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Abstract

AIM: To assess the nourishment status and lifestyle of
non-hospitalized patients with compensated cirrhosis
by using noninvasive methods.

METHODS: The subjects for this study consisted of
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27 healthy volunteers, 59 patients with chronic viral
hepatitis, and 74 patients with viral cirrhosis, from
urban areas. We assessed the biochemical blood
tests, anthropometric parameters, diet, lifestyle and
physical activity of the patients. A homeostasis model
assessment-insulin resistance (HOMA-IR) value of =
2.5 was considered to indicate insulin resistance. We
measured height, weight, waist circumference, arm cir-
cumference, triceps skin-fold thickness, and handgrip
strength, and calculated body mass index, arm muscle
circumference (AMC), and arm muscle area (AMA). We
interviewed the subjects about their dietary habits and
lifestyle using health assessment computer software.
We surveyed daily physical activity using a pedometer.
Univariate and multivariate logistic regression modeling
were used to identify the relevant factors for insulin
resistance.

RESULTS: The rate of patients with HOMA-IR = 2.5
(which was considered to indicate insulin resistance)
was 14 (35.9%) in the chronic hepatitis and 17 (37.8%)
in the cirrhotic patients. AMC (%) (control vs chronic
hepatitis, 111.9% + 10.5% vs 104.9% + 10.7%, P
= 0.021; control vs cirrhosis, 111.9% + 10.5% vs
102.7% + 10.8%, P = 0.001) and AMA (%) (control
vs chronic hepatitis, 128.2% * 25.1% vs 112.2% +
22.9%, P = 0.013; control vs cirrhosis, 128.2% =+
25.1% vs 107.5% £ 22.5%, P = 0.001) in patients
with chronic hepatitis and liver cirrhosis were signifi-
cantly lower than in the control subjects. Handgrip
strength (%) in the cirrhosis group was significantly
lower than in the controls (control vs cirrhosis, 92.1%
+ 16.2% vs 66.9% + 17.6%, P < 0.001). The results
might reflect a decrease in muscle mass. The total nu-
trition intake and amounts of carbohydrates, protein
and fat were not significantly different amongst the
groups. Physical activity levels (kcal/d) (control vs cir-
rhosis, 210 £ 113 kcal/d vs 125 + 74 kcal/d, 2 = 0.001),
number of steps (step/d) (control vs cirrhosis, 8070 +
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3027 step/d vs 5789 = 3368 step/d, £ = 0.011), and
exercise (Ex) (Ex/wk) (control vs cirrhosis, 12.4 £ 9.3
Ex/wk vs 7.0 £ 7.7 Ex/wk, P = 0.013) in the cirrhosis
group was significantly lower than the control group.
The results indicate that the physical activity level of
the chronic hepatitis and cirrhosis groups were low.
Univariate and multivariate logistic regression modeling
suggested that Ex was associated with insulin resis-
tance (odds ratio, 6.809; 95% CI, 1.288-36.001; P =
0.024). The results seem to point towards decreased
physical activity being a relevant factor for insulin re-
sistance.

CONCLUSION: Non-hospitalized cirrhotic patients
may need to maintain an adequate dietary intake and
receive lifestyle guidance to increase their physical ac-
tivity levels.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Chronic infection with hepatitis virus is one of the most
common causes of liver cirrhosis worldwide. About 3.5
million people worldwide are chronically infected with
hepatitis B virus (HBV). More than 70% of all newly di-
agnosed liver cancer patients are found in Asia, a region
accounting for 75% of all patients with chronic HBV in-
fection!. Hepatitis C virus (HCV) has infected approxi-
mately 1.3 million people worldwide In the Asia-Pacific
region, the prevalence of HCV infection ranges from
0.3% to 12%, with geographical variation. The major
cause of liver cirrhosis in Japan is the hepatitis virus. In
particular, chronic HCV infection accounts for 60.9% of
all liver cirrhosis cases”.

Cirrhosis is an end-stage chronic liver disease, and
the damage to the hepatocytes decteases the function
of the liver, leading to a variety of nutritional metabolic
disorders. Therefore, protein energy malnutrition (PEM)
is frequently seen in patients with cirrhosis"”. A study
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of subjects with cirthosis conducted in Western coun-
tries reported that 11% had energy malnutrition, 22%
had protein malnutrition, 32% had both complications
of PEM, and 35% had a normal nourishment status'.
In 2002, a study of Japanese patients with cirrhosis
reported that 12% had energy malnutrition, 25% had
protein malnutrition, 50% had PEM, and only 13% had
a normal nourishment status”. Currently, the lifestyles
of people in urban areas of several Asian countries are
changing due to westernization and motorization, result-
ing in excessive food intake, decreased intensity of daily
activities, and a lack of exercise (Ex). These changes
may lead to obesity, metabolic syndrome, and lifestyle
diseases. Is there a possibility that this lifestyle transition
(over-nourishment and decline in the intensity of daily
activities) has an effect on the nutrition of cirrhosis?
In 2006, a study reported that body mass index (BMI)
in patients with cirrhosis was almost the same as those
of the same age group in the normal Japanese popula-
tion"". Moreover, both experimental and clinical studies
found that over-nutrition, fatty liver, and glucose intoler-
ance are significant risk factors of hepatic carcinogen-
esis!"'"®. The combination of over-nutrition and obesity
in cirrhosis patients also indicates the possibility of an
impaired pathogenesis. These findings suggest that high
calorie and protein intake (i.e., old dietary interventions
of cirrhosis) promotes obesity, fatty liver, and hepatic
carcinogenesis. Almost all subjects in Japanese reports
were hospitalized having decompensated cirrhosis with
hepatic failure. Patients with severe decompensated cir-
rhosis tend to develop a reduced food and protein intake
because of abdominal ascites and hepatic encephalopa-
thy. However, the majority of cirrhotic patients have
compensated cirrhosis and so do not need to be hospi-
talized, and thus their daily lives may be almost the same
as that of healthy people. Few researchers have studied
the effect of dietary habits and lifestyle in non-hospital-
ized cirrhotic patients on their conditions.

