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Metabolic Aspects of Calorie Restriction:

Nitrogen and Mineral Balances

and Vitamin Excretion1

C. FRANK CONSOLAZIO,2 LEROY 0. MATOUSH,3 HERMAN L. JOHNSON,4 HARRY J.
KRZYWICKI,5 GERHARD J. ISAAC6 AND NORMAN F. Wrr’r7

HIS IS A CONTINUATION of a series of

studies on the effects of minimal nu-

trient intakes for short periods. In time

original study on normal men fasting for

10 days with water permitted ad libitum

(1), large water, nitrogen, and mineral

excretions were observed that were indica-

tive of excessive body i#{176}��’ catabolism

a 11(1 hypohydra tion. During starvation,

body fat and protein are utilized to pro-

duce energy for tile body; however, ex-

cessive nitrogen catabolism results in (le-

creaseti physical efficiency and the ability

to perform maximal work adequately.

Losses of body water anti electrolytes have

been shown to decrease mental efficiency,

morale, ambition, anti initiative. Tile

marketi ketosis observed in this study (1)

is attributable to a carbohy(lrate rather

than a calorie tleficiency. Some studies in

the literature suggested that the untlesir-

able effects of semistarvation could be re-

duced or prevented with a low calorie

antiketogenic diet (2-4). Gamble (2) dem-

onstrated a sparing effect of glucose upon

nitrogen, water, and sodium excretion. He

observed that ingestion of 100 g of car-
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boimytlrate reduced body protein losses to

50% of those resulting from starvation

(from 80 to 40 g of protein/tlay), with a

subsequent reduction in body water at-

tributable to the sparing action of pro-

tein. Bloom (5) has reviewed most of this

earlier work and concludes that carbo-

hydrate metabolism is intricately involved

in the regulation of salt and water metab-

olism. The present study on minimal nis-

trient requirements for individuals main-

taining fairly !ligh energy expentlitures

was designed to minimize protein catabo-

lism, decrease electrolyte excretion, elimi-

nate ketosis, maintain water balance with

a small quantity of carbohydrate, and ob-

serve time effects of minerals upon these

metabolic factors.

METHODS

Eight young, healthy men between tile ages

of 19 and 21 were randomly assigned to two

groups of four, group I receiving 420 g of

carbohydrate alone and group II receiving the

same daily intake of carbohydrate with mineral

Supplementation. Although the daily allowances

of vitamins were included in the liquid ratioti

during the control and rehabilitation periods,

none were given to either group during calorie

restriction. In this manner, additional iii forma-

tion was gathered on time depletion of body vita-

min stores during calorie restriction.

Physical activity was maintained at a con-

stant rate for all men during all three phases

of tile study. Various activities (calisthenics.

isometric-isotonic exercises, and maximal tread-

mill performances) induced profuse sweating.

Complete details of the experimental design,
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Fic. 2. Calorie restriction (420 kcal) and mineral

balance.
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FIG. 1. Calorie restriction (420 kcal) and daily

mineral excretion in urine.

subjects, diets, and statistical methods were

presented in a previous paper (6).

Mineral concentrations (sodium, potassium,

calcium, magnesium, and phosphorus) in blood

and urine and in feces, after wet digestion, were

determined by the Perkin-Elmer atomic absorp-

tion spectrophotometer, based upon established
procedures for atomic absorption spectropho-

tometry (7). Nitrogen and nitrogen products

(urea, creatinine, protein-bound iodine, and

uric acid) were assayed by utilization of the

Technicon .�utoAnaiyzer in accordance with

established procedures (8). Thiamine and ribo-
flavin were measured by the International Com-

mittee on Nutrition for National Defense
procedures (9), and niacin and pyridoxine by

the official Association of Official Agricultural

Chemists niethods (10).

Nitrogen and mineral balances, excluding
approximations for the sweat losses, were com-
puted for each group during the control, calorie
restriction, and rehabilitation phases.

Sweat losses were not utilized in calculating
balances since data are not available in the

literature on sweat losses during calorie restric-

tion with heavy physical activity.

