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major food intolerances. In the outpatient setting, dietary assessment should also be done
to determine whether the patient’s diet contributes to an increase health risk or existing

chronic disease related problems.

Despite liver disease being the primary cause of malnutrition, it is often
unrecognized and is untreated particularly in outpatients. Further insults to the liver at
this stage, can lead to decompensation, fluid retention (ascites) and encephalopathy.
Clinical detection of malnutrition usually occurs in the advanced stages of deficiencies of
nutrients. Biochemical or other tests can identify the deficiency before the specific
clinical manifestat_ions become apparent. Detection of subclinical malnutrition has the
obvious advantage that a condition can be identified and treated at an early stage to

improve or prevent progression of the condition.

Malnutrition is an important prognostic factor which can influence the clinical
outcome of patients with end stage liver disease (Campillo, Richard et al., 2006;
Kondrup, 2006). Anthropedric tools-MAMC, hand grip strength are known to be
predictors of malnutrition in adults with cirrhosis. The use of skin fold anthropometric
measurements have been shown to correlate most reliably with malnutrition in liver
patients but not with the severity of liver disease. Albertino, Gatta, Amobdio, Merkel,
DiPascoli, Bofo, & Caregaro (2001) included mid-arm muscle circumference (MAMC)
and triceps skinfold thickness (TST) metrics and found improved prognostic accuracy of
the Child Pugh score. Abbott, Thomson, Steadman, Gatton, Boti'xwell, Kerlin, Wall &
Lynch (2001) found advanced Child Pugh scores were associated with diminished muscle

status. Malnutrition occurs in all clinical stages, but it becomes more severe related to
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the degree of liver injury. Malnourished patients have an increased prevalence in

morbidity and mortality (Gunsar et al., 2006).

The assessment of the nutritional status is very inaccurate in pat.ients with chronic
liver disease. The traditional measures used to estimate nutritional status have
limitations. Body weight and body mass index (BMI) are insensitive because of salt and
water retention. Abnormalities of lymphocyte and decrease plasma protein also
contribute to the retaining of fluid. Bioelectrical impedance analysis (BIA) is hampered
by body water retention. Nonetheless, The European Society for Clinical Nutntion and
Metabolism identify the Subjective Global Assessment (SGA) and anthropometric
parameters as reliable in assessing the nutritional state of cirrhotic patients (Figueiredo,

De Mello Perez, & Kondo, 2005)

The required amounts of essential nutrients differ by age and physiologic state.
Energy intake must match energy output to maintain one’s weight. Restoring energy
expenditure (REE) and physical activity are the major components of energy output.

Iliness alters the ability of the body to engage in physical activity and its REE.

Sodium concentrations have been recognized as an important prognostic factor in
liver cirrhosis. Hepatorenal syndrome, ascites, and death from liver disease are
associated with hyponatremia ( Arroyo &Colmenero 2003; Borroni, Maggi, Sangiovanni,
Cazzaniga, & Salerno, 2000). Kim, Flamm, D1 Bisseglie, and deenheimer (2008)
added sodium concentration with the MELD score and found it to be significantly

associated with mortality.
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The literature reﬂec;s protein calorie nutrition is a common finding in patients
hospitalized with chronic liver disease. However, investigations of individuals in an
outpatient clinic are rare. Most patients are also non patients with chronic alcohol abuse.
Protein calorie malnutrition is frequently found in patients with end-stage liver disease.
Protein needs increase during treatment of malnutrition but in end-stage liver disease, the
tolerance is decreased. Low levels of vitamins A, zinc, and magnesium have been

associated with protein calorie malnutrition.

Fat soluble vitamins (A, D, E, and K) are closely associated with lipids. They can be
stored and their functions are generally related to structural activities. Vitamin A. There
are two dietary forms of vitamin A-retinol and carotene. Retinol is found only in animal
foods and its compounds are deposited primarily in the liver. Carotene is found both in
animal sources as well as in plants. It is converted to vitamin A in the liver. Vitamin A
and carotene are absorbed through the intestinal mucosa, entering th¢ blood stream via
the lymphatic system and carried to the liver for storage and distribution to the cells.
Vitamin A plays a role in iron utilization, humoral immunity, vision adaptation to light
and dark, t-cell mediated immunity, natural killer cell activity, and phagocytosis.

