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The importance of Optimal Nutrition.
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Introduction:

The human body is composed of 3 main components: protein, glucose and fat. With loss of body
weight a diminution of all these components is possible; however in the following discussion the
importance of the loss of the macronutrient: protein will be emphasized.

Protein mass in a healthy adult is about 6-10 kg, carbohydrate stock is 600-800 grams and lipid
stock is variable. One difference between the last two and the first one is that carbohydrate and
fat exist in the body as a real stock. This is not true for protein. Every protein in the body has a
function, by example enzyme, contractile protein etc. There are no inert protein stores. Loss of
protein is therefore always a loss of organ function. Loss of organ function below a certain critical
mass is an independent parameter for morbidity and mortality.

A hunger striker, who will drink a sufficient amount of fluid, will die after about 70 days as shown
by the Irish and Turkish hunger strikers (1). In this period about 40% bodyweight has been lost
and also 40% of the protein mass (= 40% of organ mass)(2). About 5% of the fat mass is left at
that moment; the carbohydrate stores are disappeared. In normal functioning organs a close
relation has been found between weight and function; a loss of about 40% in weight means also a
loss of 40% in function. This continuing loss in protein mass is found despite a major adaptation
of the body to starvation. During short-term starvation about 300 grams of protein are
synthesized and a little bit more broken down, resulting in a net protein loss of about 60 grams
per day. After about 3 days of starvation the adaptation process for protein metabolism starts
slowly. After 3 weeks the healthy body is maximally adapted to starvation with still a net loss of
25 grams of protein per day in a 70 kg man. It can be calculated that without this adaptation the
hunger strikers would have died after 28 in stead of 70 days. This adaptive response gives the
opportunity to the starving man for another 42 days to find food.

Not only in healthy subjects protein loss is a major determinant for morbidity and mortality. In
many diseases , like HIV-infection, chronic obstructive lung disease, congestive heart failure and
chronic renal failure wasting has been shown to be an independent predictor of morbidity and
mortality (3-8). There are indications that the relation between loss of organ mass and time of
death is the same in health and disease. Although systematic research is lacking observations in
groups of patients suggest that patients will also die when 40% of organ mass is lost.. This
relation has been shown in patients with HIV infection and in surgical patients (3,4). All these
data support the idea that death is imminent at a certain body weight associated with the loss of a
certain quantity of protein. The logical consequence is to try to stop loss of protein. There are 2
ways to accomplish this: causal treatment of the underlying disease or institution of specific
measures to maintain or increase protein mass. The first option is by far the most effective one,
but due to the chronic nature of many diseases often not possible. The second option will be
discussed in following paragraphs.

Measures to maintain or increase protein mass.



The size of the protein mass is the resultant of the combined effects of protein synthesis and
protein breakdown. In the preceding paragraph is explained that loss of protein mass is
sometimes due to diminished protein synthesis and sometimes to increased breakdown. The first
pattern (diminished synthesis) is seen when the subject is starving; the latter is related to the
severity of disease state (9). It is important to realize this difference, as it is rather easy to
stimulate protein synthesis, while it has been proven extremely difficult to inhibit protein
breakdown significantly.

A) Measures to stimulate protein synthesis.

Starvation has a major influence on the rate of synthesis. After a fast of 3 days this rate is
decreased by 20%. After 10 days of starvation the synthesis rate has dropped by another 20%.
The most important determinant of this drop is lack of substrate (= lack of aminoacids). In
healthy humans a direct relationship has been found between the amount of protein in the diet and
the degree of stimulation of protein synthesis, measured with stable isotopes. This relationship is
not infinite. Maximal stimulation has been found with 1.5-1.7 gr. protein/kg/day (9). This
relationship and the upper limit of stimulation are the same in health and disease. Measurements
in septic patients have shown maximal stimulation with 1.5 gr. protein/kg/day (10). There is one
important difference between health and disease. In health anabolism is induced, while in severe
disease anabolism is never induced. In disease catabolism is diminished with this maximal
stimulation, prolonging the period before the patient dies due to loss of lean body mass below the
level necessary for survival. An anabolic response is also not always found in less acutely
catabolic diseases like chronic obstructive lung disease and HIV infection.

These data indicate the necessity of a two-way approach: at first maximal stimulation of
protein synthesis by supply of enough protein (usually via enteral nutrition) and secondly
(when the patient is still catabolic) pharmacological interventions aimed at reducing protein
breakdown rate.

b) Pharmacological interventions aimed at stimulating protein synthesis and/or
reducing protein breakdown rate.