RESULTS

Daily urinary electrolyte excretions were

greatly decreased during the first 3 days of

calorie restriction, reflecting the rapid

adaptation to zero intakes of minerals

(Fig. 1). Group II continued to excrete

electrolytes at the same level as during

control with the exception of calcium,

which decreased. Calcium intake for

group 11 averaged 800 mg/day during

restriction, which was 42% of the intake

during control.

Mineral balances (Na, K, Ca, and Mg),

excluding allowances for sweat losses, were

all negative for group I tiuring restriction

(Table i anti Fig. 2). Losses of sodium and

potassium were the greatest during the first

2 days of restriction and continued to de-

crease during this phase while daily cal-

cium and magnesium losses increased as

restriction progressed. With mineral sup-

plementation (group II), the mineral bal-

ances were maintained with the exception

of potassium, which was lost at the rate

of about 0.7 g/day. The group I balances

were positive during the first 4 days of

rehabilitation and then negative except

for sodium, during days 5-6 of rehabilita-

tion. Group II lost an average of 0.94 g of

potassium and 67 mg of magnesium/day
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TABLE I

Mineral balancesa

Phase

Sodium, g/day Potassium, g/day Calcium, mg/day Magnesium, mg/day

Group I Group II Group I Group II Group I Group II Group I Group

Control
Days 1-4 +0.62 +0.85 -0.40 -0.24 +120 +249 -30 -15

5-8 +0.33 +0.91 -0.16 -0.08 +90 +30 +16 +10

Change per period +3.80 +7.04 -2.24 -1.28 +840 +1,116 -56 -20

Restriction

Days 1-2 -1.38 +0.70 -2.51 -0.83 -272 +266 -64 +77
3-4 -0.68 +0.60 -1.21 -0.48 -269 +282 -78 +53
5-6 -0.60 +0.85 -1.39 -1.15 -423 +314 -128 +14
7-8 -0.45 +0.39 -1 .32 -0.43 -555 +365 -156 +25
9-JO -0.33 +0.39 -1.07 -0.58 -559 +363 -160 +25

Mean per day -0.69 +0.59 -1.51 -0.69 -416 +318 -119 +39

Changeperperiod -6.88 +5.86 -15.10 -6.90 -4,160 +3,180 -1,190 -390

Rehabilitation

Days 1-2 +4.14 +0.25 +2.25 -0.29 +1,025 +752 +112 -21

3-4 +0.78 +0.50 -F-0.60 -0.24 +917 +730 +108 +1

5-6 -0.68 -0.69 -0.66 -1.05 -303 -763 -55 -125

7-8 +0.82 +0.21 -2.46 -2.20 -273 -817 -96 -122

Mean per day +1 .26 +0.07 -0.07 -0.95 +342 +24 +17 -67

Change per period +10.08 +0.56 -0.56 -7.52 +2,736 +192 +136 -536

Total change +7.00 +13.46 -17.90 -15.70 -584 +4,488 1,llO -166

These balances do not include the sweat losses.

during the 8 days of rehabilitation, while

sodium and calcium balances remained

positive. Sodium excretion averaged 0.07

g/day while calcium averaged 741 mg/day

during the first 4 days and then became

negative during the final 4 days of rehabil-

itation on the control diet.

Mineral concentrations in serum during

the various phases of the study are sum-

marized in Table ii. Sodium levels de-

creased in both groups during restriction

and rehabilitation. These decreases were sig-

nificant from day 1 of restriction through

rehabilitation for group I but only during

rehabilitation for group II. Serum po-

tassium levels decreased significantly in

group I only during restriction. Calcium
levels decreased in both groups during re-

striction and the changes became signifi-

cant during the rehabilitation phase. Mag-

nesium and protein-bound iodine values

were practically unchanged in both groups

throughout the study.

Urinary nitrogen excretion was not af-

fected by supplementation with minerals

(Fig. 3). Total nitrogen, urea N0, and uric

acid excretion decreased for both groups

during the first 3 days and remained low

during restriction while creatinine excre-

tion decreased during the first 2 days but

returned to near normal excretion for the

remainder of the restriction phase. Urea

nitrogen excretion for the combined

groups averaged 10.4 g/day during control

and averaged 4.8 g at the end of restriction.

