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Abstract 
 

Dialysis can worsen the nutritional status of dialysis patients and malnutrition 

worsens treatment prognosis. Hence, specific and personal nutritional therapy, with 

proper food intake, has a decisive role on the positive prognosis of chronic kidney disease 

patients undergoing hemodialysis. This chapter will cover the metabolic changes caused 

by chronic kidney disease which serve to guide appropriate nutritional therapy. The 

nutritional recommendations for the chronic kidney disease patient undergoing 

hemodialysis will be approached by their historical aspect and under the light of the 

current consensus and controversies. Assuming that appropriate food intake is 

challenging for the patient and for the healthcare team, the chapter will present a 

discussion on the etiological factors of inappropriate food intake by hemodialysis patients 

and the current strategies for overcoming this difficulty. Finally, the chapter will cover 

the perspectives and innovations of nutritional therapy during hemodialysis in order to 

improve food intake and the quality of life of hemodialysis patients. 
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1. Nutrient Metabolism in Chronic Renal Failure: 
Pathophysiological Bases for Nutritional Therapy 

 

Nutritional and metabolic disorders are highly prevalent in chronic renal failure (CRF) 

patients regardless of treatment type, namely conservative treatment or dialysis (Bergstron et 

al., 1998), and significantly impact morbidity and mortality. However, interventions that 

improve the nutritional and metabolic status of CRF patients can improve their quality of life 

(Valderrábano et al., 2001, Castro et al., 2003), hence the importance of studies in this area. 

Malnutrition in CRF is associated with many factors found in the pre-dialysis and 

dialysis phases, including influence of the underlying disease, inadequate food intake, 

psychosocial factors and altered macronutrient metabolism (Pupim et al., 2006). 

In addition to its effect on water and electrolyte metabolism and on the acid-base balance, 

CRF induces a global change in energy metabolism and in the protein, fat, carbohydrate, 

mineral and vitamin metabolic pathways (Ikizler and Pupim, 2010). 

 

 

Energy Metabolism 
 

Total energy expenditure (TEE), which corresponds to the energy required by the body to 

carry out vital functions and physical activities, consists of the resting energy expenditure 

(REE), which is the energy spent while resting in bed under comfortable environmental 

conditions (60-75% of the TEE), food-induced thermogenesis, which is the thermal effect of 

foods (5-15% of the TEE) and energy spent on physical activities, which is considered the 

most variable component of TEE and can represent a significant amount of the energy spent 

by very active individuals (Institute of Medicine, 2002). In disease states, additional energy 

may be required to compensate high metabolic activity while low REE may result from 

cellular economization mechanisms caused by substrate unavailability. Additionally, the 

energy spent on physical activities may be low because of the compromised functional 

condition of the patient. Lean body mass, the most metabolically active component, is a first-

line substrate for supplying additional energy during states of physiological stress. Although 

the amount of energy per unit of mass increases during stress, absolute REE decreases as 

body mass decreases. Hence, the estimated energy requirement of CRF patients depends on 

this equation of somewhat unpredictable variables. So, depending on the conditions of the 

study, REE can be positively (O‘Sullivan et al., 2002, Panesar and Agarwal, 2003, Avesani et 

al., 2004) or negatively (Kuhlmann et al., 2001) associated with kidney function, or can even 

be similar to the REE of individuals without CRF (Schneeweiss et al., 1990, Kamimura et al., 

2007a). 

In CRF, REE corrected for unit of lean mass can be higher or lower than the REE of 

individuals without CRF. When CRF is stable, low REE per unit of lean mass can be 

explained by changes in cell metabolism characteristic of CRF (Om and Hohenegger, 1980, 

Conjard et al., 1995) and, especially, by the low cellular respiration of the kidneys, since the 

disease reduces blood flow to this organ (Kurnik et al., 1992). Note that approximately 25% 

of the cardiac output flows through the kidneys (Silva, 1987). 

High REE in CRF patients is attributed to decompensated endocrine conditions (Mitch et 

al., 1999), inflammatory state, metabolic acidosis (Ikizler and Pupim, 2010), insulin 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Valderr%C3%A1bano%20F%22%5BAuthor%5D
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resistance, secondary hyperparathyroidism and diabetes (Mitch et al., 1999). Inflammatory 

state is knowingly associated with high REE. In CRF patients who frequently experience an 

inflammatory state, high REE has been associated with high C-reactive protein and 

interleukin-6, two inflammatory markers (Kamimura et al. 2007a, 2007b). Sepsis has also 

been associated with high REE (Schneeweiss et al., 1990). Even dialysis has been associated 

with high REE (Pupim et al., 2006). 

