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INTERACTION OF ENERGY AND PRCTEIN INTAKES IN RELATION TO
DIETARY REQUIREMENTS

Benjamin Torun, MD, PhD, and Vernon R. Young, PhD

Institute of Nutrition of Central America and Pa-
nama (INCAP), Apartado Postal 1188, Guatemala; and

Massachusetts Institute of Technology (MIT), Cam-
bridge, MA 02139, U.S.A.

The intake of dietary energy influences the needs for
protein and viceversa. This reciprocal relationship is com-
plicated by the changes induced by one nutrient on the me-
tabolism of the other and also by the different criteria
that must be used to recommend dietary intakes of either nu-
trient. For example, protein recommendations are intended
to satisfy the needs of almost all individuals in a popula-
tion group. Therefore, they include a margin of safety
above the mean requirement for that population. In contrast
to this, energy recommendations are intended to meet the
average needs of the population group, as dietary energy in-
take in excess of individual physiological needs leads to
obesity.

The physiological and practical implications of the
interaction between energy intake and protein metabolism
and between protein intake and energy metabolism must then
be considered when the dietary requirements for either nu-
trient is assessed.

ENERGY INTAKE AND NITROGEN BALANCE

This aspect of protein-energy interaction is important
since most of the investigations that led to the present es-
timates of protein requirements are based on nitrogen bal-
ance studies. It has long been recognized that the metab-
olism of protein is influenced by the level of energy intake
(Forbes et al., 1939; Munro, 1951). The most notorious ef-
fect of this dependence has been on the changes in urinary
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nitrogen excretion and its influence on the sign and magni-
tude of the nitrogen balance. If the diet supplies enough
energy to meet physiological needs, protein intake deter-

mines N balance. Conversely, if the diet provides enough
nitrogen and essential amino acids, energy intake can deter-

mine N balance. It is generally accepted that there is a
limit to these reciprocal influences, such that if the diet
does not provide adequate amounts of protein nor of energy,
additional intakes of either nutrient allows no further
improvement of N balance beyond a given value (Calloway and
Spector, 1954; Inoume et al., 1973).

It has been proposed that the decrease in nitrogen bal-
ance which accompanies a reduction in energy intake can be
explained on the basis that satisfaction of energy demands
has pre-eminence over that of protein. Consequently, part
of the dietary proteins -and also possibly part of the body
proteins- are used as energy substrates with a resultant in-
crease in the urinary excretion of nitrogen derived from
the amine moiety of the amino acids. A similar argument may
be used for the effect of a high energy intake on nitrogen
balance: although fats and carbohydrates are the body's .
preferred energy fuels, protein breakdown is also a source
of energy. A surplus of dietary energy in the presence of
adequate or excess protein intakes might spare some of the
protein normally used for energy production. This could
improve nitrogen retention, within certain limits. What-
ever the mechanism for these phenomena, it has been shown
that a high energy intake will reduce urinary nitrogen los-
ses of men fed protein near or below the requirement level
(Calloway, 1975; Garza et al., 1976; Kishi et al., 1978;
Iyengar and Narasinga Rao, 1979).

This has important practical implications, since the
protein requirement is conventionally defined as the amount
needed when the requirements for energy and other nutrients
are fully met. Therefore, to be on the safe side, many in-
vestigations about protein requirements based on nitrogen
balance studies have provided liberal energy intakes which
permitted some weight gain in adults and greater-than- normal
weight gains in children.

If results obtained under such conditions are applied
to people whose habitual energy intakes are rather low,
protein requirements may be underestimated. One may spec-
ulate, however, that such underestimation might be compen-
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sated by adaptive mechanisms thnat allow a more efficient
utilization of dietary ensrgy and/or protein when the in-~
takes of those nutrients are marginal.