As anticipated, these excretion rates re-

turned to normal during rehabilitation.

Nitrogen balances, excluding allowances

for sweat losses, were calculated for all

subjects and the data are presented in
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Sodium mEq/liter

Group I Group II

Potassium, mEq/liter

Group IPhase

Control
Restrict ion

Day 1

6

10
Rehabilitation

Day I

8

Group II

Calcium, mEq/liter

Group I

Mean

141 .6

135.4

138.2

134.8

Mean

143.3

137.0#{176}

136.6

127.2#{176}

133.22

127.6#{176}

Group II

SD

1 .6

10.6

3.9

14.8

SD

5.1

3.1

3-5

6.5

10.0

5.0

Mean

4.92

4.28

4.60

3.90#{176}

SD

0.32

0.17

0.29

0.32

Mean

4.75

4.15

4.90

5.05

SD

0.35

0.13

0.16

0.64

Mean

5.65

5.20

5.92

4.92

SD

0.41

0.29

0.30

0.45

Mean

6.05

5.85

5.75

5.38

128.8#{176}2.1

130.0#{176}1.1

SD

0.61

0.44

0.30

0.38

5.08 0.69

5.18 0.57

Magnesiun, mEq/liter

5.02 0.74

4.68 0.22

PBI, pg/100 ml

4.22#{176} 0.84 4.12#{176} 0.51

4.23#{176}0.15 3.72#{176}0.61

Group I

Mean SD

Group II

Mean SD

Group I

Mean m

Group II

Mean so

Control 1.92 0.10 1.85 0.19 4.90 0.74 4.55 0.43

Restriction

Day]

6

1.88

1.98

0.13

0.17

1.90

1.98

0.12

0.19 5.30 0.75 4.69 0.43

10 2.05 0.17 1.98 0.05 5.18#{176}0.61 5.16 0.28

Rehabilitation

Dayl

8

1.85

2.02

0.10

0.10

1.88

1.95

0.10

0.17

4.57

5.08

0.51

1.21

4.22

4.79

0.16

0.34

#{176}Significantly different from control values.

PB! = protein-bound iodine.
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TABLE II

Minerals in serum

Table iii anti Fig. 4. These balances were

positive by approximately 5 g/day during

control anti rehabilitation for both groups.

The nitrogen balances were quite negative

during restriction, which would be ex-

pecte(i witlm a zero intake of protein. Some

adaptation appeared to occur since these

balances changed from -7.3 and -8.1 to

-5.3 antI -5.4 g/day for groups I and II,

respectively, (luring the 10 days of restric-

tion.

The effects of calorie restriction upon

serum urea nitrogen anti uric acid are

shown in Table iv. Serum urea nitrogen

values were significantly decreased during

calorie restriction, averaging 15.4 and 16.0

mg/100 1111 during control and 9.5 and 8.8

mg/lOO ml for group I and II, respec-

tively, after 10 days of reduced intake.

Levels of uric acid were also significantly

increaseti during the restriction phase.

Mineral supplementation appeared to be

beneficial in that serum uric acid levels

increased less throughout the restriction

phase of group II in comparison to group

I, and the values on day 10 of restriction

were 11.3 and 8.4 mg/lOO ml for groups I

and II, respectively.

Vitamin excretions of both groups were

greatly retluced during calorie restriction

(Fig. 5). Tile reduction was expected since

no vitamin supplements were administered

during this phase. Thiamine excretions

were decreased from 0.351 to 0.099 mg/day

for group I and 0.307 to 0.085 for group II;

riboflavin from 3.93 to 0.37 and 3.46 to
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Calorie Restriction, Balances 807

#{176}These balances do not include any sweat losses.

FIG. 3. Caloric restriction (420 kcal) and excre-

tion of nitrogen and nitrogen compounds.

