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Nutrition in hepatic failure and liver transplantation
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ARTÍCULO DE REVISIÓN

SUMMARY. Chronic liver disorders predispose to com-
plex metabolic disturbances that lead to malnutrition,
which is universally present in patients with hepatic fa-
ilure undergoing liver transplantation and is associated
with increased morbidity and mortality. The nutritional
status is an important factor for survival after liver trans-
plantation. Aggressive nutritional support is essential
during all phases of liver transplantation. This review
article focuses on nutritional problems seen in patients
with hepatic failure, with emphasis on the nutritional
assessment and support of patients before and after li-
ver transplantation.

Key words: Chronic liver disorders, hepatic failure, li-
ver transplantation.

RESUMEN. La enfermedad hepática crónica predispo-
ne a alteraciones metabólicas que conducen a la malnu-
trición, la cual se evidencia de manera universal en los
pacientes con insuficiencia hepática que se someten a
un trasplante de hígado y está asociada con un incre-
mento en la morbilidad y la mortalidad. El estado nutri-
cional es un factor importante para la supervivencia lue-
go del trasplante hepático. El soporte nutricional intenso
es esencial durante todas las fases del trasplante hepáti-
co. Este artículo de revisión explora los problemas nu-
tricionales que ocurren en pacientes con insuficiencia
hepática, poniendo énfasis en la evaluación y el soporte
nutricional antes y después del trasplante hepático.

Palabras clave: Enfermedad hepática crónica, insufi-
ciencia hepática, trasplante hepático.

Malnutrition is a common complication of hepatic
failure and progressive deterioration of the nutritional
status has been associated with poor outcome in patients
with cirrhosis.1

The liver is the metabolic organ that regulates com-
plex biochemical and physiologic pathways that control
the metabolism of carbohydrate, fat, and protein. Pro-
tein-energy malnutrition (PEM) is highly prevalent in
all forms of chronic liver disease2 and has been reported
to be as high as 100% in patients undergoing liver trans-
plantation (LT).1-3 PEM has been associated with decrea-
sed patient and graft survival following LT.3

The pathogenesis of malnutrition in cirrhosis is com-
plex and multifactorial (Table 1), and is influenced by
metabolic disturbances, increased energy expenditure,
reduced calorie intake and inadequate intestinal absorp-
tion of nutrients.

METABOLIC DISTURBANCES

Patients with cirrhosis have abnormal carbohydrate, li-
pid and protein metabolism, which is associated with
muscle depletion.4 Muscle wasting is an important ma-
nifestation of hepatic failure and is always present in
patients undergoing liver transplant evaluation.5,6

Cirrhotic patients tend to use fat as a substrate for
energy and may develop a fasting catabolic state of
starvation because of a lack of adequate glycogen sto-
res,7 leading to increased gluconeogenesis, which exa-
cerbates muscle wasting. A late evening snack appears
to improve this catabolic starvation phenomenon in
cirrhosis.

Patients with ESLD may develop glucose intolerance
and insulin resistance, with a reported prevalence of dia-
betes mellitus in cirrhosis of 38%.8,9
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Protein catabolism is increased in decompensated li-
ver disease. There is an imbalance between branched-
chain amino acids (BCAA) (leucine, isoleucine, and va-
line) and aromatic amino acids (AAA) (phenylalanine,
methionine, and tyrosine) as the expected ratio of 3.5:1
falls to 1:1 in patients with hepatic failure, allowing in-
creased cerebral uptake of AAA’s, which promote the
synthesis of false neurotransmitters (octopamine, phen-
ylethylamine, and phenylethanolamine) that may affect
neurocognitive function.

