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Objectives The aim of this study was to evaluate changes of body composition in
cirrhotic patients. Dual energy x-ray absorptiometry (DEXA) and anthropometry were
used, and the values obtained were compared.

Methods Mid-arm fat and muscle areas were calculated by anthropometry in 66
cirrhotic patients and 94 healthy controls. In 37 of the cirrhotic patients and 39 of the
controls, fat mass, lean soft tissue mass and bone mineral contents were measured
with DEXA.

Results The number of cirrhotic patients with measured values below the fifth
percentile of normal controls was 21 (31.8%) by mid-arm fat area, six (9.1%) by
mid-arm muscle area, 15 (40.5%) by fat mass and 0 (0%) by lean soft tissue mass.
The fat mass in cirrhotic patients was less than in controls, whereas lean soft tissue
mass and bone mineral content were not different. Fat depletion was severe in
Child-class C patients and with severe ascites. Mid-arm fat area and fat mass showed
close correlation (r = 0.85 , p<0.01), but mid-arm muscle area and lean soft tissue
mass showed poor correlation (r = 0.32 , p<0.05).

Conclusion Cirrhotic patients showed lower fat component, with preserved lean
soft tissue mass and bone mineral content. In clinical practice, the measurement of
mid-arm fat area was useful for the assessment of fat mass.
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INTRODUCTION

More than 60% of patients with liver cirrhosis suffer
from malnutrition”, and this may adversely affect
morbidity and mortality in liver cirrhosis™*'. Proper nutrition
may reduce complications and increase survival rates’”,
though accurate, quartitative nutritional assessment is
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markers, such as weight, serum albumin levels and
peripheral lymphocyte counts, are influenced by
non- nutritional factors”.

Changes in one or more body components not only
provide early detection of malnutrition but also show the
pattern of specffic tissue loss, and this might provide
insight into the disease process and information regarding
outcome and prognosis” . The methods used include
anthropometric  assessment,  bioelectric  impedance
analysis, isotope dilution, the measurement of total body
potassium, dual energy x- ray absorptiometry (DEXA) and
neutron activation'”. Neutron activation analysis, DEXA or
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deuterium oxide dilution accurately reflect changes in
body composition associated with chronic liver disease”.
Because of availabilty problems, cost and the amount of
radiation involved, the clinical use of neutron activation
analysis is limited”. DEXA measures three body
components: fat mass, lean soft tissue mass (comprising
muscle, inner organs and body water) and bone mineral
content, and is a quick, simple method for body
composition analysis. Its advantages are the relatively low
radiation dose, excellent reproducibilty and high
precision'™ . In clinical practice, the most reliable
method of nutritional assessment is anthropometric
measurement. It is simple, and may be used as a
bedside tool”, but its drawback is the potential of
underestimation of fat loss in cirrhotic patients with
subcutaneous fluid retention”. Measurements need to be
validated by comparison with the results obtained by
reference methods.

In this study, anthropometric measurements and DEXA
were chosen because the former are quick, and easily
performed at the bedside, and the latter accurately
reflects changes in body composition associated with
chronic liver disease'”. We analysed the changes of body
composition of patients with liver cirrhosis and compared
them with those for healthy control subjects. Body
composition was determined using anthropometry for fat
and fat-free mass and DEXA for body fat, lean soft
tissue mass and bone mineral content. The
anthropometric findings for lean and fat tissue mass in
cirrhotic patients were compared with those for total fat
mass and lean soft tissue mass measured by DEXA.

Table 1. Characteristics of study subjects

MATERIALS AND METHODS

1. Patients (Table 1)

Sixty- six patients (68 males, 8 females) with liver
cirrhosis and 94 healthy controls (49 males, 45 females)
were enrolled in this study. Their mean age was 518
(range 30-67) years and 529 (range 40-68) years,
respectively. Control group consisted of volunteers who
were considered healthy on the bases of history taking,
physical examination and blood chemistries. The liver
cirrhosis was diagnosed with liver function tests,
abdominal CT or ultrasonography and clinical evidence of
portal hypertension such as varices, splenomegaly or
ascites. Patients with recent gastrointestinal hemorrhage,
infection or malignancy were excluded. The severity of
ascites was graded as mild or non- existent (detectable
only by ultrasonography), moderate (obvious but less than
tense) or severe (tense). In the cirrhotic group, ascites
was mild or non existent in 20 patients, moderate in 35
and severe in 11 In those with ascites or edema, all
evaluation was made after disappearance of ascites and
edema with medical treatment. Liver cirrhosis was virus-
related in 44 cases and alcohol- related in 22. Child- Pugh
scores showed that 25 were Child- class A, 24 were class
B and 17 were class C. Anthropometry was performed in
all cases, but DEXA was measured only in 37 cirrhotic
patients and 39 controls who agreed with that test. The
retrograde analyses of clinical parameters, such as age,
body weight, body mass index and Child- classes detected
no difference between the DEXA group and the non-
DEXA group in both patient and control groups (Table 1).

