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I. INTRODUCTION 
During the past twenty years there has been a significant increase of 

interest in the nutritional problems of the older age groups. This interest 
has been manifested by basic research scientists, physicians, dietitians, 
governmental and social agencies of various types, food technologists, 
and many other groups, including the general public as reflected in the 
lay press. This increased interest has been sparked by the certainty of 
an ever-increasing number and percentage of citizens in the age groups 
above 50 years. According to the U. N. Secretariat (1956), approximately 
5% of the population of the United States in 1900 was over 64 years of 
age; and this percentage doubled in the succeeding fifty years. Further-
more, due to a marked increase in the rate of population growth, it can 
be estimated that by 1975 there will be 20 to 25% of the world popula-
tion over 64 years of age. 

The United States Department of Agriculture (1955) reported a 
nation-wide household food consumption survey in which the data were 
collected by personal interview with the homemakers. They found that 
probably not more than 10% of the nation's household diets could be 
called "poor"; and that women above the age of 55 years, when living 
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alone, showed a nutritional intake approximating that of a normal house-
hold. 

Albanese (1956-1957) pointed out that national food habits fre-
quently result from rules and regulations which were originally imposed 
because of environmental or religious factors, many of which have long 
since been forgotten. Most societies eat the foods which are harvested 
locally, and various limitations of food intake grow worse in the more 
underdeveloped portions of the world. 

Increasing world population has already reduced the acres under 
cultivation to 1.7 per individual (Albanese, 1950a); whereas the experts 
maintain that 2.5 acres per individual are needed for complete sustenance. 
Argentina, Australia, Canada, and the United States are the only popula-
tion groups that enjoy an excess of cultivated acres per inhabitant. It is 
interesting to note that the average height of the individual is definitely 
greater in those countries which enjoy a more optimal diet; and that 
second generation Japanese, born in California, are larger and enjoy 
better physique than their first generation American-Japanese parents. 
The most important apparent change in diet habits within the United 
States during the past fifty years has been an increased consumption of 
proteins of animal origin at the expense of cereal products and potatoes. 
This change has resulted in an increased intake of protein foods of high 
biological value. 

The results of long-range observations of the growth rate, as evi-
denced by college freshmen, were published by Chenoweth (1937). He 
reported that first-year male students at the University of Cincinnati had 
shown an average increase of 2.7 inches in height, and 22.4 pounds in 
weight; and the women entering college had added 1.3 inches in height 
and 4.3 pounds in weight—as compared to entering freshmen thirty-three 
years ago. He attributed the increased growth to a higher standard of 
living, increased knowledge of nutrition, and lower incidence of com-
municable disease. 

As a result of these demographic developments, the scientific literature 
pertaining to nutritional problems of the aging has grown by leaps and 
bounds, making it almost impossible to review it completely in the space 
available here. We will attempt, therefore, to cover only some of the 
more pertinent research in this field, with special emphasis upon pro-
teins. We shall also be concerned with the nutritional factors involved in 
the maintenance, repair, and prevention or retardation of the disintegra-
tion process which accompanies increasing age. It should be mentioned 
that during and following periods of stress the oldster may develop, 
temporarily, nutritional needs more or less in common with those of the 
growth period. It has long been known, for instance, that there is a 
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difference in the requirements of the oldster during different nutritional 
states (McCollum and Steenbock, 1912). Although much has been done 
in an effort to determine the factors involved in the difference in require-
ments for the older age groups, more research will be needed before 
satisfactory knowledge in this area can be developed. 

II. PHYSIOLOGY AS RELATED TO AGING IN MAN AND ANIMALS 
A. TISSUE CHANGES 

About twenty years ago, Simms and Stolman (1937) carried out 
chemical analyses of certain tissues in people over 70 years of age, who 
had died from accidents. Similar studies were done on tissues of 11 per-
sons between 30 and 40 years of age, who had also suffered accidental 
death. Results showed that aging is accompanied by an increase in the 
chloride, sodium, calcium, and total base; and by a decrease in the 
potassium, magnesium, phosphorus, nitrogen, and ash content. Among 
these victims of accidental death, the water content of the tissues was 
found to be greater in the older age group than in the younger. Another 
group of individuals 65 to 70 years of age were studied following patho-
logical death, and did not show the increase in tissue water. 

Some years later, Brozek and Keys (1950) pointed out the fact that 
changes in body composition which accompany the process of aging re-
sult in fatty tissues replacing some of the normally active tissues. This 
leads to an inaccuracy in the standard height-weight tables, and the 
phrase "per kilogram of body weight." Brozek (1952) further reported 
supplementary observations of 25 subjects, 23 to 29 years of age; 44 
subjects, 48 to 52 years of age; and 34 subjects, 53 to 57 years of age. 
The mean figures for these three groups are shown in Table I. 

TABLE I 
CHANGES OF BODY COMPOSITION WITH INCREASING AGE® 

Body composition 23-29 Years 48-52 Years 53-57 Years 

Age 
Height (cm.) 
Gross body wt. (kg.) 
Specific gravity 

(Submersion) 
Per cent fat 
Fat-free weight (kg.) 
Skinfolds (mm.) 

Abdomen 
Back 
Thigh 
Chin 

25.2 
176.5 
70.6 

1.0695 

14.4 
60.4 

19.1 
14.6 
8.9 
8.9 

50.0 
175.4 
75.9 

1.0500 

24.0 
57.7 

26.0 
20.4 
9.5 

10.8 

54.6 
174.8 
76.0 

1.0475 

25.2 
56.8 

26.0 
21.5 
9.4 

11.0 
a Adapted from Brozek (1952) . 
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Albanese (1953) summarized the current opinions of his group and 
of other workers regarding nutritional physiology in oldsters. His ob-
servations were made on a series of 219 female residents of a very high 
caliber Home, whose ages ranged from 66 to 94 years. He felt that the 
collected data indicated that the water content of the body decreases 
with age, suggesting that the daily requirement for water to meet normal 
physiological demands is about 50% less for the oldster than for the 
younger age groups. An excess of water intake in the oldster serves only 
to increase the cardiac load, and kidney stress, and may result in the 
"washing out" of some important water-soluble nutrients. Albanese found 
that the decrease in water content of the oldster is accompanied by a 
percentage increase of body fat, which suggests the possibility that the 
increased fat intake desired by many oldsters may have some physio-
logical basis, in terms of Richter's (1941, 1943) studies on the self-selec-
tion diet of rats. With regard to the protein intake in old age, Albanese 
believed that the decrease in lean body mass makes it unlikely that 
protein storage can be considerably increased by means of increasing the 
protein intake. On the other hand, an excessive protein intake is known 
to increase the blood urea content. 

Torre et al. (1955) reported investigations, by Chromatographie tech-
niques, regarding 13 amino acids found in the spinal fluid of normal 
oldsters, as compared with normal young subjects. The only divergences 
he noted were an increased glutamic acid level in the senile group, and 
the fact that aspartic acid was the only free amino acid found in the 
oldster which did not appear in the spinal fluid of normal young subjects. 

B. BASAL METABOLISM 

In a group of subjects between 90 and 130 years of age, Turovets 
(1938, 1939) found that the basal metabolism was 50% of the accepted 
normal for younger adults. The minute volume and systolic volume of 
the heart were also lower; and there was a greater difference between 
the oxygen content of arterial and of venous blood in the oldster. Kountz 
and his associates (1949), in a study of 78 men and 63 women varying 
in age from 25 to 100 years, substantiated this reduction in BMR with 
advancing age; and found that the mean value for the serum organic 
iodine also falls with aging. No correlation between serum iodine and 
blood cholesterol levels was observed. 

Brozek (1952) concluded from his investigations that the average 
caloric intake during advancing maturity tends to be larger than the 
actual caloric need, resulting in an increase in the deposit of fat. Although 
such fat serves as a fuel reserve, it can hardly be regarded as biologically 
desirable in spite of the fact that increased fat content of the body is a 
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"normal" accompaniment of aging, in a statistical sense. He felt that the 
recommended daily dietary allowances of the Food and Nutrition Board 
of the National Research Council (1948) should provide an adjustment 
for age, as well as for sex and activity. Using the age of 25 years as a 
base, he suggested a reduction of 7.5% in the recommended daily allow-
ances for each decade above 25 years of age. [The Food and Nutrition 
Board did subsequently provide an adjustment for age in their recom-
mended daily allowances (National Research Council Food and Nutri-
tion Board, 1953, 1958).] 

Binet and Bourliere (1951) felt that the previous studies of BMR in 
the aged were handicapped by the small number of observations, and by 
the difficulties experienced in attempting to control and measure the 
dietary intake. Their work showed that in males between 70 and 80 years 
of age, the BMR was 34.9 calories per square meter per hour; and fell 
after 80 years of age to 30.8 calories per square meter per hour. Females 
between 70 and 80 years of age showed a BMR of 34.4; those above 80 
years, 32.9; and those above 90 years, 32.5 calories per square meter per 
hour—representing a gradual decrease with advancing years. This sub-
stantiated the results reported by Kountz and his co-workers (1949). It 
was further noted by these investigators that, of their subjects, 34 hyper-
tensives showed a BMR above the average for their age group. 

Studies reported by Albanese (1953) suggested that when oxygen 
consumption is expressed in terms of the active tissues (lean body mass), 
the observed decrease in the standard BMR with aging is less marked. 
Shock and his associates (1955; Shock and Yiengst, 1955) carried out 
studies in 170 ambulatory males varying from 19 to 91 years of age, with 
regard to oxygen uptake, carbon dioxide elimination, total respiratory 
volume (measured under basal conditions by the Tissot open circuit 
method), the interrelation between basal oxygen consumption and thio-
cyanate space, antipyrine space, inulin and PAH clearance. They felt 
that their results demonstrated that although BMR, calculated per unit 
of surface area, decreases with age, the oxygen consumption per unit of 
total body water or per unit of intracellular fluid, shows very little change 
with advancing years as a result of a parallel decrease in oxygen uptake 
and in body fluid with age. 

C. ORGAN FUNCTION 

In studies of liver function and gastric secretory response, Rafsky and 
Newman (1943, 1947) found that 26% of 100 subjects above 60 years of 
age showed abnormal findings in 4 or more liver function tests; but only 
2% of the subjects showed decreased liver function in 3 tests. Following 
a test meal of bread and water, 53% of the subjects showed 19 units or 
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less of free hydrochloric acid in the gastric juice; none showed complete 
achlorhydria; and 13% showed some degree of hyperchlorhydria. 

Olbrich and his co-workers (1950) compared renal function of 50 
subjects over 60 years of age with that of normal young men. They meas-
ured the inulin clearance, diodone clearance, and tubular excretory capac-
ity for diodone; and found a reduction in kidney function in the oldster 
of 25 to 30% for those with normal diastolic blood pressure, and 35 to 
50% in subjects with elevated diastolic pressure. These investigators felt 
that this did not signify impairment of the glomerular filtration, but rather 
reflected changes in the renal plasma flow accompanying the vascular 
changes indicated by the diastolic blood pressures. 

The effect of a protein-free diet for 30 days upon the activity of liver 
enzymes in adult rats of various ages was reported by Ross and Ely 
(1951), who found that the enzyme activity of the adult protein-depleted 
rat was similar to the activity in the young rat. 

Horwitt (1953) studied the absorption of nutrients from the gastro-
intestinal tract in a group of men more than 70 years of age, as compared 
with a group about 30 years of age. Both groups showed equal absorp-
tion of glucose, thiamine, and riboflavin (after a period of restricted in-
take), and nitrogen when on normal diets supplying 6.5 gm. of nitrogen 
per day. When there was a deficient vitamin intake, however, the older 
men showed biochemical differences with higher levels of blood lactic 
and pyruvic acids. 

D. LONGEVITY 

Sherman (1941) reported that rats fed a diet proven to be adequate 
through 50 generations showed a deferment of old age when the intake 
of proteins, calcium, riboflavin, and vitamin A were increased. On the 
other hand, McCay and his associates (1935, 1938; McCay, 1941, 1942) 
carried out 5 series of feeding experiments using rats. At middle life, the 
diets were identical except for the amount and quality of protein or the 
caloric value. When the percentage of protein was the only variable, 
there was no significant change in the life span. They concluded from 
their results that the important factors which influenced the life span 
were those associated with the degree of fatness of the body. Irrespective 
of the amount of exercise taken, the rats which were kept underweight 
by caloric restriction outlived those which became fat on a full diet. It 
was also observed that at high levels of protein intake, the blood NPN 
was increased and the heart and kidneys became larger. 