0.34 ing/day; pyridoxine from 0.045 to

0.011 and 0.039 to 0.0 12 mg/day; and nia-

cin from 1.31 to 0.93 and 1.31 to 0.89 mg/

(lay. The higlm excretion of riboflavin dur-

ing control was attributed to the large

quantities in the control diet.

DISCUSSION

This was the second study of a series

being conducted by the authors on the

metabolic aspects of calorie restriction. In

- GROUP!

-- GROUPU

T

TROLRES TRICTIONREH ABILITATIONFIG

.4.C al orieres triction(42 0kca l/day)and nit ro-

genbal anceing ra msper man per day .�TA

BLEII I��

Nitrogen balance, g/man per daya

Phase

Group I Group II

Intake Output Balance Intake Output Balance

Control
Days 1-4 17.1 11.75 +5.35 17.1 12.58 +4.52

5-8 17.1 12.88 +4.22 17.1 12.60 +4.50

Change per period +38.28 +36.08
Restriction

Days 1-2 0 7.32 -7.32 0 8.14 -8.14
3-4 0 6.42 -6.42 0 6.24 -6.24
5-6 0 6.12 -6.12 0 5.81 -5.81
7-8 0 5.82 -5.82 0 4.83 -4.83

9-10 0 5.31 -5.31 0 5.38 -5.38

Change per period -61 .98 -60.80
Rehabilitation

Days 1-2 17.1 9.66 +7.44 17.1 9.30 +7.80

3-4 17.1 12.46 +4.64 17.1 12.15 +4.95
5-6 17.1 12.31 +4.79 17.1 12.46 +4.64
7-8 17.1 12.36 +4.74 17.1 13.06 +4.04

Change per period +43.22 +42.86
Change per study +19.62 +18.14
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FIG. 5. Calorie restriction (420 kcal) and vita-

min excretion in urine per day.

808 Consolazio et al.

TABUt IV

Urea nitrogen and uric acid in serum, mg/lOO ml

Urea Nitrogen

Phase Group I Group II

Mean s� Mean an

Uric Acid

Group I Group II

Mean s� Mean s�

Control

Restrict ion

Day 1

6
10

Rehabilitation

DayI

8

15.40

12.50#{176}

9.75#{176}
9.50#{176}

15.62

16.12

1.49

0.41

1.32
1.08

3.35

1.84

16.00

13.62

8.25#{176}
8.75

17.25

18.00

3.91

4.92

2.22
2.66

1.26

3.89

5.02

5.58

9.48#{176}

11.32#{176}

4.22
4.60

1.60

0.46

0.82
2.00

1.03
1.25

5.50

5.10

6.88

8.40#{176}

4.75
4.70#{176}

1.10

0.67

0.82
0.63

1.38
0.79

Significantly different from control values.

the first study, six men fasted for 10 days

while maintaining physical activity at the

2,800 kcal/day level. In this study the

men consumed 420 kcal and expended ap-

proximately 3,200 kcal/day so that the net

energy deficits were comparable.

Urinary excretion of sodium, potassium,

calcium, magnesium, and chloride were

greatly reduced in group I during calorie

restriction. This reflects the rapid adapta-

tion of the body to the reduced intakes.

Phosphorus excretion was not affected by

either group during calorie restriction.

The urinary mineral excretion of the sup-

plemented group remained at the control

level throughout the study with the ex-

ception of calcium. The reduced calcium

excretion during calorie restriction is prob-

ably due to the changes in dietary intake.

The control diet contained 1.9 g of cal-

cium and the mineral-supplemented sub-

jects received 0.8 g/day. Also, calcium was

excreted primarily via the intestines. The

beneficial effects of carbohydrate upon re-

tention of minerals can be observed by

comparing group I of this study with the

starvation subjects of the previous study.

After 3 days of restriction, sodium excre-

tion of group I averaged 0.63 g/day while

in the previous starvation study, subjects

were averaging 1.87 g/day (1). The same

effect of limited carbohydrate upon sodium

excretion was reported by Gamble (2) who

observed a 50% reduction in sodium loss.