Clinically stable CRF patients under conservative treatment or dialysis usually have a 

REE similar to or slightly below that of healthy individuals matched by age and gender 

(Avesani et al., 2011). However, as mentioned above, when specific catabolic conditions are 

present, such as poorly controlled diabetes, hyperparathyroidism and inflammation, REE can 

be high. 

 

 

Protein Metabolism 
 

Metabolic acidosis is a frequent finding in CRF and stems from decreased glomerular 

filtration, which results in low excretion of hydrogen ions (Wiseman and Linas, 2005). 

Acidosis increases protein breakdown and reduces protein synthesis, resulting in muscle loss 

and negative nitrogen balance (Mehrotra et al., 2003, Kovacic et al., 2003, Szeto and Chow, 

2004, Kraut and Kurtz, 2005, Du et al., 2005). Acidosis also seems to have an anti-anabolic 

action, but it is less intense than the stimulus for protein catabolism (Kalantar-Zadeh et al., 

2004a). High protein catabolism is associated with insulin resistance and probably with high 

serum levels of cortisol (Bailey, 1998, Kopple et al., 2005, Du et al., 2005). 

In metabolic acidosis, increased oxidation of branched-chain amino acids, such as 

isoleucine, leucine and valine, stimulates protein catabolism. This catabolic response results 

from increased branched-chain keto acid dehydrogenase (BCKD) activity evidenced by 

increased expression of the mRNA that codifies it (Kovacic et al., 2003, Szeto and Chow, 

2004, Du et al., 2005). Another event responsible for muscle catabolism is the activation of 

the ubiquitin-proteasome proteolytic pathway. This is one of the main events that contribute 

for the breakdown of lean mass, actively increasing malnutrition in CRF patients with 

acidosis (Bailey, 1998, Franch and Mitch, 1998, Mitch, 2002, Du et al., 2005). 

Hence, in CRF patients, hormonal changes and insulin resistance are responsible for low 

protein synthesis, while metabolic acidosis and inflammation are responsible for high protein 

catabolism, which result in malnutrition. 

The treatment or prevention of acidosis can suppress muscle catabolism. This can be 

achieved by pharmaceutical drugs (Leite and Leal, 2002) or nutritional therapy (Chauveau et 

al., 2000, Remer, 2001). 

 

 

Carbohydrate Metabolism 
 

Insulin resistance (IR) is a frequently found complication in CRF patients, even in those 

on the first stages of the disease (Mak and DeFronzo, 1992), and is an important risk factor 

for cardiovascular diseases (Parfrey and Foley, 1999). IR manifests at the beginning of renal 

failure, even before uremic symptoms are evident, and improves significantly after dialysis 

(Kobayashi et al., 2000). This suggests that uremic toxins play an important role in IR. 

* 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pupim%20LB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ikizler%20TA%22%5BAuthor%5D
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Considering that insulin sensitivity correlates with the ability of the muscle to work in 

aerobic conditions, one may conclude that a sedentary lifestyle contributes to IR also in CRF 

patients, and this indicates that the insulin insensitivity of these patients improves with 

exercise (Goldberg et al., 1980). 

The kidneys have a central role on insulin metabolism. This hormone is freely filtered, 

that is, the renal clearance of insulin is 200mL/minute, exceeding the glomerular filtration 

rate (GFR), which is 120mL/minute (Pupim et al., 2006). Thus, when GFR is low, insulin 

clearance is also low, causing hyperinsulinemia (Caravaca et al., 2010). The 

hyperparathyroidic state secondary to CRF is also implicated on the onset of IR since 

parathormone (PTH) inhibits the secretion of insulin by the pancreas (Chiu et al., 2000, 

Caravaca et al., 2010) 

One of the functions of the active form of vitamin D, calcitriol, abbreviated as 

1,25(OH)2D, is to stimulate the secretion of insulin by the pancreas (Bikle, 2010). Calcitriol 

deficiency is frequently present in CRF patients and may contribute to the low insulin 

secretion of these patients (Bikle, 2010). 

