio demon-
strated an increase in visceral fat area and a reduction in
total muscle mass, especially in the lower extremities
(Figure 1). Both the waist-hip ratio and fat mass increased.
However, in the group with an improved SV ratio, visceral
fat area, BMI, waist to hip ratio, and fat mass decreased,
and in the group with a stable SV ratio, fat mass also
decreased. Regarding the height of the subjects, the differ-
ence among the SV-ratio worsened group, unchanged
group, and improved group was examined, which showed
no statistically significant difference.
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Table | The baseline data on age, gender, and prevalence rates of life style-related diseases for 92 NAFLD patients with SV ratios that

worsened, were stable, and improved

Total Worsened Stable SV | Improved P-value
n=92 SV ratio ratio SV ratio
n=32 n=46 n=14
ANOVA
Worsened vs | Worsened vs Stablevs.
Stable Improved Improved
Age 55.5+14.3 52.8+14.0 57.3£15.1 55.9£11.9 0.369 0.789 0.941
Chi-square test
Gender, male/female 36/56 14/18 13/33 9/5 0.043
Life style-related diseases Chi-square test
Diabetes mellitus (%) | 42.4 344 47.8 429 0.497
Dyslipidemia (%) 57.6 56.3 56.5 64.3 0.860
Hypertension (%) 23.9 18.8 283 21.4 0.608

Note: Values are given as mean%SD.
Abbreviation: SV ratio, skeletal muscle mass to visceral fat area ratio.

Changes in insulin resistance in the SV
ratio groups

The mean fasting plasma glucose (FPG) and HbAlc
increased across all the subjects during the observation
period, as shown in Table 2. In the group with
a worsened SV-ratio, FPG and HbAlc increased, and in
the group with a stable SV ratio, HbAlc increased, but the
magnitude of the increase in HbAlc was greater in the
worsened than in the stable group (Figure 2). HOMA-IR
tended to increase in the worsened group but decreased in
the stable and improved groups.

Biochemical findings in the SV ratio
groups

The mean albumin and ALT levels across all the subjects
decreased during the observation period, as shown in
Table 2. Although no significant changes were observed
in the group with a worsened SV ratio, the ALT in the
stable group, and the AST and ALT in the improved group,
decreased during the study (Figure 2). In addition, ferritin
concentration decreased in the stable group.

The NAFLD-related hepatic conditions in

the SV ratio groups

Although the mean CAP-value, indicating the level of
hepatic fat accumulation, remained unchanged, the mean
LSM, which indicates the level of hepatic fibrosis and/or
inflammation, increased across all of the subjects during

the observation period, as shown in Table 2. However,
CAP increased in the group with a worsened SV ratio,
and the magnitude of the increase in LSM was greater in
the worsened group (Figure 2). In addition, the mean NFS
and the mean FIB-4 index increased across all the subjects,
reflecting a progression of fibrosis during the observation
period. Specifically, these changes were because of
increases in NFS in the stable group and FIB-4 index in
the worsened group.

Discussion

The results of this retrospective study can be summarized
as follows. (i) In the NAFLD patients with an SV ratio that
worsened during the clinical course, visceral fat area
increased and total muscle mass decreased, especially in
the lower extremities. (ii) Transient elastography showed
that liver stiffness and fat accumulation had worsened. (iii)
Blood biochemistry showed a worsening of hepatic dys-
function, insulin resistance, and liver fibrosis scores (eg,
FIB-4 index). Thus, a progressive reduction in skeletal
muscle mass coupled with an increase in visceral fat
mass is associated with a worsening of hepatic conditions
and pathophysiology of NAFLD.

In this study, abnormal body composition and disease
pathological conditions in patients with NAFLD are dis-
cussed using skeletal muscle mass and visceral fat area
measured by BIA. The measurement of body composition
by BIA is not the gold standard. However, it is less
expensive, easy, and reproducible and does not cause
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Figure | Changes in total muscle mass, muscle mass of the lower extremities, and visceral fat area in NAFLD patients with SV ratios that worsened, were stable, or
improved during the study. To compare between groups, all dependent variables were analyzed by using ANCOVA with adjustment for age and gender as covariates. $P<0.05

versus baseline; **P<0.01 between the groups.

radiation exposure. It is one of the measurement methods
that are easily applied in the clinical setting. While abdom-
inal CT scan is one of the gold standards in measuring
visceral fat mass, it has been reported that visceral fat
mass measured by BIA is highly correlated with the visc-
eral fat mass measured by abdominal CT scan."®

The disadvantage of this study is the absence of infor-
mation on liver histopathology. Instead, liver pathological
conditions were evaluated in detail using blood biochem-
istry, diagnostic imaging of ultrasonography and transient
elastography in addition to prediction models that have
been used conventionally for evaluation of liver fibrosis.
Devised combinations of blood biochemistry, ultrasono-
graphy and transient elastography are supportive for the
better understanding of the stage of liver fibrosis.

In the multiple parallel hit hypothesis for NAFLD,*
various disorder factors engage in complex crosstalk under
the combination of pathophysiologies between the liver
and various organs as components of the disease. Not
only insulin resistance but also exacerbation of inflamma-
tory/oxidative stress conditions related to sarcopenia and
sarcopenic obesity and an increase in hepatic apoptosis
related to these conditions are affected in the pathological
background.