Calcium and magnesium excretion was

also reduced by about 50% when we com-

pared our two studies; however, potassium

excretion appeared to be unaffected. With

the exception of potassium, the mineral

balances were as anticipated.
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All balances for group I were negative

during restriction, becoming positive im-

mediately upon rehabilitation. The nega-

tive balances during days 5-8 of rehabili-

tation were very similar to the water

balance observations in this same study (6).

During early rehabilitation, there ap-

peared to be excessive retention of water

and electrolytes which was corrected after

4 days on the control diet. Sodium, mag-

nesium, and calcium balances for group II

remained unchanged during restriction,

which indicates that mineral supplementa-

tion prevented depletion of these minerals

for 10 days. Time negative potassium bal-

ances, although intakes were adequate, re-

quire further explanation. During severe

calorie restriction or starvation, negative

nitrogen balances occur that are indicative

of body protein catabolism and cellular

tiestruction. Body potassium is associated

with the protein and intracellular water

and it has been estimated that 1 g of po-

tassium is associated with 74 g of dry pro-

tein; therefore, the loss of 38-39 g of pro-

tern per day should promote the loss of

0.5 1-0.53 g of potassium. The balance of

the potassium loss is unexplained by our

data.

Gamble (2) concluded that when sodium

chloride was given with glucose the loss of

all extracellular water was prevented; but

the loss of potassium and, consequently, of

intracellular water was increased, leading

Gamble to conclude that this was “an un-

sound physiological bargain.” He felt that

one should be satisfied with the conserva-

tion of extracellular fluid by ingestion of

limited carbohydrate alone. Taylor (12)

did not agree with this concept and re-

ported no great abnormalities when both

the limited carbohydrate and sodium chlo-

ride were given together. Since our po-

tassium balances were negative with lim-

ited carbohydrate intakes and mineral

supplementation, we are inclined to agree

with Gamble (2), that excessive potassium

losses occur, which could cause some ab-

normalities. In this study, all subjects in

group I showed abnormal electroencepha-

lographic (EEG) tracings during day 10 of

calorie restriction. These abnormalities

were interpreted as indicating a severe

stress. Whether these stresses could be at-

tributed to a deficiency of potassium or

other minerals could not be determined;

however, since all the subjects in group I

showed abnormalities and none of the

mineral supplemented group did, some

role of minerals in producing this pile-

nomenon is strongly suggested. Also, with

a normal diet containing adequate min-

erals, no abnormalities were detected after

2 tiays of rehabilitation.

Significant decreases in serum sodium

and potassium levels were observed in our

Laboratory’s study during starvation (1) but

not by Drenick et al. (13) who, in long-

term studies on starvation in obese in-

dividuals, observed sotlium, calcium, anti

chlorides to be practically unchanged.

These decreases may be another indication

of the depletion of body stores, especially

since tile serum electrolyte values for group

II were practically unchanged during cal-

orie restriction.

Nitrogen balances were negative for

both groups during the entire calorie re-

striction period, averaging 6.2 g and 6.1 g/

day for groups I and II, respectively,

equivalent to 38.8 and 38.1 g of protein/

day. These values were both lower than the

53 g of protein being lost daily during com-

plete starvation, averaging 26.8 and 28.1%

less than the starvation study, but were not

as high as the 50% reduction reported by

Gamble (2) when he compared humans on

complete starvation to those receiving 400

kcal of carbohydrate.

Quinn et al. (14) aiso observed no bene-

ficial effect or improvement of negative

nitrogen balances on intakes up to 900

kcal/tlay. Their subjects showed a negative

nitrogen balance of 7.3 g/day for tile 9-

day study, equivalent to 45.6 g/protein loss

per day. Although several other previous

studies have shown that carbohydrate will

reduce the negative nitrogen balance, the
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810 Consolazio et al.

conditions of these stutlies have been quite

different from ours. Gamble (2) compareti

starvation with 400 kcal of carbohydrate

untler life raft survival where the calorie

deficit was much lower than in this study.

(;rantle et al. (15) reduced protein catab-

olism by increasing the carbohydrate in-

take from 580 to 1,010 kcai/tlay. Most of

time otimer studies reporting the protein-

sparing effect of carbolmydrate have been

with higher calorie intakes or with lower

energy expenditure during long-term

weight reduction on aml)ulatory patients.

