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Abstract

Background: Causes of non-alcoholic fatty liver disease and its progression include visceral fat
accumulation and loss of muscle mass; however, which is more critical is unclear. To clarify this, we
examined the relationship between body composition and non-alcoholic fatty liver disease progression as
indicated by fibrosis and the non-alcoholic fatty liver disease activity score.

Methods: This cross-sectional study comprised 139 patients (54 men; age, 20-76 years) treated for non-
alcoholic fatty liver disease between December 2010 and January 2020. Body composition
measurements, histological examinations of liver samples, and comprehensive blood chemistry tests
were performed. The relationship between body composition and non-alcoholic fatty liver disease
histology findings was analyzed using the logistic regression model.

Results: Fibrosis was significantly and inversely correlated with muscle mass and appendicular skeletal
muscle mass and significantly and positively correlated with fat mass, fat mass/height squared, visceral
fat area, and waist-hip ratio (P <0.05). After adjustment for sex, blood chemistry measurements, and body
composition indices, fibrosis remained associated with appendicular skeletal muscle mass, fat mass, fat
mass/height squared, and visceral fat area (P <0.05). Non-alcoholic fatty liver disease activity score =5
significantly correlated with fat mass and fat mass/height squared in a univariate but not multivariate
analysis.

Conclusions: Fibrosis in non-alcoholic fatty liver disease, an indicator of unfavorable long-term outcomes,
is associated with more indices of fat mass than of those of muscle mass. Hence, fat mass should be
controlled to prevent non-alcoholic fatty liver disease progression.

Background

Non-alcoholic fatty liver disease (NAFLD) is one of the most common hepatic diseases and a
manifestation of metabolic syndrome [1,2]. NAFLD is a risk factor for various metabolic and
cardiovascular diseases, and it can also progress to cirrhosis and liver failure [2-4]. Therefore, clinicians
need to understand the pathophysiology of NAFLD and closely monitor NAFLD-patients to prevent
serious complications and NAFLD progression.

The causes of NAFLD are various. Several studies associate NAFLD with fat accumulation and loss of
muscle mass [5-9]. Lack of exercise and overeating increase the size of the fat mass, particularly the
amount of visceral adipose tissue (VAT). VAT accumulation induces insulin resistance and exacerbates
liver damage in NAFLD [5]. Loss of skeletal muscle mass (i.e., sarcopenia) is associated with diabetes,
metabolic syndrome, and cardiovascular disease and is a risk factor for non-alcoholic steatohepatitis
(NASH) and fibrosis (=F2) [6-10]. However, to our knowledge, no studies have compared the contributions
of fat mass and muscle mass to NAFLD histology, and it is unclear whether one of these factors is more
critical than the other.
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Elucidating the relationship between body composition and NAFLD is important for identifying patients at
high risk of NAFLD progression. We examined this relationship using fibrosis stage and the NAFLD
activity score (NAS) as indicators of NAFLD progression. We also determined whether muscle mass or fat
mass was more involved in NAFLD pathology.

Methods

Participants

We enrolled 145 patients with NAFLD (55 men and 90 women) aged 20—-76 years who were treated from
December 2010 to January 2020 at a single hospital. Patients were eligible for the study if they were
diagnosed with fatty liver via liver biopsy and had either elevated liver enzyme levels or imaging
(ultrasonography or computed tomography) findings indicative of possible liver injury, their body
composition was evaluated within 3 days before and after the liver biopsy, they had no liver diseases of
other etiologies, they consumed <30 g/day (men) or <20 g/day (women) of alcohol, and they had no
evidence of decompensated liver failure or hepatocellular carcinoma. Patient datasets were numerically
coded to preserve anonymity, and data were housed in a secure database. Six patients were excluded
because their data were missing (n = 2) or because they used steroids (n = 2), had cancer (n = 1), and/or
were otherwise deemed inappropriate for this study (n = 1). Finally, 139 patients (54 men and 85 women)
were included in the study, and their medical records were analyzed.

This cross-sectional study was conducted in accordance with the ethical guidelines of the 1975
Declaration of Helsinki as revised in 1983 and was approved by the Ethics Committee of Ehime University
Hospital (approval ID number: 1012004, 1709008; University Hospital Medical Information Network ID:
UMIN000010659, UMIN 000030222). All study participants provided informed consent.