Thus, because of insulin resistance, CRF patients can benefit from diets that encourage 

the consumption of complex carbohydrates since these facilitate the control of blood glucose 

and serum triglycerides. Both are usually high in CRF patients. 

 

 

Lipid Metabolism 
 

CRF patients have a high prevalence of cardiovascular diseases (CVD) which results in a 

mortality rate ten times higher than that of the general population (Tonelli et al., 2001). 

Studies show that this prevalence varies from 4.3 to 32% (Hiatt, 2001, Selvin and Erlinger, 

2004, Leibson et al., 2004, Vinuesa et al., 2005). 

Hyperlipidemia has been considered a risk factor for atherosclerotic disease in CRF 

patients. It is characterized by hypercholesterolemia, low HDL and especially, 

hypertriglyceridemia (Green et al., 1983, Gomez Dumm et al., 2001; Aragão et al., 2009). 

Dialysis seems to act as an adjuvant for the development of hypertriglyceridemia. The serum 

triglyceride levels of CRF patients undergoing dialysis are 50% higher than those of patients 

receiving conservative treatment (Hahn et al., 1983). The delayed catabolism of lipoproteins 

high in triglycerides is the metabolic change that promotes the genesis of dyslipidemia in 

CRF, resulting in high serum levels of very low-density lipoprotein cholesterol (VLDL-C) 

and low-density lipoprotein cholesterol (LDL-C) and low serum levels of high-density 

lipoprotein cholesterol (HDL-C) (Samuelsson et al., 1991). Dyslipidemia in CRF patients is 

frequently associated with accumulation of visceral fat and the metabolic syndrome (Eckel et 

al., 2005). 

Other risk factors are also associated with CVD in CRF patients, such as high blood 

pressure, diabetes mellitus and smoking (Aragão et al., 2009). Less common factors which 

seem to have a relevant role in the development of the atherosclerotic process in these 

patients have recently been described, such as inflammation, oxidative stress, persistent 

infection, proteinuria and hyperphosphatemia (Shlipak et al., 2005). 

CRF patients have high serum concentrations of inflammatory markers, such as C-

reactive protein (CRP) and interleukin 6 (IL-6) (Stenvinkel, 2006). Evidence suggests that 

chronic inflammation is critical for the development and progression of atherosclerosis in 
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CRF patients (Ross, 1999, Kaysen, 2001, Papagianni et al., 2003). Dietary interventions that 

modulate serum lipoprotein profiles, vascular endothelial function and the inflammatory 

response can help in the metabolic control of CRF patients. 

 

 

Mineral and Vitamin Metabolism 
 

The kidneys play a crucial role in the maintenance of the water and electrolyte balance. In 

CRF, changes in water and electrolyte homeostases impact the morbidity of CRF patients 

significantly. 

The serum concentration of certain minerals can change because of the reduced GFR, 

anorexia, use of restrictive diets, contamination from the water used in dialysis, 

malabsorption, increased body excretions and losses, and the use of pharmaceutical drugs that 

affect mineral metabolism (Zima et al., 1996). 

The ability to excrete sodium and potassium is hindered when GFR decreases 

significantly (<15 mL/minute) (Ikizler and Pupim, 2010). 

Disorders in calcium and phosphorus metabolism involve mainly the hormones PTH and 

calcitriol and can lead to renal osteodystrophy (Drueke, 1998). CRF causes 

hyperphosphatemia, calcitriol deficiency and secondary hyperparathyroidism (Ikizler and 

Pupim, 2010). Changes in calcium metabolism found in CRF patients is caused by many 

factors, one of them being uremia, which reduces albumin‘s affinity for calcium (Suki and 

Rouse, 1991), and another being low intestinal absorption of calcium due to calcitriol 

deficiency (Ikizler and Pupim, 2010). The factors that contribute to hyperparathyroidism in 

CRF patients are low calcium concentration, phosphate retention, changes in vitamin D 

activation, uremic toxicity and low PTH catabolism (Suki and Rouse, 1991). High serum 

levels of phosphorus stem mainly from three factors: excessive intake of this mineral, 

especially by those consuming too much protein, low phosphorus excretion because of low 

GFR and bone remodeling (Alvestrand, 1990). As GFR decreases, the kidneys adapt and this 

adaptation is characterized by reduced tubular reabsorption of phosphorus, thereby increasing 

phosphaturia. However, when GFR < 25mL/minute, high PTH levels inhibit phosphaturia, 

causing hyperphosphatemia (Slatopolsky and Bricker, 1993). 