The changes in nitrogen balance related to dietary
energy led to the belief that N balance might be a more
sensitive and immediate indicator of the adequacy of enerqgy
intake than changes in body weight (FAQ/WHO, 1978). This
possibility was based on studies such as that illustrated
in Figure 1, showing that when protein was fed at a fixed
level and dietary energy was modified, there was a positive
correlation between energy intake and nitrogen balance. Oth-
er studies, however, have not shown a correlation. For ex-
ample, in an investigation carried out at INCAP (Torin and
Viteri, 1981), preschool children ate protein in amounts
slightly higher than the "safe level" recommended by FAO/WHD
(1973) and their energy intake was reduced at 40-day inter-
vals. Figure 2 shows that nitrogen retention measured on
days 17-20 and 37-40 of each energy level did not change,
although the reduction in energy intake was accompanied by a
decrease in energy expenditure and, at a latter stage, by an
arrest in weight gain. It may be that the 40-day duration
of the dietary periods and the decrease in energy expenditure
albeit without noticeable changes in physical activity, al-
lowed for better adaptation to the lower energy intakes and
prevented the nitrogen loss. In contrast, most of the stu-
dies that have shown a relationship between changes in ener-
gy and N balance involved shorter dietary periods (7-14
days) and energy expenditure apparently did not change. These
discrepancies could also be related to the level of protein
intake: most of the studies where higher energy intakes in-
creased N retention were done with marginal protein intakesr
whereas the children studied by Toriéin and Viteri ate gener-
ous amounts of protein, as shown by N retentions greater
than those required for growth (FAO/WHO, 1973). It seems
that N balance is more sensitive to changes in dietary ener-
gy when protein intake is relatively low or that the nitro-
gen-sparing effect of energy is overshadowed when protein
intake surpasses certain limit. This is supported by studies
of Iyengar and Narasinga Rao (1979), who showed that an in-
crease in dietary energy improved the N retention of men
when they were fed 1.0 but not when fed 1.2 g protein/kg/day,
using a mixed diet of predominantly vegetable origin.

All these observations support the conclusion that sa-

tisfactory nitrogen balance is a necessary criterion, but
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FIGURE 1l: Increase in

nitrogen retention as
dietary energy was in-:
creased in 3 young adult
men fed 0.57 g egg pro-
tein/kg/day (Garza et ;
al., 1976).
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FIGURE 2: Energy expenditure, N balance and weight gain
(mean + standard error) of children fed 1.73 g/kg/day of
corn and bean proteins (58:42) with changes in energy in-
take at 40-day interval: (From Torin & Viteri, 1981).
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not a sufficient one, of the adeguacy of dietary energy sup-
ply (FAO, 1980).

ENERGY INTAKE AND RATES OF PROTEIN AND AMINO ACID METABOLISM

Glycine enriched with N-15 was used to measure whole
body protein metabolism in children who were fed different
amounts of food while recovering from protein-energy mal-
nutrition (Golden et al., 1977). A positive correlation was
found between food intake and body protein turnover and syn-
thesis. The investigators expressed the changes in food in-
take in terms of varying dietary energy intakes, based on
the fact that other experiments (Picou and Taylor-Roberts,
1969) did not show an effect of dietary protein alteration
on the rate of body protein turnover. However, it is not
absolutely certain whether the effects reported by Golden
and co-workers were due only to the changes in energy intake
or to changes in both energy and protein intakes. Recent
studies with a small number of children during and after re-
covery from severe malnutrition were carried out by Jackson
(UNU/IUNS/FAO workshop on protein and energy requirements
in developing countries, Berkeley, 198l), who used the same
methods as Golden et al. The results suggest that when en-
ergy intake was decreased and protein intake was held con-
stant there were increments in the rates of protein turnover
affecting both synthesis and breakdown. Further investi-
gations are required to clarify this aspect of protein-
energy interactions.

Young and co-workers (Motil et al., 1981; Young and
Bier, 1981) have further explored the effects of energy in-
take on protein metabolism through studies on whole body
amino acid kinetics, using a constant isotope .infusion meth-
od of whole body amino acid metabolism and the model de-
velopedby Picou and Taylor-Roberts (1969). Dynamic aspects
of whole body leucine metabolism were explored.in 12 young
men fed 0.6 g egg protein/kg/day and either a maintenance
level of energy or an excess of 25% above maintenance needs.
In the fed state the rate of leucine oxidation tended to be
lower with the generous energy intake. Nitrogen balance and
net leucine retention (ie, leucine incorporation into pro-
teins minus leucine liberated by protein breakdown) were
higher when dietary energy exceeded maintenance needs. These
findings emphasize the oxidation of essential amino acids
and the changes in whole body protein turnover when dietary
energy is varied within the surfeit range of intake, at
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least with maintenance levels of dietary protein intake.

PROTEIN INTAKE AND ENERGY METABOLISM

The influence of protein intake on energy metabolism
has long been recognized in animal husbandry and it is
known that animals fed isoenergetic amounts of different
diets do not necessarlly gain equal weight. Studies with
experimental animals have also shown that the efficiency
of energy utilization is related to the overall nutrient
composition of the diet (Kleiber, 1945). Miller and Payne
(1962) showed that baby pigs fed a diet with only 2% of
protein-calories ate 5 times as much food as their counter-
parts fed 24% protein-calories, in order to maintain weight.

A limited number of studies in humans have looked into
the effects of protein intake on energy metabolism, and the
latter has been considered mainly in terms of changes in
body weight. The claims for beneficial effects of dietary
proteins on athletic performance as an indicator of energy
metabolism are mostly anecdotal and usually do not take into
account psychological influences and other factors that
might affect performance.