If we consider cirrhosis from the point of view of
a lifestyle disease, we should know the patients' actual
condition in order to provide adequate lifestyle and di-
etary guidance. The purpose of this study is to assess
the nourishment status of non-hospitalized patients
with compensated cirrhosis and to create a database on
nutritional and lifestyle education for these patients by
analyzing their lifestyle, food intake and physical activity.

MATERIALS AND METHODS

Subjects

We interviewed 155 patients (age range: 45-79 years) with
chronic liver disease living in urban areas. Patients with
chronic viral liver disease who regularly visited the Osaka
City University Hospital between March 2009 and De-
cember 2010 were enrolled. Written consent was received
from all study participants. After excluding patients with
non-viral liver disease, abdominal ascites and hepatic
encephalopathy, 133 patients were enrolled. Next, the
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47 healthy volunteers enrolled in this study ‘

‘ 155 chronic liver disease patients enrolled in this study

20 excluded
20 for not age-adjusted to patients

20 excluded

20 were not viral liver diseases
1 had abdominal ascites

1 had hepatic encephalopathy

27 allocated to control ‘

Figure 1 Flow chart of the participants in the study.

patients were divided into 2 groups of chronic hepatitis
and cirrhosis on the basis of the clinical diagnosis made
by the attending physicians. We enrolled 47 healthy vol-
unteers from an urban area (local residents around the
Osaka City University) who underwent a health check af-
ter providing their consent. The results were age-adjusted
and, finally, data of 27 healthy volunteers were used for
the comparison of the subjects (Figure 1). Complication
of diabetes mellitus, hypertension, and hyperlipidemia
were defined by taking medication for each disease. The
degree of liver disease was assessed using the Child-Pugh
classification. This trial was conducted in accordance
with the guidelines of the World Medical Association’s
Declaration of Helsinki (1996) and was approved by the
ethics committee of our institution (No. 1900).

Laboratory evaluation
Both chronic hepatitis and cirrhosis patients were exam-
ined, and we measured the number of white blood cells
(WBC; X 100/uL), number of red blood cells (RBC; X
10°/ L), hemoglobin (Hb; g/dlL), hematocrit level (Ht;
%), platelet count (Plt; X 10°/pL), prothrombin time
(PT; %); total protein (TP; g/dL), albumin (Alb; g/dL),
blood urea nitrogen (mg/dL), creatinine (mg/dL), total
bilirubin (T-bil; mg/dL), direct bilirubin (D-bil; mg/dL),
aspartate aminotransferase (AST; IU/L), alanine amino-
transferase (IU/L), leucine aminopeptidase (LAP; IU/L),
y-glutamyl transpeptidase (IU/L), alkaline phosphatase
(ALP; TU/L), cholinesterase (ChE; IU/L), triglycerides
(T'G; mg/dL), total cholesterol (Total-C; mg/dL), fasting
blood sugatr (FBS; mg/dL), hemoglobin Alc (HbAlc;
%), immunoreactive insulin levels IRT; pU/mL), plasma
branched-chain amino acid levels (BCAA; umol/mL),
plasma tyrosine levels (Tyrosine; pmol/mL), and the
molar ratio of BCAA to tyrosine (BTR). The insulin re-
sistance index was calculated according to homeostasis
model assessment-insulin resistance (HOMA-IR) from
the FBS and IRI values using the following formula":
HOMA-IR = FBS X IRI/405.

A HOMA-IR value of = 2.5 was considered to indi-
cate insulin resistance. The data of subjects with compli-
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‘ 133 chronic viral liver disease patients ‘

‘ 59 allocated to chronic hepatitis ‘ ‘ 74 allocated to cirrhosis ‘

cated diabetes mellitus were excluded in the comparison
of the HOMA-IR values.

Anthropometric assessment

To evaluate nourishment status in the subjects, we as-
sessed their height (cm) and weight (kg) and calculated
BMI (kg/m?). We classified patients with a BMI of <
18.5 kg/rn2 as underweight, 18.5 kg/m2 to 25 kg/m2 as
normal, and = 25 kg/ m”as obese to estimate the rate of
obesity in the subjectsm]. We measured the waist circum-
ference (cm) by using a measuring tape to estimate the
intra-abdominal fat. Arm circumference (AC; cm) and
triceps skin-fold thickness (TSF; mm) were measured
with Inser-Tape and Adipometer (Abbott Japan Co.,
Ltd., Tokyo, Japan). To minimize intra-operator vari-
ability, the averages of 3 consecutive measurements were
recorded. Arm muscle circumference (AMC; cm) and
arm muscle area (AMA; cm”) were calculated by using
the following formula: AMC = AC - (r X TSF), AMA =
(AMC)*/ 4.

Age and sex difference were considered; the mean
value of measured anthropometric measurements were
divided by the respective age-sex-adjusted medians,
which were obtained from the Japanese Anthropometric
Reference Data 2001, The results were expressed as a
percentage (Y TSE %AC, %AMC, %AMA). In addition,
right and left handgrip strength were measured once by
using the Smedley Type Hand Dynamometer Grip D
(Takei Kiki Kogyo Co., Ltd., Japan). The mean value of
both hand grip strength measurements were expressed
as a percentage by dividing the average of cach age
acquired from the Japanese Ministry of Education, Cul-
ture, Sports, Science and Technology, which performed
a test of physical strength and Ex capacity in 2009. The
obtained results were used as a qualitative evaluation in-
dex of the skeletal muscle.

Dietary and lifestyle survey

Dietary habits and lifestyle of the interviewed subjects
were evaluated by using the specific health guideline sup-
port software Health Check for Metabolic Syndrome (Su-
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zuken Co., Ltd., Nagoya, Japan). Originally, this software
was developed as a tool for specific health guidelines to
study metabolic syndromes and reserves. The software
was modified so that it could be used for chronic liver
disease patients. The survey consisted of 50 questions
concerning daily life and dietary habits. The results were
expressed as total energy or protein intake per body (BW).
To compare the results of this study with the guideline
of the European Society for Parenteral and Enteral Nu-
trition (ESPEN) Nutritional Managementm, total energy
and protein intake were divided by BW. The results were
expressed as total energy or protein intake per BW.