It appeared timat the hmite(l carbohydrate

alone (with or without mineral supple-

mentation) did prevent some body catab-

ohism of protein.

Time great losses of total nitrogen, urea

nitrogen, and uric acid in urine, tiuring

caloric restriction, are all indicative of

catabolism of body protein for gluconeo-

genesis anti energy. Time subsequent de-

crease of these substances toward time end

of the 10-day period, indicate some adap-

tive mechanisms for conserving body pro-

tein. \Vimether or not these losses of nitro-

gen are significant in decreasing physical

efficiency of the intlividual is questionable.

Studies have in(iicated that the body has

labile stores or protein reserves that are

readily lost (luring adaptation to low pro-

tein or low calorie diets.

The significant (lecreases in plasma urea

nitrogen for both groups are not con-

sistent with observations (luring starvation

in normals (1) and with obese individuals

(16) where practically no changes were ob-

served. The plasma uric aci(I values were

significantly increased in both groups dur-

ing calorie restriction, as has been reported

in starvation (1, 16, 17). The previous con-

cept was that the hyperuricemia was due to

ketosis and not simpiy aci(losis of fasting

(or calorie restriction). Fasting ketosis in-

hibits renal excretion of uric acid. In the

present study, practically no urinary keto-

sis was observed, anti if anything, a sig-

nificant increase in urine pH was observed,

signifying a definite trend toward aikalosis.

Since excessively elevated levels of serum

uric acid may be detrimental to the in-

dividual, it should be noted that mineral

supplementation appeared beneficial in

retarding the elevations in these subjects.

In general, it had been reported that

starvation had never been associated with

the development of any clinical signs sug-

gestive of a vitamin deficiency (18), anti

even during World War II, it was ob-

served that clinically recognizable vitamin

deficiencies occurred only rarely among

victims of starvation (18). Recently Vin-

yard et al. (19) presented evidence of the

development of a vitamin B6 deficiency

during starvation. Geliene et al. (20) have

reported decreased urinary B-complex vi-

tamin excretion, Stevenson (21) has also re-

ported zero levels of thiamine, and Con-

solazio et al. (1) have reported decreased

thiamine, riboflavin, vitamin B6, and nia-

cin excretion during starvation. On the

other hand, Stevenson (21) and Keys et al.

(22) have reported increased excretion of

riboflavin. In the present study, although

the excretion of thiamine, riboflavin, nia-

cin, and vitamin B6 were all greatly re-

duced during calorie restriction, they never

reached zero levels. This reduced excre-

tion was not unexpected since neither

group was supplemented with vitamins

during the restriction periods, and as a re-

sult, body depletion appeared to be fairly

rapid.

SUMMARY

Eight young, healthy adults consumed

420 kcal of carbohydrate per day for a

period of 10 days. The men were assigned

to two groups of four men each, one group

receiving mineral supplementation and the

other no additional minerals. Daily energy

expenditure was maintained at the 3,200

kcal level.

Nitrogen balances were not as negative

as during 10 clays of complete starvation;

however, nitrogen losses were still marked
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indicating timat the effects of limited car-

bohydrate upon retlucing protein catabo-

lism were minimal. Mineral supplementa-

tion did not affect nitrogen balance.

After 3 days of carbohydrate alone,

urinary mineral excretion was reduced

drastically, showing time rapid adaptation

to the absence of dietary minerals. Mineral

sumpplementatioll maintained mineral bal-

ances with the exception of potassium. A

possible explanation for the potassium

losses under these conditions was discussed.

Urinary vitamin excretions decreased

rapidly during the restriction period when

no vitamins were being ingested. From the

observed data, ketosis was eliminated

with only 420 kcal/day and it was ap-

parent that mineral supplementation was

very beneficial in maintaining mineral

balances and normal EEG patterns. How-

ever, protein catabolism was high in both

groups suggesting that these low intake

levels were inadequate for active indi-

viduals, even for short periods of time.
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