These findings of McCay's group were supported by Ball and his co-
workers (1947) in studies of weaned mice. Two groups of mice were fed 
the same amount of protein, vitamins, and minerals, but the experimental 
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group received less carbohydrate and fat, resulting in a caloric intake 
about 30% lower than that of the control group. AH of the mice were 
kept on the regimen for 240 days after weaning, and the experimental 
group was then returned to ad libitum intake of the normal diet. The 
mice on a restricted caloric intake showed a definite delay in maturation, 
with a full recovery after return to a full diet; the longevity of this un-
derfed group was greater than that of their controls, with 25% still alive 
when all of the fully fed litter mates had died. McCollum and his asso-
ciates (1939) felt that the diets used in McCay's experiments were not 
entirely suitable for the purpose. They pointed out that although food 
restriction did promote longevity statistically, the lengthened life span 
was accompanied by a decided lack of well-being in the diet-restricted 
animals. (Author's note: In other words, the animals enjoying increased 
longevity added "years to their lives, rather than life to their years.") 

III. PROTEIN NUTRITION IN OLD AGE 
A. REQUIREMENTS AND INTAKE 

Albanese (1947) discussed the then-current knowledge and beliefs 
regarding protein nutrition in the aged. He admitted that little was 
known of the biochemistry of the aging process, and mentioned that 
Robertson (1908) had discussed the metabolism of old age, and that 
few advances had been made in the subsequent forty years. Fenger 
(1904) had reported his observations of a 61-year-old woman weighing 
42 to 45 kg. over a period of fifteen years, on a diet which furnished 
about 2 gm. of protein and 25 to 30 calories per kilogram per day. He 
noted no serious impairment in this woman's ability to utilize food satis-
factorily with her advancing age. Albanese also referred to protein bal-
ance studies by Koch (1911) in 5 men aged 54 to 79 years. These men 
received diets of meat, potatoes, and vegetables, providing an average 
of 10.6 gm. of protein nitrogen daily; they utilized an average of 86% 
of the protein. Advancing age caused no appreciable diminution of this 
ability. Albanese concluded that from available data, it was impossible 
to establish the definite protein requirements for the different physio-
logical states of man, and recommended that generous allowances such 
as those advocated by the Food and Nutrition Board of the National 
Research Council (1945) be used: i.e., 3.5 gm. of protein per kilogram 
per day up to 1 year of age; then gradually decreasing to 1 gm. per kilo-
gram per day for adult men. Albanese believed that the quantity of 
protein needed is greatly influenced by the protein quality, and that 
knowledge of these matters was still in the frontier stage. 

Kountz (1947) reported diet experiments in 27 oldsters who were fed 
2000 calories daily, with a caloric distribution of: protein, 17%; carbo-
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hydrate, 47%; and fat, 36%. Since 41% of the subjects showed negative 
nitrogen balance in spite of this ample intake, he felt that high protein 
feeding was indicated, especially following periods of protein depletion, 
and that protein accumulation in the body would result in a positive 
nitrogen balance. 

Meyer (1947) referred to earlier studies (Meyer, 1940) which in-
dicated a decrease in the volume, acidity, and pepsin content of the 
gastric juice with advancing age. Trypsin concentration in the pancreatic 
secretion was not affected. His clinical experience led to the conclusion 
that the average elderly person digests protein well in spite of the aging 
process. 

Kountz and his co-workers (1948) supplemented their previous work 
(Kountz, 1947) by studies which indicated that a positive nitrogen bal-
ance could be produced in the elderly, and maintained for at least 300 
days, by a dietary intake of 2 gm. of protein per kilogram per day. This 
suggests protein storage to compensate for a deficit engendered by a 
previous faulty diet. 

In similar investigations (Roberts, 1948), 9 normal active women 
from 52 to 74 years of age were allowed, for at least 4 months, a self-
selected diet which was modified from time to time by changes in milk, 
vitamins, and calcium. The average intake of nitrogen was 8.9 gm. per 
day, with a range from 6.8 to 11.4 gm. The results indicated that nitrogen 
equilibrium was maintained in 87% of these women. A group of 11 men 
who had not consumed meat, poultry, or fish for 12 to 47 years (Mirone, 
1950), averaged 5.7 gm. of animal protein daily, derived from skim milk, 
cheese, butter, and eggs. The total protein intake averaged about 50 gm. 
per day. Since these subjects showed no demonstrable impairment in 
general health, Mirone concluded that the recommended daily allow-
ances of the National Research Council (1948)—70 gm. of protein per 
day, with 50% of animal origin—were too high, and that vegetable pro-
tein combinations could be satisfactorily substituted for animal protein. 

Further nitrogen balance studies in elderly men, 69 to 76 years of 
age, were reported by Kountz and his associates (1951). Their subjects 
were fed 0.5 gm. of protein per kilogram per day for 60 days; 0.34 gm. 
for 15 days; and 0.7 gm. for 110 days. Diets containing less than 0.7 gm. 
of protein per kilogram per day produced negative nitrogen balance in 
all subjects, with a loss of body weight in 75% of the subjects. 

Albanese and his co-workers (1952a) compared their findings re-
garding the daily food intake of healthy women, 66 to 94 years of age, 
with results obtained in a similar group of women by Ohlson et ah 
(1950); a group of women of similar age but chronically ill, as reported 
by Vinther-Paulsen (1950); and with the recommended daily allowances 
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of the Food and Nutrition Board, National Research Council (1948) for 
sedentary adults. It will be noted in Table II that none of the three 
groups of investigators found as high a caloric and protein intake as 
those recommended by the National Research Council. Albanese's group 
felt that normal women above 65 years of age can maintain a state of 
good health, with normal blood proteins, on a lower food intake than is 
customarily advised. 

TABLE II 
COMPARISON OF ACTUAL FOOD INTAKE OF AGING W O M E N WITH NATIONAL RESEARCH 

COUNCIL RECOMMENDATIONS 

Source 
National Research Council 

(1948) 
Ohlson et al. (1950) 
Vinther-Paulsen (1950) 
Albanese et al. (1952a) 

Age 
range 
Adult 

70-77 
66-85 
66-94 

Calories 
2100 

1500 
1037 
1895 ± 102 

Protein 
(gm.) 
60 

53 
29 
43 ± 5 

Status 
Normal, Sedentary 

Normal 
Chronically ill 
Normal 

About this same time, Keys (1952) reported that, inasmuch as the 
body size and metabolic rate decrease with advancing age (thereby re-
quiring about 5% fewer calories per day for each decade after 50 years 
of age) he felt oldsters can maintain their body weight on an intake of 
approximately 1500 to 2000 calories per day, and that the protein intake 
of the oldster should remain at about 1 gm. per kilogram per day, as 
recommended for the middle aged group. He emphasized that the 
dietary proteins should come from a variety of sources to assure a proper, 
balanced intake of nutrients. 

A qualifying doubt regarding the previously reported results of 
nitrogen balance studies was expressed by Hegsted (1952). He pointed 
out that an individual on self-selected diet would show a nitrogen bal-
ance varying from a positive balance, through equilibrium, to a negative 
balance, depending upon the changing factors of stress, or food intake. 
Horwitt (1953) reported studies along the same lines as those of Kountz 
(1947) and Hegsted (1952). Thirty-one individuals who had been on a 
diet yielding 11 gm. of nitrogen per day were found to be in positive 
nitrogen balance. When their diet was changed so as to reduce the 
nitrogen intake to 6.5 gm. per day, they immediately went into negative 
balance. With the continuation of the same intake, however, over a 
period of 3 months, these individuals went back to a positive nitrogen 
balance. There was no difference noted between the oldster and the 
young adult in this respect. He agreed with other workers that these 
data cast a doubt upon the nitrogen balance technique of determining 
protein requirements. 
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Studies by Kountz and his associates (1953), extending earlier work 
(Kountz et ah, 1951), concerned the effect of varying levels of protein 
intake in oldsters as reflected in nitrogen balance, glucose tolerance, 
blood proteins, blood NPN, and metabolic rate. The level of protein in-
take varied from 0.7 gm. per kilogram per day, through various levels, to 
a maximum of 2.5 gm. per kilogram per day. The protein used was mostly 
of animal origin. The only significant differences noted were a feeling 
of satiation with poor appetite and a rise in plasma NPN, at the high 
levels of protein intake. In the opinion of Albanese (1953), a daily pro-
tein intake of 0.6 gm. per kilogram is sufficient for the requirements of 
the normal oldster provided that the proteins are of high biological 
value with 30 to 50% of animal origin. 

Other studies regarding the protein metabolism of oldsters were re-
ported by Schulze (1954, 1955). He found that the minimal endogenous 
nitrogen excretion is lower in the aged and parallels the decreasing meta-
bolic rate; and that proteins of animal origin are more useful than those 
of vegetable origin. His nitrogen balance experiments indicated that a 
protein intake of 0.5 gm. per kilogram per day maintains equilibrium in 
the oldster as well as in the young adult, provided the total caloric intake 
is adequate. A group of 36 hospitalized healthy volunteers between the 
ages of 60 and 92 years were fed a high caloric, high carbohydrate diet 
and the protein metabolism was estimated after a 10-day period. The 
results suggested that the minimum amount of protein required for nitro-
gen balance in the aged is equal to that required in the healthy young 
adult—roughly, 0.5 gm. per kilogram per day. This requirement should 
be increased by a safety margin to overcome the effects of stress. Schulze 
felt that the oldster weighing 60 kg. could take 1.0 to 1.5 gm. of protein 
per kilogram per day in a mixed diet of about 2000 calories per day. 
(This work follows the same lines, and states the same opinions as those 
reported by other workers above.) 

B. PROTEIN AND AMINO ACID METAROLISM 

In recent years, many investigators have interested themselves in the 
protein and amino acid metabolism of the oldster as compared with the 
young adult. Bock (1947, 1948) measured the total serum protein in 
elderly men and women under 80 years of age, and men and women 
over 80 years of age. The findings indicated a slight trend toward a low-
ering of the total serum proteins with advancing age. The elderly male, 
over 80 years, tends to show a slightly higher total serum protein than 
the female. The A/G ratio likewise falls with advancing age, largely at 
the expense of the albumin fraction. (All of the changes reported were of 
relatively slight degree, and may not be statistically significant.) The 
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results of similar studies reported by Olbrich (1948) in a group of 78 
men and women 60 years of age or over, substantiated the findings of 
Bock (1947, 1948) with regard to the trend of the total serum proteins 
and the A/G ratio with advancing age. In addition, there was a gradual 
increase in blood NPN, and an increase in the erythrocyte sedimentation 
rate in the older group, which Olbrich assigned to the change in the 
plasma proteins. Rafsky and his associates (1949, 1952), Manzoni et al. 
(1952), and Vanzetti and his co-workers (1952) all supported the find-
ings of Bock (1947, 1948) with regard to the plasma proteins and glob-
ulin. Of 21 men and women between 70 and 95 years of age, 76% showed 
a serum globulin content of 33% or more of the total circulating protein; 
the ß-globulin fraction was higher in the oldster than in the young adult; 
and the polysaccharide content also increased. 

The storage of protein in 4 healthy males and 6 undernourished males 
was studied by Levey and his group (1949). The plasma volume (dye 
method), total circulating proteins, and the albumin fraction were meas-
ured before the intravenous administration of 1000 ml. of physiological 
saline solution, and determined again 30 minutes after the injection. The 
4 normal subjects showed a constant response to the saline infusion with 
an increased plasma volume and an increase in the total circulating pro-
tein, but a decrease in serum protein percentage concentration, suggest-
ing a "washing" of proteins into the circulation from labile stores. The 6 
malnourished subjects responded by a decrease in both the total cir-
culating proteins and the plasma protein percentage concentration, in 
spite of an increase in plasma volume, suggesting their inability to mo-
bilize sufficient protein from the deficient protein stores. When these 
undernourished subjects were then placed on a high calorie, high protein 
diet (4000 to 5000 calories per day) for a period of 3 weeks, they showed 
a response to the saline infusion similar to that found in the normal 
healthy group. 