The kidneys play an important role in the activation of vitamin D. For vitamin D to 

become active, it requires a last hydroxylation that occurs in the proximal convoluted tubules 

of the kidneys by action of the enzyme 1-α hydroxylase. The end product is 1,25 

dihydroxyvitamin D3, [1,25(OH)2D] or calcitriol (Audran, 1985). In CRF, low phosphate 

excretion by the kidneys reduces the activity of 1-α hydroxylase and consequently, calcitriol 

deficiency (Kumar, 2011). However, low serum calcium levels stimulate the synthesis of 

calcitriol by increasing PTH secretion. Another important mechanism in the regulation of 1-α 

hydroxylase is the serum level of calcitriol, whose synthesis is controlled by feedback 

(Kumar, 2011). Although vitamin D deficiency is not a common finding in CRF patients, the 

use of this vitamin is indicated for the treatment of secondary hyperparathyroidism present in 

the final stage of CRF (Hansen et al., 2009). 
Anemia is found in most CRF patients and is caused mainly by low production of 

erythropoietin due to uremic toxins, which also reduce erythrocyte half-life (Mafra and 

Cozzolino, 2000). Folic acid or vitamin B12 deficiency and restriction of high-protein foods, 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rasmussen%20K%22%5BAuthor%5D
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which are also sources of dietary iron, are among the causes of anemia in CRF (Ikizler and 

Pupim, 2010). 

Zinc deficiency in CRF is also reported in the literature, especially in patients submitted 

to hemodialysis (Mafra and Cozzolino, 2000). Iron-deficiency anemia can increase the 

concentration of zinc protoporphyrin and thereby change the concentrations of zinc in the 

plasma and erythrocytes (Mafra and Cozzolino, 2000). 

 

 

2. Nutritional Recommendations for Chronic Renal 
Failure Patients Undergoing Hemodialysis 

 

Nutritional therapy (NT) is extremely important for the maintenance of adequate nutrient 

intake and helps to prevent and treat common comorbidities, such as water retention, high 

blood pressure, hyperkalemia and hyperphosphatemia (Kalantar-Zadek et al., 2004b, 

Kamimura et al., 2007a). The objectives of NT in these patients are: to recover and/or 

maintain adequate nutritional status, minimize protein catabolism, maintain the acid-base 

balance, maintain adequate levels of water, electrolytes, minerals and vitamins and improve 

the prognosis (Martins et al., 2011, Araujo et al., 2006). 

 

 

Recommendations for Energy 
 

Studies on metabolic balance have shown that stable CRF patients undergoing dialysis 

who are mildly physically active and consume an appropriate amount of proteins daily have a 

neutral nitrogen balance when their energy intake is about 35kcal/kg/day. For patients older 

than 60 years, 30kcal/kg/day seem to be enough (Fouque et al., 2007). Obese patients or 

patients with visceral obesity or the metabolic syndrome may need a lower energy intake to 

reduce fat mass and improve glucose tolerance and lipid abnormalities (Kumagai, 2007). 

 

 

Recommendations for Proteins 
 

CRF patients undergoing hemodialysis have a higher protein requirement than healthy 

individuals (Fouque et al., 2007), since dialysis causes protein loss and catabolism (Ikizler et 

al., 1994, Combarnous et al., 2002, Lim et al., 2005). 

