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Summary. Limitations to physical activity lead to
impairments of insulin sensitivity and deterioration
of health related quality of life (HRQOL) in patients
with chronic liver diseases (CLD). The effects of
regular exercise on physical and psychosocial factors
were prospectively evaluated in CLD. Five patients
with various etiologies and stages were enrolled. Daily
aerobic and resistance trainings were conducted
for a course of five months with an oral intake of
branched-chain amino acids (BCAA) starting one
month prior to the exercise. Various biochemical,
physical parameters, and profile of mood states
(POMS) were measured before and after the
course. Statistical significance was evaluated using a
resampling method. No event was marked during the
course to require additional treatments. A significant
improvement in insulin sensitivity was observed as
reductions of fasting blood glucose and serum insulin
levels. Physical capability was significantly improved
in both strength and endurance as increments of
grasping and knee extension powers, and ventilatory
threshold. The fatigue score was significantly reduced
in accordance with a decreasing tendency of all
other negative aspects in POMS. While significant
decreases in serum concentrations of cholinesterase
and prealbumin, platelet count, and bone mass
were observed, serum concentrations of transferrin
and BCAA as well as prothrombin activity showed
increasing tendency. Regular exercise could be a

promising alternative to improve insulin sensitivity
and HRQOL in CLD, though medications and close
evaluation should be conducted for possibilities of
osteoporosis and hemorrhagic events.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of major causes
of cancer deaths all over the world.” The development
of HCC is generally associated with chronic liver cell
damage due to various etiologies.? To date, hepatitis B
and C infections have been the most common agents,
but pandemic obesity is likely to become the most
frequent cause of liver diseases, especially in developed
countries.” Interestingly, accumulating evidence suggests
that insulin resistance plays a key role in both liver cell
damage and hepatocarcinogenesis by inducing oxidative
stress in various liver diseases including viral infections
and calorie excess.*>® Because the liver is a major target
organ for insulin action to control blood glucose level,
over 70% of patients with liver cirrhosis also exhibit
insulin resistance, regardless of the etiologies.” In
general, calorie restriction is a first line prescription for
insulin resistance. However, a restriction of calorie intake
works against maintaining the functional reserve of the
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liver in patients with chronic liver diseases (CLD). Thus,
the treatment for insulin resistance in accordance with
liver cell damage is necessary but rather challenging for
a physician.

Health-related quality of life (HRQOL) is another
key issue in managing CLD. Because in cases with
chronic diseases, survival is not at risk for a long time
and the goal of treatments is to maintain patients in
symptom-free and community-living,® physicians have
to consider HRQOL as a key component to evaluate
therapeutic interventions. It is reported that, rather
than psychiatric and active medical comorbidities, the
severity of liver diseases determines HRQOL in CLD,”
and that fatigue and depression are strong indicators for
impaired HRQOL.'” Unfortunately, however, it is hard
for physicians to respond to such symptoms of fatigue
because of their inherent subjectivity and the lack of
quantitative objectivity in the symptom.

It is reported that exercise improves insulin sensitivity
even in non-obese and non-diabetic subjects in the
absence of significant changes in body mass index
(BMI).!"Y Furthermore, a substantial body of literature
attests to the benefits associated with habitual exercise
on physiological wellbeing.'>'>!¥ In this study, we aimed
to clarify if regular exercise has an advantage in terms of
metabolic, physical, and psychosocial problems in CLD.
Indicators associated with those problems were evaluated
before and after aerobic and resistance training conducted
regularly for five months with an oral intake of branched-
chain amino acids (BCAA). Efficacy and safety issues of
regular exercise on CLD are also discussed.

MATERIALS
Patients

The patient’s characteristics are summarized in Table
1. Five CLD due to various etiologies and stages were
enrolled, with the exception of acute events, edema, and
ascites detectable by physical examination, jaundice,
risky esophageal varices, overt encephalopathy of
grade II or more, and viable hepatocellular carcinoma
proven or suspected by ultrasonography, computed
tomography (CT), magnetic resonance imaging (MRI),
and/or abnormal values of a-fetoprotein or des-vy-
carboxyprothrombin. All subjects gave their informed
consent to participate. The ethical committees of
participating institutes approved the study under the title
of Efficacy of Exercise in Patients with Chronic Liver
Diseases.