Mitchell (1950) studied the utilization of nitrogen from 6 test pro-
teins (expressed as absorbed nitrogen per calorie of heat needed for 
nitrogen equilibrium) in adult rats and adult humans. The results were 
similar, with the exception of the rats' increased special requirement for 
cystine-methionine used in the production of keratin. This indicated to 
him that the total amino acid needs of all mammals are dependent upon 
the pattern of essential amino acids in the particular protein tissue being 
formed or catabolized at a given time. 

Silber and Porter (1950) fed a protein-free diet to rats for 1 week, 
and then fed Vuj amino acid mixture (Madden and Clay, 1945) at a 
level of 300 mg. nitrogen per kilogram per day. An excess load (100 mg. 
of nitrogen per kilogram) of the single amino acid to be tested was then 
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added for 1 day, and the per cent of the excess amino acid nitrogen ex-
creted was measured. They tested 7 essential and 4 nonessential amino 
acids individually, and the results showed an imbalance effect for methi-
onine. For each milligram of excess methionine nitrogen fed, the animals 
excreted 1.86 mg. of nitrogen in the urine. In contrast, only the excess 
dietary tryptophan, lysine, and leucine nitrogen were lost in the urine, 
with no imbalance effect. Feeding an excess seemed harmless. A portion 
of the glycine, arginine, and histidine excess nitrogen was partially 
utilized. 

Further animal studies were reported by Chow (1950) and indicated 
that any amino acid should be considered a dietary essential if the animal 
cannot synthesize that particular amino acid at a rate commensurate 
with the body's need for that particular amino acid at that particular 
time. Synthesis of a complex protein molecule requires the presence of 
all the necessary essential amino acids at the proper time and in the 
proper amounts. This is illustrated in the protein-depleted dog that 
responds to the feeding of casein hydrolyzate by an increased production 
of both albumin and globulin; whereas the feeding of lactalbumin favors 
the regeneration of blood albumin. Chow felt that the possibility of a 
"directive substance" for the synthesis of body proteins must be further 
studied. 

Plasma levels of free amino acids in the elderly and young adult 
groups were compared by Hof statter and his group (1950), using micro-
biological techniques. The oldsters showed significantly lower plasma 
levels of valine, tryptophan, lysine, leucine, and isoleucine; and a higher 
value for histidine; when compared with the young adults. There was no 
significant difference noted for threonine, tyrosine, and glycine. 

Stieglitz (1950) offered the following formula for determining the 
degree of protein deficiency at a given time: The plasma volume equals 
5% of the total body weight; and the normal plasma protein is about 7 
gm. per 100 ml. Therefore, in a patient weighing 70 kg., the blood plasma 
weighs 3.5 kg., or is approximately 3500 ml. in volume. If this individual 
showed a total plasma protein of 5 gm. per 100 ml., there would be a 
deficiency of 2 gm. per 100 ml. which, when multiplied by 35, indicates 
a deficit of 70 gm. in the total plasma protein. It is estimated that there 
exists a 30-gm. depletion in the tissue protein reserves for each gram of 
deficiency in the plasma protein. Therefore, 30 X 70 = 2100 gm. deple-
tion of the tissue protein; and the total protein deficit of the individual 
is 2170 gm. To correct this deficit it would be necessary to add to the 
normal protein intake of 1 gm. per kilogram per day, an additional 2000 
gm. (2 kg.) of protein, distributed over the rehabilitation period. During 
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this period the individual would be in a positive nitrogen balance con-
tinuously until the deficit is made up. 

Measurements of the specific dynamic action of proteins in young 
and old subjects were reported by Horvath and Tuttle (1951). They fed 
a test meal of egg whites and ground beef, yielding 25 gm. of protein, to 
one group of males with a mean age of 77 years, and to a second group 
of males with a mean age of 24 years. Each test meal was analyzed for 
nitrogen content. The utilization of oxygen was determined prior to 
giving the meal, and again every 30 minutes, for 5 hours postprandial. 
The results indicated that the oldster showed more variation in the 
specific dynamic action but that the mean response tended to be greater. 

Mertz and his co-workers (1952), by means of microbiological anal-
yses of food components collected during nitrogen balance studies in 18 
old women on self-selected diet, determined the daily intake of 7 essen-
tial amino acids. The intake of isoleucine, leucine, lysine, threonine, and 
valine met or exceeded; the phenylalanine intake was intermediate; and 
the methionine intake rarely reached—the levels reported by Rose (1949) 
for young adult males. 

The effects of amino acid deficiencies in adult Norwegian rats were 
reported by Albanese (1952a). One group of animals received a diet 
containing only 0.43% nitrogen derived mainly from yeast, while the 
control group diet yielded 2.51% nitrogen. In the low nitrogen intake 
group, the rats lost weight, blood protein levels dropped 20%, and the 
A/G ratio decreased at the expense of the albumin. Analysis of the tis-
sues indicated that the protein deprivation effect was of different magni-
tude in various organs, with the liver suffering the most. In another ex-
periment, a group of rats were fed a normal diet with the exception of a 
deficiency of a single amino acid at one time. Nine essential amino acids 
were tested in this manner, as well as some of the nonessential group. 
The results suggested that a dietary deficiency in a single amino acid, 
because of the imbalance, caused more profound deleterious effects than 
did the low protein regimen. 

In further studies employing human subjects of both sexes, Albanese 
(1952a) fed weighed diets providing approximately 40 calories per kilo-
gram per day, with 0.1 gm. of nitrogen per kilogram per day. Ninety per 
cent of the protein moiety consisted of a protein hydrolyzate which was 
deficient in some one amino acid. Thirty such experiments with 7 amino 
acid deficiencies were carried out. Each experimental period was pre-
ceded and followed by a control period in the same subject, during which 
the amino acid in question was present in the diet. The nitrogen balance 
data showed that tryptophan, lysine, and methionine were essential parts 
of the diet for the maintenance of nitrogen equilibrium; whereas histidine 
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and arginine were not. He referred to the work of Rose (1949) which 
demonstrated the essential character of other amino acids, as mentioned 
above. In attempting to identify the different amino acid deficiency 
states in terms of blood protein or urinary constituents, Albanese found 
poor correlation between the amino acid intake level and the blood 
hemoglobin, albumin, globulin, and A/G ratio. Analysis of the urine, 
however, in a subject receiving a tryptophan-deficient diet, showed a 
sharp decrease in the excretion of tryptophan which could be returned 
to the normal range by the addition of 3.0 to 6.0 mg. of tryptophan per 
kilogram of body weight. The development of Chromatographie analysis 
simplifies this approach to the study of amino acid metabolism, and 
should be of considerable value in future investigations. 

Horwitt and co-workers (1953; Horwitt, 1953) studied the amino acid 
metabolism of 11 old men and 9 young men, over a 3-year period. The 
intake and excretion of the essential amino acids were measured while 
the subjects were on a basic diet furnishing less than 60 gm. of protein 
per day, and less than 50% of the protein derived from animal sources. 
It was found that less than 1% of the ingested amino acids were excreted, 
and the older group showed a slightly higher amino acid excretion. 

A study of the quantitative dietary need for the essential amino acids, 
by men over 50 years of age, required to maintain nitrogen equilibrium 
was reported by Tuttle et al. (1957). Previous investigations into the 
needs of the younger age groups indicated that at least 8 amino acids 
were essential in the diet to maintain nitrogen balance. Rose (1949) gave 
minimal intake figures as shown in Table III. Holt et al. (1941), Lever-
ton et al. (1956a, b, c, d, e) , Jones et al. (1955), Harte and Travers 
(1947), and others, had reported studies of the requirements of young 
adults for certain single amino acids. Tuttle's group concerned them-

TABLE III 
INDISPENSABLE AMINO ACID NEEDS OF M E N OVER 50 YEARS OF AGE 

Amino acid 

Z-Leucine 
Z-Isoleucine 
Z-Lysine 
Z-Threonine 
Z-Tryptophan 
Z-Valine 
Z-Methionine 
Z-Cystine 
Z-Phenylalanine 
Z-Tyrosine 
Z-Histidine 

Test mixture 
(gm») 
1.72 
1.28 
1.39 
0.77 
0.38 
1.29 
0.56 
0.45 
0.96 
0.60 
0.43 

Rose minimum 

spares 

spares 

(gm.) 

1.10 
0.70 
0.80 
0.50 
0.25 
0.80 
1.10 

methionine 
1.10 

phenylalanine 
not essential 

Tests ±% 

+ 5 6 
+ 8 3 
+ 7 3 
+ 5 4 
+ 5 2 
+ 6 1 
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selves with 5 healthy men, in the age range 52 to 68 years. They were 
admitted to a metabolism ward for the study period, and were allowed 
to ambulate and work at hobbies, etc. They were examined by a physi-
cian daily, and all necessary laboratory tests performed to assure a state 
of "good health." The control period diet was composed of natural foods 
furnishing about 7 gm. of nitrogen per day from good quality protein, 
and a caloric intake of 2014 to 2717 per day. When nitrogen equilibrium 
had been established by carefully performed nitrogen balance tech-
niques, the protein of the control diet was replaced by the test mixture 
of amino acids shown in Table III, plus enough glycine to bring the 
total nitrogen intake up to about 7 gm. per day. The ratios of the amino 
acids in the test mixture were designed to approximate the composition 
of 18.75 gm. of egg protein. An adequate mineral and vitamin supple-
ment was also given daily. Figure 1 shows the nitrogen balance data 
during seven diet periods in one individual, which are representative of 
the group. It can be seen that a mixture of essential amino acids as 
described in Table III, plus a small amount of additional tryptophan and 
enough glycine to raise the total nitrogen intake to about 7 gm. per day, 
was not sufficient to meet the nutritional requirements of the older men, 
and resulted in a negative nitrogen balance. This also occurs with the 
feeding of 18.75 gm. of egg protein, plus glycine to bring the total 
nitrogen intake up to about 7 gm. per day to match the control diet. 
When the amounts of essential amino acids in the basic mixture were 
doubled, however, nitrogen equilibrium was achieved. The authors re-
mark that although the addition of small amounts of nonessential food 
nitrogen to the diet has been shown to exert a sparing effect upon the 
essential amino acids, recent studies seem to indicate that a high glycine 
intake may actually increase the dietary requirement for essential nitro-
gen in the human. 

According to Sharpenak (1957), the optimal composition of amino 
acids in human food is that which is close to the average composition of 
the amino acids in the proteins of the human body. Red muscles of the 
human body contain the following percentages of amino acids (based on 
nitrogen content) as per cent of total protein nitrogen of the muscle— 
valine, 4.0; leucine, 6.5; arginine, 13.4; histidine, 4.1; lysine, 9.7; tyrosine, 
1.9; phenylalanine, 2.4; tryptophan, 1.9; cystine, 1.3; and methionine, 
1.7. On a weight basis, these amino acids constitute correspondingly 
6.0, 9.9, 6.7, 2.4, 8.1, 4.0, 4.7, 2.2, 1.8, and 2.8% of the muscle proteins. 

Data are tabulated, representing the average amounts of these amino 
acids in the various organs of 25-35-year-old men with an average body 
weight of 70 kg. The amounts of the individual amino acids vary from 
organ to organ. However, the average per cent composition of the 
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amino acids in the total proteins of the human body is very close to the 
composition found for human muscle proteins. The entire body of a 
70-kg. man contains the following amounts of these amino acids: ar-
ginine, 715; histidine, 256; lysine, 907; tyrosine, 349; tryptophan, 167; 

CASE A.J.K. GH 472I9 
NORMAL MALE AGE 69 

KGS. 

81-

80 -

7 9 -

78 -
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Ί 1 

NITROGEN BALANCE 

DAYS 

FIG. 1. Balance data from the subject A.J.K. The irregular line above and below 
the intake line represents the sum of daily fecal and urinary nitrogen excretion or 
the total nitrogen output. The intake line is bordered by dotted lines equivalent 
to 0.13 gm. which represents one standard deviation as observed in the analysis of 
the sample diets prepared for this subject. 