INCREASED ENERGY EXPENDITURE

The body composition is represented by two compart-
ments: the lean body mass (LBM), and fat mass. LBM is
made by muscle mass, visceral proteins, glycogen, and
intracellular water. Body cell mass (BCM) is the active
metabolic compartment, which is responsible for the basal
energy expenditure (BEE). BEE can be predicted with
several formulas, such as the Harris-Benedict equation:
Men: 66.5 + [13.8 x Wt (kg)] + [5.0 x Ht (cm)] – [6.8 x
Age (yr)] = kcal/d. Women: 655.1 + [9.6 x Wt (kg)] +
[1.8 x Ht (cm)] – [4.7 x Age (yr)] = kcal/d., or can be
measured with indirect calorimetry. Predicted BEE from
the Harris-Benedict equation may be different from mea-
sured values in patients with hepatic failure as the for-
mula is based on weight, which can be altered by fluid
retention, therefore, BEE should be measured and not
predicted in patients with hepatic failure and ascites.10,11

BEE measurement in liver disorders is variable; hy-
permetabolism has been described in 34% of patients
with cirrhosis and represents a prognostic factor inde-

pendent of the Model of End-stage Liver Disease
(MELD) or Child-Pugh scores.7,12 Cirrhotic patients who
are hypermetabolic have a more rapid progression to li-
ver transplantation or death.12 Hypermetabolism has been
associated with decreased survival after LT.13

REDUCED CALORIC INTAKE

Patients with chronic liver disease frequently have early
satiety, altered gastric motility, taste abnormalities, nau-
sea and anorexia, leading to an inadequate oral intake.14,15

Elevated inflammatory cytokines (tumor necrosis fac-
tor, interleukin-1b, and interleukin -6) have been descri-
bed in patients with cirrhosis and may have an anorexic
effect.16 Other factors associated with the progression of
anorexia include unpalatable diets related to sodium and
protein restriction.

Patients with tense ascites have reduced postprandial
gastric volumes and large-volume paracentesis increa-
ses fasting gastric volumes, leading to an improved oral
intake.17

DECREASED INTESTINAL ABSORPTION

Abnormal absorption of nutrients occurs in patients with
chronic cholestatic disorders, such as primary biliary ci-
rrhosis, primary sclerosing cholangitis and autoimmune
cholangiopathy. Inadequate absorption of fat-soluble vi-
tamins (A, D, E, and K) is most common in alcoholic
patients with pancreatic insufficiency.

Celiac disease has been associated with chronic au-
toimmune hepatitis, primary sclerosing cholangitis,18 and
non-alcoholic steatohepatitis (NASH).19 Elevated liver
enzymes had been described in 40% of patients with
untreated celiac disease, which frequently improve after
the institution of a gluten-free diet.18

ASSESSMENT OF NUTRITION STATUS

Assessment of the nutritional status of patients with he-
patic failure is challenging because weight changes are
affected by fluctuations in fluid retention and traditional pa-
rameters such as serum protein concentrations, total lympho-
cyte count, delayed hypersensitivity testing, and creati-
nine-height index are affected by liver disease.

A through clinical and nutritional evaluation is requi-
red in all patients with hepatic failure as malnutrition is
multifactorial. A dietary history is essential to assess
weight changes, taste abnormalities, early satiety, degree
of anorexia and chronic diarrhea. Physical exam may

TABLE 1
ETIOLOGY OF MALNUTRITION IN PATIENTS WITH

HEPATIC FAILURE

Decreased oral intake
Anorexia and early satiety
Dietary restriction (sodium and protein)
Taste abnormalities
Ascites/encephalopathy
Gastroparesis, nausea and vomiting

Nutrient malabsorption
Pancreatic insufficiency
Cholestatic liver disease

Drug induced losses
Neomycin, lactulose, diuretics
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show stigmata of chronic liver disease, such as palmar
erythema, spider angiomas, temporal muscle hypotro-
phy, loss of subcutaneous fat, and muscle wasting; subt-
le changes in oral mucosa, skin, and hair may suggest
nutrient deficiencies. Zinc deficiency is frequent in de-
compensated cirrhosis and has been associated with chan-
ges in smell, taste, protein metabolism, and hepatic en-
cephalopathy.20