Patient evaluation

Results of physical and biochemical examinations were assessed. Fasting venous blood samples were
taken on the morning of the second day of hospitalization. Body composition, including skeletal muscle
mass and body fat mass, was determined using an InBody720 analyzer (Biospace Corporation Limited,
Seoul, Korea), with the patients wearing light gowns but not shoes. For biochemical analysis, the levels of
alanine aminotransferase (ALT), y-glutamyl transpeptidase (GGT), creatinine (Cre), hemoglobin Alc
(HbA1c), total cholesterol (TC), and triglycerides (TGs) were measured.

Histological assessment

All patients in this study underwent percutaneous liver biopsy assisted by ultrasonography or
laparoscopy. The liver specimens were embedded in paraffin and stained with hematoxylin & eosin and
reticulin silver. Two experienced hepatopathologists who were blinded to the clinical features examined
the liver biopsy specimens.
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The NAS, which is the sum of the scores for steatosis (grade 0—3), lobular inflammation (grade 0-3), and
ballooning degeneration (grade 0-2) [11], was recorded for each patient. Patients with an NAS =5 were
diagnosed with NASH. Hepatic fibrosis was staged as described in previous reports: stage 0, absence of
fibrosis; stage 1a, delicate perisinusoidal fibrosis; stage 1b, dense perisinusoidal fibrosis; stage 1c, portal-
only fibrosis without perisinusoidal fibrosis; stage 2, combined perisinusoidal and portal/periportal
fibrosis; stage 3, bridging fibrosis; and stage 4, cirrhosis [12].

Statistical analysis

The Wilcoxon test, Kruskal-Wallis test, unpaired t-test, one-way analysis of variance, and logistic
regression analysis were performed using JMP software (version 14.2; SAS Institute, Cary, NC, USA).
Odds ratios (ORs) and their 95% confidence intervals (Cls) were determined to assess the relationship
between the histological features of NAFLD and the indices of body composition. Factors that were
significant in a univariate analysis were included in a multivariate analysis that was adjusted for the
following potential confounding factors: age; sex; ALT, Cre, HbA1c, TC, and TG levels; and body
composition indices, namely, muscle mass, muscle mass divided by height squared (ht?), fat mass, or fat
mass divided by ht?. Data are expressed as median (interquartile range) or number (percentage). A P-
value of <0.05 was considered statistically significant.

Results

Patient characteristics

Table 1 shows the patients’ characteristics. The median muscle mass, median muscle mass/ht2,
appendicular skeletal muscle mass (ASM), ASM/ht2, fat mass, fat mass/ht2, and visceral fat area were
23.5 kg (range 20.1-30.0 kg), 9.6 kg/m2 (range, 8.6—10.7 kg/m2), 17.7 kg (range, 22.3-14.6 kg), 7.2
kg/m2 (range, 6.2-8.1 kg/m2), 24.7 kg (range, 18.8—31.9 kg), 10 kg/m2 (range, 7.5-12.5 kg/m2), and
129.4 cm2 (range, 110.9-156.4 cm2), respectively.

Table 1. Patient characteristics
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Variable
Age, years

Sex, n (male/female)

Body mass index, kg/m?
Alanine aminotransferase, U/L
y-Glutamyl transpeptidase, U/L
Creatinine, pmol/L
Hemoglobin Alc, %

Total cholesterol, mmol/L
Triglycerides, mmol/L

Muscle mass, kg

Muscle mass/ht?, kg/m?
ASM, kg
ASM/ht?, kg/m?

Muscle mass (upper extremity), kg

Muscle mass (upper extremity)/ht? kg/m?

Muscle mass of lower extremity, kg

Muscle mass of lower extremity/ht? kg/m?2

Fat mass, kg

Fat mass/ht?, kg/m?

Median (IQR)

59 (46-67)
54/85

28.0 (24.8-31.1)

65 (37--102)
60 (35-111)
60.1 (49.5-75.1)
6.3 (5.7-7.3)
4.9 (4.2-5.6)

1.5 (1.1-2.0)
23.5 (20.1-30)
9.6 (8.6-10.7)

17.7 (22.3-14.6)
7.2 (6.2-8.1)

4.8 (3.9-6.2)

2 (1.7-2.2)

13.2 (10.7-16.0)
5.2 (4.6-5.8)

24.7 (18.8-31.9)
10 (7.5-12.5)

Visceral fat area, cm? 129.4 (110.9-156.4)

Waist-hip ratio 0.96 (0.91-1.00)

IQR, interquartile range; ht?, height squared; ASM, appendicular skeletal muscle mass