In this section the theoretical possibilities for this option will be discussed. The appetite
stimulating agents, like megestrol acetate, will not be discussed, although they are effective in
increasing food intake, as these agents will never guarantee optimal nutritional intake as
discussed before (11- 13). The agents used for pharmacological manipulation of protein
metabolism in sick humans are growth hormone, insulin and anabolic steroids.

b-1) Growth hormone

Growth hormone stimulates protein synthesis in muscle and elsewhere in the body and is therefore
theoretically the best manipulator of metabolism in patients (14). Many studies have been
published on an effect of short-term treatment with growth hormone on certain metabolic
parameters. In general these studies show the expected effects on protein metabolism. Longer
lasting studies aimed to show a possible effect of growth hormone on morbidity, mortality and
well-being have only be done in ICU patients and AIDS patients. The results in the ICU patients



were alarming. In 2 major studies with altogether 500 patients mortality was twice as high in the
growth hormone treated group compared to the control group; mortality was mainly due to
multiple organ failure. There was no obvious explanation for these results (15). In 178 AIDS
patients with wasting an increase in lean body mass and exercise tolerance was found after 2
weeks of treatment with growth hormone (1 6). Other studies did not find this effect on exercise
tolerance (1 7). Studies on the effect of growth hormone treatment on morbidity and mortality in
Aids have never been published. It is quite doubtful that they will be found, as the anabolic effect
of growth hormone diminishes with progression of the disease (1 8).

In conclusion: Based on the scarce available data it is quite doubtful that growth hormone will
have a place in the treatment of cachexia in chronic diseases.

b-2) Insulin.

Insulin inhibits proteolysis and stimulates protein synthesis when enough amino acids are
available (1 9, 20). It inhibits proteolysis in muscle and elsewhere in the body, although the effect
on muscle is about twice as powerful as elsewhere in the body (21). Insulin can be a valuable
agent to influence the rate of loss of body cell mass in cachexia, because the same positive effects
have been found in severely ill patients (22,23). However studies on the effect of insulin on
morbidity and mortality in cachectic patients have not been published.

b-3) Anabolic steroids.

Studies on clinical relevant effects of anabolic steroids are scarce. However one excellent

study has been published (24).In a group of 233 patients with chronic obstructive lung

disease the effect was tested of a high caloric food supplement plus an anabolic steroid
(nandrolone decanoate) versus the same food supplement plus placebo. The chosen parameters
were bodyweight, body composition and respiratory muscle strength ( via measurement of
maximal inspiratory mouth pressure). About 50% of the patients were malnourished, defined as a
bodyweight less than 90% of the desired one or a lean body mass less than 65% of ideal weight.
The results showed that in both groups bodyweight increased significantly after 8 weeks of
treatment, in the placebo group mainly due to fat and in the other group mainly due to protein
mass. In the malnourished group this increase in protein mass was accompanied by an increase in
respiratory muscle strength., In conclusion: the combination of nutritional support plus an
anabolic steroid in wasted patients with chronic obstructive lung disease has potential valuable
effects. Studies on the possible effect of this combination on morbidity and mortality have not
been published.

In_conclusion:

Treatment of cachexia due to incurable disease is problematic. All data in literature suggest that
optimal nutrition ( 1.5 gr. protein/kg/day and 35 kcal/kg/day) is a necessity. This conclusion
is supported by a study in patients with mucoviscoidosis. Patients with mucoviscoidosis in
Toronto and Boston were treated in the same way concerning all aspects of medical treatment with
one exception: the Canadian doctors put a lot of emphasis on food intake, while the American
doctors did not pay attention to this part of the treatment. The average life expectancy for the
Canadian patients was 30 years and for the American 21 years. A difference of 9 years!!!! (25).



The value of manipulation of metabolism by medicaments is doubtful.

Literature:

1) Allison SP. The uses and limitations of nutritional support. Clin Nutr 1992; 11: 319-
330.

2) Hill GL. Body composition research: Implications for the practice of clinical nutrition. JPEN
1992; 16: 197-218.

3) Kotler DP, Tiemey AR, Wang J, Pierson jr RN. Magnitude of body cell mass depletion and
timing of death from wasting in AIDS. Am J Clin Nutr 1989; 50: 444- 447.

4) Studley HO. Percentage weight loss. A basic indicator of surgical risk in patients with chronic
peptic ulcer. JAMA 1936; 106: 458-460.