Anthropometric measurements include triceps skin
fold and mid-arm muscle circumference are still useful
to assess subcutaneous fat and muscle mass.21 Mid-arm-
muscle circumference and handgrip strength measure-
ments appear to be sensitive markers of BCM depletion.22

The Subjective Global Assessment (SGA), a nutritio-
nal evaluation based on present weight, height, nutritio-
nal history, changes on physical examination and exis-
ting medical conditions has been found to be a reliable
tool to evaluate the nutritional status of cirrhotic patients
undergoing liver transplant evaluation.23,24 Patients are
classified as being well nourished or having mild, mo-
derate, or severe malnutrition.

Other noninvasive methods include bioelectrical im-
pedance analysis (BIA), it evaluates the body electrical
conductivity and resistance (impedance). Although BIA
determines lean body mass and fat in patients with hepa-
tic failure, it’s accuracy in patients with edema and asci-
ties is questionable.25

Dual-energy x-ray absorptiometry (DEXA) has been
used to measure total body bone mineral, fat and fat free
mass (FFM), however, it is also influenced by fluid re-
tention.26 In patients with hepatic failure, DEXA has been
found to be a good method to assess both fat mass and
fat-free mass, however, it cannot provide accurate infor-
mation about the quality of the FFM, particularly in re-

lation to its water content.27

MALNUTRITION BEFORE LIVER
TRANSPLANTATION

Liver transplantation (LT) revolutionized the manage-
ment of liver disease.28 The nutritional status of patients
with hepatic failure undergoing liver transplant evalua-
tion continues to deteriorate, therefore, once malnutri-
tion is diagnosed, efforts should be made to correct any
vitamin and mineral deficiencies present and prevent
further complications (Table 2).3

The main purpose of nutritional support before liver
transplantation is to prevent further nutrient and muscle
depletion. Improvement in nutritional status influences
liver metabolism and immune status and may decrease
the risk of infection.11

The energy needs of cirrhotic patients are highly va-
riable and can be determined by indirect calorimetry. In
patients with decompensated cirrhosis, BEE can be cal-
culated with the Harris-Benedict formula using ideal body
weight; the total amount of calories provided should be
at least 1.2 times the BEE (30 to 35 kcal/kg/d) and 60 %
should be administered as simple and high complex car-
bohydrates.11

Protein restriction should not be routinely established in
all patients with hepatic failure. Protein intake should be at
least 1 g/kg/day, and 24-hour urinary urea nitrogen can be
measured to assess the catabolic rate in patients with pre-
served renal function. Further protein intake can be adjus-
ted accordingly, with progressive increments in protein su-
pplementation up to 1.8 to 2.0 g/kg/day as tolerated.

Liver osteodystrophy (osteopenia and osteoporosis)
is highly prevalent in patients with cirrhosis and repre-

TABLE 2
NUTRITIONAL RECOMMENDATIONS FOR PATIENTS

WITH HEPATIC FAILURE UNDERGOING LIVER TRANSPLANT EVALUATION

• Hepatic encephalopathy should be treated aggressively before protein restriction is instituted.
• Protein restriction should not be performed routinely to prevent aggravating protein deficiency.
• Smaller and more frequent meals are better tolerated.
• Monitor calorie count and consider enteral feeding supplementation if oral intake if suboptimal.
• Water restriction is not recommended unless serum sodium is less than 125 mEq/L.
• Dietary sodium restriction to less than 2 gm/day in patient with ascites.
• BEE should be measured and not predicted in patients with edema and ascites.
• Energy needs are variable and best determined by indirect calorimetry.
• Cirrhotic patients should take a daily multivitamin.
• Calcium supplementation (1200-1500 mg/day) in patients with osteopenia.
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sent a major cause of morbidity after LT.29 Osteoporosis
has been described in 12%-55% of patients with cirrho-
sis and increase the risk of vertebral fractures.30 Serum
vitamin D measurements should be performed in patients
with osteoporosis and replaced if deficient. Calcium su-
pplementation is recommended in patients with osteo-
penia (1,200-1,500 mg/day) and in combination with
bisphosphonates in patients with osteoporosis or history
of fractures.31