Exercise and nutritional support

Both regular aerobic and resistance training were

conducted for five months. An oral intake of BCAA
(Aminoleban EN, Otsuka Pharmaceutical Co.,Ltd.,
Tokyo) was started one month prior to the exercise
with a dose of one pack (200 kcal including 2.037 g
of L-leucine, 1.9225 g of L-isoleucine, and 1.602 g
of valine) a day as a late evening snack. Patients were
directed to do habitual exercise at home and were
supervised once a week at our affiliated facility. Aerobic
training was performed using a cyclic ergometer at the
facility or by walking at home with less intensity than the
target heart rate, which was defined as the heart rate at the
ventilatory threshold point. When an electrocardiogram
taken during the exercise using a cyclic ergometer
revealed an abnormal profile, the patient was excluded
from the study according to a cardiologist’s instruction.
Weight-bearing exercise and/or resistance training
using equipments were indicated to be at an intensity
less than 15 repetition maximum. In both aerobic and
resistance training, the rate of perceived exertion was
cushy or slightly sweaty in all cases at these intensities.
Physical activity and intensity at home were monitored
by special instructions based on self-report measures and
a computer-assisted pedometer.

Measurement of physical parameters

Before and after the course, several physical parameters
were measured. BMI was calculated from body length
and body weight. Using whole body dual energy X-ray
absorptiometry (whole body DEXA), bone mineral
content, fat-free mass, and fat mass were quantified
for the entire body. By monitoring exhaled gas during
exercise on a treadmill, maximum oxygen uptake and
ventilatory threshold point were determined. Perceptive
intensity of each exercise was graded as a rate of
perceived exertion in 20 steps from easiest to hardest by
interviews during each exercise.

Profile of Mood States (POMS)

Before and after the course of exercise, patients were
requested to fill in POMS psychometric scale' to
assess their psychosocial state. As it is temporary, the
mood state was asked to be reported for the previous
five days. POMS consists of five negative mood scales;
anger, anxiety, fatigue, confusion, and depression; and
one positive scale; vigor. The score of each scale was
calculated along the instruction by standardizing age and
gender effects for each subject.

Statistical analysis
For comparison of each value before and after the course

of exercise, the statistical difference was evaluated by a
resampling method!® !” using Resampling Stats version
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Table 1. Patient characteristics
Case Gender Age Etiology Child-Pugh PH of HCC?
1 F 66 AIH 6 No
2 F 57 LC(B) 6 Yes
3 F 65 LC(C) 7 Yes
4 F 59 AIH 5 No
5 M 72 CH(C) 6 No

T, Past history of development of hepatocellular carcinoma; F, female; M, male; ATH, autoimmune hepatitis; LC, liver

cirrhosis; CH, chronic hepatitis; (B), type B; (C), type C.

Table 2. Body composition related factors

Before After

Cr (mg/dl)” 0.63 = 0.08 0.68£0.12
CPK (IU/N) 192 £102 214+ 116
U-3-MH (umol/day) 247.6 +183.6 201.3 +63.6
Cer (ml/min) 122.5+33.6 134.8 +£33.7
Fasting glucose (mg/dl)™ 96.2+54 922 +8.1
Fasting insulin (uU/ml)’ 16.0 +8.8 12.8+7.1
HOMA 3.8+2.1 3.0+1.7
HbAlc (%) 51+0.7 5.1+0.6
BMI 255+13 25.6+0.6
Bone mineral content (g)™ 1765.4 £377.8 1724.8 =£387.5
Fat-free mass (kg) 37.7+£5.1 382+47
Fat mass (kg) 18.2+5.0 18.0+4.2

Mean + SD; *, P < 0.001; ™, P =0.03; Cr, creatinine; U-3-MH, urinary extraction of 3-methyl-histidine; CPK, creatine
phosphokinase; Ccr, creatinine clearance; HOMA, homeostasis model assessment score; BMI, body mass index.