According to studies that directly assessed the protein requirement of patients undergoing 

hemodialysis and many guidelines, such as the Nutritional Guidelines of the National Kidney 

Foundation – Kidney Disease Outcomes Quality Initiative (NKF-KDOQI)(2002), roughly 1.2 

grams of protein/kilo of body weight/day are necessary for obtaining a neutral or positive 

nitrogen balance in most clinically stable CRF patients. The protein requirement of 

malnourished patients is slightly higher, ranging from 1.2 to 1.4 grams/kg/day. In both cases, 

at least 50% of the proteins consumed should be of high biological value. 
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Recommendations for Carbohydrates and Fats 
 

The recommended percentage of dietary energy coming from carbohydrates and fats for 

these patients is the same as that for healthy individuals, that is, 50 to 60% of the energy 

should come from carbohydrates and about 25% should come from fats. Complex 

carbohydrates should be preferred because their high dietary fiber content improves insulin 

action and glucose homeostasis. The preferred fats are those that contribute to an appropriate 

serum lipoprotein profile. Dietary fats should consist mostly of mono- and polyunsaturated 

fats, including omega-3 fatty acids, keeping saturated fats to a minimum (Kalantar-Zadeh et 

al., 2003). 

 

 

Recommendations for Fluids and Minerals 
 

Fluids: Urine volume is an excellent guide for establishing ideal fluid intake. An increase 

of 2 to 4.5% of the dry weight is safe for most patients (NKF-KDOQI, 2002). The 

recommended fluid intake is 500mL + the urinary volume produced in 24 hours (Wiggins et 

al., 2002). 

Sodium: Sodium intake by hemodialysis patients increase their thirst and promotes water 

retention, resulting in interdialytic weight gain, which is always of great concern for the 

clinical hemodialysis team since an excessive weight gain may expose the patient to high risk 

of heart failure and the quick removal of the excess water during hemodialysis may induce 

severe hypotension, angina and cramps (Tomson, 2001). In most patients, a sodium intake of 

2 to 3 grams/day results in good clinical outcome (Wiggins et al., 2002, Beto and Bansal, 

2004). Patients with low energy intake and no clinical manifestations of excess water 

retention do not have to restrict sodium intake so severely, especially during the last meal 

before dialysis, which is usually 7 to 9 hours before the procedure (Martins et al., 2011). 

Potassium: Patients with a urine volume of 1,000mL/day or more usually do not need to 

restrict potassium intake. Serum levels of potassium should be measured regularly to restrict 

intake, if necessary (Martins et al., 2011). In general, hemodialysis patients should consume 

40mg of potassium per kilo of body weight per day (Wiggins et al., 2002). One way to reduce 

the amount of potassium in vegetables and fruits is to chop them in small pieces, soak them in 

water for some time, discard the water and boil them a few times, always changing the water 

(Copetti et al., 2010). 

Phosphorus: High serum phosphorus is common in hemodialysis patients. When this 

happens, dietary phosphorus should be restricted to ideally less than 800mg/day (Ahmad et 

al., 1997, Ikizler and Hakim, 1998, Wiggins et al., 2002). However, since these patients need 

to consume high levels of proteins, it is difficult to actually limit phosphorus intake, so the 

use of phosphate binders may be necessary (Martins et al., 2011). 

Calcium: Calcium intake by dialysis patients should range from 1,000 to 1,500 mg/day 

(Ahmad et al., 1997, Ikizler and Hakim, 1998, Wiggins et al., 2002). Calcium 

supplementation may be necessary because of low intestinal absorption and frequent 

restriction of dairy products because of their high phosphorus content. 
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Recommendations for Vitamins 
 

Vitamin deficiencies in CRF patients are common and secondary to inadequate food 

intake, restrictive diets and depletion caused by pharmaceutical drugs (Steiber and Kopple, 

2011). There are only a few studies on the vitamin requirements of CRF patients, and the 

recommended amounts are usually the same as those for healthy individuals. 

Fat-soluble vitamins: Except for vitamin D, supplementation of fat-soluble vitamins is 

not recommended, especially of vitamin A, since it may accumulate in the body (NKF-

KDOQI, 2002). The active form of vitamin D (1,25-hydrocholecalciferol) can be 

recommended to increase intestinal absorption of calcium, prevent and treat 

hyperparathyroidism and improve bone metabolism. Supplementation will depend on serum 

levels of calcium, phosphorus and PTH (Hultberg et al., 1993, Ahmad et al., 1997, Ikizler and 

Hakim, 1998). Vitamin E supplementation in CRF patients at risk of cardiovascular events is 

contraindicated (Kalantar-Zadeh and Kopple, 2003, Steiber and Kopple, 2011). 