Adequate oral intake should be monitored with calo-
rie counts, if suboptimal, enteral feedings should be ini-
tiated. The efficacy of tube-feeding formulas has been
evaluated in patients with chronic liver disease, and the
best results were seen in patients with moderate to seve-
re PEM treated with aggressive nutritional intervention.16

Feeding tubes do not increase risk of esophageal vari-
ceal hemorrhage, but may be associated with an increa-
sed risk of sinusitis with long-term use. Standard amino
acid formulas are usually well tolerated, which contain a
significant proportion of BCAA’s, preparations with hig-
her concentrations should be reserved for patients with
refractory hepatic encephalopathy.11 Late evening snac-
ks with a BCAA mixture have been suggested to impro-
ve serum albumin levels, nitrogen balance and energy
metabolism when compared to ordinary food in patients
with cirrhosis.32

Total parenteral nutrition (TPN) should be conside-
red when enteral feeding is contraindicated to provide
adequate nutritional support and maintain the metabolic
needs of hospitalized cirrhotic patients. TPN is more
expensive and has been associated with higher inciden-
ce of infections and electrolyte imbalances than enteral
nutrition.

NUTRITIONAL
MANAGEMENT AFTER LIVER

TRANSPLANTATION

Liver transplantation leads to a significant improvement
of nutritional deficiencies and metabolic disturbances in
patients with hepatic failure; however, several factors

such as preoperative malnutrition, stress from surgery
and immunosuppressive medications enhance the need
for nutritional support after transplantation.33

Protein catabolism is increased immediately following
liver transplantation.34 Due to increased nitrogen losses,
liver transplant patients should receive 1.5 to 2.0 grams
of protein per kilogram of dry weight in the immediate
post-transplant phase.23 Energy requirements are not
significantly higher in the uncomplicated patient after
transplantation; calories should be provided at approxi-
mately 120%-130% of the calculated BEE.23

Early after transplant, oral nutritional supplements or
nasoenteric tube feedings can be provided and are prefe-
rred over TPN, unless the patient has a nonfunctional
gastrointestinal tract. Enteral feedings have been asso-
ciated with decreased post-operative infection rates,35 and
less metabolic complications following transplant when
compared to TPN.36

Patients should be advanced from nutritional support
to oral diets as soon as tolerated after liver transplanta-
tion. Smaller and more frequent feedings are helpful.
Nasoenteric feeding tubes should not be discontinued
until the patients are able to maintain an adequate oral
intake. Electrolyte disturbances in the acute post-trans-
plant period are common and may be related to abdomi-
nal drains, gastrointestinal losses, fluid overload; serum
potassium, phosphorus, and magnesium levels should be
monitored closely and replaced if needed.

Prevention is the main goal of long term nutritional
support after liver transplantation (Table 3). Metabolic
complications such as diabetes mellitus, hypercholeste-
rolemia, obesity and hypertension are common following
liver transplantation, increasing morbidity and mortali-
ty.37

Obesity is common after liver transplantation; the grea-
test weight gain occurs after the first 6 months.38 Nutri-
tionist consultation with dietary modifications should be
implemented early to minimize the long-term morbidity
and mortality associated with obesity.

Hyperlipidemia also occurs frequently in post-liver
transplant patients39 and represents a modifiable risk fac-

TABLE 3
NUTRITIONAL RECOMMENDATIONS AFTER LIVER TRANSPLANTATION

• Correct nutritional deficiencies in the immediate post-transplant phase
• Early dietary consulation to prevent excessive weight gain
• Screening for metabolic bone disease, biphosphonates in patients with osteoporosis
• Tight glucose control in patients with diabetes mellitus
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tor for cardiovascular disease. Pre-transplant serum cho-
lesterol level is an independent risk factor for post-trans-
plant hypercholesterolemia; the incidence of elevated
cholesterol after liver transplant has been reported to be
43%.40

The incidence of new onset diabetes mellitus after li-
ver transplantation has been reported between 7 to 33 %,
and is higher in individuals older than 45 years and in
patients with chronic hepatitis C (41, 42).