5) Schols AM, Slanger J, Volorics L, Wouters EF. Weight loss is a reversible factor in the
prognosis of chronic obstructive lung disease. Am J Resp Crit Care Med 1998;157:1791-
1797.

6) Suttmann U, Ockenga ], Selberg 0, Hoogestraat L, Deicher H, Muller MJ. Incidence and
prognostic value of malnutrition and wasting in human immuno-deficiency virus infected
outpatients. J Aids and Human Retrovir 1995; 8: 239-246.

7) Anker SD, Pnukowski P, Vamey S, Chua TP, Clark AL, Webb-Peploe KM et al. Wasting as an
independent risk factor for mortality in chronic heart failure. Lancet 1997; 3498: 1050-1053.

8) Kopple JD. Protein-energy malnutrition in maintenance dialysis patients. Am J Clin Nutr
1997; 65: 1544-1557.

9) Sauerwein HP, Romijn JA, Soeters PB. Kunstmatige voeding bij door ziekte veranderde
stofwisseling. Elsevier/ Bunge 1998: 1-15.

10) Shaw JHF, Wildbore M, Wolfe RR. Whole body protein kinetics in severely septic patients.
The response to glucose and parenteral nutrition. Ann Surg 1987; 205: 288-299.

11) Wanne C. single-agent/ combination therapy of human immuno-deficiency virus-related
wasting. Seminars in Oncology 1998; 25: 98-103.<

12) Vadell C, Segui MA, Gimenez-Amau JM, Morales S, Cirem L, Bestit 1 et al. Anticachectic
efficacy of megestrol acetate of different doses and versus placebo in patients with
neoplastic cachexia. Am J Clin Oncol 1998; 21: 347-351.

13) Chen HC, Leung SW, Wang CJ, Sun LM, Fang FM, Hsu JH. Effect of megestrol acetate and
prepulsid on nutritional improvement in patients with head and neck cancers undergoing
radiotherapy. Radiotherapy and Oncology 1997; 43: 75-79.

14) Umpleby AM, Russell-Jones , The hormonal control of protein metabolism. Bailliere's Clin
Endo Metab 1996; 10: 551-570.

15) Expert think-tank on GH therapy in critical illness. Report of a meeting held in Brussels.
February 1998.

16) Schambelan M, Mulligan K, Griinfeld C, Daar ES, La Marca A, Kotler DP et al. Recombinant
human growth horinone in patients with HIV-associated wasting. Ann Int Med 1996; 125:
873-882.

17) Mantzoros CS, Moses AC. Wither recombinant human growth hormone. Ann Int Med 1996;
125: 932-934.

18) McNurlan MA, Garlick PJ, Steigbigel RT, DeCristofaro KA, Frost R-A, Lang CH et al.
Responsiveness of muscle protein synthesis to growth hormone administration in HIV-
infected individuals declines with severity of disease. ] Clin Invest 1997; 1 00: 2125-2132.

19) Castelino P, Luzi L, Simonson DC, Haymond M, defronzo RA. Effect of insulin and plasma
amino acid concentrations on leucine metabolism in man. Role of substrate availability on
estimates of whole body synthesis. J Clin Invest 1987; 80: 1784-1793.



20) Biolo G, Fleming RYD, Wolfe RR. Physiologic hyperinsulinemia stimulaties protein synthesis
and enhances transport of selected amino acids in human skeletal muscle. J Clin Invest
1995; 95: 814-819.

21) Denne SC, Liechty EA, Lia YM, Brechtel G, Baron AD. Proteolysis in skeletal muscle and whole
body in response to euglycemic hyperinsulinemia in normal adults. Am ] Physiol 1991; 261:
E809-E814.

22) Sakurai Y, Aarsland A, Hemdon DN, Chinkes DL, Pierre E, Nguyen TT et al. Stimulation of
muscle protein synthesis by long-tenn insulin infusion in severely bumed patients. Ann Surg
1995; 222: 283-297.

23) Pearlstone DB, Wolf RF, Bennan RS, Burt M, Brennan MF. Effect of systemic insulin on
protein kinetics in postoperative patients. Ann Surg Oncol 1994; 1: 321 -332.

24) Schols AMW], Soeters PB, Mostert R, Pluymers RJ, Wouters EMF. Physiologic effects of
nutritional support and anabolic steroids in patients with chronic obstructive lung disease.
Am J Resp Crit Care Med 1995; 152: 1268-1274.

25) Corey M, McLaughin FJ, Williams M, Levinson H. A comparison of survival, growth and
pulmonary function in patients with cystic flbrosis. J Clin Epidemiol 1988; 41: 583-591.