5.0 software with the assumption of a null hypothesis:
the exercise does not affect each value. First, each
value before the exercise was subtracted from the value
after the exercise in each case, and the average was
calculated. Second, the subtracted value was randomly
converted into a negative or positive value with the
original absolute value, and the average was calculated.
Next, the frequency of when the average calculated in
the second step was larger than the average calculated
in the first step, if it was positive; or smaller than the
average calculated in the first step, if it was negative,
was determined by repeating the second step a thousand
times. Finally, the average of the frequencies was
calculated by performing all steps five times and was

defined as a probability. When the probability was less
than 0.05, we rejected the null hypothesis and decided
that the value was significantly different before and after
the exercise.

RESULTS

Regular exercise was feasible in patients with chronic
liver diseases

In this study we applied regular aerobic exercise and
resistance training for five months with intensity up to
the target heart rate and strength repeatable more than
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Table 3. Serum biochemistries and blood cell counts

Normal range Before After

ALT (IU/1) 10-20 49.0x13.4 51.2+13.1
AST (IUN) 5-45 48.4 +17.7 482+ 154
LDH (1U/1) 140 - 245 2252+ 823 243.8 £54.7
ALP (TU/) 104 - 318 389.4 + 165.1 369.4 +133.8
y-GTP (IU/1)" 16-73 84.8 + 69.1 65.0 + 48.2
T. Bil (mg/dl) 02-1.0 0.8+0.2 0.8+0.1
D. Bil (mg/dl) <0.4 03+0.1 03+0.1
ChE (1U/1)" 3500 - 8000 4037 + 1737 3874 £ 1721
Total protein (g/dl) 6.5-82 8.1+0.7 7.9+0.6
Albumin (g/dl) 37-55 39+04 40+04
Prealbumin (mg/dl)" 22.0-40.0 19.5+64 18.1+7.0
PA (%) 80.0 - 100 70.0 +16.2 82.5+12.5
Transferrin (mg/dl) 190 - 320 288.0 +96.8 303.6+104.2
TC (mg/dl) 150 -219 178.0+£41.0 174.2 +34.4
NH; (ng/dl) 18-70 75.6+42.0 63.2+16.8
BCAA/Tyrosine 4.99 -9.45 46+1.4 50+1.8
BCAA (umol/1) 379 - 688 394.6 £44.2 4274 +68.8
WBC (/mm?) 3500 - 9700 6700 + 3726 6658 £ 4650
RBC ( x 10¥mm?) 376 - 577 466.8 £20.5 460.8 + 19.4
Hemoglobin (g/dl) 11.2-183 143+0.9 141+£1.2
Ht (%) 343-51.9 447+25 451+2.38
Platelet ( x 10*/mm?)™ 14.0-37.9 16.8+7.6 13.0+5.5

Mean + SD; *, P < 0.001; ™, P = 0.03; PA, prothrombin activity; TC, total cholesterol; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; T. Bil, total bilirubin; D.
Bil, direct bilirubin; ChE, cholinesterase; BCAA, branched-chain amino acids; WBC, white blood cell; RBC, red

blood cell; Ht, hematocrit.

Table 4. Physical capabilities

After
Grasping power (kg)™ 243+72
Knee extension (watt/kg)" 10.9+3.4
VT (sec)” 1392 £25.0 1572+ 18.9
%HR (%) 43.5+£10.9

Mean = SD;", P <0.001; ™, P = 0.03; VT, ventilatory threshold point; %HR, proportion of heart rate against maximum
heart rate with the exercise at ventilatory threshold point.
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Table 5. Profile of Mood States (POMS) psychometric scale
Before After
Anxiety 53.4+43 48.4+6.2
Depression 62.6+5.6 53.4+10.5
Anger 55.6+£6.7 50.6£4.0
Confusion 56.2+43 514+49
Fatigue” 54.6+7.6 492+7.5
Vigor 51.6+34 49.8+9.9

Mean = SD;", P <0.001.