Vitamin A decreases with cirrhosis and protein energy malnutrition; It increases with

hepatosplenomegaly, hypercholesterolemia, and hyperlipidemia.-

Vitamin D. There are two compounds with Vitamin D activity-ergocalciferol and
cholecalciferol. Vitamin D is involved in the regulation of calcium and phosphorus. It
also works with other vitamins- A, C, and K, hormones, and minerals-calcium,

phosphorus, and magnesium to affect bone growth. It is found naturally in fish, liver and
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oils; it is fortified in dairy products. In liver disease, the concurrent use of thiazide and

diuretics can lead to hypercalcemia.

Vitamin E. Vitamin E, also known as tocopherol, is a generic name for a group
of compounds with similar physiological activity. It oxidizes very slowly giving it an
important role as an antioxidant. It neutralizes free cell radicals and provides a protective
role in preventing oxidation of the unsaturated fats. Vitamin E works with a selenium-
containing enzyme to provide another mechanism of protection for the cell membrane of
fatty acids for the oxidative damage. Vitamin E decreases with malabsorption syndromes

with steatorrhea and in protein energy malnutrition.

Vitamin K. Vitamin K is synthesized by intestinal bacteria and can be found in
plants. It requires bile salts and pancreatic secretions for absorption. As with vitamin A,
it is transported via the lymphatic system to the liver for storage. The major function of
vitamin K is to catalyze synthesis of blood clotting factors by the liver. It is essential for
maintaining normal levels of four blood clotting factors-prothrombin (factor II), serum
prothrombin conversion accelerator (Factor III), plasma thromboplastin component
(factor IX), and Stuart-Prower factor (Factor X). Vitamin K activates each of these
protein synthesized by the liver. Decreases in vitamin K are seen in patients with liver

disease and high phosphates.

Water soluble vitamins cannot be stored, though they are generally distributed
through the body tissue maintaining a tissue saturation level. They are easily absorbed
and transported to the cells and their function is related to cell metabolism and structure.

These are B complex and Vitamin C.
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Vitamin C. Vitamin C is also an antioxidant along with Vitamins A and E.
Vitamin C is required to build and maintain body tissues-bone matrix, cartilage, dentin,
collagen, and connective tissues. It promotes non;heme iron absorption, carnitine
biosynthesis, and conversion of dopamine to norepinephrine. A decrease in vitamin C is

seen in alcohol abuse, inflammatory disease, and oxidative damage.

Biotin is a micronutrient involved in glucogenesis. 1t is a coenzyme in
metabolism that functions on the tricarboxyloc cycle for release of energy. Protein-
energy malnutrition can lead to a deficiency in biotin. Clinical signs of biotin deficiency

include nausea and depression.

Vitamin B12-cobalmin deficiency is associated with deficiencies in vitamin B6
and folate. It is a coenzyme in the synthesis of hemoglobin, RBC’s, and DNA. Folic
acid is used in the synthesis of DNA and helps convert vitamin B12 to a coenzyme form
in the body. It is needed for growth and development of RBC’s, and helps to lower
homocysteine levels in the body by breaking down amino acids. " It goes through the

enterohepatic circulation to be regulated.

Vitamin B6 pyridoxine is a coenzyme in amino acid, lipid, and protein
metabolism, erythrocyte function, modulation of hormones, nervous system function, and
direct conversion of tryptophan to niaqin or to serotonin. Vitamin B2 riboflavin is a
coenzyme in protein and energy metabolism and conversion of other vitamins into active
forms. The thyroid adrenal hormone controls the conversion to the coenzyme forms.
Vitamin B1, thiamin, is a coenzyme in carbohydrate metabolism. A decrease in

thiamine may elicit Wernicke-Korsakoff syndrome and Beri-Beri cardiomyopathy.
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Nutntional Assessment Measures