Liver cirrhosis Control
Anthropometry Anthropometry
DEXA(#) DEXA(-) DEXA(+) DEXA(-)
(n=37) (n=29) (n=39) (n=55)
Male: Female 32:5 2 : 3 “:25 35:20
Mean age (yr) 506 533 50.2 542
BMI (kg/nt) 232+ 25* 225+ 34 237+ 24 227+ 27
Body weight (kg) 639+ 8.8* 616+ 118 604+ 86 56.1+ 77
Child- class A 1335.D)* 12(414)
B 1335.2) 11379)
Cc 11(29.8) 6(20.7)

LC, liver cirrhosis; DEXA, dual energy x-ray absorptiometry; BMI, body mass index
* meant standard deviation, ** number of patients (percent)
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2. Methods

1) Assessment of body composition by anthro-
pometry and DEXA

Anthropometric measurements of mid-arm circumfer-
ence (MAC) and triceps skinfold thickness (TSF) were
obtained using a skinfold caliper (Fabrication Enterprises
Incorporated, New York, USA) and a flexible steel tape.
Measurements were taken midway between the tip of the
acromion and olecranon process of the left arm, while the
patient stood in a relaxed position™. Upper mid-arm
muscle area (MAMA) and upper mid-arm fat area
(MAFA) were calculated as™,

MAMA(cnT) = (MAC - TSF- T }/4

MAFA(CNT) = upper arm area - MAMA

= (MAC)/4m - MAMA

Using a total- body DEXA scanner (XR-26, MARK II),
fat mass, lean soft tissue mass and bone mineral content
were measured, and DEXA data and those of MAMA and
MAFA measured by arthropometry, were compared
between cirrhotic patients and healthy controls.
Correlations between fat mass vs. MAFA and lean soft
tissue mass vs. MAMA in patients and controls, which
had been performed by anthropometry and DEXA, were
evaluated using Pearson's correlation coefficient.

2) Clinical parameters related to depleted body
components
To evaluate the clinical parameters related to depleted
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body components in cirrhotic patients, the numbers of
patients, whose MAFA values were lower than the fifth
percertile of controls, were counted and correlations with
Child- classffication and the severity of ascites were
analysed. A p value of less than 0.05 was considered
significant.

RESULTS

1. Evaluation of the fat component

In cirrhotic patients of both sexes, fat mass and MAFA
were lower than in sex- matched controls (p<0.05, Tables
2, 3, Figs. 1, 2). The number of cirrhotic patients with
measured values below the fifth percertile of normal
cortrols was 21 (318%) on the basis of MAFA and 15
(40.5%) on the basis of fat mass Fat depletion was more
severe in Child-class C patients and those with severe
ascites (Figs. 3, 4).

2. Evaluation of the lean soft tissue component

In cirrhotic patients and normal cortrols, lean soft
tissue mass and MAMA were comparable (p>0.05, Tables
2, 3, Figs. 5, 6). The number of patients with cirrhosis
with measured values below the fifth percentile of normal
cortrols was six (9.1%) according to MAMA and 0 (0%)
according to lean body mass.
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Fig. 1. Comparison of mid-arm fat area (MAFA) measured by anthropometry between 66
cirrhotic patients and 94 controls. Raw values and means were noted. LC, liver

cirrhosis.
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Fig. 2. Comparison of fat mass measured by dual energy x-ray
absormptiometry between 37 cirrhotic patients and 39 controls. Raw

A0 values and means were noted. LC, liver cirrhosis.
Ng 3 3. Evaluation of bone mineral content
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Fig. 3. The mid-arm fat area (meant SD) according to
Child- class in 66 cirrhotic patients.
*, p< 005 vs. Child-class A.
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Fig. 4. The mid-arm fat area (meant SD) according to
the degree of ascites in 66 cirrhotic patients. *,
p< 0.05 vs. mild or none, and moderate ascites.

In 37 cirrhotic patients and 39 controls, on which
anthropometry and DEXA had been performed, MAFA
and fat mass showed close correlation (r = 0.85 , p<0.01,
Fig. 8), whereas for MAMA and lean soft tissue mass,
correlation was poor (r = 0.32 , p>0.05, Fig. 9).

DISCUSSION

This study, which investigated body compositional
changes in patients with cirrhosis, demonstrated that
there was a reduction in one or more body compositions
in more than 40% of patients. t was very striking that the
magjority of patients showed predominart fat depletion
despite maintaining their lean soft tissue mass and bone
mineral content. Changes in body composition measured
by anthropometry revealed as MAMA being impaired
more severely than MAFA in males, whereas the
opposite was true in females™ ®. Crawford et al.
reported that the majority of patients, who maintained
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body cell mass but had reduced body fat, were Child's

class A™. It is well known that body adipose deposits is
the most important fuel source for patients with
insufficient calorie intake™ ™. A moderate nutritional

disturbance affects only the fat componert; in patients
with liver cirrhosis, intestinal fat absorption may be
abnormal®.