Water-soluble vitamins: The Dialysis Outcome Practice Patterns Study showed that the 

mortality of dialysis patients supplementing with water-soluble vitamins is 16% lower than 

that of patients who do not supplement on these vitamins. This fact holds even after 

adjustment for age, gender, race, comorbidities, hemoglobin, albumin, BMI and other 

possibly confounding factors (Fisell et al., 2004). 

In addition to the usually low dietary intake of water-soluble vitamins, these vitamins are 

also lost during dialysis. Supplementation is recommended, especially of the vitamin B 

complex (folic acid and pyridoxine) and vitamin C. Homocysteine is a potent atherosclerotic 

agent and its serum levels are usually high in CRF patients (Hultberg et al., 1993), which 

happens to be correlated with early vascular disease. Vitamins B12, B6 and folic acid 

function as co-factors in the enzymatic reactions of homocysteine metabolism. 

Pharmacological doses of these vitamins taken daily reduce the serum homocysteine levels of 

CRF patients (Arnadottir et al., 1993, Kalantar-Zadeh and Kopple, 2003). 

In CRF, supplementation of vitamin B6 is necessary, especially by individuals with 

inadequate food intake or those using certain pharmaceutical drugs. The European Society of 

Parenteral and Enteral Nutrition, and Caring for Australians with Renal Insufficiency 

Guidelines advise dialysis patients to take 5 mg/day of vitamin B6. Kalantar-Zadeh and 

Kopple (2003) reported that CRF patients undergoing hemodialysis respond well and quickly 

to vitamin B12 supplementation, even if their serum B12 levels are normal. 

 

 

3. Food Intake of Hemodialysis Patients: 
Challenges and Strategies 

 

Malnutrition is highly prevalent in CRF patients, both during the pre-dialysis (Lawson et 

al., 2001) and dialysis phases (Cuppari et al., 1989, Bergstrom and Lindhom, 1993), and is an 

important predictor of morbidity and mortality in this population. 

In CRF, malnutrition may stem from inadequate food intake or have as predominant 

etiological factors the metabolic changes, inflammation and comorbidities secondary to the 

disease (Stenvinkel et al., 2000). 
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High levels of inflammatory markers, such as acute phase proteins and proinflammatory 

cytokines, have a marked influence on nutritional status since they induce anorexia and 

weight loss, which is secondary to protein catabolism and low anabolism (Kaizu et al., 1998, 

Bergstrom, 1999). In CRF, the levels of these markers are high and inversely correlated with 

renal function (Axelsson et al., 2006, Kamimura et al., 2007b). Interleukin-6 and TNF-α act 

directly on protein metabolism and indirectly on the central nervous system, causing anorexia. 

According to Stenvinkel (2005), inflammation and metabolic acidosis may hinder protein 

anabolism, regardless of food intake. 

Hypoalbuminemia is a common finding in CRF and is associated with higher risk of 

mortality in this population (Fouque et al., 2008). It is possible but not proven that the 

deficiency of this protein may predispose the patient to inflammatory states (Ling et al., 

2004). 

In addition to anorexia and inflammation, other conditions are cited in the literature as 

promoters of lean mass loss in CRF patients. These conditions include intercurrent catabolic 

diseases (Grodstein et al., 1980); loss of nutrients in the dialysate (Chazot et al., 1997); 

uremia (Kalantar-Zadeh et al., 2004b); endocrine disorders, such as insulin resistance (Mak, 

1996) and growth hormone (Moyle et al., 2004); hyperparathyroidism (Kopple et al., 1980) 

and loss of blood (Kaplan et al., 1995). 

Anorexia is relatively common in CRF patients undergoing hemodialysis (Bossola et al., 

2005, Bossola et al., 2006). Some mechanisms have been suggested for explaining anorexia 

in CRF patients, such as changes in the levels of the hormones leptin and ghrelin and in 

neuropeptide Y (NPY) (Carrero et al., 2008). Leptin is released by adipose tissue and one of 

its actions is to reduce hunger by inhibiting NPY. CRF patients have high levels of leptin, 

which may result in anorexia (Mak et al., 2006). Ghrelin, an orexigenic peptide released by 

gastric cells, regulates body weight by controlling the centers of hunger and energy balance 

(Wynne et al., 2005). Higher levels of ghrelin in hemodialysis patients than controls are a 

common finding (Chan et al., 2005), possibly also promoting anorexia in uremic patients. 