There have been a variety of comprehensive assessment tools utilized in an attempt to
identify patients at risk of or with malnutrition, yet the literature reflects conflicting
information on the patient with End Stage Liver Disease. There is no gold standard for
proper nutritional assessment of patients diagnosed with liver disease since liver disease
also complicates the nutritional assessment (McCullough, 2000). The traditional
assessment tools are invalid with end-stage liver disease. Ascites, edema, and diuretics
cause fluctuations in weight and weight changes. Bioelectrical impedance and dual x-ray
absorptiometry are altered by fluid retention (Figueiredo et al., 2005; Figueiredo et al.,
2006). The search continues for the ideal nutrition marker. Early identification of the
malnourished cirrhotic patient, regardless of etiology, is essential to develop effective
interventions. The nutritional goals include providing adequate calornes, protein, and
nutrients to support hepatocyte regeneration within the existing metabolic alterations of

liver disease.

Malnutntion can lead to further morbidity with increase rates of septic
complications, poorer quality of life, reduced life span. The liver plays a key role in the
carbohydrate, lipid and nitrogen metabolism within of our bodies. Therefore, cirrhosis
has major nutritional implications. Severe protein caloric malnutrition (PCM) is common
in patients with liver cirrhosis. It seriously undermines the liver’s capacity for
regeneration and functional restoration. Studies have shown the more severe the
malnutrition, the worse the prognosis. Nutritional supplements on an inpatient basis have
been shown to improve nutritional status as well as the liver function for these patients.

Prevalence is as high as 80% depending of the cirrhotic population studied (Campillo et
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al., 2002; Matos et al., 2002). Malnutrition affects lean body mass wasting. Decreases in
vitamins, metals, and plasma protein may occur before lean body mass wasting (Matos et

al., 2002; McCullough & Falck-Ytter, 1999).

Nutrition was used as a prognostic indicator of the Child Turcotte classification for
estimating mortality in patients having portocaval shunt surgery (Child & Turcotte,
1964). It has been shown nutrition in alcohol liver disease, decreased infections,
enhanced wound healing, and decreased the need for hospitalizations (Hirsch, Bunout, de

la Maza, Iturriaga, Petermann, Icazar, & Gattas, 1993).

European Society for Clinical Nutrition and Metabolism argue simple bedside
methqu for SGA and anthropometric parameters are reliable in assessing nutritional state
of cirrhotic patients.

However, the obstacles continue in the evaluation of nutritional status in patients with
cirrhosis. Weight is affected in the presence of ascites and edema. Though the patient
may increase weight, lean body mass might be reduced. Albumin and pre-albumin are
related to low levels of synthesis rather than poor nutritional status, though nutrition does
play a role. Indeed, anthropometric measurements may be unreliable due to third
spacing. This may result in an over-estimation of these values. Additionally, there may
be potential problems associated with poor inter-observer reproducibility. Hand grip
strength and respiratory muscle strength may be more useful when taken serially. The
SGA has an inter-observer reproducibility rate of 80%. See Table 1 for Studies which

Identified level of malnutrition.



Table 1. Prevalence of Malnutrition in Patients with Liver Disease
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Author Defined Measured Inclusion/Excl | results reference
malnutritio usion criteria
n
Alberino, | MAMC MAMC Hospitalized 54% (2001)
F.; Gatta, | and/or TSF with liver malnutrition | Nutrition and
A TSF<10 |BMI cirrhowsis, survival in
odio, | percentile Child A, B, or | Examined patients with
P C 212 patients | liver
Merkel, in study cirrhosis.
C.;Di Nutrition 17,
Pascoli, 143 male, 69 | 445-450
L.; Bofo, F
G.;, and Mean age
Caregaro, 574SD 10.4
L. years
Mean BMI
Child A 26.2
(SD 4.2)
Child B 25.0
(SD 4.3)
Child C 26.0
(SD 4.0)
Kalaitzak | Tricep Anthropometr | Liver cirrhosis | 128 patients | (2007)
is, E.; fold and/or | vy of any cause agreed to Malnutrition
Rolf mid-arm -tricep skin participate. and diabetes
Olsson, muscle fold thickness | Liver cirrhosis are related to
R, circumfere | -mid arm was Not possible | hepatic
Henfridss | nce below | muscle established to calculate | encephalopat
on, P ; 5 circumference | histologically | dry weight hy in patients
Hugosson | percentile | . or based on loss during with liver
, L; based on Estimation of | presence of at | preveious 3 cirrhosis.
Bengtsso | age and recent weight | least 2 of or 6 months | Liver
n,; Jalna, | sex change following: in 11% and International
R; characteristic 16% 1194-1201
Bjornsso Dry weight- imaging respectively.
n E. weight after features,
last esophageal or | 62% stable
paracentesis gastric varices, | weight
or before ascites or 7% weight
ascites increased increase
development. | international
Expressed as | normalized Patients with
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percent of
actual body
weight