Bone mineral density (BMD) decreases after liver
transplantation (31). Risk factors for bone loss include
prolonged steroid use, malnutrition, muscle wasting, pre-
transplant osteopenia and immunosuppression therapy.
Rapid bone loss occurs 3 to 6 months after liver trans-
plantation, with the highest incidence of fractures seen
in 20 to 30% of patients in the first year.30 Bisphospho-
nate therapy may prevent bone loss after LT and repre-
sent the most effective agents for the treatment of post-
transplant osteoporosis.43,44

CONCLUSIONS

Nutritional therapy is essential in patients with hepatic
failure. An early and multidisciplinary approach invol-
ving clinicians, gastroenterologist/hepatologists, dieti-
tians and nurse practitioners should be established. Nu-
tritional support in the acute post transplant phase can
reduce complications; long-term management should aim
prevent metabolic complications. Adequate nutritional
support will lead to improved outcomes and better qua-
lity of life after liver transplantation.

REFERENCES

1. Lochs H, Plauth M. Liver cirrhosis: rationale and modalities for nutritional
support-the European Society of Parenteral and Enteral Nutrition consen-
sus and beyond. Curr Opin Clin Nutr Metab Care 1999; 2(4): 345-9.

2. McCullough AJ, Bugianesi E. Protein-calorie malnutrition and the etiolo-
gy of cirrhosis. Am J Gastroenterol 1997; 92(5): 734-8.

3. Hasse JM. Nutritional implications of liver transplantation. Henry Ford
Hosp Med J 1990; 38(4): 235-40.

4. Greco AV, Mingrone G, Benedetti G, Capristo E, Tataranni PA, Gasbarrini
G. Daily energy and substrate metabolism in patients with cirrhosis. He-
patology 1998; 27(2): 346-50.

5. Zoli M, Marchesini G, Dondi C, Bianchi GP, Pisi E. Myofibrillar protein
catabolic rates in cirrhotic patients with and without muscle wasting. Clin
Sci (Lond) 1982; 62(6): 683-6.

6. Andersen H, Borre M, Jakobsen J, Andersen PH, Vilstrup H. Decreased
muscle strength in patients with alcoholic liver cirrhosis in relation to
nutritional status, alcohol abstinence, liver function, and neuropathy. He-
patology 1998; 27(5): 1200-6.

7. Yamanaka H, Genjida K, Yokota K, Taketani Y, Morita K, Miyamoto KI,
Miyake H, Tashiro S, Takeda E. Daily pattern of energy metabolism in
cirrhosis. Nutrition 1999; 15(10): 749-54.

8. Nishida T, Tsuji S, Tsujii M, Arimitsu S, Haruna Y, Imano E, Suzuki M,
Kanda T, Kawano S, Hiramatsu N, Hayashi N, Hori M. Oral glucose tole-
rance test predicts prognosis of patients with liver cirrhosis. Am J Gas-
troenterol 2006; 101(1): 70-5.

9. Muller MJ, Pirlich M, Balks HJ, Selberg O. Glucose intolerance in liver
cirrhosis: role of hepatic and non-hepatic influences. Eur J Clin Chem
Clin Biochem 1994; 32(10): 749-58.

10. McCullough AJ, Raguso C. Effect of cirrhosis on energy expenditure. Am
J Clin Nutr 1999; 69(6): 1066-8.

11. Campos AC, Matias JE, Coelho JC. Nutritional aspects of liver transplan-
tation. Curr Opin Clin Nutr Metab Care 2002; 5(3): 297-307.