15 times, respectively, to CLD patients with various
etiologies. During the course of five months of exercise,
no major events demanding additional treatments were
observed, such as rupture of esophageal varices, overt
encephalopathy, edema and/or ascites, or hepatocellular
carcinoma development. Nor were any severe complaints
documented, such as muscle pain or cramps. Although
serum concentration of creatinine (Cr) was significantly
increased after the course from 0.63 + 0.08 mg/dl to
0.68 £ 0.12 mg/dl (P < 0.001), creatinine clearance (Ccr)
was stable during the course (P = 0.12, the upper section
of Table 2). Neither serum concentration of creatine
phosphokinase (192 + 102 TU/T vs. 214 £ 116 IU/I) nor
urinary excretion level of 3-methyl-histidine (247.6
183.6 umol/day vs. 201.3 + 63.6 pmol/day) showed
significant differences before and after the course as well
(P=0.25 and P = 0.25, respectively).

Liver cell damage and functional reserve of the liver
were not affected by exercise

Serum concentrations of enzymes associated with
liver cell damage or destruction of the biliary system
are summarized in the upper section of Table 3. The
values of each enzyme were not significantly different
during the course, with the exception of y-GTP, which
significantly decreased from 84.8 £ 69.1 IU/l to 65.0 £
48.2 TU/1 (P < 0.001).

The values reflecting the functional reserve of the liver
and blood cell counts are summarized in the middle
and lower sections of Table 3, respectively. Although
serum concentrations of cholinesterase and prealbumin
as well as platelet counts were significantly decreased
from 4037 = 1737 IU/], 19.5 £ 6.4 mg/dl, and 16.8 +
7.6 x10%/mm?® to 3874 + 1721 TU/1, 18.1 + 7.0 mg/dl,
and 13.0 + 5.5 x 10*/mm’, respectively (P < 0.001, P
< 0.001 and P = 0.03, respectively), all other values
including serum concentrations of total cholesterol, total
bilirubin, and NHs, and BCAA/tyrosine ratio showed

no significant differences after the course, compared
with those just before starting the exercise. Moreover,
serum concentrations of transferrin and BCAA and
prothrombin activity tended to be increased from 288.0
+ 96.8 mg/dl, 394.6 = 44. umol/l, and 70.0 £ 16.2% to
303.6 + 104.2 mg/dl, 427.4 = 68.8 umol/l and 82.5 +
12.5%, respectively (P = 0.06, P = 0.10, and P = 0.06,
respectively). The decrease in platelet counts was
associated with neither anemia nor leukopenia.

Physical capabilities were improved both in muscle
strength and endurance

Physical capabilities were improved in both muscular
strength and endurance as shown in Table 4. Grasping
power of 21.6 = 6.3 kg at the beginning significantly
increased to 24.3 + 7.2 kg at the end of course (P =
0.03). Maximal voluntary force production for knee
extension measured using isokinetic dynamometry was
also significantly increased from 9.8 + 3.3 watt/kg to
10.9 + 3.4 watt/kg (P < 0.001). Furthermore, ventilatory
threshold point, an indicator of capacity for aerobic
exercise, was significantly increased from 139.2 + 25.0
sec to 157.2 + 18.9 sec (P < 0.001). Consistent with the
increase in the ventilatory threshold point, the proportion
of heart rate against maximum heart rate revealed a
tendency to decrease from 48.7 + 16.9% to 43.5 £ 10.9%
when exercise stress reached the ventilatory threshold
point (P = 0.07).

Insulin sensitivity was restored without alteration of
body mass composition

As an indicator for insulin resistance, the levels of fasting
glucose, insulin, and HbAlc were measured before and
after the course (the middle section of Table 2). The
homeostasis model assessment score was calculated from
fasting glucose and insulin. In the results, while HbAlc
was not significantly changed, fasting glucose and insulin
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were significantly reduced from 96.2 £ 5.4 mg/dl and
16.0 + 8.8 pU/ml to 92.2 &+ 8.1 mg/dl and 12.8 = 7.1 pU/
ml, respectively (P = 0.03 and P < 0.001, respectively).
Along with this reduction, the homeostasis model
assessment score was also significantly decreased from
3.8+ 2.1t03.0+1.7(P<0.001). As summarized in the
lower section of Table 2, BMI and fat-free mass did not
show significant differences before and after the course
(255+1.3vs.25.6+1.0and 37.7£5.1 kg vs. 38.2 £ 4.7
kg, respectively). Whole body bone mineral content was
the only parameter among body composition indicators
changing significantly during the course from 1765.4 +
377.8 gto 1724.8 +387.5 g (P =0.03).