Weight-light
clothing
without shoes

BMI-
calculated.
Unintentional
weight
change of
more than 1
kg that could
not be
explained by
ascites or
edema during
previous 3-6
months was
noted

Fasting
plasma
glucose

Fasting serum
insulin

Insulin
resistance

ratio (INR) not
attributed to

any other
cause.

Swedish
speaking
Able to give
informed
consent

No patient on
dialysis or
hepatorenal
syndrome.

Pts
hospitalized
because of
acute illness
were allowed
when stable.

or without
malnutrition
do not differ
in proportion
of etiology
of liver
disease or
severity of
liver
cirrhosis (CP
or MELD)

Malnutrition
not found to
be related to
ascites

Muscle mass
was related
to plasma
amnonia
level--? Due
to skeletal
protein
catabolism.

Association
of diabetes
with Hepatic
encephalopat
hy. Previous
association
with
hyperinsulin
emia and
acute
hyperglycem
ia have been
proposed to
have direct
affect on
cognition.




25

Figueired
o, F. A;
Perez, R.
; Kondo,
M.

Overnight
fasting

Anthropometr
y

-height
-weight

BMI
calculated

Blood tests
-albumin
(g/dL)
Bilirubin
(mg/dL)
Prothrombin
activity (%)
Lymphocytes
(cells/mm3)

Body
composition
-DEXA to
derive a
multicompart
ment model
consisting of
BCM, TBF,
ECW, and
total boy
minerals
(TBM)-
bromide
cocktail used
-comparison
of body
composition
measures
between CP
classes was
carried out by
one-way
ANOVA.
Tukey’s test
was used to

Diagnosis of
liver cirrhosis
based on
clinical
evidence or
liver histology
-presence of
portal HTN
and hepatic
insufficiency

Severity
graded by
child-pugh
scores

Patients with
HCC,
malabsorption,
AIDs excluded

Fluid retention
defined by
presence of

peripheral fluid

accumulation
(edema) and
clinincally
detectable
ascites.

17 control
patients; 79
patients with
CP scores

Measuremen
t of body
composition
essential to
assessment
of true extent
of
malnutrition
in cirrhosis.

Severity of
altered
altered body
composition
profile was
related to
clinical stage
of liver
disease.

Pronounced
loss of body
fat initially
followed by
accelerated
loss of BCM
in advanced
stages of
cirrhosis.

Significant
losses in
body
composition
occur in
patients with
only mild
hepatitc
dysfunction
and no

(2000) Effect
of liver
cirrhosis on
body
composition:
evidence of
significant
depletion
even in mild
disease.
Journal of
Gastroenterol
ogy and
Hepatology?2
0, 209-216
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correct for obvious
multiple malnutrition.
comparisons
Changes in
Tissue-loss ECW
pattern (increase)
calculated and ICW
through (decrease)
percentile noted before
distribution fluid
table by sex. retention was
Reduced if seen
<50% clinically.
Alvares- | Malnutriti | SGA 145 patients- Prevalences | (2005).
da-Silva, | on was cross sectional | of Comparison
M; defined by | PNI assigned to 1 malnutrition | between
Silveiria, | aresult -visceral of 3 groups were 28% by | handgrip
T R below the | proteins group 1-50 pts | SGA; 18.7% | strength,
mean +/- - with cirrhosis; | by PNI; 63% | subjective
two prealbumin group 2-46 pts | by handgrip. | global
standard -retinol- with HTN; assessment
deviations | binding group 3-49 pts | Handgrip and
in hand protein with functional | predicted a prognostic
grip/ gastrointestinal | poorer nutritional
disorders. outcome index in
Handgrip assessing
strength Inclusion- Sex did not | malnutrition
. histologic influence and
confirmation nutritional predicting
with cirrhosis | status clinical
or high according to | outcome in
suspicion due | SGA or PNI | cirrhotic
to medical hx, outpatients.
pe, and Need Nutrition, 21,
complementary | additional 113-117.
tests. studies to
demonstrate
Excluded-pts that
with diabetes nutritional
mellitus, replacement
acquired is reflected
imminodefi- by muscle
ciency function as
syndrome, measured by
tuberculosis, dynametry