"Amino acids 1" represents the basal essential amino acid mixture plus glycine 
and an additional 0.38 gm. of tryptophan. "Amino acids 2" represents double the 
basic amounts of essential amino acids. "Egg protein" represents 18.75 gm. of 
natural egg protein with glycine added to bring the nitrogen level to 7 gm. From 
Tuttle et al. (1957) . 

and cystine, 171 gm., respectively. The amino acid content of egg yolk 
proteins is very close to the amino acid composition of the human body. 

The nutritional values of several proteins were investigated in a 
study in which four 25-35-year-old men were given a low-nitrogen con-
trol diet providing from 0.200 to 0.243 gm. of protein nitrogen daily for 
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a period of 8-17 days. At a later date the same men received an isocaloric 
diet containing small amounts of egg yolk, which increased the amount 
of protein nitrogen in the diet to 2.191-3.294 gm. per day. The nitrogen 
balance was determined within the last 8-21 days of the diet intake, and 
indicated that the daily excretion of nitrogen in the urine (1.382-2.134 
gm.) and feces (0.734-0.961 gm.) was the same for both diets. The 
excreted nitrogen represents the so-called endogenous loss of protein. 
Since this "endogenous" loss of protein was constant, it was possible to 
determine the nutritional value of milk and pea proteins in comparison 
to egg yolk. The biological value of these food proteins for human nu-
trition decreased in the order egg yolk, milk, and peas. 

The fact that there is often no reliable correlation between the nutri-
tional state of an individual and the blood protein concentrations was 
pointed out by Albanese (1952b) and by Albanese and Higgons (1953). 
Further studies showed that deficient dietary intake of tryptophan, methi-
onine, and isoleucine impaired the biosynthesis of plasma proteins; 
whereas a deficient intake of lysine did not produce this effect. It ap-
peared that arginine was substituted for the lysine to the extent of a 
3.2% increase in the arginine content of the plasma proteins, which re-
turned again to the normal level when the lysine intake was increased to 
the optimal intake for a 3-week period. It is thought that this indicates 
a complete regeneration of the circulating plasma proteins in less than 
21 days. 

Results of blood protein studies in 130 men and 106 women from 60 
to 90 years of age were reported by Herbeuval and his associates (1955). 
The albumin fraction was slightly decreased in more than half of the 
subjects, and the αχ- and a2-globulins were increased. Changes in the 
β- and γ-globulin fractions were less definitive, with only one-third show-
ing a slight reduction, one-third a slight augmentation, and one-third 
normal. Morgan and his group (1955) and Karel et al. (1956) also 
noted a decrease in the A/G ratio in oldsters at the expense of the 
albumin fraction. There was no apparent correlation between the 
total plasma proteins and the dietary protein intake. The blood uric acid 
levels were not related to either the protein or the fat intake of the diet. 
Karel and his associates (1956) felt that the decreased albumin content 
in the oldster might indicate a diminished rate of albumin synthesis sec-
ondary to progressive decrease in the efficiency of the liver. 

Chinn and his co-workers (1956) studied protein metabolism in the 
aged from a new direction. They compared 12 aged persons 72 to 86 
years of age with 6 younger subjects 16 to 61 years of age. Each group 
received a test meal containing iodine131-labeled albumin, and the radio-
activity of the blood was determined at intervals up to 3 hours after the 



524 REGINALD A. HIGGONS 

meal. The total radioactivity of the feces was measured for 72 hours. 
This technique showed no significant differences in the rate or the extent 
of protein digestion and absorption in the old versus the young group. 

C. EFFECTS OF VARIOUS SUPPLEMENTS ON PROTEIN METABOLISM 

1. Protein Supplements 

For some years, the use of protein supplements to increase the dietary 
protein intake of oldsters has been tried by various investigators. Ba-
rowsky (1940) reported the use of a fortified drink (Cocomalt) in 30 
senile individuals with a history of questionable dietary intake due to 
various gastrointestinal disturbances. The supplement was administered 
in milk, and each ounce of the combination afforded: protein, 1.5 gm.; 
fat, 1.4 gm.; carbohydrate, 4.1 gm.; and 36 calories. The caloric distribu-
tion was: protein, 17%; fat, 36%; and carbohydrate, 47%—which is ap-
proximately the ideal distribution for growth or repair. Most of the sub-
jects responded by an improvement in appetite, a gain in body weight, 
and an increase in blood hemoglobin level. 

Some years later, Pietra (1949) reported studies of 32 elderly patients 
suffering from various stages of fracture of the femur, with and without 
infection. The aged bedridden oldster tended to show a negative protein 
balance even on a normally adequate diet. An increase of the total pro-
tein intake to 100-150 gm. per day by means of a protein supplement 
such as Protinal1 (70% milk protein) was required to produce a positive 
protein balance. 

Improvement of protein nutrition by the addition of supplemental 
calories in the form of edible oil, 50%; sucrose, 12%; emulsifying agent, 
2%; and skim milk powder, 23%, was reported by Mindrum (1953). 
Nine patients who were suffering from protein depletion because of ill-
ness, showed an anabolic effect of the supplement, with a reversal of the 
negative weight trend. 

According to Albanese (1955), it is generally conceded that proteins 
from animal origin are of high biological value, with a good amino acid 
pattern. The cereal and vegetable proteins tend to lack proper quantities 
of certain of the essential amino acids which are necessary for the syn-
thesis of human tissues. Experimental evidence showed that the dietary 
protein with an amino acid pattern resembling that of mammalian muscle 
tissue is utilized best by man (Mitchell, 1950). Human muscle tissue 
contains approximately 6 units of lysine to each unit of tryptophan (L /T 
ratio 6:1). In the nonanimal proteins, lysine is particularly apt to be 
deficient, and supplementation of the diet with lysine in the proper 

1 National Drug Company, Philadelphia, Pennsylvania. 
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amounts improved the utilization of the deficient proteins by the body. 
Albanese and his co-workers (1955b, 1957) indicated that the healthy 
oldster can maintain himself on a minimum daily protein intake of ap-
proximately 55 gm., of which 30 to 40% is of animal origin, if the diet 
affords 1600 or more total calories per day. During and following periods 
of stress, however, the same type of elderly patient was found to be in 
negative nitrogen balance in spite of a daily protein intake of 60 gm. or 
more, of which 30% was of animal origin. In such patients, the supple-
mentation of the diet by the addition of 600 to 900 mg. of L-lysine daily 
appeared to improve the utilization of the dietary protein and to reverse 
the negative nitrogen balance. Norris (1957) reported diet studies in 5 
institutionalized women, from 75 to 91 years of age, who were offered a 
diet calculated to be adequate if sufficient quantity were eaten. The sub-
jects, however, on a self-selected diet regimen tended to eat an excess of 
the starchy foods, thereby producing a poor diet balance. Supplementa-
tion of their diet with 600 mg. of L-lysine plus therapeutic amounts of 
vitamin B complex produced the following effects: 

(a) An increment of 0.8 to 3.1 gm. % in hemoglobin in three months. 
(b) A slight weight increase which was not considered significant, (c) 
An increase in energy and improvement in mood, (d) A decrease in the 
number of upper respiratory infections. 

Higgons and Albanese (1957) reported an extensive dietary experi-
ment in which 415 convalescent adults with an average age of 65 years 
were studied. The subjects were divided into two groups. Group I of 114 
test subjects and 190 controls received the regular institutional diet. The 
114 test subjects received in addition a dietary supplement consisting of 
50 gm. of a milk protein concentrate (Somagen2) in 500 ml. of whole 
milk. The mixture was divided into three portions and administered be-
tween meals and at bedtime for a period of 3 to 4 weeks. The daily sup-
plement furnished 522 calories with a distribution of: protein, 41%; car-
bohydrate, 28%; and fat, 31%. The test subjects on this supplement 
gained weight at an average rate 1.4 times that of their controls. 

In Group II, 47 test subjects and 64 controls also received the regular 
institutional diet. The 47 test subjects received in addition a daily dietary 
supplement consisting of 25 gm. of the same milk protein concentrate 
(Somagen2) plus 25 ml. of a mixture of essential fatty acids (Lipomul2), 
and 30 gm. of sucrose in 500 ml. of milk, furnishing a total of 652 calories 
with a distribution of: protein, 22%; carbohydrate, 39%; and fat, 39%. 
This supplement was divided into three portions as above, and admin-
istered for 3 + weeks. The test patients in this group showed an average 

2 The Upjohn Company, Kalamazoo, Michigan. 
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rate of gain which was 1.8 times that of their controls. Further in Group 
II, 37 of the test subjects, whose weight was less than 80% of standard 
expected, gained weight on the supplemented diet at a rate 2.0 times 
that of their 42 controls. The superior results in Group II were thought 
by these investigators to indicate the value of a properly balanced dietary 
supplement as contrasted to a mere increase in protein intake which is 
not protected by sufficient energy calories. It should also be noted that 
the nutritional status of the individual plays a definite part in the response 
to dietary supplements. 

2. Hormone Supplements 

Hormones, which are indispensable, are produced by the glands of 
internal secretion and are formed in the body from proteins and amino 
acids. They are divided into three classes: (a) amino acid derivatives, 
such as adrenaline and thyroxine, formed from tyrosine or phenylalanine; 
(b ) protein hormones, such as insulin, parathormone, and ACTH, which 
require nonessential as well as essential amino acids for their formation; 
and (c) steroids, which come from the ovaries, corpus luteum, testes, 
and adrenal cortex—with which we are most concerned here. ACTH 
stimulates the adrenal cortex causing an increased output of the corti-
costeroids. Physiologically, these steroid hormones fall into two general 
categories: the group showing androgenic and anabolic activity, such as 
testosterone and its derivatives (Kochakian, 1947); and the catabolic or 
antianabolic group, such as cortisone and its derivatives (Fourman et al., 
1950). 

Since both groups of substances are employed clinically in the aged, 
it is appropriate to consider here some of their effects upon protein 
metabolism. The catabolic group affects the protein metabolism with 
resulting mobilization of amino acids from the tissue proteins for con-
version to glucose and glycogen; mobilization of fat stores for energy; 
increased excretion of nitrogen, potassium, and phosphate with the pro-
duction of a negative nitrogen balance; and an electrolyte imbalance 
with retention of sodium and chloride and disturbance of the water 
balance. The anabolic group of steroids affects the protein metabolism 
by promoting synthesis of protein tissues from the nitrogen-containing 
foods. 

Albanese and Higgons (1950) reported the results of studies aimed 
at clarifying the biochemical mechanism involved in the anabolic activity 
of the androgens in man. The data collected in Table IV summarize the 
effects of oral administration of 10 mg. of testosterone propionate daily 
for 1 week upon the nitrogen metabolism as reflected in the urinary ex-
cretion of nitrogen metabolites; blood proteins; and weight changes in 



TABLE IV 
NET CHANGES IN BODY WEIGHT AND SOME BLOOD AND URINARY CONSTITUENTS OF PATIENTS RECEIVING TESTOSTERONE PROPIONATE 

ORALLY« 

Changes in: 
Weight (kg.) 
Blood constituents 

Total plasma 
proteins (gm.%) 

Hemoglobin (gm.%) 
Hematocrit (mm.) 

Urinary constituents 
Total nitrogen (gm.) 
Urea nitrogen (mg.) 
Amino nitrogen (mg.) 
Arginine (mg.) 
Cystine (mg.) 
Histidine (mg.) 
Methionine (mg.) 
Phenylalanine (mg.) 
Tryptophan (mg.) 
Tyrosine (mg.) 

Changes in amino 
acid excretion 
per subject (mg.) 

a
 Dose of 10 mg. daily. 