12. Mathur S, Peng S, Gane EJ, McCall JL, Plank LD. Hypermetabolism pre-
dicts reduced transplant-free survival independent of MELD and Child-
Pugh scores in liver cirrhosis. Nutrition 2007; 23(5): 398-403.

13. Selberg O, Bottcher J, Tusch G, Pichlmayr R, Henkel E, Muller MJ. Iden-
tification of high- and low-risk patients before liver transplantation: a pros-
pective cohort study of nutritional and metabolic parameters in 150 pa-
tients. Hepatology 1997; 25(3): 652-7.

14. Richardson RA, Davidson HI, Hinds A, Cowan S, Rae P, Garden OJ.
Influence of the metabolic sequelae of liver cirrhosis on nutritional in-
take. Am J Clin Nutr 1999; 69(2): 331-7.

15. Davidson HI, Richardson R, Sutherland D, Garden OJ. Macronutrient
preference, dietary intake, and substrate oxidation among stable cirrhotic
patients. Hepatology. 1999 May;29(5):1380-1386.

16. Aranda-Michel J. Nutrition in hepatic failure and liver transplantation.
Curr Gastroenterol Rep 2001; 3(4): 362-70.

17. Aqel BA, Scolapio JS, Dickson RC, Burton DD, Bouras EP. Contribution
of ascites to impaired gastric function and nutritional intake in patients
with cirrhosis and ascites. Clin Gastroenterol Hepatol 2005; 3(11): 1095-
100.

18. Stevens FM, McLoughlin RM. Is coeliac disease a potentially treatable
cause of liver failure? Eur J Gastroenterol Hepatol 2005; 17(10): 1015-
17.

19. Grieco A, Miele L, Pignatoro G, Pompili M, Rapaccini GL, Gasbarrini G.
Is celiac disease a confounding factor in the diagnosis of NASH? Gut.
2001; 49(4): 596.

20. Marchesini G, Fabbri A, Bianchi G, Brizi M, Zoli M. Zinc supplementa-
tion and amino acid-nitrogen metabolism in patients with advanced cirr-
hosis. Hepatology 1996; 23(5): 1084-92.

21. Naveau S, Belda E, Borotto E, Genuist F, Chaput JC. Comparison of clini-
cal judgment and anthropometric parameters for evaluating nutritional sta-
tus in patients with alcoholic liver disease. J Hepatol 1995; 23(2): 234-5.

22. Figueiredo FA, Dickson ER, Pasha TM, Porayko MK, Therneau TM,
Malinchoc M, et al. Utility of standard nutritional parameters in detecting
body cell mass depletion in patients with end-stage liver disease. Liver
Transpl 2000; 6(5): 575-81.

23. Hasse J. Liver Transplantation: The Benefits of Nutrition Therapy in the
Liver Transplant Patient. In: Klintmalm G (ed.). Recent Developments in
Transplantation Medicine. Glenview, Illinois; Physicians and Scientists
Publishing Co, Inc; 1996.

24. Hasse J. Subjective global assessment: alternative nutrition-assessment
technique for liver-transplant candidates. Nutrition 1993; 9: 339-43.

25. Schloerb PR, Forster J, Delcore R, Kindscher JD. Bioelectrical impedan-
ce in the clinical evaluation of liver disease. Am J Clin Nutr 1996; 64(3
Suppl.): 510S-514S.

26. Fiore P, Merli M, Andreoli A, De Lorenzo A, Masini A, Ciuffa L, Valeria-
no V, Balotta MT, Riggio O. A comparison of skinfold anthropometry and
dual-energy X-ray absorptiometry for the evaluation of body fat in cirrho-
tic patients. Clin Nutr 1999; 18(6): 349-51.

27. Strauss BJ, Gibson PR, Stroud DB, Borovnicar DJ, Xiong DW, Keogh J.
Total body dual X-ray absorptiometry is a good measure of both fat mass
and fat-free mass in liver cirrhosis compared to “gold-standard” techni-
ques. Melbourne Liver Group. Ann N Y Acad Sci 2000; 904: 55-62.