Relationship between histological findings and body composition

Fat mass/ht2, visceral fat area, and the waist-hip ratio were significantly higher in patients with high-
stage fibrosis than in patients without fibrosis (Table 2). However, fat mass did not differ significantly
according to the fibrosis stage, nor did any of the muscle mass indices. Muscle mass/ht2, ASM/ht2,
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muscle mass of upper extremity/ht2, muscle mass of lower extremity/ht2, fat mass, and visceral fat area
were significantly higher in patients with severe steatosis than in patients with mild steatosis (Additional
file 1). There were no significant differences in the lobular inflammation grade or ballooning grade
between these groups (Additional files 2 and 3). Fat mass and fat mass/ht2 were significantly higher in
patients with a high versus low NAS, whereas muscle mass, visceral fat area, and the waist-hip ratio were
unrelated to the NAS (Table 3).

Table 2. Body composition according to the stage of fibrosis

Index Median (IQR) P-
value

Stage 0 (n = Stage1-2(n = Stage3-4(n=
27) 57) 55)

Muscle mass, kg 27.4 (22.4- 22.8 (19.8- 23.4 (19.6- 0.07
32.4) 30.1) 28.9)

Muscle mass/ht?, kg/m? 9.8(9.3-11.0) 9.4(8.3-10.7)  9.6(8.4-106)  0.18

ASM, kg 20.9 (16.1- 16.5 (14.4- 17.5 (14.1- 0.09
23.8) 21.9) 21.8)

Muscle mass of upper extremity, 5.4 (4.3-6.4) 4.7 (3.8-6.1) 4.6 (3.8-6.2) 0.19

kg

Muscle mass of upper 2 (1.8-2.3) 2(1.6-2.2) 2(1.6-2.3) 0.65

extremity/ht?, kg/m?

Muscle mass of lower extremity, 15.4 (12.2- 12.1 (10.4- 12.5(10.3- 0.06

kg 17.6) 15.8) 15.5)

Muscle mass of lower 5.6 (5.1-5.9) 5.1 (4.5-5.7) 5.1 (4.5-6.0) 0.13

extremity/ht?, kg/m?

Fat mass, kg 22.3(12.3- 25.9 (20.3- 26.5 (18.9- 0.06
26.0) 31.7) 34.0)

Fat mass/ht2, kg/m? 8.6 (4.6-11.0)  10.1(7.8-127) 103 (7.6-142)  0.04

: 2 113.1 (85.6— 129.4 (113.7- 138.4(116.8— 0.02

Visceral fat area, cm 138.8) 153.5) 163.5)

Waist-hip ratio 0.92 (0.89- 0.96 (0.92- 0.98 (0.92- <0.01
0.96) 0.99) 1.01)

IQR, interquartile range; ht?, height squared; ASM, appendicular skeletal muscle mass
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Table 3. Body composition according to the non-alcoholic fatty liver disease activity score (NAS)

Index Median (IQR) P-value
NAS 0-4 (n = 64) NAS 5-8 (n = 75)
Muscle mass, kg 24.3 (20.3-29.9) 23.2 (20.1-30.0) 0.94
Muscle mass/ht2, kg/m? 9.6 (8.6-10.5) 9.6 (8.511.1) 0.5
ASM, kg 18.4 (14.2-22.3) 17.6 (14.7-22.3) 0.87
ASM/ht2, kg/m? 7.2 (6.1-7.9) 7.2 (6.3-8.3) 0.49
Muscle mass of upper extremity, kg 4.8 (3.8-6.2) 4.7 (3.9-6.3) 0.85
Muscle mass of upper extremity/ht2, kg/m2 1.9 (1.7-2.2) 2(1.7-2.3) 0.29
Muscle mass of lower extremity, kg 13.5(10.3-16) 13(10.9-16) 0.92
Muscle mass of lower extremity/ht2, kg/m2 52 (4.5-5.8) 5.2(4.6-6) 0.58
Fat mass, kg 22.9 (15.3-28.7) 26.9 (20.9-34.5) <0.01
Fat mass/ht?, kg/m? 9.1 (6.1-11.5) 10.6 (8.4-13.4) <0.01
Visceral fat area, cm? 126.7 (104.1-153.0)  132.8 (115.7-157.0)  0.11
Waist-hip ratio 0.95 (0.91-0.99) 0.96 (0.92-1.00) 0.17

IQR, interquartile range; ht?, height squared; ASM, appendicular skeletal muscle mass

Fat mass indices are more strongly associated with fibrosis than are muscle mass indices