W.A. 
62 (m) 
+ 0.5 

0 
0 
0 

— 1.1 
— 0.4 
+144 
— 46 

0 
— 48 
+134 
+ 60 
+ 57 
+ 28 

+185 

H.J. 
64 (m) 

0 

— 0.9 
— 1.0 

0 

— 0.8 
— 0.5 
— 37 
+ 26 
+ 19 

0 
+220 
+ 69 
—104 
+150 

+380 

W.S. 
68(f) 
+ 0.5 

0 
0 

— 2.5 

— 1.2 
— 2.2 
+ 8 
— 14 
— 15 
— 45 
+139 
— 55 
— 34 
— 30 

— 54 

Subject (age and 

] f.L. 
78(f) 

+ 
+ 

— 
— 
+_ 
— 

— 
+ 
+ 
+ 

0 

0 
1.2 
6.0 

1.0 
0.8 

46 
24 
0 

12 
77 
66 
37 

0 

+144 

sex) 
OT>.J. 
49 (m) 

+ 

+ 
+ 

+ 
+ 

1.5 

0 
0.7 
2.0 

3.7 
2.0 

+187 
0 
0 

+143 
+266 
+197 
+357 
— 81 

+882 

H.J. 
62 (m) 
+ l.o 

0 
0 
0 

— 1.0 
— 0.9 
+178 

0 
0 

+ 67 
+ 68 
—272 
+233 
— 63 

+ 33 

JJ. 
56 (m) 
+ 3.0 

0 
0 
0 

+ 1.0 
0 

+163 
0 
0 

+ 12 
+261 
+333 
+162 
— 27 

+741 

Total 
for 

group 

- 58 
+ 4 
+ 117 
+ 1165 
+ 398 
+ 708 
- 23 
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7 adults recuperating from a period of medical or surgical stress. In 
Table IV we note that 5 subjects showed evidence of increased nitrogen 
retention in terms of changes in total nitrogen and urea output in the 
urine, suggesting a reduction of tissue catabolism. In 6 subjects, the 
urinary excretion of amino nitrogen increased. It is also evident that 
there was a net increase in the total excretion of the 7 amino acids meas-
ured chemically, with methionine, phenylalanine, and tryptophan ac-
counting for 95% of the increase; and methionine alone contributing up 
to 50% of the total net increase. The metabolic significance of this def-
inite aminoaciduria in the face of the reduced catabolism associated with 
the administration of the androgen remains to be explored. 

Table IV also indicates the net changes in the blood proteins, hemo-
globin, hematocrit, and body weight for each subject. Because of the 
short duration of the test periods, it is not surprising to find poor correla-
tion between nitrogen retention and changes in these factors. The 2 sub-
jects (No. 5 and-7) showing the greatest increase in weight were likewise 
the only subjects showing an increased urinary excretion of total nitrogen. 
This presents the anomaly of a negative nitrogen balance with a positive 
weight gain not supported by a change in the hematocrit which would 
indicate any significant effect upon the water balance. 

Kountz (1951) reported long-range investigations of a group of 
women, 50 to 95 years of age. He divided the patients into a control 
group; and a test group who received 1 mg. of estradiol twice a 
week, with the addition of 5 mg. of progesterone or testosterone daily 
for varying periods of time. He produced evidence that the sex hor-
mones revitalized certain tissues, particularly those of the genital tract, 
which were restored to an appearance and function compatible with a 
younger age group. He also reported that there appeared to be a slowing 
down of the mental and physical decline often experienced by oldsters. 

A review article by Odendaal (1952) discussed endocrine and nutri-
tional considerations in the aged. He stated that the normal equilibrium 
between the anabolic effect of the 17-ketosteroids, and the catabolic 
effect of the 11-oxycorticosteroids tends to be upset by the aging process, 
with the catabolic effect becoming predominant; he felt that the meta-
bolic equilibrium might be protected by optimal nutrition which de-
mands more of the essential nutrients than is commonly believed neces-
sary for the old age group. 

The consensus of opinion arising from a symposium regarding the 
relationship between the endocrines and the nutritional status in the 
aged was reported by Davidson (1954). It was suggested that endog-
enous endocrines having an anabolic effect upon protein synthesis show 
a gradual decrease in function with progressive aging which may alter 
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the intermediary metabolism of proteins and result in a reduction in lean 
body mass. It was admitted, however, that the existing knowledge was 
fragmentary and that endocrine changes in old age might be the result 
rather than the cause of senescence, or might be contributed to by 
chronic undernutrition. It is essential that dietary proteins of high 
quality, and other essential nutrients be continuously consumed in suf-
ficient quantities for a sufficient period of time by the oldster under 
study, before we can implicate changes in the intermediary metabolism 
of protein. 

Ackermann and his associates (1954) reported their observations of 
the calcium and nitrogen balance in 6 elderly women, before and during 
sufficient estrogen therapy to reinduce menstruation. Their results in-
dicated that estrogen therapy had no appreciable influence in those indi-
viduals who were in positive nitrogen and calcium balance. There was, 
however, a slightly increased retention of calcium and nitrogen in those 
showing an initial negative balance. The administration of progesterone 
also had only slight effect, but testosterone produced a marked increase 
in nitrogen and calcium retention. 

The administration of androstanolone to subjects 55 to 65 years of 
age in doses as low as 25 mg. a day, produced an increased nitrogen re-
tention without affecting the urinary excretion of sodium, chloride, po-
tassium, or creatinine, according to Pearson et al. (1954). Metabolism 
balance studies by Watkin and his associates (1955) in 8 men, 70 to 92 
years of age, also indicated that stanolone caused an increased nitrogen, 
potassium, and phosphorus retention which was greater than that pro-
duced by a high protein diet alone. The quantitative results, however, 
were greater when the two were combined. The subjects showed a sig-
nificant increase in the urinary excretion of 17-ketosteroids. 

It has been known for some time that the androgens possess the abil-
ity to promote protein anabolism, thereby enhancing tissue synthesis. 
The clinician, however, has been hampered in their use by the unde-
sirable androgenic side effects (Drill, 1958). Because of this, efforts have 
been expended to develop a drug separating the androgenic and the 
anabolic activities of these steroids. Out of these efforts came the devel-
opment of Nilevar3 (17a-ethyl-17-hydroxy-19-nor-4-androsten-3-one), a 
new synthetic analog of the steroid group of testosterone, progesterone, 
cortisone, aldosterone, and estradiol, all of which function as hormones. 
Testosterone, for instance, in addition to its androgenic properties, exerts 
an anabolic effect upon protein metabolism (Kochakian, 1946). Nilevar 
is structurally intermediate between testosterone and estradiol, and func-

3 Brand of Norethandrolone (G. D. Searle and Co.). 
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tionally preserves the anabolic effect of testosterone upon protein metab-
olism and tissue synthesis in rats while showing a marked reduction in 
the androgenic effect (androgenic-anabolic ratio of 1:16, compared to 
testosterone propionate) (Drill and Saunders, 1956). Further observa-
tions of rats indicated that Nilevar produces an increased nitrogen re-
tention without significant change in sodium, potassium, or calcium re-
tention; does not possess cortisone-like activity; does not show estrogenic 
effects; is of a low order of toxicity; and is effective when administered 
parenterally or orally. 

Albanese and his group (1958a), working with a very similar com-
pound, 19-nortestosterone (17a,17-hydroxy-19-nor-4-androsten-3-one), 
studied its effect on elderly male patients who had not shown a positive 
nutritional response to an adequate, well-balanced diet. A group of con-
valescent men, 54 to 85 years of age, received the normal convalescent 
hospital diet for the first week; the same diet plus 75 mg. of 19-nortestos-
terone orally during the second week; the same diet plus 750 mg. of L-
lysine and 75 mg. of 19-nortestosterone daily, for the third week; and 
the same diet plus only 750 mg. of L-lysine daily, for the fourth week. 
Nitrogen balance, urinary creatinine, serum sodium, potassium, calcium, 
and cholesterol were determined for each period. The results may be 
summarized as follows: (a) The nitrogen retention and the body weight 
showed the greatest increments during the third week, in which the 
regular diet was supplemented by L-lysine and 19-nortestosterone. (b) 
There was also some increase in nitrogen retention during the second 
week period, on diet plus 19-nortestosterone alone, (c) 19-Nortestos-
terone had no appreciable effect upon blood sodium, potassium, or cal-
cium levels, (d) The effect upon blood cholesterol levels was incon-
sistent and not statistically significant. 

IV. CARBOHYDRATE METABOLISM IN THE AGED AND ITS 
RELATION TO PROTEIN METABOLISM 

The metabolism of carbohydrates in the aged has been studied by 
many workers during the past twenty years. We will attempt to sum-
marize the more essential reports, particularly those related to protein 
nutrition. 

Bogdanovich (1940) concluded that the fasting blood sugar was of 
the same magnitude in the oldster and the young adult. The amount of 
glycogen in the blood was definitely increased in the older age group, 
suggesting that glycogen fixation in the liver was diminished. The blood 
sugar curve after an oral dose of 50 gm. of glucose showed a slower rise 
and a more prolonged elevation of the blood sugar in the elderly, which, 
however, reached normal peak values. Experiments with double glucose 
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dosage did not indicate any reduction of insulin function of the pancreas. 
Wisotsky and his associates (1945) substantiated the above findings 

with regard to the type of glucose tolerance curve found in oldsters. 
Their studies of aged males, summarized in Fig. 2, indicate a decreased 
tolerance for orally administered glucose. The blood sugar curve fol-
lowing intravenous glucose injections, as reported by Smith (1950), also 
required a longer time to return to the normal pre-injection level in 
oldsters as compared with young adults. The blood pyruvate, however, 
rose normally in the aged subjects, which is contrary to the finding in 
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FIG. 2. Mean blood sugar levels in a group of 14 males, 60 to 70 years of 

age, before and after an average oral test dose of 50 gm. of glucose. Adapted from 
Wisotsky et al. (1945). 
diabetics. He concluded that the delayed type of glucose tolerance curve 
in the oldster was not due to insulin deficiency. 

Further studies on the intravenous glucose tolerance test in different 
age groups were reported by Schneeberg and Finestone (1952), who 
found a slower response in subjects over 40 years of age. They believed, 
however, that this was not caused by liver dysfunction, deficient stores 
of oxygen, or a previously low carbohydrate intake, and that the normal 
oldster can probably handle glucose as well as the younger age group. 
Chesrow and Bleyer (1954) studied 46 men and 34 women from 60 to 
109 years of age. Oral glucose tolerance tests were carried out on all 
subjects, and those showing prolonged curves were then subjected to an 
intravenous glucose tolerance test 8 days later. There was no uniform 
relation of the tolerance curve to the age of the individual. Intravenous 
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glucose tolerance tests were also carried out on 16 subjects showing pro-
longed curves after oral glucose, and none of these subjects showed a 
diabetic-type curve. 

Between 1951 and 1955, Albanese and his group reported the results 
of various experiments concerning the utilization of carbohydrates and 
their effect upon protein metabolism. We will attempt to record here 
only a brief summary of their findings. 

Observations on the parenteral use of invert sugar (Albanese et ah, 
1951a) indicated the need for a critical evaluation of the protein-sparing 
action of various carbohydrates. Their data indicated that nitrogen re-
tention and utilization was greatest with diets in which 70% of the total 
carbohydrate fraction was fructose. They also reported (Albanese et ah, 
1952b) data to substantiate the fact that invert sugar infusions have 
certain advantages: 

1. The rapid utilization of the fructose portion provides a readier 
source of energy than does glucose. 

2. Fructose has a greater protein-sparing effect than glucose, at 
adequate levels of nitrogen intake. 

3. This particular property is of considerable value in reducing the 
undesirable nitrogen loss which accompanies any trauma. 

4. These advantages are secured without hyperglycemia. Therefore 
the subsequent hypoglycemic rebound and the diuresis which accom-
panies glucose infusions are avoided, suggesting that fructose is a better 
sugar for parenteral carbohydrate administration. 

Further experience by Albanese and his group (1954a) showed that 
at the 50- and 100-gm. levels of administration, intravenous fructose solu-
tions resulted in a greater nitrogen retention than invert sugar solutions, 
which in turn showed greater protein-sparing effect than glucose. They 
concluded that 5% fructose solution, or 10% invert sugar solution appear 
to be the nutrients of choice for intravenuos alimentation. 