Miller and Mumford (1967) conducted a series of exgeri-
ments on 10 women and 6 men, 20 to 40 years old, who for
periods of 4 to 8 weeks were fed diets providing about 1,400
kcal above their normal daily intake and which contained
either about 3% or 15% of protein-calories. The meanwsight
gain of the low-protein group was 1.1 kg, compared with 3.7
kg for the high-protein group. The use of pedometers indi-
cated that physical activity in both groups was low and
unchanged, food digestibility was normal and there were no
changes 1in body composition assessed by measurements of
total body potassium, urinary creatinine excretion, body
water and subcutaneous skinfold thicknesses. Based on their
energy intakes and expenditures, the experimental subjects
were expected to gain about 5 kg of body weight. The cis-—
crepancy between this figure and the actual gains was ex-
plained by the investicators as due to increased heat pro-
duction (Miller et al., 1967) but the different thermocenic
effects of the low- and high-protein intakes were not ana -
lyzed.

The effects of protein intake on weight gain were con-
firmed in a study desicned to assess the effects of iscre-
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tric exercises on protein requirements of yvoung men (Tordn
et al., 1977). Two levels of dietary protein were feod (0.5
and 1 g egg gprotein/kg/day) under isocenergetic conditions.
Energy intake was fed based on zach man's dietary history.
Physical activity was determined to be constant through
daily exercise programs, the use of pedometers and daily
interviews about activity patterns. Four men underwent a
cross-over study: two were fed the low-rrotein diet for 5-
7 weeks and then regceived the high-protein diet for 4 weeks,
and two other men underwent the opposite procedure. Figure
3 shows that weight gains were larger with the high-protein
diet. The men also showed changes in total body potassium
which paralleled the changes in the rates of weight gain.
These findings indicate that the level of dietary protein
influenced the efficiency of dietary energy utilization.

Weight, kg Increase in protein inteke Deccrease In proteln Intake
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FIGURE 3: Changes in rates of weight gain of men wh> ate
iscenergetic diets with either 0.5 or 1 g egg protein/kg/
day. P+ indicates doubling and P- halving the dietary
protein; ex indicates the becinning of an isoncetric exer-
cise program (From Torin et al., 1977).

There is evidence that dietary protein can also influ-
ence the rate of weight gain of infants and young children.
MacLean and Graham (1979) evaluated the effects of protein
quantity and quality in a retrospective analysis of their
studies with children recovering from protein-energy mal-
nutrition. They compared the rates of weight gain of 6
children aged 5 to 17 months who were fed in a randomized
way with four isoenergetic diets which provided 125 or 150
kcal/kg/day and from 4 to 8% of milk protein-calories. Each
diet was fed to the children for 14 days. Weight gain was
significantly lower with the diet that had the lowest pro-
tein density. When the protein-calories increased from 5.3
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to 6.4%, four of the six children gained weight at a furtler
higher rate. No more changes were observed in the rates of
weight gain with additional increments in protein density.

MacLean and Graham (1979) also analyzed the data of
another study to evaluate the effect of dietary protein
quality on the rates of weight gain of 5 infants aged 3 to
8 months. The infants were fed a casein diet for 9 days
and after that they ate isoenergetic-isonitrogenous diets
in which wheat provided all dietary protein, either by it-
self or enriched with 0.12, 0.2 or 0.4% lysine. The dietary
periods for wheat lasted 15 to 36 days each and they were
given to the children in a random fashion. The mean rate
of weight gain was lowest with non-enriched wheat, it im-
proved with the addition of lysine and there were no dif-
ferences between casein and wheat with 0.4% lysine.

In sum, the amount of biocavailable protein provided by
the diet influences the utilization of dietary energy, at
least in terms of weight gain. This is similar to the ef-
fects known in animal husbandry about the role played by
dietary protein in the efficiency of food -or rather, of
dietary energy- utilization. Further research is needed
to establish whether protein intake affects other aspects
of energy metabolism.

SUMMARY AND CONCLUSIONS

In this brief review we have discussed the influence of
energy and protein intakes on protein and energy metabolism,
respectively. Examples were drawn from scientific publica-
tions to illustrate the intimate relationship of these two
major nutrients. The discrepancy in the results of studies
on energy intake and nitrogen balance were pointed out and
explanations for the apparent contradictions were offered.
Comments were made on the sparsity of experimental evidence
in humans about the effects of energy intake on aspects of
protein metabolism, other than nitrogen balance, and about
the influence of protein intake on energy metabolism. Stu-
dies on the latter, although scanty, deal mainly with changes
in body weight. Since the reciprocal interactions may af-
fect the dietary requirement for one of the two nutrients
depending on the intake of the other and since there is stll
much to be learned about the efficiency of their utilization
and other metabolic aspects, the importance and needs for
further investigations has been emphasized.
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