chronic renal

and by
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failure, muscle | clinical
disease, and/or | outcome.
rheumatologic
disease
Campillo | Malnutriti | BMI 875 study BMI is a Validation of
mB,; on defined populations reliable body mass
Richardet | as BMI < | Mid arm and 294 parameter to | index for the
, 1P 22 forno | muscle cirrhotic detect diagnosis of
Bories, P. | ascites; < | circumference | patients malnutrition | malnutrition
N. 23 for with BMI in patients
mild Triceps cutoffs. with liver
ascites, skinfold cirrhosis.
and <25 thickness Gastroenterol
for tense ogy in
ascites Clinical
Biology
30(10), 1137-
: 43,
Tai, MAMC Anthropometr | Inclusion-18 Malnutrition | (2010)
ML, <5% y- years or older, | in 50% of Anthropomet
Goh, K- BMI, MAC, admitted to Malaysia ric,
L, SGA TST, hospital for patients biochemical
Mohd- indicating decompensatio and clinical
Taib, malnutritio | handgrip n of cirrhosis Fat stores assessment of
SH, n strength, depletion in | malnutrition
Rampal, Exclusion- 30% in Malaysian
S, visceral patients with patients with
Mahadev proteins, HCC, grade 3 advanced
a, S. or 4 HE cirrhosis 9,
lean body 27-34.
mass,
SGA
Riggio, Indirect
0O, calorimetry
Angeloni, Physical
S, activity
Ciufon, L
et al.
Houissa, | Mid arm Anthropometr | 44 consecutive | High (2010).Evalu
F., muscle ic cirrhotic prevalence ation of
Salem, circumfere | measurements | patients (21 of nutritional
M, nce and men, 23 malnutrition | status in
Debbeche | (MAMC) | biochemical women) associated patients with
, R, and/or analysis hospitalized with severity | liver cirrhosis
Mouelhi, | Triceps of liver La Tunisie
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L. skinfold Child A=9 cirrhosis Medicale, 88,
Bouzaidi, | thickness Child B=26 Anthropetric | 76-79
S, Ben (TST) Child C=9 paraments
Rejeb, below the valuable
M., st tools for
Mekki, percentile malnutrition
H.,, Said, | orless diagnosis
Y, than 60%
Trabelsi,
S,
Najjar, T.
Schneider | Weightage | 42 cirrhotic Child A=22 Triceps (2007)
A C, Height/age | children and Child B=15 skinfold Nutritional
Pinto, Body mass | adolescents Child C=5 thickness risk and
R.B, and |index between 3 best reflected | malnutrition
Silveira, | Triceps months and nutritional determination
TR. skinfold 18 years risk by
thickness anthropometr
Arm Chronic- y in cirrhotic
muscle malnutrition | children and
circumfere status adolescents
nce occurrence Arquivos en
greater in Gastroenterol
Height/age ogia 44, 345-
index 9
<10%
nutritional
risk
<3%
malnourishe

d




Chapter 3

Methodology
The purpose of this study was to examine the incidence of malnutrition in patients
with end stage liver disease utilizing defined nutritional parameters (subjective global
assessment, anthropometric measurements, hand grip strength, and lab values) and
correlate to care (hospital visits, ER visits, physician appointments , outcome, and quality
of life). In this chapter a description of the design, sample, data collection, and analytic
techniques will be presented. The protection of human subjects and study limitations

will also be addressed.
Specific aims:
Aim 1:

To identify the incidence of malnutrition in compensated and decompensated liver
disease patients with end stage liver disease utilizing assessment parameters
(SGA, anthropometric measurements, hand grip and laboratory values) among a

sample of adult outpatients with end stage liver disease.