The importance of the protein-sparing action of carbohydrates in the 
treatment of cirrhotic patients led to the following investigations which 
have not been published to date (Albanese et ah, 1956). A group of 16 
postacute respiratory disease patients with normal liver function tests, 
and another group of 10 patients with definite clinical and laboratory 
evidence of active cirrhotic disease, were both studied with regard to 
the changes in plasma amino nitrogen levels during and after the intra-
venous administration of fructose or glucose. The change was expressed 
as an index (plasma amino nitrogen index), determined as follows: 

Maximal plasma amino N level — Fasting plasma amino N level 
Index = ±- —— : -^-E χ 1 0 0 

Fasting plasma amino N level 
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Each individual in both groups received two intravenous infusions, one 
of glucose and one of fructose, containing 0.5 gm. of the test sugar per 
kilogram of body weight, in a 10% solution administered over a 30-
minute period. Fasting blood specimens showed no significant differences 
in sugar or amino nitrogen levels between the two groups. The amino 
nitrogen level was redetermined every 15 minutes for 1 hour after the 
infusion started, and the sugar levels were measured after 30 and 60 
minutes. The mean plasma amino nitrogen index was definitely greater 
with the fructose infusion versus the glucose infusion, in both the normal 
and the cirrhotic groups, as indicated in Table V. This would suggest a 
greater and more rapid conversion of fructose to amino acids, thereby 

TABLE V 
AMINO NITROGEN INDEX CHANGES FOLLOWING INTRAVENOUSLY ADMINISTERED 

GLUCOSE AND FRUCTOSE 

Subjects Glucose Fructose P 

Normal (13-67 years) 
Number of patients 
Index 5 20 0.1 

Cirrhotic (32-80 years) 
Number of patients 
Index 9 19 0.5 

enhancing its protein-sparing action over that of glucose. It was also 
noted that the mean blood sugar levels following the infusions were 
definitely lower when using fructose as compared to glucose, in both 
patient groups; and the mean blood sugar levels at various time intervals 
were essentially the same in both the normal and the cirrhotic groups. 

The same investigators (Albanese et at, 1954b) studied the effect of 
age on the utilization of various carbohydrates administered orally. The 
utilization of glucose decreased markedly with age; whereas the utiliza-
tion of fructose was only slightly affected. Invert sugar and sucrose were 
utilized better than dextrose, but not as well as fructose alone. Lactose 
was utilized better than dextrose, but less so than sucrose, invert sugar, 
or fructose, in the aged. The elderly, insulin-controlled diabetic also 
showed a better utilization of fructose than dextrose. These workers be-
lieved that fructose or fructose-containing sucrose are the sugars of 
choice for the aged. 

Investigation of the effect of carbohydrates upon the metabolic ni-
trogen pool (Albanese et ah, 1954c) disclosed that the more readily util-
ized fructose makes an appreciable positive contribution to the metabolic 
nitrogen pool within 1 hour, which is not true for dextrose, as shown in 
Table VI. In feeding experiments (Albanese et ah, 1955c), subjects from 
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5 to 81 years of age were fasted for 12 hours overnight. Oral test doses 
of different quantities of a protein preparation (0-0.4 gm. per kilogram), 
or different carbohydrates (1.0 gm. per kilogram) were administered 
dissolved or suspended in 250 ml. of water. Blood samples were collected 
before, and again exactly 1 hour after the test dose. Total blood sugar 
and fructose concentrations were determined colorimetrically. Blood 
amino nitrogen levels were determined in deproteinized filtrates. The 
results of this work again indicated that fructose is more rapidly metab-
olized than glucose and results in the rapid formation of carbon struc-
tures which by combination with the labile amino groups become avail-
able by the transamination cycle for conversion into amino acids. 

TABLE VI 
E F F E C T OF ORAL ADMINISTRATION OF VARIOUS CARBOHYDRATES ON THE METABOLIC 

NITROGEN POOL 

Test sugar 

Fructose 
Dextrose 
None 

Fasting levels, mg.% 

Differences from 

Amino 
nitrogen 

1.02 
—0.61 
—0.47 

5.82 

fasting levels, 

Total 
sugars 

24.3 
52.0 

—10.5 

101.8 

mg, ·% 

Fructose 

4.9 
0.5 
0.0 

1.8 

The protein-sparing effect of carbohydrates and fats was studied by 
Kountz and his group (1955). Four men, 70 to 89 years of age, and 5 
women, 68 to 82 years of age, had been in positive nitrogen balance on a 
diet containing 1.1 gm. of protein and 35 to 40 calories per kilogram per 
day. When 400 calories per day were added to an isocaloric diet in the 
form of carbohydrate or fats, a protein-sparing effect equivalent to an 
extra 5 to 10 gm. of dietary protein per day was estimated on the basis 
of nitrogen retention measurements. 

The fallibility of the glucose tolerance test in the aged was ques-
tioned by Wagner (1955). He studied 106 women, 65 to 85 years of age, 
who showed no evidence of diabetes, liver disease, or abnormal thyroid 
function. The routine oral glucose tolerance test was administered at 
the beginning of the experiment, was repeated after 1 year in 82 subjects, 
and was repeated again at the end of the second year in 27 subjects. The 
results showed a wide variety of high prolonged curves such as those 
reported previously by Bogdanovich (1940), Wisotsky et al. (1945), 
and Chesrow and Bleyer (1954). He substantiated the previously re-
ported findings of others regarding the lack of correlation between a 
type of glucose tolerance curve suggestive of the diabetic, and the 
clinical state of the elderly subject. He suggested that the most reliable 
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index of a true metabolic defect in the carbohydrate metabolism is a 
constant elevation of the fasting blood sugar level. Secondary importance 
is assigned to the failure of the curve to reach the pretest level in 3 to 4 
hours. The least reliable index is the blood sugar at the peak of the curve. 

V. BLOOD LIPIDS AND CHOLESTEROL AND THEIR RELATION 
TO PROTEIN METABOLISM 

Twenty years ago, the problems relating to blood cholesterol levels 
in the older age groups were being argued controversially. Pierret et al. 
(1939) reported that in their experience they found no changes in blood 
chemistry which were statistically significant of old age; and that the 
cholesterol level varied and showed no correlation with the nonprotein 
nitrogen in the blood or with the arterial blood pressure. 

A few years later Rafsky and Newman (1942) carried out studies in 
a group of 100 normal elderly subjects. When whole blood levels were 
measured, only 57% of the subjects showed a total cholesterol concentra-
tion greater than 200 mg. %, while 68% of the same group showed a free 
cholesterol level greater than 40 mg. %. These findings were considered 
to be within the normal range. When 50% of the subjects, however, had 
determinations made upon the serum rather than the whole blood, 74% 
showed a total cholesterol concentration above 200 mg. %; while 54% 
showed a free cholesterol level greater than 40 mg. %. (No explanation 
was offered for the variation between the whole blood group and the 
serum group.) 

Foffani and Berti (1947) reported their findings regarding the rela-
tionship between the protein content of peripheral and medullary blood, 
and hyperlipemia in an aged group 62 to 87 years of age, as contrasted 
to young adults under 50 years of age. They found that the protein con-
tent of the peripheral blood of the oldsters averaged about 1 gm. % lower 
than the young adult group. The index of refraction in the peripheral 
blood was in the range of 1.34717 to 1.35014 in the majority of the aged; 
as contrasted to a range of 1.35014 to 1.35338 in the younger group. They 
also found that there was an increased hyperlipemia in the medullary 
blood, as contrasted to the peripheral blood in the oldster. They felt that 
this factor explained some of the apparent variability of medullary pro-
tein values and of the A/G ratio. 

Albanese (1952c) referred to previous experiments (Albanese et ah, 
1951b) upon the output of nitrogenous metabolites following the intra-
venous infusion of 5% bovine plasma digest with and without 5% dex-
trose and/or ethanol. When a fat emulsion was administered orally along 
with the infusion, a further improvement in amino acid utilization was 
noted. Feeding experiments indicated that an orally administered milk 
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protein concentrate suspended in milk caused a positive nutritional 
response in terms of body weight change, which was greater in the oldster 
than in the young adult. By adding oral fat emulsion to this protein sup-
plement he noted further improvement in nutritional response. This was 
thought to be due to the presence of an increased number of energy 
calories with a subsequent increase in the protein-sparing effect. (Fur-
ther experiences with this modality were reported by Higgons and Al-
banese (1957), as outlined in Section III, C, 1 of this Chapter.) 

The consensus of opinion of various investigators (Eiber et at, 1954, 
1955; Rossi, 1954; Goldbloom, 1955; Ackermann et al., 1955) concerning 
serum lipids in the older age groups, can be summarized as follows: In 
subjects 80 to 100 years of age, the average total serum lipid level was 
lower than that found in the normal or atherosclerotic younger subjects. 
On the other hand, there was no statistical difference in the serum total 
cholesterol or phospholipid level, between the two age groups. The 
phospholipid/total cholesterol ratio was less than 1.00. Standard Sf 0-12 
and Sf 12-400 lipoprotein fractions and the atherogenic index all de-
clined considerably with advanced age. Studies of the serum lipoprotein 
by paper electrophoresis showed no statistical differences between the 
80- to 90-year group and the 30-year group. For the first time the cor-
relation between paper electrophoretic and ultracentrifugal methods of 
serum lipid investigation in the aged was pointed out by Goldbloom 
(1955). He found no significant difference in the lipoprotein distribution 
in old age as compared with young adults. Investigation of 650 subjects 
ranging from 20 to 106 years of age (by various methods: chemical, 
lipoprotein electrophoretic patterns of the blood, X-ray studies of the 
aorta, electrocardiogram, pathological changes in retinal vessels, patho-
logical changes in aorta and coronary arteries) showed a tendency for 
total blood lipids, certain lipoproteins, the atherogenic index, and the 
degrees of aortic calcification and dilatation all to rise gradually until 
the age of 60 to 75 years and thereafter to fall. There was also a slight 
decrease in the Sf 12-20 level with age, and a good correlation between 
this Sf level and the cholesterol level. The phospholipid level varied 
linearly with the cholesterol level. 

Gillum and co-workers (1955) reported a positive correlation between 
the dietary intake of cholesterol and fat and the corresponding blood 
levels for these factors. There was also a slight positive correlation 
between the dietary protein intake and the cholesterol and lipid blood 
levels. In men who were 20% or more, below or above, their standard 
expected weight, the underweight group showed a low blood cholesterol; 
while in the overweight group the reverse obtained. This finding did not 
apparently occur in women, or in men showing a deviation from standard 
weight of lesser magnitude than 20%. 
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A group of 29 healthy, institutionalized women were studied by 
Walker et al. (1956) regarding serum cholesterol levels in reference to 
age. The older group of 14 subjects had an average age of 64 years; and 
the younger group of 15 subjects had an average age of 31 years. Calcu-
lation of the food intake throughout the 4 months of study indicated that 
the average diet contained at least 100% of the daily allowances recom-
mended by the National Research Council (1953). A mean serum 
cholesterol level of 230 ± 9 mg. % was found in the older group, and 
172 ± 8 mg. % in the younger group. The correlation between age and 
serum cholesterol level was significant at the 1% level. Since diet cal-
culations indicated a more or less identical food intake, these workers 
felt that the increased cholesterol in the older group was related to age 
rather than to diet. 

Feeding experiments relating dietary factors to serum lipoprotein 
levels in 5 young-to-middle aged men were reported by Nichols and his 
group (1957). On isocaloric diets, the standard Sf 0-12 and Sf 12-20 
lipoproteins in the serum were greatly elevated when the diet was high 
in animal fat, as contrasted with a diet high in vegetable fat, or low in 
total fat with high carbohydrate. They also reported an apparent disso-
ciation between the effects of diet upon the Sf 0-20 lipoproteins and the 
Sf 20-400 lipoproteins. On certain diets both of these classes changed in 
the same direction; while on other diets they might change in opposite 
directions. Since both classes are cholesterol bearers, this dissociation 
could be obscured if the only measurement made was that of the serum 
cholesterol. 