Physical activity survey

The lifestyle recorder, Lifecorder (Suzuken Co., Ltd.,
Nagoya, Japan), is an activity observation machine that
functions as an acceleration sensor. The physical activ-
ity pattern was objectively obtained by continuously
measuring activity intensity, period and frequency. This
is one means to evaluate physical activity-related energy
expenditure. It is possible to estimate total energy ex-
penditure (TEE), including involuntary activities such
as slow or small erratic movements performed when
sedentary and during very low-level activities, by attach-
ing the Lifecorder for 24 h. The quantity and intensity
of physical activity could then be accurately determined.
This was confirmed in a paper that reported the use of
the metabolic chamber!”, showing correlation with the
measured values of TEE. The Lifecorder was used for
1 wk (7 d). Data of daily TEE (kcal/d), physical activity
(kcal/d), the number of steps (step/d), and Ex (Ex/wk)
were obtained. Ex is a unit to express the quantity of
physical activity, calculated by multiplying metabolic
equivalents (METSs) by the duration of the activity (h)
as proposed in the Physical Activity Guide for Health
Promotion 2006, which was published by the Ministry
of Health, Labor and Welfare of Japan. The METs is an
index for the intensity of physical activity, calculated as
energy expenditure (oxygen uptake, mL/kg per minute)
during a specific physical activity divided by sitting/ rest-
ing energy expenditure (REE). The goal for the quantity
of physical activity for health promotion was set at 23
Ex or more per week to be achieved by active physical
activities (including both Ex and non-Ex activities), of
which 4 Ex or more should be achieved by active Ex'"?,

Logistic regression analysis

Univariate and multivariate logistic regression model-
ing were used to identify the relevant factors for insulin
resistance in patients with chronic liver disease. The de-
gree of chronic hepatitis, HCV infection, the presence
or absence of hepatocellular carcinoma, sex, age, %AC,
%TSE, handgrip strength, Ex, Plt, Alb, BTR, total energy
intake per BW protein intake per BW, and the percentage
fat in nutrition intake were chosen as potential factors.
Continuous variables were divided into 2 groups accord-
ing to each standard as described below. HCV infection
has been reported to cause insulin resistance”. There-

(4 9

Boishidengs  WIG | www.wjgnet.com

fore, patients were categorized into 2 groups according
to HBV and HCV infection. Patients were categorized
into 2 groups by age, with those over 65 years consid-
ered elderly. Both %AC and %TSF were divided using
100 as a standard value. Handgrip strength was divided
using 69, which was the median value. Ex was divided
using a value of 4.0, which is the desired amount of ac-
tive Ex. Plt was divided according to a value of 100 000,
with less than 100 000 as the standard for liver cirrhosis.
It has been reported that Alb of 3.5 or less is related to
prognosism. Therefore, Alb was divided using a value of
3.5, with less than 3.5 considered malnutrition. BTR was
divided into 2 groups based on 4.41, which is the lower
limit of the standard range. In this study, energy intake
per BW was divided based on a value of 30, which is the
median of the standard range in the ESPEN nutritional
management guidelines“(’]. Protein intake per BW was
divided based on a value of 1.2, which is the upper limit
of the standard range in the ESPEN nutritional man-
agement guidelines. The percentage of fat in daily food
intake was divided using 25, which is the upper limit of
the standard range.

Statistical analysis

Outcomes are presented as mean £ SD, number of pa-
tients, or a percentage. The statistical analyses were per-
formed using the Mann-Whitney U, Kruskal-Wallis, and
Scheffe's multiple comparison tests, or Spearman's rank
correlation coefficient. Univariate and multivariate logis-
tic regression modeling were used to obtain the crude
and adjusted odds ratios and 95% CI for the association
between each factor and insulin resistance. The statistical
software Dr. SPSS II for Windows Version 11.0.1] (SPSS
Inc.) was used for the analysis. P value < 0.05 was con-
sidered statistically significant.

RESULTS

Subjects characteristics

One hundred and thirty-three patients with chronic liver
disease were included in the analysis. Their characteristics
are summarized in Table 1. Sex was not significantly dif-
ferent among the groups. Age in cirrhotic patients was
significantly higher than that in patients with chronic
hepatitis. Seventeen patients with chronic hepatitis and
11 patients with cirrhosis were infected with HBV, while
42 patients with chronic hepatitis and 63 patients with
cirrhosis were infected with HCV. Eleven patients had
diabetes mellitus, 20 had hypertension, and 4 had hyper-
lipidemia in the chronic hepatitis patients. The cirrhotic
patients were involved with complications of diabetes
mellitus in 11 patients, hypertension in 20, and hyperlipid-
emia in 4. When cirrhotic patients were assessed by using
Child-Pugh classification of the severity of liver disease,
62 patients were classified into class A, and 12 into class B.

Laboratory evaluation
The results of laboratory evaluation are shown in Table
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Control Chronic hepatitis Cirrhosis

Sex (male/female) 12/15 26/33 25/49
Age (yr) 65.9+61  635+101  683+75°
Viral infection (HBV/HCV) - 17/42 11/63
Child-Pugh classification (A/B) - - 62/12
Diabetes mellitus - 11 11
Hypertension - 20 24
Hyperlipidemia - 4 6

°P < 0.01 vs chronic hepatitis. Data are expressed as mean + SD or as num-
ber of patients. Statistical differences among the 3 groups were determined
by the Kruskal-Wallis and Scheffe's multiple comparison tests. HBV:
Hepeatitis B virus; HCV: Hepatitis C virus.