Figure 1 shows the set of factors that impact the nutritional status of CRF patients 

undergoing dialysis. Low nutrient intake is the main factor, but not the only factor. There are 

metabolic and treatment-related factors that may deplete the body‘s nutrient reserves. 

Dyspeptic complaints are also common in CRF patients, such as nausea, vomiting, 

feeling of stomach fullness and epigastric pain (Van Vlen et al., 2001, Hirako et al., 2005). 

These complaints may be associated with delayed gastric emptying, which is caused by 

neuropathy (Dimitrascu et al., 1995), metabolic acidosis or anemia (Hirako et al., 2005), also 

common in CRF. 

CRF patients emerge as the main elements of this very complex scenario involving 

physiological and emotional factors that are difficult to control. What are the necessary 

strategies for providing effective nutritional care? The first step involves the social, cultural 

and cognitive contextualization of the CRF patient, followed by appropriate assessment of 

his/her nutritional status and food intake. Helping patients to understand the extent and the 

reasons for their low food intake is extremely important for getting them to participate 

actively in the planning of their nutritional care scheme, making them capable of exposing 

their opinions on the decisions that regard proper food intake. Effective and empathetic 

communication with CRF patients and monitoring of their anthropometric measurements, 

food intake, biochemical markers of nutritional and metabolic statuses, and quality of life will 

act as indicators of results, and may confirm or redirect care-related strategies. 
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Figure 1. Representation of the causes of malnutrition in CRF. 

 

4. Perspectives and Innovations Regarding 

Nutritional Therapy for Hemodialysis Patients 
 

In addition to focusing care on the person and taking into account his or her context of 

life with CRF, his or her support network, wealth, psychological conditions, among others 

variables of global order, care of CRF patients can be complemented with therapeutic 

innovations, some whose outcomes are still being confirmed by scientific studies. 

Growth hormone (GH) has been indicated to circumvent the loss of lean mass or even 

cachexia, which will help to reduce morbidity and mortality associated with low protein 

reserves (Van Der Sluis et al., 2000, Hansen et al., 2000, Haffner et al., 2000, Hokken-

Koelega et al., 2000, Feldt-Rasmussen et al., 2007). Considering that GH promotes anabolism 

(Eisemann et al., 1989; Haymond and Mauras, 1996, Kopple et al., 2005), even in uremic 

patients (Kova´cs et al., 1996, Kopple et al., 2005), whether pediatric (Haffner et al., 2000, 

Hokken-Koelega et al., 2000) or adult (Hansen et al., 2000, Feldt-Rasmussen et al., 2007), the 

use of this hormone would benefit patients with CRF. GH increases muscle mass and bone 

mineral density, reduces fat mass and induces corresponding biochemical changes (Van Der 

Sluis et al., 2000) 

A study called OPPORTUNITY
TM

 (Kopple et al., 2011) followed 695 CRF patients 

undergoing hemodialysis for 20 weeks and found that, compared with patients taking placebo, 

patients taking GH lost weight and body fat and experienced a decrease in serum C-reactive 

protein and homocysteine levels and an increase in serum HDL-C and transferrin levels. 
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However, given the magnitude of the differences, these findings need to be confirmed by 

additional studies. 

Another indication for using GH is delayed growth secondary to CRF. Studies with CRF 

patients taking GH, regardless of treatment type, that is, dialysis, conservative treatment or 

transplanted kidney, concluded that this is a safe therapeutic option with beneficial effects 

(Ulinski and Cochat, 2006, Vimalanchandra et al., 2006, Williams, 2006, Mahesh and Kaskel, 

2008, Gorman and Frankenfield, 2008). However, the National Kidney Foundation (NKF) 

(2002) recommends correcting nutritional deficiencies and metabolic changes before 

considering treatment with GH.  