29
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Aim 2

Examine the degree of malnutrition in patients with end stage liver disease

secondary to viral hepatitis, metabolic (NASH), and alcoholic liver disease.
Aim 3

Describe the relationships between hospital visits, ED visits, physician
appointments, outcome, and quality of life among a sample of adult outpatients

with end stage liver disease.
Aim 3’

Describe the relationship of the intensity of care management by the Advanced
Practice Registered Nurse on education and support of lifestyle changes to

improve metabolic parameters in patients with fatty liver disease.

Design
A descriptive, repeated measures, correlational design was used to examine the
relationship between nutritional assessment parameters and care while an outpatient of

adult patients (>18 years) with end stage liver disease (ESLD).

Sample and Sampling

A purposive sample of 50 outpatients with end stage liver disease, secondary by
histology or clinical picture to viral hepatitis, metabolic (NASH), and alcoholic liver
disease were recruited from a community based hepatology clinic located in Southern
California. There are two locations of this clinic-Coronado and San Clemente. These

clinics provide specialized care to address the needs of individuals with liver disease in
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an effort to manage their liver condition and improve quality of life and survival. The

advantage of this sampling is the clinic is a regional site for patients with cirrhosis of the

liver. They have over 200 referrals per year to this clinic. End stage liver disease was

defined as an irreversible condition that occurs with progressive liver damage. It leads to

imminent complete failure of the liver and death.

Inclusion criteria:

Subjects met all of the following inclusion criteria to be eligible for participation in this

study:
1.

3.

w

Willing and able to provide written informed consent.
Male or female, age eighteen or greater
Confirmation of cirrhosis documented by either
a. Liver biopsy
b. Clinical exam, or
c. Non-invasive alternative to liver biopsy such as fibro-test, fibro-scan, or
acoustic radiation force impuise imaging.

* Subject has not been treated with any investigative drug or device within 30 days

of the screening visit.
A female subject is eligible to enter if she is not pregnant or nursing
Subject must be in generally good health as determined by investigator.

Exclusion criteria:

—

(V]

History of solid organ transplantation

Chronic liver disease of hemochromatosis or Wilson’s disease

Current history of clinical hepatic compensation (e.g. jaundice, severe ascites,
encephalopathy or variceal hemorrhage

Excessive alcohol ingestion defined as >3 glasses per day (1 glass is equivalent to

beer [284 ml], wine [125 ml] or distilled spirits [25 ml] for females and >4 glasses
for males.

Patients with hepatocelllular carcinoma or invasive malignancy
Malabsorption short bowel syndrome

Parental nutrition within the last 3 months,

Patient with a comorbidity of AIDS

Patients on renal dialysis or renal failure

. Rehabilitating infections i.e. Tuberculosis, chronic fungal infections
. Rehabilitating chronic conditions 1i.e.

Severe pulmonary disease (O2 dependent or FEV <50% predicted value)
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13. History of significant cardiac disease (congestive heart failure, myocardial
infarction within last 2 years)
14. Pregnant or nursing female

Participants were identified by the physician and directed to the advanced nurse

practitioner’s clinic.
Instrumentation
Subjective Global Assessment

The independent variable-malnutrition- was measured using the subjective global
assessment. It is a general nutritional assessment based on current weight, height,
nutritional history, changes on physical examination and existing medical conditions.
The patients were classified as being well nourished or having mild, moderate, or severe
malnutrition. High specificity (96%) has been reported in the detection of malnutrition in
liver patients (Detsky, McLaughlin, & Baker, 1987, Jeejeebhoy, Detsky, & Baker, 1990).
Though originally used to categorize surgical patients, this nutritional classification has
been shown to be a reliable nutritional assessment tool for renal dialysis and liver failure

patients (Hasse, Strong, Gorman, & Liepa, 1993). A single clinician collected this data.
Quality of Life

The Chronic Liver Disease Questionnaire is a disease specific instrument. It is
designed to assess the healfh related quality of life in patients with chronic liver disease.
It is a multidimensional construct which includes the psychosocial, social, functional
aspects, and physical aspects of chronic liver disease. It was developed by Younossi,

Guyatt, Kiwi, & King (1999) for patients with chronic liver disease of all etiologies and