Jolliffe (1957) published a review article regarding fats and choles-
terol in coronary heart disease. The article concluded as follows: The 
presence of certain marine and vegetable oils in the diet caused a fall 
in the ß-lipoproteins and total cholesterol levels in the blood. The less 
saturated the oils the greater the reduction in blood cholesterol. On the 
other hand, if the dietary intake of saturated fats is increased, the blood 
levels of cholesterol and lipoprotein also increase. This author went on 
to point out that statistical studies had shown significant differences in 
the occurrence rate of, and death rate from coronary heart disease be-
tween various countries and various population groups in the same coun-
try. He stated that although environmental factors had been suggested, 
the correlation had never been proven. He did feel, however, that there 
is a correlation between coronary disease and: (a) the per cent of total 
dietary calories derived from fats (Keys and White, 1956); (b) a change 
in dietary intake of hydrogenated and highly saturated fats, both of 
which lead to an increase in the cholesterol level of the blood. It ap-
peared that a deficient intake of unsaturated fatty acids leads to the 
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formation of a saturated fatty acid-cholesterol complex which is less 
soluble in the blood stream and therefore might be deposited more 
readily in the intima of high pressure arteries (Sinclair, 1956). 

Albanese and Higgons with their group had been making observa-
tions in this field for some time. One of their reports (Albanese et al., 
1958b) stated some of the results of their studies of factors influencing 
total blood cholesterol levels in the geriatric field. The subjects studied 
came from three groups: residents of the Miriam Osborn Memorial Home 
for elderly women; older patients at St. Luke's Convalescent Hospital; 
and volunteers from the lay staffs of both institutions. Periodic analyses 
of food intake were carried out, and indicated that on a self-selected diet 
the elderly ladies at the Osborn Home (70 to 99 years of age) showed 
an average daily caloric intake of 1560 ± 197; while the patient group at 
the Convalescent Hospital showed an average intake of 2000 ± 190 
calories. The distribution of these calories in both groups was approx-
imately: protein, 14%; carbohydrate, 44%; and fat, 42%. The elderly 
ladies showed an average daily intake of 72 ± 11 gm. of fat, most of 
which was derived from meat, dairy products, and hydrogenated oils 
(largely saturated fats). Repeated studies of the blood cholesterol levels 
in this group indicated that the average level was 248 ± 46 mg. % in 
the age group 70 to 79 years; 229 ± 32 mg. % in the age group 80 to 89 
years; and 228 ± 43 mg. % in the age group above 90 years. In other 
words, there was an apparent downward trend in the blood cholesterol 
levels starting in the sixth decade of life and continuing through the 
seventh, eighth, and ninth decades. The relationship of the blood choles-
terol level to gross body weight showed no significant variation for indi-
viduals whose weight ranged from 70% to 130% of the standard ex-
pected. 

Eight ambulatory elderly ladies (above 70 years) from the Osborn 
Home, whose average fat intake was 72 gm. per day and in whom the 
plasma cholesterol levels averaged 271 mg.%, were selected for the ad-
ministration of an oral fat emulsion which yielded 27 gm. of total fat per 
day, half of which were unsaturated fatty acids from soybean oil. It was 
found that about 40% of these subjects showed a decrease in blood 
cholesterol level, and 60% showed an increase, during the administration 
of the fat emulsion supplement. 

Parallel studies of 4 male staff members (30 to 60 years of age) at 
the Home, with an average pretest blood cholesterol level of 219 mg. %, 
showed a significant decrease while on the fat emulsion supplement in 
the blood cholesterol level, averaging —26 mg. %, suggesting that this 
cause and effect factor is more effective in the younger adult male group 
than in an older female group. 
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Sixteen ambulatory patients at St. Luke's Convalescent Hospital 
(average age 62 years) with acknowledged chronic cardiovascular dis-
ease, were given the same fat supplement for periods of 1 to 5 weeks. 
(No pretest blood cholesterol levels were available.) The results varied 
considerably between individuals. In attempting to relate the maximum 
change in the blood cholesterol level with the age of the individuals, we 
find that only 3 of the 9 patients showing an increased level were over 
70 years of age. This may be related to the observation described above 
that individuals in the seventh to ninth decades show a tendency to a 
lower blood cholesterol level. 

These investigators summarized their experience by stating that the 
results suggested: (a) In the oldster, a body weight above 100% of 
expected standard is not necessarily associated with blood cholesterol 
levels above 200 mg. %. (b) Increasing age is often accompanied by 
blood cholesterol levels above 200 mg. %. (c) Administration of a soy-
bean oil emulsion containing about 50% unsaturated fatty acids appeared 
to have an equalizing effect upon the blood cholesterol level; i.e., those 
individuals with a pretest level above 200 mg. % showed a significant 
decrease in the blood cholesterol during the fat emulsion feeding period, 
whereas for those individuals with a pretest level below 200 mg. % there 
was an increase in the blood cholesterol level during the fat supplement 
period. 

In the above investigations the total plasma cholesterol was deter-
mined by a modification of the method described by Zlatkis et al. (1953). 
The total plasma proteins, A/G ratios, and lipoproteins were determined 
by microtechniques previously reported by Albanese et al. (1955a). 

More recently, the same group of investigators (Albanese et al. 
1958c) reported further investigations of cholesterol metabolism and 
its relationship to protein and amino acid metabolism. They believe there 
is now ample experimental evidence that cholesterol metabolism, by 
means of various enzyme systems, may be affected by dietary fats, car-
bohydrates, or proteins. It appears that dietary fats with a high degree 
of saturation tend to produce higher blood cholesterol levels than do 
the unsaturated vegetable oils (Kinsell et al., 1952; Ahrens et al., 1957; 
Albanese et al., 1958b). It also appears that fat formed from carbo-
hydrates is low in polyunsaturated fatty acids (Nichols et al., 1957). 
Fructose appears to be less lipogenic than glucose (Albanese et al., 
1955d). The effect of dietary proteins upon the blood lipids is still under 
discussion. It is believed that proteins when ingested in large amounts 
may be used for the synthesis of saturated fats. This effect may be coun-
terbalanced by certain amino acids such as methionine and threonine, 
which exert a lipotropic effect (Okey and Lyman, 1956). 
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Albanese and his associates (1958c) further investigated the effects 
of an increased protein intake upon the blood cholesterol levels of 16 
men and women with an average age of 60 years and with an average 
weight about 80% of the expected standard (Metropolitan Life Insur-
ance Company, 1951). Analysis of their diet showed an average intake 
of 65 gm. of protein (0.5-0.7 gm. per pound) and 2000 calories per day. 
The pretest plasma cholesterol levels for the whole group averaged 220 
mg. %. A dietary supplement of Somagen4 45 gm. suspended in 500 ml. 
of water, divided into three portions, was fed between meals and at bed-
time. This supplement added about 30 gm. of milk protein and 180 
calories to the daily diet and increased the dietary protein calories from 
a pretest level of 13% to a test period level of 18% of the total daily 
caloric intake. The supplement was continued for an average period of 
19 days. Three individuals with a pretest average blood cholesterol level 
of 221 mg. % showed a decrease in blood cholesterol level averaging —14 
mg. %; one individual with a pretest cholesterol level of 189 mg. % 
showed no change; the remaining 12 subjects whose average pretest 
cholesterol level was 224 mg. % showed an increase in plasma cholesterol 
averaging + 2 8 mg. %. These data suggest a lipogenic effect from the 
high protein supplement, with some of the protein being converted to 
cholesterol. 

Since the effect of dietary protein upon the blood lipids is usually 
ascribed to the labile methyl group coming from the methionine content, 
and since choline and betaine have been shown by other investigators 
(Du Vigneaud, 1948; Blumberg et al.9 1956) to be an equally good 
source of methyl as a lipotropic agent, our group studied the effect of a 
methylating agent5 upon the blood cholesterol level. A group of 11 men 
and women who were patients in a high grade convalescent home (Burke 
Foundation) were selected for study. The group showed an average age 
of 65 years, average weight about 90% of expected standard, average 
daily intake of about 1960 calories with fat calories averaging 43% of 
the total, and protein calories averaging 16% of the total caloric intake. 
The pretest blood cholesterol levels for the whole group averaged about 
200 mg. %. Each patient was given 5 ml. of the methylating agent 3 
times a day with meals for an average period of 37 days. Five individuals 
with an average pretest cholesterol level of 197 mg. % showed a decrease 
in the blood cholesterol averaging —18 mg. %; the remaining 6 indi-
viduals with an average pretest cholesterol level of 212 mg. % showed 
an increase in blood cholesterol averaging -f-13 mg. % while taking the 

4 The Upjohn Company, Kalamazoo, Michigan. 
5 Smith, Kline and French Laboratories' No. X77J. Each 5 ml. contains: betaine 

700 mg., pyridoxine 2.0 mg., nicotinamide 7.0 mg., and vitamin B12 8.3 μg. 
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methylating agent. This and other evidence (Blumberg et al, 1956) sug-
gests, albeit inconclusively, that betaine may be an effective lipotropic 
agent for some individuals under these dietary conditions. 

VI. GENERAL DISCUSSION 

The literature is replete with references of a general nature regarding 
various opinions concerning the proper nutrition of oldsters. Many of 
these opinions are open to criticism due to the lack of factual data, to 
the small numbers of subjects studied, or the subsequent development 
of different results through the use of more accurate modalities of study. 

In the decade from 1940 to 1950, many observers (Tuohy, 1943; Spies 
and Collins, 1946; Pyke et al, 1947; Ohlson et al, 1948, 1950) stressed 
the importance of a balanced diet for the oldster, with a protein intake 
of about 1 gm. per kilogram per day (10 to 15% of the total calories), 
and a gradually decreasing essential intake of total calories with ad-
vancing age. Most workers felt that the intake of vitamins and minerals 
would be adequate if a proper diet were consumed. Reference was made 
regarding the effect of dietary habits upon the nutrition of the elderly. 
It was found that a group of oldsters who were in apparent "good" 
health were in the habit of consuming more milk, citrus fruits, whole 
grain cereals, vegetables, and eggs—as contrasted with a similar age 
group having "poor" health (Ohlson et al, 1948). 

Albanese (1950a) pointed out that the availability and intake of 
protein foods are of vital importance since the mammalian body is unable 
to manufacture the essential nutrient, protein, without the dietary intake 
of all the essential amino acids needed for the formation of tissue pro-
teins, enzymes, vitamins, and hormones. He also stressed the importance 
of the amino acid pattern of the dietary proteins, which determines their 
biological usefulness for man. Ten of the 23 amino acids occurring in 
proteins cannot be produced in the body and must be present in the diet 
in sufficient quantities and at the proper times to enable the human to 
synthesize his own tissue proteins. It is believed that the presence of the 
remaining 13 amino acids is also important, as they appear to have a 
sparing effect upon the quantities of essential amino acids necessary for 
tissue synthesis. 

Albanese (1950b) stressed the point that pertinent data with the 
desired degree of accuracy were still lacking with regard to amino acid 
needs of the human adult, as illustrated by the divergences illustrated 
in Table VII. An increasing knowledge regarding the proper amino acid 
pattern should make it possible to recommend valuable supplementation 
of incomplete protein foodstuffs. Wheat proteins, for example, are known 
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to be poor in lysine, but this deficiency could be corrected by the addi-
tion of milk which contains lysine. 

As long ago as the beginning of the century, it was demonstrated by 
such investigators as Landergren (1903), Cathcart (1907), and Folin 
(1905) that an adequate supply of carbohydrate in the diet exerted a 
protein-sparing effect upon the metabolism of man. A similar protein-
sparing action by the dietary fats was noted by Lusk (1928). Schwimmer 
et al. (1945-1946) demonstrated that a reduction in total caloric intake 
tended to impair nitrogen retention. Braunstein (1947) reported inter-
relationships between any one individual's nutritional status and the pro-

TABLE VII 
COMPARISON OF SUGGESTED DAILY AMINO ACID NEEDS OF M A N 

Amino acid 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 

Rose« 
(gm./70 kg. man) 

0.70 
1.10 
0.80 
1.10 
1.10 
0.50 
0.25 
0.80 

Harte and Travers6 

(gm ./70 kg. 
1.20 
1.70 
0.80 
0.50 
1.40 
1.00 
0.40 
1.10 

man) 
Harte vs. Rose 
(% difference) 

+ 70 
+ 55 

0 
— 55 
+ 27 
+100 
+ 60 
-f 38 

<* See Rose (1949) . 
ö See Harte and Travers (1947) . 

tein metabolism and activity of regulatory agents such as hormones, en-
zymes, and vitamins. Albanese felt that increasing discoveries of pre-
viously unknown essential or supportive nutrients made it advisable to 
carry out feeding experiments designed to determine the requirement of 
any single nutrient, against a background of an otherwise natural bal-
anced diet. This would allow for the normal protein-sparing effects, essen-
tial amino acid-sparing, the proper distribution of the specific dynamic 
action, and the biocatalyst amino acid interrelationships, as mentioned 
above. 