Psychosocial distress was reduced through exercise,
especially for sense of fatigue

Effects of the exercise on psychosocial distress were
evaluated by using the POMS questionnaires. Before
starting the course, the average scores for anxiety,
depression, anger, confusion, and fatigue were 53.4
4.3,62.6 + 56,556+ 67,562+ 43, and 54.6 £ 7.6
respectively (Table 5). The average score of all negative
scales was 56.5 = 4.7. On the other hand, the positive
scale of vigor was revealed to be 51.6 + 3.4 points.
After five months of the course, the score of fatigue
was significantly reduced to 49.2 + 7.5 (P < 0.001)
accompanied by a tendency for reductions in the scores
for all the other negative scales of anxiety, depression,
anger, and confusion as 48.4 £ 6.2, 53.4 &+ 10.5, 50.6 +
4.0, and 51.4 + 4.9, respectively (P =0.06, P=0.10, P =
0.09, and P = 0.06, respectively). Altogether, the average
score of all negative scales tended to drop to 50.6 + 5.6
(P =0.09). In contrast, the average value of the positive
scale was 49.8 + 9.9 at the end of the course and did not
change significantly (P = 0.31).

DISCUSSION

The management of insulin resistance is a critical
issue for CLD in terms of both liver function and
hepatocarcinogenesis. Alteration of the glucose
metabolism affects fat metabolism, resulting in the
excess production of lipid peroxide and reactive super
oxide, #1229 which in turn damage hepatocytes,® followed
by the development of hepatocellular carcinoma.?V
In practice, however, it is very difficult to manage
insulin resistance associated with CLD because calorie
restriction conflicts with treatments for malnutrition due
to hepatocellular damage. Although a reduction in body
weight by exercise has been reported to be advantageous
to CLD with obesity,? the effects of exercise without
weight loss are unclear. Our study suggests that regular
exercise can reduce both fasting sugar and insulin

levels in the blood without any alteration of BMI or
residual liver function. Only the serum concentration
of y-glutamyltranspeptidase (y-GTP) was significantly
improved among the markers indicating liver or biliary
cell damage during the course of exercise. It was
reported that an exogenous administration of tumor
necrosis factor-a (TNF-a) was followed by a dose-related
increase of y-GTP,*¥ and the mRNA level of TNF-a in
the liver was correlated with y-GTP in chronic hepatitis
type C.2» Because TNF-a is a key mediator for both
insulin resistance ¥ and liver cell damage in various liver
diseases,?6:27:282930) if y-GTP can be a surrogate marker
of TNF-a expression in the liver, regular exercise may
reduce TNF-a expression in the liver, leading to both
improvements in insulin sensitivity and the alleviation of
liver cell damage.

Because we were concerned that regular exercise
would deteriorate protein-energy malnutrition, which is
a common finding in cirrhotic patients,’” an oral intake
of BCAA was coupled with the exercise. Numerous
reports indicate that BCAA improves not only energy
malnutrition but also encephalopathy*? and/or even
insulin resistance.*® Thus, there are possibilities that the
improvements in insulin sensitivity and psychosocial
status in this study were obtained through the action of
BCAA. However, the effects of BCAA cannot explain all
improvements in our setting because the administration
of BCAA had been started one month prior to the
evaluation of pre-exercise status in this study. BCAA
usually shows effects within several weeks after starting
its ingestion. Furthermore, there is no report that an oral
intake of BCAA alone can increase physical activities
such as muscle strength or endurance of exercise. On the
other hand, it has been suggested that BCAA is necessary
during exercise,*® improves training efficiency,* and
reduces central fatigue due to exercise.’® Thus, BCAA is
expected to play a supporting role for the exercise.