In the univariate analysis, fibrosis (=Stage 1) significantly correlated with muscle mass (OR: 0.93,95% CI:
0.87-0.99), ASM (OR: 0.92,95% CI: 0.85-0.99), fat mass (OR: 1.07, 95% CI: 1.02-1.13), fat mass/ht2
(OR: 1.22,95% Cl: 1.08—-1.41), visceral fat area (OR: 1.02, 95% CI: 1.01-1.04), and the waist-hip ratio (OR:
1.78 x 105 95% Cl: 76.8—1.06 x 109) (Table 4). The factors that remained significant in a multivariate
analysis adjusted for sex; age; body composition; and ALT, Cre, HbA1c, TC, and TG levels were as follows:
ASM (adjusted OR: 0.84, 95% CI: 0.71-0.99), fat mass (adjusted OR: 1.09, 95% CI: 1.01-1.18), fat
mass/ht2 (adjusted OR: 1.28, 95% Cl: 1.04-1.62), and visceral fat area (adjusted OR: 1.02,95% CI: 1.00-
1.04) (Table 4).

Having an NAS =5, which is indicative of NASH, was significantly associated with fat mass (OR: 1.07,
95% CI: 1.02-1.13) and fat mass/ht2 (OR: 1.22, 95% CI: 1.08—1.41) in the univariate analysis, but was
not associated with either of these parameters in the multivariate analysis (Table 5).
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Table 4. Association of body composition with fibrosis (=Stage 1)

Index Univariate analysis Multivariate analysis
OR (95% Cl) P- OR (95% ClI) P-
value value
Muscle mass, kg 0.93 (0.87-0.99) 0.03 0.84(0.87-1) 0.0562
Muscle mass/ht2, 0.79 (0.60-1.04) 0.09
kg/m?
ASM, kg 0.92 (0.85-0.99) 003  0.84(0.71-0.99) 0.042
ASM/ht2, kg/m? 0.77 (0.56-1.04) 0.09
Fat mass, kg 1.07 (1.02-1.13) 0.01  1.09(1.01-1.18) 0.03b
Fatmass/ht? kg/m? 122 (1.08-1.41) <0.01  1.28(1.04-1.62) 0.03¢
Visceral fat area, cm? 1.02 (1.01-1.04) <0.01 1.02 (1.0002-1.04) 0.048P
Waist-hip ratio 1.78 x 10° (76.8-1.06 x <0.01  1.44x10%(0.31-2.23 x 0.09¢
109) 109)

Age and sex and alanine aminotransferase, creatinine, hemoglobin A1c, total cholesterol, and triglyceride

b

levels were used as covariates, along with 2fat mass, Pmuscle mass, and °muscle mass/ht?.

OR, odds ratio; Cl, confidence interval; ht?, height squared; ASM, appendicular skeletal muscle mass

Table 5. Association between body composition and a non-alcoholic fatty liver disease activity score =5
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Index Univariate analysis Multivariate analysis

OR (95% ClI) P-value OR (95% ClI) P-value
Muscle mass, kg 1.01 (0.95-1.06) 0.84
Muscle mass/ht? kg/m2  1.10 (0.89-1.39) 0.38
ASM, kg 1.01 (0.95-1.08) 0.7
ASM/ht2, kg/m? 1.15(0.89-1.49) 0.29
Fat mass, kg 1.06 (1.02-1.11) <0.01 1.004 (0.94-1.07) (o1
Fat mass/ht2, kg/m? 1.17 (1.07-1.3) <0.01  1.11(0.02-50.5)  goggb
Visceral fat area, cm? 1.01 (1.00-1.02) 0.11
Waist-hip ratio 62.8 (0.32-1.69 x 104  0.13

Age and sex and alanine aminotransferase, creatinine, hemoglobin A1c, total cholesterol, and triglyceride
levels were used as covariates along with 2muscle mass and Pmuscle mass/ht2.

OR, odds ratio; Cl, confidence interval; ht?, height squared; ASM, appendicular skeletal muscle mass

Discussion

In this cross-sectional cohort study, we examined the relationship between the histological progression of
NAFLD and body composition. We found that fibrosis in NAFLD was associated with more fat mass
indices than muscle mass indices. Furthermore, our results remained significant after adjusting for
possible confounders. Our findings suggest that the pathophysiology of NAFLD may be more dependent
on fat accumulation than on loss of muscle mass. Hence, fat mass should be monitored to prevent the
progression of NAFLD and to avoid serious complications such as liver failure and hepatocellular
carcinoma.