28. Tran TT, Nissen N, Poordad FF, Martin P. Advances in liver transplanta-
tion. New strategies and current care expand access, enhance survival.
Postgrad Med 2004; 115(5): 73-6, 79-85.



Nutrition in hepatic failure and liver transplantation

370

29. Sanchez AJ, Aranda-Michel J. Liver disease and osteoporosis. Nutr Clin
Pract 2006; 21(3): 273-8.

30. Collier J. Bone disorders in chronic liver disease. Hepatology 2007; 46(4):
1271-8.

31. Hay JE, Guichelaar MM. Evaluation and management of osteoporosis in
liver disease. Clin Liver Dis 2005; 9(4): 747-66.

32. Nakaya Y, Okita K, Suzuki K, Moriwaki H, Kato A, Miwa Y, et al. Hepa-
tic Nutritional Therapy (HNT) Study Group. BCAA-enriched snack im-
proves nutritional state of cirrhosis. Nutrition 2007; 23(2): 113-20.

33. Sanchez AJ, Aranda-Michel J. Nutrition for the liver transplant patient.
Liver Transpl 2006; 12(9): 1310-6.

34. Shanbhogue RL, Bistrian BR, Jenkins RL, Randall S, Blackburn GL. In-
creased protein catabolism without hypermetabolism after human orthoto-
pic liver transplantation. Surgery 1987; 101(2): 146-9.

35. Moore FA, Feliciano DV, Andrassy RJ, McArdle AH, Booth FV, Mor-
genstein-Wagner TB, et al. Early enteral feeding, compared with parente-
ral, reduces postoperative septic complications. The results of a meta-
analysis. Ann Surg 1992; 216(2): 172-83.

36. Hasse JM, Blue LS, Liepa GU, Goldstein RM, Jennings LW, Mor E, Hus-
berg BS, Levy MF, Gonwa TA, Klintmalm GB. Early enteral nutrition
support in patients undergoing liver transplantation. JPEN J Parenter En-
teral Nutr. 1995 Nov-Dec;19(6):437-443.

37. Stegall MD, Everson G, Schroter G, Bilir B, Karrer F, Kam I. Metabolic
complications after liver transplantation. Diabetes, hypercholesterolemia,
hypertension, and obesity. Transplantation. 1995; 60(9): 1057-60.

38. Richards J, Gunson B, Johnson J, Neuberger J. Weight gain and obesity
after liver transplantation. Transpl Int 2005;18(4): 461-6.

39. Abouljoud MS, Levy MF, Klintmalm GB, US Multicenter Study Group.
Hyperlipidemia after liver transplantation: long-term results of the FK506/
cyclosporin A US Multicenter trial. Transplant Proc 1995; 27: 1121-3.

40. Munoz SJ, Deems RO, Moritz MJ, Martin P, Jarrell BE, Maddrey WC.
Hyperlipidemia and obesity after orthotopic liver transplantation. Trans-
plant Proc 1991; 21: 1480-83.

41. Eid A, Steffen R, Porayko MK, Beer TF, Kaese DE, Wiesner RH, et al. Be-
yond one year after liver transplantation. Mayo Clin Proc 1989; 64: 446-50.

42. Mirabella S, Brunati A, Ricchiuti A, Pierini A, Franchello A, Salizzoni M.
New-onset diabetes after liver transplantation. Transplant Proc 2005;
37(6): 2636-7.

43. Millonig G, Graziadei IW, Eichler D, Pfeiffer KP, Finkenstedt G, Mueh-
llechner P, et al. Alendronate in combination with calcium and vitamin D
prevents bone loss after orthotopic liver transplantation: a prospective sin-
gle-center study. Liver Transpl 2005; 11(8): 960-6.

44. Stein E, Ebeling P, Shane E. Post-transplantation osteoporosis. Endocri-
nol Metab Clin North Am 2007; 36(4): 937-63.