Control Chronic Cirrhosis
hepatitis

Height (cm)’

Male 168.2+6.3 168.0+7.6 165.8 + 6.0

Female 151.0+3.5 152.8+4.1 151.6 + 6.5
Weight (kg)"

Male 67.0+85 67.5+11.0 64.5+9.0

Female 54.5+6.7 54.6+9.4 50.8+8.8
BMI (kg/m’)"

Male 23.7+3.1 239+3.1 234+26

Female 239+26 234+4.0 221+35
BMI (underweight/normal/ obese)”

Male 1/5/5 1/17/9 0/16/8

Female 1/8/7 2/17/13 6/36/8"
Abdominal circumference (cm)"

Male 86378 90.0+8.0 87.7+8.6
Female 84.6 +10.0 86.0+9.9 85.1+9.2
%AC' 108.1 £8.4 1074+11.8  103.9+115
%TSF' 96.0£37.0° 129.0 £50.2 116.5 £ 48.4
%AMC' 111.9 £105°  104.9 £10.7 102.7 £10.8
%AMA' 1282+251° 1122229 107.5+225
Hand grip strength (%)'  921+16.2"8  74.4 £20.9 66.9+17.6

°P =0.013, °P = 0.021, °P = 0.013, ‘P < 0.001 vs chronic hepatitis; ‘P = 0.001,
‘P = 0.001, 8P < 0.001 vs liver cirrhosis; "P = 0.007. Data are expressed as
mean + SD or as number of patients. "*Statistical differences among the
3 groups were determined by the Kruskal-Wallis and Scheffe's multiple
comparison tests' or Spearman's rank correlation coefficient’. BMI: Body
mass index; AC: Arm circumference; TSF: Triceps skin fold thickness;
AMC: Arm muscle circumference; AMA: Arm muscle area.

2. The values of WBC, RBC, Hb, Ht, Plt, PT, TP, Alb,
Total-C, TG, ChE, HbAlc and BTR in cirrhotic pa-
tients were significantly lower than those in patients with
chronic hepatitis. Furthermore, the values of AST, T-bil,
D-bil, ALP and LAP were also significantly higher in the
latter group. The IRI of both the groups was slightly
high, and the mean value of HOMA-IR was = 2.5.
Twenty-two of the 106 patients who had obvious diabe-
tes, based on their measured FBS level and insulin level,
were excluded. We used the remaining 84 patients as the
subjects for the analysis. The number of patients with a
HOMA-IR = 2.5, which was considered to indicate in-
sulin resistance, was 14 (35.9%) in the chronic hepatitis
patients and 17 (37.8%) in the cirrhotic patients.
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Chronic hepatitis Cirrhosis
WBC (x 100/ uL) 55.5+19.2 37.9+13.6"
RBC (x 10°/pL) 441 +57 399 + 47°
Hb (g/dL) 13.8+15 126 +1.6"
Ht (%) 40.7+3.9 372440
Plt (x 10%/pL) 17.8+38 86425
PT (%) 96.9 +11.2 83.4+13.2°
TP (g/dL) 72+05 7.0£0.7°
Alb (g/dL) 40404 35405
BUN (mg/dL) 15.6 + 6.1 155+5.6
Cre (mg/dL) 0.77 +0.27 0.73 +0.24
T-bil (mg/dL) 09+04 1.1+05°
D-bil (mg/dL) 03+0.2 04+03
AST (IU/L) 44423 60 + 39"
ALT (IU/L) 41+27 53 £40
AST/ALT 12104 1.3+05
LAP (IU/L) 59+ 20 63+17°
y-GTP (IU/L) 51+ 85 51+57
ALP (IU/L) 299 + 144 356 + 126'
ChE (IU/L) 281 + 89 201 + 81°
TG (mg/dL) 102 + 44 87 +31
T-cho (mg/dL) 182 +37 155 + 38"
HbA1lc (%) 59+0.8 52+0.9°
FBS (mg/dL) 99.0 +14.1 99.6 +14.5
IRI (uU/mL) 111482 121+11.1
HOMA-IR 27+£22 29+£25
BTR 543 +£1.54 3.90 +1.23°
BCAA (umol/mL) 425 +92 387 + 77
Tyrosine (umol/mL) 82+23 107 £ 36"

P < 0.05, °P = 0.018, °P = 0.017, “P = 0.008, °P = 0.048, ‘P = 0.001, *P = 0.025
vs chronic hepatitis. Differences between the 2 groups were analyzed using
the Mann-Whitney U test. WBC: Number of white blood cells; RBC: Num-
ber of red blood cells; Hb: Hemoglobin; Ht: Hematocrit level; Plt: Platelet
count; PT: Prothrombin time; TP: Total protein; Alb: Albumin; BUN: Blood
urea nitrogen; Cre: Creatinine; T-bil: Total bilirubin; D-bil: Direct bilirubin;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LAP:
Leucine aminopeptidase; y-GTP: y-glutamyl transpeptidase; ALP: Alkaline
phosphatase; ChE: Cholinesterase; TG: Triglycerides; Total-C: Total cho-
lesterol; HbAlc: Hemoglobin Alc; FBS: Fasting blood sugar; IRI: Immuno-
reactive insulin levels; HOMA-IR: Homeostasis model assessment-insulin
resistance; BCAA: Plasma branched-chain amino acid levels; BTR: Molar
ratio of BCAA to tyrosine; Tyrosine: Plasma tyrosine levels.