Carnitine (3-hydroxy-4-N,N,N-trimethylaminobutyrate) is a quaternary amine 

synthesized by the liver, kidneys and brain from the essential amino acids lysine and 

methionine. Its synthesis requires iron, ascorbic acid, niacin and vitamin B6 (Evans and 

Fornasi, 2003). Carnitine is required for the transport of free fatty acids from the cytosol to 

the mitochondria, facilitating their oxidation and generating adenosine triphosphate in the 

energy metabolic pathway (Mitchell, 1978). Dialysis may cause loss of carnitine (Ahamad, 

2001). Furthermore, carnitine deficiency in CRF patients may stem from low carnitine intake 

or low intake of its precursor amino acids (lysine and methionine), intestinal malabsorption, 

reduced synthesis in the kidneys, abnormal transport, low activity of the enzymes involved in 

the carnitine system and increased requirement (Ahamad, 2001, Guarnieri et al., 2001, 

Locatelli et al., 2002). Low carnitine levels in the body may cause cell disorders, including 

impaired fatty acid oxidation and energy production, deterioration of the lipid profile, 

accumulation of toxic products of fat metabolism and inhibition of some enzymes of the 

metabolic pathway (Brass et al., 2001). Some authors suggest that hemodialysis patients 

should take carnitine supplements (Golper et al., 2003, Sotirakopoulos et al., 2000, Vesel´a et 

al., 2001). Others suggest that this supplementation should only be recommended when 

dialysis patients do not respond to conventional therapies (Reuter et al., 2007) since the 

outcomes of carnitine supplementation vary widely. The recommended carnitine dosage for 

hemodialysis patients ranges from 5 to 100mg/kg, administered intravenously, orally or 

through dialysis (Kletzmayr et al., 1999, Ahamad, 2001). 

Strategies that include frequent dialysis sessions, nutritional counseling and 

pharmaceutical-drug therapy have been proposed to circumvent anorexia in CRF patients 

(Bossola et al., 2009). Megestrol acetate, a synthetic substance obtained from progesterone, 

can enhance appetite by stimulating the production of NPY and inhibiting the production of 

pro-inflammatory cytokines, such as interleukin-1, interleukin-6 and TNF-α (Bossola et al., 

2005). Studies with hemodialysis patients found that this substance increases their appetite, 

promotes weight gain and increases serum albumin levels. The recommended dosages vary 

from 40 to 800 mg/day (Lien and Ruffenach, 1996, Boccanfuso et al., 2000, Costero et al., 

2004, Rammohan et al., 2005). However, these results do not yet serve as ground for clinical 

practice since they do not stem from controlled and randomized trials (Bossola et al., 2009). 

A studied strategy to minimize anorexia in CRF patients is supplementation with 

branched-chain amino acids (BCAA) (AACR) (Hiroshige et al., 2001). These authors used a 

randomized, placebo-controlled study to verify the effects of a 12g/day supplementation of 

BCAA in 28 malnourished patients with hypoalbuminemia and found that they improved 

significantly compared with controls because their serum levels of these amino acids returned 

to normal. Another promising perspective in the context of anorexia is the administration of 
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ghrelin to induce weight gain and reduce pro-inflammatory cytokine levels (Anderstam et al., 

1996, Schmid et al., 2005, Druce et al., 2006). 

Oxidative stress is common in hemodialysis patients (Massy and Nguyen-Khoa, 2002) 

and is associated with a significant reduction in their antioxidant capacity. Hence, antioxidant 

therapies have been proposed in the literature. Studies with hemodialysis patients have 

investigated supplementation with roughly 800 IU/day of vitamin E (α-tocopherol) (Islam et 

al., 2000, Roob et al., 2000, Lu et al., 2007) but these authors state that more studies are 

needed before this procedure is incorporated by clinical practice. 

Vitamin C is another substance with antioxidant activity that has been recommended for 

hemodialysis patients. The recommended weekly dosage is 1 to 1.5 grams of ascorbic acid 

orally or 300mg parenterally in each hemodialysis session (Deicher and Horl, 2003, Fumeron 

et al., 2005), but this initiative also requires further studies. 

 

 

Final Considerations 
 

CRF patients, especially those undergoing hemodialysis, have a complex 

pathophysiology. The dietary restrictions usually necessary for hemodynamic balance may 

cause malnutrition. Diets for CRF patients should contain proper amounts of energy and 

nutrients, with special attention to electrolyte homeostasis. Consumption of proteins and 

water-soluble vitamins should also be above average. However, as the patient‘s health 

deteriorates, anorexia secondary to multiple causes is the main factor limiting adequate food 

intake. A holistic treatment that focuses on the person is the main strategy for facing the 

problem, but one should not disregard all the therapeutic innovations. 
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