In the SV-ratio worsened group, an increase in FIB-4
index, which is a prediction model, along with an increase
in LSM, as well as an increase in fasting blood glucose
and HbAlc levels, and a tendency toward an increase in
HOMA-IR were observed (Table 2), suggesting that
a decrease in SV ratio is involved in exacerbation of
hepatic conditions of NAFLD and glucose metabolic dis-
eases. In addition, the LSM reflects not only hepatic fibro-
sis but also inflammatory/oxidative stress conditions or
congestion, etc., that promote hepatic fibrogenesis.?'
Exacerbation of inflammatory/oxidative stress conditions

related to sarcopenia and sarcopenic obesity and an
increase in hepatic apoptosis related to these conditions
are affected in the pathological background. Based on
these results, the decrease in SV ratio is considered to be
related to exacerbation of hepatic pathological conditions.
It is unlikely that many of the patients with NAFLD with
worsened SV ratio have genetically increased NAFLD
disease susceptibility.?*

In this study, the period of follow-up for the patients
was largely variable ranging from 2 to 5.5 years.
Therefore, the effect of the length of the observation
period on the changes in LSM and CAP by transient
elastography was examined in the SV-ratio worsened
group. The SV-ratio worsened group was divided into
two groups: less than 4.5 years and not less than
4.5 years of the median observation period; the changes
in LSM and CAP in these two groups were compared. No
significant difference was observed in the change in LSM
and CAP based on the length of the observation period in
the SV-ratio worsened group (data not shown). Therefore,
the length of the observation period is considered to have
no substantial effect on the exacerbation of hepatic condi-
tions of NAFLD in the SV-ratio worsened group.

Consistent with these findings, we showed using multi-
ple regression analysis that SV ratio is an independent
factor affecting CAP, which reflects hepatic fat accumula-
tion, and LSM, which reflects hepatic inflammation and/or
fibrosis.” Here, a low SV ratio was apparently associated
with the worsened hepatic conditions. The hepatic condi-
tions of NAFLD are thus likely to be impacted by not only
the main defects in the liver but also defects in other
organs or tissues, such as skeletal muscle and abdom-
inal fat.

It has been suggested that insulin resistance, leptin
resistance, inflammation, and oxidative stress are highly
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Figure 2 Changes in FPG and HbAlc (A), AST and ALT (B), and CAP and LSM (C) in NAFLD patients with SV ratios that worsened, were stable, or improved during the
study. To compare between groups, all dependent variables were analyzed by using ANCOVA with adjustment for age and gender as covariates. TP<0.05 versus baseline;

*#P<0.01 between the groups.

influential on the qualitative deterioration of muscle in
sarcopenic obesity. Moreover, in our recent paper,” wor-
sening of these pathogenic factors was found in subjects in
the lowest SV ratio quartile. Insulin resistance is asso-
ciated with glycogenesis and an acceleration of muscular
protein degradation, which leads to a loss of lower limb
muscle and grip strength.”® Sarcopenic obesity also
involves inflammatory conditions; the pro-inflammatory
cytokines produced by adipose tissues act on skeletal
muscle, which might also tend to reduce muscle mass
and strength. Indeed, an adverse correlation has been indi-
blood cytokine

cated between pro-inflammatory

concentrations and skeletal muscle mass.>* In particular,
interleukin (IL)-6 and the soluble IL-6 receptor are present
at high circulating concentrations in patients with sarco-
penic obesity.>> An increase in IL-6 is known to reduce
muscle strength and movement capability in aged persons,
together with an inhibition of the anabolic effects of insu-
lin-like growth factor-1 in skeletal muscle, resulting in net
muscle protein degeneration.

Moreover, myostatin (MSTN), a member of the trans-
forming growth factor f§ family, is a potent contributor to
muscle wasting. Serum myostatin levels are high in sub-
jects in the lowest SV-ratio quartile;’ therefore, it is also
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likely to play an important role in the observed loss of
muscle mass. However, MSTN also promotes the devel-
opment of fatty liver through the induction of insulin
resistance.”’®?” The MSTN receptor, activin Ilbr, has
been found in hepatic stellate cells,”® implying that
MSTN may activate these fibrogenic cells. In support of
this suggestion, MSTN levels are high in patients with
advanced liver disease.”’

NAFLD can be subdivided into two categories: NAFL,
thought to be the benign phenotype, linked to a lower risk
of progression to cirrhosis, and NASH, thought to be the
aggressive phenotype, linked to a significant risk of pro-
gression to cirrhosis.’®' Recent studies have indicated
that some subjects with NAFLD may quickly progress to

cirrhosis.*?

Thus, a study was held to determine the
extended prognostic relevance of distinct histologic fea-
of NAFLD in

NAFLD.*® In multivariable analyses, independent predic-

tures those biopsy-diagnosed with
tors of mortality were the fibrosis stage, age in years,
presence of diabetes, and current smoking, but only fibro-
sis stages 3 and 4 were independent predictors of liver-
related events in this cohort study.

The presence of associated defects, for example, insu-
lin resistance, leptin resistance, inflammation, or oxidative
stress, deleteriously affects patients in the lowest SV ratio
quartile or in those with a worsened SV ratio, by exacer-
bating the hepatic conditions of NAFLD, for example
being associated with the progression of fibrosis. This
also underlies the greater mortality of such patents from
liver-related events, including variceal bleeding, ascites,
hepatocellular carcinoma, cirrhosis, or liver transplanta-
tion. Therefore, medical support, including appropriate
nutrition and exercise, are required to help prevent
decreases in SV ratio and/or as an intervention if it
decreases.

Conclusion

The results of this study suggest that a progressive reduc-
tion in SV ratio during the clinical course is of pathophy-
siological importance for NAFLD and worsens the
features of the hepatic conditions, in particular liver fibro-
sis, which is a critical factor determining the prognosis of
NAFLD. Thus, in the clinical management of NAFLD
patients, especially in those with low SV ratios, it may
be necessary to perform an intervention that hinders
a reduction in skeletal muscle mass, in addition to pre-
venting an exacerbation of obesity. The promotion of
hepatic rehabilitation should, therefore, be diligently

conducted by medical teams incorporating diet and exer-
cise therapies.
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