The effect of visceral fat deposition on the pathology of NAFLD has been reported previously [13].
Overnutrition increases the size of the fat mass, and the accumulated fat, particularly the VAT, supplies
fatty acids to the liver. When in excess, fatty acids exacerbate steatosis [14-16], worsen lipid metabolism,
generate reactive oxygen species, and injure the liver [17-19]. Additionally, disturbed adipocytokines in the
accumulated VAT promote hepatic steatosis [20-22] and the production of proinflammatory macrophages
[23,24] and are associated with the development of NASH. Subcutaneous adipose tissue (SAT) also
affects the pathogenesis of NAFLD. The number of macrophages in the SAT correlates with the amount
of liver fat [25], and macrophage infiltration is significantly elevated in the deep, but not in the superficial,
SAT in obese patients with NASH [26]. The expression of gene products that regulate inflammation in the
SAT also correlates with the amount of liver fat, as well as with the histological features of NAFLD. Gene
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expression patterns in both the VAT and SAT suggest that these tissues promote the pathological
progression of NAFLD through similar mechanisms [27].

In our study, muscle mass was unrelated to the histological severity of NAFLD. In a previous study of 123
patients with biopsy-confirmed NASH and 117 patients with biopsy-confirmed non-alcoholic fatty liver,
sarcopenia (defined as an ASM/body weight value two standard deviations below the average for healthy
young adults) significantly correlated with significant fibrosis (=F2) and NASH after adjusting for obesity,
metabolic factors, and insulin resistance [8]. Moreover, in a report of 225 patients with NAFLD diagnosed
via liver biopsy, sarcopenia (defined as an ASM/body weight value <37 in men and <28 in women)
significantly correlated with the severity of fibrosis and steatosis after adjustment for metabolic risk
factors [9]. In contrast, a review of 136 patients with NASH and 129 patients with alcoholic liver disease
found no association between sarcopenia (defined as an L3 skeletal muscle area/height/height value
<50 in men and <39 in women) and poor wait-list outcomes, such as increased delisting risk and poorer
wait-list survival [28]. Our study, unlike the aforementioned studies, did not include a cutoff value. Further
investigation is required to clarify the association between muscle mass and NAFLD. However, a study by
Alferink et al. provided partial support for our results [29]. The investigators examined data from the 4609
participants of the Rotterdam study, a population-based study in the Netherlands that evaluated body
composition using dual-energy X-ray absorptiometry scanning, hepatic steatosis using abdominal
ultrasonography, liver stiffness using transient elastography, grip strength using a hydraulic hand
dynamometer, and gait speed using the GAITRite walkway [29]. The participants were stratified by sex
and BMI, and the results demonstrated that high fat mass and fat distribution were more strongly
associated with the high prevalence of NAFLD than was low muscle mass, while the high prevalence of
presarcopenia and sarcopenia was not associated with high prevalence of NAFLD. Additionally, in
normal-weight women, higher muscle mass was associated with a lower prevalence of both NAFLD and
liver stiffness. Histological findings were not examined [29].

The strengths of our study are that patients were diagnosed with NAFLD via liver biopsy and that the
examination of whole-body fat mass and muscle mass was conducted at the same facility under the
same conditions. However, our study also had several limitations. First, our study participants were all
Japanese. Body composition differs among races; therefore, whether our results can be generalized to
other races is uncertain. Second, we did not measure skeletal muscle strength and function [30] and did
not examine the relationship between NAFLD histology and sarcopenia. However, our aim for this study
was to examine the relationship between body composition and NAFLD histology. Finally, because our
study design was cross-sectional, a causal relationship between NAFLD and body composition could not
be established. Therefore, whether patients with an enlarged fat mass are at high risk for NAFLD
progression remains unknown. Future prospective validation studies are necessary to address these
limitations.

Conclusions
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Despite its limitations, our study had several notable results. Particularly, it associates fibrosis, an
indicator of unfavorable long-term outcomes, with indices of fat accumulation in patients with NAFLD
and suggests that fat mass more strongly impacts the pathophysiology of NASH than muscle mass
does. Therefore, correct recognition is critical for identifying patients at high risk of NAFLD progression.
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ALT, alanine aminotransferase; CRE, creatinine; GGT, y-glutamyl transpeptidase; HbA1c, hemoglobin Alc;
NAFLD, Non-alcoholic fatty liver disease; TC, total cholesterol; TG, triglycerides; VAT, visceral adipose
tissue.
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