After the course of exercise, bone mineral content
was significantly reduced in our cases. Accumulating
data suggest that metabolic osteopathy is correlated
with severity of liver damage associated with an
enhanced resorption process in both cholestatic and
non-cholestatic diseases.””*® Bone turnover rate is also
accelerated even in normal populations by exercise.3*
) Taking these findings together, it is not difficult to
assume that the exercise-induced acceleration of bone
turnover further enhances the resorption process in
CLD. Although the precise mechanisms are not clear,
these observations strongly suggest that medications for
osteoporosis should be taken into consideration during
exercise in CLD. In contrast to bone mineral content,
controversial observations were obtained for the other
body mass composition in this study. Although serum
concentration of Cr increased without any decrease in
Cecr, neither indicators for muscular degeneration, such
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as serum concentration of creatine phosphokinase and
urinary excretion level of 3-methyl-histidine, nor fat-free
mass, which was calculated from the data of whole body
DEXA, were significantly changed after the exercise.
It was reported, however, that an altered distribution of
water in various body compositions due to liver diseases
hinders the accurate measurement of fat-free mass even
using whole body DEXA.*D Because muscle strength
was significantly increased in grasping power and knee
extension, it is reasonable to interpret the increment of Cr
concentration after the exercise as a result of increased
muscle bulk.

Productivity of rapid turnover proteins and platelet
counts are commonly used as indicators for functional
liver reserve. A significant decrease in serum
concentrations of cholinesterase, prealbumin, and
platelet counts after the exercise seems to indicate that
the exercise depleted the functional liver reserve in our
study. However, other indicators for protein production,
such as serum concentrations of albumin, transferrin,
and prothrombin activity, were not significantly changed
or even tended to be increased after the exercise.
Furthermore, the mechanism of thrombocytopenia
associated with liver dysfunction is still in debate.
Although platelet counts can decrease due to their
accumulation and destruction in the enlarged spleen
associated with portal hypertension, no gastrointestinal
fiber or CT revealed any aggravation of esophageal
varices or farther enlargement of spleen after the exercise
in this study, respectively (data not shown). On the
other hand, it has been reported that expressions of
thrombopoietin and its receptor can be reduced without
significant liver cell damage leading to abnormal
thrombopoiesis.*>**9 Taken together with the stable
detoxification capability of the liver after the exercise
indicated by serum concentration of total bilirubin and
NH;, these facts imply that the functional liver reserve
should be judged as conserved. Regardless of the
mechanisms, the reduction in platelet counts increases
the risk of bleeding. Close observation should be paid to
prevent hemorrhagic events during exercise in CLD.

In the past 15 years there has been increasing consensus
regarding the centrality of patients’ subjective perception
for the assessment of health status. HRQOL is probably
more relevant than length of life because patients are
frequently more concerned about quality and disability
than about longevity.® This is especially true in cases
with chronic diseases, in which survival is not at risk for
a long time. Although only a few reports are available
on HRQOL in CLD, it is suggested that a poor perceived
health status, especially fatigue**9 and depression,”
results in impaired HRQOL. Consistently, the average
score of depression was the highest of 62.6 + 5.6
among the negative scales in our cases. Moreover, it is
noteworthy that the score of fatigue was significantly

An Alternative for Medication 7

decreased after the exercise with a tendency for
reduction in all other negative scales. Because fatigue
is a symptom resulting from a set of various factors
without quantitative objectivity, there is no specific
treatments. Although there is no evidence in this study
whether fatigability improved on the basis of physical or
psychosocial factors or both, regular exercise have the
potential to improve HRQOL in CLD.

Although the limited number of patients enrolled in
this study diminishes the implication of the results, it is
suggested that regular aerobic and resistance exercise
coupled with an oral intake of BCAA can be a promising
alternative to treat patients with reduced functional liver
reserve. Possible adverse effects; reductions in bone
mineral content, and platelet counts, demand adequate
medications and close evaluation of osteoporosis and
portal hypertension. As it is quite difficult to manage
insulin resistance, physical activity and psychosocial
problems accompanied with CLD, the significance and
mechanisms of regular exercise on these issues should be
further evaluated for a larger population.
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