Anthropometric assessment

Table 3 presents the outcomes of anthropometric assess-
ments in the subjects. The skeletal muscle index (measured
as Y0AMC and %AMA) was significantly lower in the
chronic hepatitis and cirrhotic patients than in the con-
trols. The body fat indicator (measured as %TSF) in the
chronic hepatitis patients was significantly higher than in
the controls. The handgrip strength in both the patient
groups was significantly lower than that in the controls.
We divided the subjects into male and female subgroups
when comparing height, weight, BMI and abdominal
circumference. There were no significant differences
among the 3 groups. Among the men, the rate of obesity
was 45.5% in the control, 33.3% in those with chronic
hepatitis, and 33.3% in those with liver cirrhosis. Among
the women, the rate of obesity was 43.8% in the control,
40.6% in those with chronic hepatitis, and 16.0% in those
with liver cirrhosis. The difference in the obesity rate was
not significant in the men; however, the obesity rate in
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Control Chronic hepatitis Cirrhosis
Energy intake (kcal) 1814 + 400 1768 + 470 1730 + 468
Energy intake (kcal/BW) 31.0+75 30.0+8.6 32.0+9.0
Carbohydrate percentage (%) 579+71 591491 60.1+89
Protein percentage (%) 159+29 162+28 16.2+3.0
Fat percentage (%) 261+7.1 248+84 23.7+88
Carbohydrate intake (g) 2489 £57.4 254.9 £76.5 251.2+£67.9
Protein intake (g) 68.0+17.1 68.3+17.1 70.0 +19.5
Protein intake (g/BW) 12+£03 1.2+04 1.3+£04
Fat intake (g) 50.5+£19.5 474+214 46.7 £24.4
Calcium intake (mg) 544 +198 513 +170 536 + 216
Iron intake (mg) 7927 74+18 72+25
Salt intake (g) 87+23 87+29 85+23
Vitamin A intake (ugRE) 1015 £ 391 1046 + 512 979 £ 478
Vitamin B1 intake (mg) 0.8+04 0.8+03 09+04
Vitamin B2 intake (mg) 11£03 1.2+£05 11+£04
Vitamin C intake (mg) 114 + 66 148 £191 118 + 64
Dietary fiber intake (mg) 143 +43 13.9+4.1 14.0+3.8
Grains (g) 402.5£111.2 4495+173.4 416.3 £133.0
Green and yellow vegetables (g) 121.4+£76.1 143.6 £170.7 137.8 £96.8
Light-colored vegetables (g) 187.1+128.3 165.8 £73.0 167.1£78.5
Tubers and roots (g) 65.8 £ 68.1 38.1+50.5 37.2+44.0
Meat (g) 51.9+675 67.8 £67.2 66.8 £73.5
Seafood (g) 974+714 82.0£56.0 73.3 £56.1
Egg (g) 3741362 40.0+38.9 27.0+26.7
Pulses (g) 61.9 £64.1 57.0£59.3 65.6+72.3
Milk and daily product (g) 124.9 £119.5 130.1 £117.7 142.3 £132.1
Fruit (g) 114.5+113.8 109.2+192.1 129.1 +128.8
Qil and fat (g) 11.3+10.9 11.9+11.6 94 +£11.6

Statistical differences among the 3 groups were determined by the Kruskal-Wallis and Scheffe's multiple com-

parison tests. BW: Body weight; RE: Retinol equivalents.

women was significantly lower as liver disease advanced.

Dietary survey

The results of the dietary survey are presented in Table 4.
The total nutrition intake and amounts of carbohydrates,
protein, and fat were not significantly different among
the groups. These results showed that the average food
intake of patients was not different compared to that of
the controls. Moreover, the intake of important micro-
elements such as calcium, iron, salt, vitamins A, B1, B2,
and C; and dietary fibers was almost the same in these 3
groups. The food intake and its contents seemed to be
sufficient in cirrhotic patients.

Lifestyle survey

The outcomes of the lifestyle survey are described in
Table 5. The lifestyle-related questionnaire survey re-
vealed that the amount of alcohol consumed by cirrhotic
patients was significantly lower than that of control
subjects. Chronic hepatitis patients tended to consume
less alcohol compared with control subjects. With regard
to drinking habits, significantly more subjects in each
patient group replied that they drank less compared to
the controls. Significantly more subjects in both patient
groups teported that they had enough rest compared
to the control group. Furthermore, the sleeping time in
patients of the cirrhosis group was significantly longer
than that in the other 2 groups. The petceived health
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status in each patient group was significantly lower than
in the control group.

Physical activity survey

Table 6 shows the results of the physical activity survey.
The physical activity levels, number of steps, and Ex in
the chronic hepatitis and cirrhosis groups were signifi-
cantly lower than those of the control group. Moreovert,
TEE in cirrhotic patients was significantly lower than
that in control subjects and chronic hepatitis patients.

Results of logistic regression analysis

Table 7 shows the results of univariate and multivariate
logistic regression modeling, which were used to deter-
mine the relevant factors for insulin resistance. Unad-
justed univariate logistic regression modeling suggested
that 6 factors, including the presence ot absence of he-
patocellular carcinoma, AC, Ex, BTR, total energy intake
per BW, and percentage fat, were significantly associ-
ated with insulin resistance. In the multivariate logistic
regression modeling adjusted for sex, age, the presence
or absence of hepatocellular carcinoma, AC, Ex, BTR,
total energy intake per BW and petrcentage fat, Ex was a
significant factor associated with insulin resistance.