There are some methodologic problems in the
evaluation of body cell mass in patients with liver
cirrhosis. For example, the usefulness of DEXA for
determining body cell mass in liver cirrhosis is
controversial® **. Because of extracellular water reten-
tion, lean soft tissue mass may not represent body cell
mass, even if there was no evidence of overt ascites or

Table 2. Anthropometric data in cirrhotic patients and controls

Male Female
Liver cirrhosis Control Liver cirrhosis Control
(n = 58) (n = 49) (n=298) (n = 45)
MAMA( ) 438+ 97 459+ 66 325+ 74 329+ 56
MAFA( ) 111+ 76* 179+ 74 139+ 7.3* 239+ 79

MAMA, mid-arm muscle area; MAFA, mid-arm fat area Data are given as meant standard

deviation. *, p < 005 vs. control

Table 3. Dual-energy X-ray absorptiometry data in patients with cirrhosis and controls
Male Female
Liver cirrhosis Control Liver cirrhosis Control
n=32) n=14 (n=5) (n = 25)
Fat mass (kg) 54+ 56* 214+ 4.1 172+ 59* 239+ 48
Lean soft tissue mass (kg) 539+ 75 549+ 128 35.1+ 134 43.1+ 134
Bone mineral content (kg) 25+ 04 24+ 03 22+ 07 22+ 05
Data are given as meant standard deviation. *, p < 0.05 vs. cortrol
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Fig. 5. Comparison of mid-arm muscle area measured by anthropometry
between 66 cirrhotic patients and 94 controls. Raw values and
means were noted. LC, liver cirrhosis.
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Fig. 6. Comparison of lean body mass measured by dual energy x-ray
absorptiometry between 37 cirrhotic patients and 39 controls. Raw values
and means were noted. LC, liver cirrhosis.
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Fig. 7. Comparison of bone mineral content measured by dual energy x-ray
absorptiometry between 37 cirrhotic patients and 39 controls. Raw values
and means were noted. LC, liver cirrhosis.

fluid retention””. One study” compared different methods
for assessment of body composition in patients with liver
cirrhosis, and found that in Child-class C patients, DEXA
gave higher values for lean soft tissue mass than did
neutron activation analysis. Anthropometry, furthermore,
did not accurately reflect changes in fat-free mass. As

shown by Bhatla et al’? in patients on continuous
ambulatory peritoneal dialysis, DEXA included excess
body water in lean soft tissue mass and, where there is
overhydration, may mask malnutrition. Some authors,
however, have recommended DEXA for body composition
analysis in stable dialysis patients®™ ** or those with liver
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Fig. 8. Correlation between fat mass (DEXA) and mid-
arm fat area (anthropometry) in 37 cirrhotic
patients and 39 controls, on which had been
performed anthropometry and DEXA. MAFA,
mid- arm fat area.

25)

cirrhosis™ after ascites has been controlled. Prjatmoko et
aP. showed that DEXA can detect advanced protein
depletion in patients with liver cirrhosis. The methods
used in this study, DEXA and anthropometry, tend to
overestimate fat-free mass. Changes in the hydration
status of soft tissues can alter attenuation of the dual
energy source, resulting in incorrect calculation of the
amount of lean tissue.

With regard to bone mineral cortent in cirrhosis, the
findings differ. Priatmoko et af”. showed that this was
maintained, but other investigaors found that it was
reduced™® *”.

MAMA and MAFA measured by anthropometry
represent muscle mass and fat and, to validate this
system for fat mass measurement, we compared MAFA
with fat mass. As observed previously® > *, MAFA
values correlated closely with those of fat mass, but
those of MAMA correlated poorly with lean soft tissue
mass.

The nutritional status of cirrhotic patients with severe
ascites and those who were Child-class C was more
impaired, as reported by others™ * ***%. Closer nutritional
evaluation of patients with severe ascites and/or severe
hepatic dysfuction is therefore required.

In summary, we have shown that, in more than 40%
of patients with liver cirrhosis, there were reductions in
the amount of stored fat, and that these changes were
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Fig. 9. Correlation between lean body mass (DEXA) and
mid-arm muscle area (anthropometry) in 37
cirrhotic patients and 39 controls, on which had
been performed arthropometry and DEXA.
MAMA, mid-arm muscle area.

more severe in Child-class C patients and those with
severe ascites. Fat mass estimated according to MAFA
correlated closely with fat mass measured by DEXA. In
view of its easy bedside use, MAFA is recommeded for
the measurement of fat mass in cirrhotic patients.
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