Considerable interest in the metabolism of fats and cholesterol, as 
well as their relationship to pathology of the vascular system, has been 
shown by various investigators. Albanese (1953) referred to studies car-
ried out by Bloch (1945) which indicated that the human body could 
synthesize cholesterol from amino acids derived from the dietary pro-
teins. Keys and his co-workers (1950) expressed doubt as to whether a 
significantly high blood cholesterol level could be induced in man by 
diet alone. Moon and Rinehart (1952) offered evidence indicating that 
protein, rather than fat, might cause arterial disease by degenerative 
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pathology starting with a change in the normal protein pattern of the 
blood vessel wall. Hegsted and his associates (1952) reported that the 
rate of cholesterol synthesis by the body increases as the dietary lipid 
intake decreases. Albanese (1953) felt that from the data available it 
would appear unnecessary to radically restrict the dietary fat intake in 
the aged. In subjects over 65 years of age, special diets being used for 
any reason should be constructed in such a manner that the biochemical 
balance of the essential nutrients is not radically disturbed. 

The quality of the dietary protein was discussed by Albanese (1954). 
He pointed out that the biological value of a dietary protein is based 
upon the percentage of the nitrogen intake retained by the body. In 
animals, this may be estimated by means of: (a) bio-assay methods in 
young animals, (b ) test diets after a control period in adult animals, and 
(c) repletion experiments in adult animals, following a period on pro-
tein-free diet, with changes in body weight as the yardstick. Results 
indicate that a protein of low biological value (deficient in one or more 
amino acids) will cause a weight loss more rapid than that induced by a 
protein-free diet. By adding a whole protein with a known adequate 
amino acid balance, or by adding the deficient amino acid itself, the 
weight curve is reversed. 

In addition to the above techniques, dietary experiments in man with 
regard to the nitrogen balance, total plasma proteins, blood hemoglobin, 
and amino acid levels in the blood and urine, are being used in an effort 
to evaluate the protein content of the diet. Unfortunately, in man the 
results of these tests often do not correlate accurately with the nutri-
tional status of the individual. It is also true that the biological value of 
a given nutrient varies with the particular amino acid needs at a par-
ticular time for the synthesis of a particular tissue. 

In man, the method of assigning a biological value to a dietary pro-
tein by measuring its amino acid pattern is now being used. The amino 
acid pattern of the test food which most closely approximates the pattern 
of the human tissues being synthesized is assigned the highest nutritional 
value. Unfortunately, errors in technique of amino acid analysis still 
handicap this method. 

Shea and her associates (1954) reviewed the protein requirements of 
the aged and found that a large percentage of elderly women on self-
selected diets were in negative nitrogen balance, in spite of a dietary 
intake of protein which appeared adequate according to existing stand-
ards. They felt this was due to a gradually decreasing intake of proteins 
of animal origin by the oldster, with substitution of more cereal proteins 
of lower biological value; they suggested the addition of essential amino 
acids to the cheaper cereal proteins to obtain a better amino acid pattern. 
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The role of nutrition in the rehabilitation of the oldster, following 
illness, was discussed by Zintel (1955), Ferderber (1955), and Chinn 
(1956). They felt that the indications for nutritional therapy were the 
same for the oldster as for the young adult, and advised a well-balanced, 
relatively high protein diet as a means of reversing certain pathology of 
old age. 

Martin (1956) discussed the place of nutrition in preventive geri-
atrics. He felt that degenerative disease could probably be controlled to 
some extent through preventive measures based upon sound principles 
of nutrition. There are, however, certain impediments to achieving this 
end: (a) Two-thirds of the top soil in this country is deficient in minerals 
and organic matter, thereby producing foods of low biological quality. 
(b ) The refinement and processing of foods tend to reduce their essential 
vitamin and mineral content, (c) Certain foods may at times contain 
small amounts of potentially toxic chemicals (insecticides), (d) Dyes 
used in food processing might be carcinogenic, (e) The administration 
of antibiotics, hormones, etc. to the animals to be used for human con-
sumption; and the fluoridation of city water supplies—might eventually 
be detrimental to man. 

Stare (1956) also felt that sound nutrition for the oldster is more or 
less identical with that for the young adult, with the following differ-
ences: (a) Fewer calories are required, but the caloric intake should 
still be based upon the individual's activity. (b ) There should be a larger 
proportion of protein calories in the diet, at the expense of the fat calo-
ries. He suggested that future research might indicate the wisdom of a 
readjustment of the lipid intake so that a greater portion of the dietary 
fat calories are derived from the unsaturated fats. This change might 
offer more protection of the vascular system during advancing age than 
has been achieved by reduction of the total fat intake. 

VII. SUMMARY 
It is very difficult to summarize briefly this review-type chapter. The 

text represents rather sharply condensed reports from many investigators. 
The ever-increasing percentage of individuals past 60 years of age, and 
the forecast of an acceleration of this rate of increase in the coming 
years, serve to stimulate the interest of the nutritionist and the clinician 
for further studies in the basic nutritional needs of the oldster. 

As long as 20 years ago, chemical analyses of human tissues were re-
ported as showing changes in the electrolytes in the old versus the young 
age groups. Later work indicated that the oldster showed a fall in the 
specific gravity of the tissues, replacement of some active tissues by 
fatty tissues with a decrease in the water content. This tends to have an 
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adverse effect upon the accuracy of the standard height-weight tables 
for the old age groups. Many workers reported the observation that the 
BMR decreases with advancing age, but some felt that this decrease is 
more apparent than real, and tends to disappear when the oxygen con-
sumption is calculated in terms of lean body mass or unit of body water. 

Slight functional impairment of the liver, kidneys, and gastrointestinal 
tract was noted with increasing age but the majority of investigators felt 
that the normally healthy oldster shows little if any decrease in his ability 
to digest, absorb, and utilize dietary nutrients. 

Animal studies designed to correlate the diet and nutritional state 
with longevity, indicated that the animals maintained on a balanced low 
calorie intake lived longer but enjoyed life much less than their litter 
mates who were maintained on unrestricted diets. Various testing mo-
dalities have been used in an effort to determine the optimal intake of 
protein (as well as other nutrients) in the old age group. The changing 
opinion through the years is reflected in the published recommended 
daily allowances of the Food and Nutrition Board, National Research 
Council (1945, 1948, 1953, 1958). The 1945 publication called for about 
1 gm. of protein and 36 calories per kilogram per day for sedentary men, 
with no allowance for increasing age. In contrast, the 1958 revision 
recommends allowances for adults in the 25-year, 45-year, and 65-year 
age groups. It calls for about 1 gm. of protein per kilogram of body 
weight per day for adult men and women in all 3 age groups. The 
recommended caloric intake for men, however, falls from 45 calories per 
kilogram per day for the 25-year-old, to 36 calories per kilogram for the 
65-year-old; and for women, it falls from 40 calories per kilogram in the 
25-year-old to 31 calories per kilogram per day for the 65-year-old. 

The relationship between protein intake and nitrogen balance has 
been widely investigated by many observers. Opinions regarding the 
fallibility of this modality vary considerably. Most nutritionists believe 
that the dietary intake of nutrients needed to maintain nitrogen equilib-
rium changes from time to time under the influence of such factors as 
mobility, physical or emotional stress, nutritional status, and the bio-
logical value of the proteins being ingested. 

It appears that the total plasma proteins tend to decrease with age, 
and the A/G ratio falls slightly, usually at the expense of the albumin 
fraction. Increasing the dietary protein intake by the use of protein 
supplements does not as a rule have any profound effect upon the cir-
culating blood proteins. Feeding experiments, however, indicate that 
caloric balance of the diet is of great importance to the proper utilization 
of nutrients. In an optimal diet for rehabilitation and repair of the under-
nourished oldster's tissues, a caloric distribution of: protein, 15%; car-
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bohydrate, 50%; and fat, 35% is advised. If there is no deficit to be 
made up, the protein calories may be safely reduced to the range of 10 
to 12% in the elderly. 

The carbohydrate intake and metabolism are also of great importance 
to protein nutrition. The carbohydrates furnish a quick source of energy, 
and when they accompany the protein through the metabolic mill, exert 
a protein-sparing action by preventing the diversion of proteins from the 
tissue anabolism into energy pathways. It was estimated that the addi-
tion of 400 carbohydrate calories to an isocaloric diet has a protein-
sparing effect equivalent to an extra 5 to 10 gm. of dietary protein. The 
ability of the oldster to handle carbohydrate has been questioned because 
of the tendency for the glucose tolerance test curve to be of the pro-
longed type, although the fasting blood sugar level is normal. There is 
considerable evidence, however, that there is no correlation between this 
type of curve in the elderly and the ability to utilize carbohydrate meta-
bolically. It has been found that fructose is utilized faster than glucose 
and results in the rapid formation of carbon structures which become 
available for combination with the labile amino groups for conversion 
into amino acids. 

More recently, a great deal of interest has been evidenced regarding 
the amino acid needs of the oldster. The technical difficulties of meas-
uring amino acids have hampered this work. The development of newer 
biochemical methods which will enable us to measure the amino acids in 
the dietary proteins, the blood, and the urine, gives promise of an in-
crease of knowledge in this field. It is agreed by most nutritionists that 
the amino acid pattern of the dietary proteins determines the degree of 
protein utilization for the synthesis of tissues. It seems rational that a 
dietary protein with an amino acid pattern resembling that of the par-
ticular tissue proteins being synthesized would enjoy a greater degree of 
utilization by the mammalian body. With this in mind, it would follow 
that dietary proteins of animal origin would be biologically more useful 
than the grain proteins which show a deficiency of certain amino acids 
essential to man. The addition of a specific deficient amino acid to the 
less expensive and more available grain proteins may prove valuable. It 
has been shown in animals that the lack of one essential amino acid pro-
duces a more rapid and more profound interference with the nutritional 
status than does a low protein diet; and the addition of this deficient 
amino acid to the diet reverses the catabolic process. 

For some time it has been known that the androgenic steroids exert 
an anabolic effect upon protein metabolism by promoting the synthesis 
of protein tissues from the nitrogen-containing foods. The usefulness of 
these compounds has been handicapped by the androgenic side effects. 
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The development of new synthetic analog of this steroid group gives 
promise of being able to effect the desired anabolic activity, with a min-
imum of androgenic side effects. 

A great deal of work has been done in the field of blood lipids. Var-
ious investigators report different degrees of correlation between blood 
cholesterol levels, sex, age, weight, and dietary fat intake. It appears 
that abnormal elevation of the blood cholesterol levels in oldsters does 
not necessarily occur with overweight, and that although increasing age 
may be accompanied by an elevated blood cholesterol level, this is not 
always the case. Recent investigations indicate that the amount of dietary 
fat consumed is of less importance than the ratio between saturated and 
unsaturated fats. The latter appear to show an effect resulting in a lower 
blood cholesterol level in the old age group. Experimental evidence in-
dicates that cholesterol metabolism may be affected, through enzyme 
systems, by the dietary carbohydrates, proteins, in addition to the fats. 
It appears that fat formed from carbohydrates is low in polyunsaturated 
fatty acids. It is believed that fructose is less lipogenic than glucose. 
Although the effect of dietary proteins upon blood lipids is still incom-
pletely understood, it is believed that high dietary protein intake may be 
partially used for the synthesis of saturated fats. Since certain amino 
acids, such as methionine, seem to exert a lipotropic effect through their 
labile methyl group, recent studies concerning the effect of a methylating 
agent upon blood cholesterol levels, have been carried out with equivocal 
results to date. 
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