DISCUSSION

In this study, we carried out laboratory evaluations, an-
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Control Chronic hepatitis Cirrhosis P value
Drinking habit’ <0.001
Nothing 10 (8.8) 40 (67.8) 63 (85.1)
Sometimes 6(222) 11 (18.6) 9(12.2)
Daily 11 (40.7) 8 (13.6) 2(27)
Alcohol intake (g/d)" 13.7 +26.6° 49+142 1.6+9.9
Stage model of alcohol drinking’ 0.141
Maintenance 4 (23.5) 7 (36.8) 4 (36.4)
Action 1(5.9) 1(5.3) 0(0)
Sometimes 3 (17.6) 6 (31.6) 5 (45.5)
Preparation 0 (0) 1(5.3) 0 (0)
Contemplation 9 (52.9) 2 (10.5) 1(9.1)
Pre-contemplation 0(0) 2 (10.5) 1(9.1)
Experience of dieting” 0.258
No 21 (77.8) 37 (62.7) 59 (79.7)
Yes 6(22.2) 22 (37.3) 15 (20.3)
Stage model of dietary habit’
Maintenance 6(22.2) 10 (16.9) 12 (16.2) 0.540
Action 2(7.4) 1(1.7) 2(27)
Preparation 2(74) 13 (22) 11 (14.9)
Contemplation 9 (33.3) 7 (11.9) 19 (25.7)
Pre-contemplation 8(29.6) 28 (47.5) 30 (40.5)
Eating speed (eating lunch within 10 min)
Fast 8 (29.6) 22 (37.3) 20 (27) 0.451
General or slow 19 (70.4) 37 (62.7) 54 (73)
Eating and drinking
Prior to bedtime®
Yes 6(22.2) 12 (20.3) 16 (21.6) 0.975
No 21 (77.8) 47 (79.7) 58 (78.4)
Skipping a meal®
Yes 4 (14.8) 18 (30.5) 14 (18.9) 0.700
No 23 (85.2) 41 (69.5) 60 (81.1)
Resting’
Enough 9 (33.3) 38 (64.4) 49 (66.2) 0.026
Almost enough 9 (33.3) 4 (6.8) 11 (14.9)
A little shortage 7 (25.9) 14 (23.7) 10 (13.5)
Shortage 2(22.2) 3(5.1) 4(5.4)
Sleeping time (h)' 6.7+1.1° 6.8+15° 76%1.6
Perceived health status’ <0.001
Very healthy 2(7.4) 4(6.8) 3(4.1)
Almost healthy 23 (85.2) 32 (54.2) 28 (37.8)
A little unhealthy 2(7.4) 18 (30.5) 34 (45.9)
Unhealthy 0(0) 5(8.5) 9 (12.2)
Stage model of exercise’ 0.630
Maintenance 12 (44.4) 23 (39) 27 (36.5)
Action 0(0) 0(0) 0(0)
Preparation 4 (14.8) 5(8.5) 13 (17.6)
Contemplation 10 (37) 23 (39) 25 (33.8)
Pre-contemplation 1(3.7) 8 (13.6) 9(12.2)
Smoking custom” 0.140
Yes 5 (18.5) 13 (22) 8 (10.8)
No 22 (81.5) 46 (78) 66 (89.2)
Time to smoking cigarette first after it get out of bed 0.555
Within 5 min 2 (40) 1(7.1) 1(14.3)
From 6 to 30 min 1 (20) 1(7.1) 1(14.3)
From 31 to 60 min 2 (40) 4 (28.6) 4(57.1)
More than 61 min 0 (0) 8 (57.1) 1(14.3)
Number of smoking cigarettes on a day” 0.584
Less than 10 cigarettes 3 (60) 3(21.4) 2 (28.6)
From 10 to 20 cigarettes 2 (40) 7 (50) 5(71.4)
From 21 to 30 cigarettes 0 (0) 3(21.4) 0 (0)
More than 31cigarettes 0 (0) 1(7.1) 0 (0)
Period of no smoking® 0.356
More than 10 yr 3 (60) 11 (61.1) 16 (72.7)
From 3 to 10 yr 0(0) 6 (33.3) 4(18.2)
From1to3yr 1 (20) 0(0) 1(4.5)
From 6 mo to less than 1 yr 1 (20) 1(5.6) 1(4.5)
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Stage model of smoking’

Maintenance 5 (50)
Action 0 (0)
Preparation 0(0)
Contemplation 4 (40)
Pre-contemplation 1(10)

19 (
0

0
7
6(

0.481
59.4) 22 (71)

0) 0(0)

0) 3(9.7)

21.9) 3(9.7)

18.8)

°P = 0.003, °P = 0.028, °P = 0.007 vs liver cirrhosis. Data are expressed as mean + SD or as number of patients. “*Statisti-

cal differences among the 3 groups were determined by the Kruskal-Wallis and Scheffe's multiple comparison tests' or

. . . 2
Spearman's rank correlation coefficient”.

Control Chronic Cirrhosis
hepatitis
n 27 43 53
TEE (kcal/d) 1781 £ 272 1732 £305" 1593 + 220
Physical activity (kcal/d) 210+ 113" 151+ 95 125+ 74
Number of steps (step/d) 8070 £3027°" 6011 +2952 5789 + 3368
Ex (Ex/wKk) 12.4 £9.3% 76+6.3 70+7.7

°P =0.035, "P = 0.032, °P = 0.038 vs chronic hepatitis; ‘P = 0.013, “P = 0.001,
P =0.011, 8P = 0.013, "P = 0.042 vs liver cirrhosis. Statistical differences
among the 3 groups were determined by the Kruskal-Wallis and Scheffe's
multiple comparison tests. TEE: Total energy expenditure; Ex: Exercise.

thropometric assessments, a diet, lifestyle, and physical
activity survey in chronic liver disease patients. The re-
sults were compared with the data of healthy subjects. As
shown in Table 2, a considerable number of the chronic
hepatitis patients presented insulin resistance without ob-
vious elevation of FBS. Thirty-three point nine percent
in the chronic hepatitis and 37.8% in cirrhotic patients
indicated insulin resistance. Insulin resistance has been
reported to be correlated with liver fibrosis™?!!] carcino-
genesis™ and mortality™ of liver cancer in chronic liver
disease patients. FBS as well as IRI should be measured
and HOMA-IR should be calculated for an eatly diagno-
sis and for improving insulin resistance by diet and Ex
therapy.

The rate of obesity in men and women was 30.5%
and 20.8%, respectively, according to the national health
and nutrition examination survey conducted by the
Japanese Ministry of Health, Labour and Welfare in
2009. In this study, the incidence of obesity in men with
liver cirrhosis was almost the same as that in the general
adult male population. However, the rate of obesity in
women was significantly lower as liver disease advanced.
However, BMI was not significantly different among the
3 groups, and 72.0% of the women with liver cirrhosis
had a normal BMI. These results suggested that almost
all women with liver cirrhosis might have normal weight.
Complications such as metabolic syndrome, obesity, and
fatty liver in patients with chronic liver disease were risk
factors of liver fibrillization™ and carcinogenesis®.
These complications are related to increasing mortal-
ity of carcinoma'"! and decreased response to antiviral
therapy”. If the condition of patients with obesity or
fatty liver could be improved by correcting their diet and
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lifestyle, these approaches might be effective to curb the
progression of the disease, carcinogenesis, and to im-
prove the efficacy of intetferon therapy. However, mal-
nutrition in cirrhotic patients is caused by the decreased
protein synthesis and disturbed energy metabolism that
result from liver failure. Protein malnutrition can cause a
decrease in skeletal muscle mass in cirrhotic patients. In
fact, AMC and AMA in patients with chronic hepatitis
and liver cirrhosis wete significantly lower than those in
the control subjects, while AC was not significantly dif-
ferent among all groups. Moreover, TSF in the chronic
hepatitis group was significantly higher than that in the
control group. These results suggest the possibility of a
decrease in skeletal muscle mass and a relative increase
in fat mass in patients with chronic liver disease. How-
ever, anthropometry might underestimate the prevalence
and severity of malnutrition in patients with cirrhosis.
In particular, the underestimation was more pronounced
in patients with Child-Pugh A and B cirrhosis, although
anthropometry is a simple and non-invasive method"”.
Morte attention needs to be paid to the method of nutri-
tion assessment. In the future, the body composition of
cirrhotic patients might have to be evaluated again by
using more accurate methods such as dual-energy X-ray
absorptiometry.

In this study, the handgrip strength in the patient
groups was significantly lower than that in the con-
trol group. Handgrip strength has been reported to
be strongly correlated with muscle mass™. Decreased
handgrip strength corresponded with lower %0AMC and
Y%AMA values. These results might reflect a decrease in
muscle mass. Furthermore, the handgrip strength can be
used to predict morbidity of complications in cirthotic
patients™. Therefore, it may be a valuable predictive
factor of malnutrition and its accompanying complica-
tions. Although not specific to patients with liver disease,
a Japanese study published in 2007 reported that the
multivariate-adjusted reactive risk of all causes of death,
excluding external causes, for each 5-kg increment of
grip strength was significantly lower in middle-aged and
elderly individuals”™”. Maintaining grip strength might
benefit cirrhotic patients.

In the dietary survey, there were no significant differ-
ences in nutrition intake between the groups. Further-
more, patients did not show a deficiency in total energy
and protein intake per BW, as per the guidelines of
ESPEN Nutritional Management. This finding suggests
that dietary intake was almost sufficient to fulfill the
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Control (77) Case (1) Univariate Multivariate
Odds ratio (95% CI) P value Odds ratio' (95% CI) P value
Viral infection
HBYV infection 15 3 1 0.055
HCV infection 38 28 3.684 (0.972-13.960)
Groups
Chronic hepatitis 25 14 1 0.859
Liver cirrhosis 28 17 1.084 (0.445-2.639)
The hepatocellular carcinoma
Absent 44 19 1 0.030 1 0.290
Present 9 12 3.087 (1.115-8.544) 0.311 (0.036-2.713)
Sex
Female 35 18 1 0.466 1 0.700
Male 18 13 1.404 (0.564-3.496) 0.712 (0.126-4.010)
Age (y7)
<65 23 14 1 0.875 1 0.366
=65 30 17 0.931 (0.382-2.271) 0.486 (0.102-2.324)
%AC
=100 B 26 1 0.042 1 0.091
<100 20 5 0.317 (0.105-0.960) 0.223 (0.039-1.271)
%TSF
=100% 31 24 1 0.083
<100% 22 7 0.411 (0.151-1.121)
% AMC
=100% 35 22 1 0.641
<100% 18 9 0.795 (0.304-2.081)
% AMA
=100% 38 22 1 0.943
<100% 15 9 1.036 (0.389-2.759)
Handgrip strength (%)
= 69.0 22 17 1 0.360
<69.0 30 13 1.526 (0.617-3.771)
Ex (Ex/wk)
=40 29 7 1 0.003 1 0.024
<4.0 10 14 5.800 (1.823-18.455) 6.809 (1.288-36.001)
Plt (x 10°/pL)
=10.0 37 15 1 0.054
<10.0 16 16 2.466 (0.986-6.168)
Alb (g/dL)
=35 43 20 1 0.094
<35 10 11 2.365 (0.864-6.476)
BTR
=441 31 11 1 0.025 1 0.238
<441 17 18 2.984 (1.148-7.756) 2.770 (0.509-15.061)
Energy intake per BW (kcal/BW)
<30 21 22 1 0.007 1 0.602
>30 32 9 0.268 (0.104-0.695) 0.689 (0.171-2.785)
Protein intake per BW (g/BW)
<12 24 17 1 0.339
>1.2 29 14 0.682 (0.280-1.660)
Fat percentage (%)
<25 26 23 1 0.027 1 0.096
>25 27 8 0.335 (0.127-0.882) 0.222 (0.038-1.307)

'Adjusted for the presence or absence of hepatocellular carcinoma, arm circumference (AC), exercise (Ex), molar ratio of branched-chain amino acid to tyro-
sine (BTR), total energy intake per body weight (BW), and percentage fat, age. HBV: Hepatitis B virus; HCV: Hepatitis C virus; TSF: Triceps skin fold thick-

ness; AMC: Arm muscle circumference; AMA: Arm muscle area; Plt: Platelet count; Alb: Albumin.

nutritional requirements. The results of the biochemical
blood tests and anthropometric assessments showed that
cirrhotic patients were malnourished, leading to reduced
values of serum albumin, AMC, AMA and handgrip
strength. Although protein intake was adequate in the
cirrhosis group, the BTR was low. This result suggests
that improving the amino acid imbalance by dietetic
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treatment is difficult. Therefore, oral BCAA supplemen-
tation in cirrhotic patients has been shown to be effec-
tive in improving BTR and maintaining serum albumin
and their quality of life (QoL) P In addition, oral BCAA
supplementation could decrease the risk of specific he-
patic carcinogenesis in cirrhotic patientsm.

In the lifestyle survey, chronic liver disease patients
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consumed significantly less alcohol and had a lower
drinking frequency. These results suggested that the pa-
tients were aware of the adverse effect of alcohol drink-
ing. Cirrhotic patients had a significantly longer sleeping
time, and more patients reported that their resting time
was sufficient than the other 2 groups. This shows that
patients with cirrhosis are careful in maintaining rest. Per-
ceived health status in the patient groups was significantly
lower than that in the control group; progression of the
liver disease might influence the QoL of the patients.

The result of the physical activity survey suggested
that cirrhotic patients in urban areas had significantly
lower TEE than the control and chronic hepatitis groups.
In a study that determined REE by using an indirect
calorimeter, the REE of cirrhotic patients was found
to vary™. However, the REE in cirrhotic patients was
significantly higher than that in the control and chronic
hepatitis groups when measured using a direct calo-
rimeter™. The Lifecorder of TEE was conjectured by
body motion, but this measured value does not consider
the increased REE in cirrthotic patients. This suggested
that the TEE of cirrhotic patients in this study might
be underestimated. However, a study that validated the
Lifecorder reported that there was a strong correlation
between physical activity levels and measured METSs
while Walkingm. At the very least, this result suggested
that the level of physical activity of chronic hepatitis
and cirrhosis group was low. As mentioned above, the
perceived health status in cirrhotic patients was also low.
We think that all physical activity might be suppressed by
stressing about the need for rest in the usual life guide-
lines for cirrhosis. Some reports stated that maintenance
of weight loss and Ex in overweight patients with liver
disease resulted in a sustained improvement in liver func-
tion, insulin resistance and QoL"*”. Obese cirrhotic
patients would rather try to increase the intensity of daily
activities involving Ex than continue to maintain exces-
sive resting. However, since patients with decompensated
cirthosis with ascites, hepatic encephalopathy, and jaun-
dice need to lie quietly and consume sufficient amounts
of nutrients, we should probably exclude them from the
patients with chronic hepatitis and compensated cirrho-
sis enrolled in this study.

In this study, univariate and multivariate logistic
regression modeling were used to identify the relevant
factors for insulin resistance. The results show that de-
creased Ex was a significant factor for insulin resistance.
For patients with chronic liver disease, increasing the
amount of physical activity might improve insulin resis-
tance. Insulin resistance tended to decrease at low values
of %AC, which is an index of muscle and fat mass. In
this study, the muscle mass in patients with chronic liver
disease was lower than in the control group. While the
amount of fat mass in the liver cirrhosis group was not
significantly different from that of the control group, the
amount of fat mass in the chronic hepatitis group was
higher than that of the control group. In patients with
chronic liver disease, obesity or muscle wasting might
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be related to insulin resistance. Insulin resistance tended
to decrease at higher fat percentages. Insulin secretion
might not be as easily stimulated when fat is ingested
compared with when carbohydrates are ingested. This
might be associated with the insulin resistance observed
in chronic liver disease. However, this study has limita-
tions. We have not completely verified a causal relation-
ship between Ex and insulin resistance as this is a cross
sectional study. It will thus be necessary to perform a
future cohort study to verify whether insulin resistance
in patients with cirrhosis is directly induced by decreased
physical activity.

In summary, the results of this study suggested that
chronic liver disease patients in urban areas have lower
skeletal muscle mass and higher relative body fat per-
centage. We think that the lower skeletal muscle mass
may result from the decline in BTR, which indicates an
amino acid imbalance, and that the intensity of daily ac-
tivities was lower because of excessive resting instead of
a dectease in dietary intake. Moreover, this study showed
that insulin resistance might exist in early-stage chronic
liver disease patients. Ex was a relevant factor for insulin
resistance, and dectreased physical activity was associated
with insulin resistance.

Therefore, non-hospitalized cirrhotic patients in ur-
ban areas need to maintain an adequate dietary intake
and receive lifestyle guidance to increase their physical
activity levels.

COMMENTS

Background

Cirrhosis is an end-stage chronic liver disease, and one of the typical diseases
that is associated with malnutrition. However, the combination of over-nutrition
and obesity in cirrhosis patients indicates the possibility of an impaired patho-
genesis. These findings suggest that excessive food intake, decreased intensity
of daily activity, and a lack of exercise (Ex) in cirrhotic patients promotes obe-
sity, fatty liver, and hepatic carcinogenesis. Few researchers have studied the
effect of dietary habits and lifestyle in non-hospitalized cirrhotic patients on their
conditions.

Research frontiers

Recently, both experimental and clinical studies found that over-nutrition, fatty
liver, and glucose intolerance are significant risk factors of hepatic carcinogen-
esis. Moreover, insulin resistance has been reported to be correlated with liver
fibrosis and mortality of liver cancer in chronic liver disease patients. Some
reports have said that maintenance of weight loss and Ex in overweight pa-
tients with liver disease resulted in a sustained improvement in liver function,
insulin resistance, and quality of life. To improve insulin resistance or the loss
of excess weight, correction of malnutrition and the addition of moderate Ex are
effective methods of therapy. However, it is not clear if Ex that is moderate in
intensity or quantity will be effective therapy for cirrhotic patients. The purpose
of this study is to assess the nourishment status of non-hospitalized patients
with compensated cirrhosis.

Innovations and breakthroughs

The results of this study suggested that chronic liver disease patients in urban
area have lower skeletal muscle mass and higher relative body fat percentage.
Moreover, this study showed that insulin resistance might exist in early-stage
chronic liver disease patients. Ex was a relevant factor for insulin resistance,
and decreased physical activity was associated with insulin resistance.
Applications

The results of this study suggest that non-hospitalized cirrhotic patients in urban
areas need to maintain an adequate dietary intake and receive lifestyle guid-
ance to increase their physical activity levels. Decreased physical activity was
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associated with insulin resistance. Therefore, increasing physical activity may
improve insulin resistance and suppress hepatocellular carcinogenesis.

Terminology

Ex is a unit to express the quantity of physical activity, calculated by multiplying
metabolic equivalents (METs) by the duration of the activity (h) as proposed in
the Physical activity guide for Health Promotion 2006, which was published by
the Ministry of Health, Labor and Welfare of Japan. METs is an index for the
intensity of physical activity, calculated as energy expenditure (oxygen uptake,
mL/kg per minute) during a specific physical activity divided by sitting/resting
energy expenditure.

Peer review

In this paper, the authors investigated the nourishment status and lifestyle of
non-hospitalized patients with compensated cirrhosis by using non-invasive
methods in Japan. They found that insulin resistance was seen in more than
35% of patients with chronic liver disease. In addition, the handgrip strength,
physical activity levels, number of steps and Ex were significantly lower in
the cirrhotic group than in the control group. The authors concluded that non-
hospitalized cirrhotic patients may need to maintain an adequate dietary intake
and receive lifestyle guidance in order to increase their physical activity levels.
Overall, theseindings are interesting.
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