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exercise are taken as usual? How do variations in food intake and exer-
cise alter this metabolic pattern? Does climate have an impact on this pattern?
The present study was designed to furnish information to answer these and re-
lated questions as part of a continuing effort to establish meaningful calorig
recommendations for men stationed in various climates. .

Numerous studies have been conducted in an effort to clarify the impact of
climate per se on basal metabolic rate.!-* Such mpact has not been clearly estab-
lished although a correction has been frequently made for temperature.! Tem-
perature corrections have also been applied in establishing daily caloric recom-
mendations.®-® The basal metabolic rate (BMR) applies to a narrow range of
time under post-prandial conditions. Since these conditions do not accurately
reflect metabolic events during the day, it was decided to compare resting me-
tabolism of soldiers living in different climates at specific times during the day.
It was conceivable that the extra work performed in the arctic to travel a given
distance and the resultant higher caloric intake would elevate man’s resting
metabolism at other hours of the day more in the arctic than in other elimates.
If this occurred the relationship previously reported between ezloric intake and
mean daily outdoor temperature would be explained in part.

Food intake has been shown to vary between climates and may in itself alter
the caloric requirement. Specific dynamic action (8DA} is known fo elevate
metabolic rate.” A correction is frequently made for SDA, of approximately 6
to 10 per cent of the ingested calories, when daily energy expenditure is calcu-
lated.*'* This figure has been established largely on the basis of results from
single meal experiment.!t- 2 If the SDA effect is cumulative with regular meals,
it is possible that 6 to 10 per cent is tou low an estimate. In addition, a small
diurnal metabolic eycle may oceur independent of food and exercise® which would
influence the magnitude of the SDA elevation.

‘ ‘ JIIAT changes in metabolic pattern oceur during the day when food and

MaTeRIALS AND METHODS

The experiment can be divided into three phases: 1. study of factors associated with an
elevation in metabolic rate during the day, 2. study of specific dynamic action {SDA) dur-
ing the periods between regular meals and 3. study of the impact of environment on the
daily pattern of metabolism when regular meals were eaten and moderate exereise was
performed between meals.

Oxygen consumption (Vo,) was measured with a closed system. Duplicate determina-
tions were made when possible. The subjects rested quietly in bed for 30 to 40 minutes be-
fore each measurement. They wore only underwear and used a blanket only when neces-
sary for thermal comfort. All records were analyzed by the same individuals in order to
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Tante 1.—Daily Schedule

Reveille Iin Bed |Determination Meals Activity
0645 0700 0740 0800 i (0830
{urinate and 1120 1200 1220 1250
weighed) 1540 1620 1640
2000 2040
2300

avoid persennel differences in methods of analysis. Fach test subject was given at least
ten practice trials in order 1o minimize training effects.

Body weights were measured each morning. The subjects arcse, voided, were weighed
on scales sensitive to 30 Gm. and then returned to bed.

In each study the men subsisted on Army 5-in-1 rations. Although the caloric intake
varied with different climates {3,000-3,600 keal./man/day), no difference was apparent
when caloric intake was calculated as keal /Kg./day. Meal patterns were also similar in
the various climates. Eighty per cent of the daily calories were taken at breakfast and
supper. Lunch was always light (600 keal.). A daily schedule of meal times, activities
and times of measurement is given in table 1.

Phase I. The effect of exereise and foed on resting metabolism. This experiment was
conducted at Mt. Washington, New Hampshire, on eight men during December 1954. The
daily schedule of activities and diet was arranged so that each man was exposed to a
combination of exercise or no exercise, and food or no food in a random order. On days of
no exercise the men reclined in bed all day.

Phase II. Specific dynamic action of food. A group of three men was studied at Mt.
Washington during December 1954. Measurements were made at 20 minute intervals on
these men for approximately 13 hours during the day (0740 to 2040 hours). They were con-
fined to bed at all times and sat up enly to eat meals or vold.

Phase ITT. The impact of environment of basal metabaolic rate and resting metabolism
during the day. Three groups of eight men cach were studied in three environments. One
group was studied at Ft. Churehill, Canada, during January 1955. The second group was
studied at Yuma, Arizona during July 1955 and the third group was studied at Natick,
Massachusetts during September 1955, Some characteristics of each man are shown in table
2 The weather data [or the three environments {and Mt. Washington, N. H.) are shown in
table 3. Each group lived in a given climate for at least one month. Qutdoor activities
consisted on walking ¢ to 10 miles each day over the surrounding terrain. Standard army
igsue clothing for the particular environment was worn.

Phase I. Resting Ve, throughout the day is shown as the curve labeled ‘‘eat,
exercise” m figure 1. The 0800 hours (prebreakfast) determination was accom-
plished under “*basal” conditions and was consistently lower than the Vo, for
any later hour. The values for 1200 {prelunch) and 1600 (presupper) hours were
significantly different from each other and from the 0800 value. The 2000 hours
(postsupper) value was consistently higher than for any earlier hour. Thus, a
continual and gradual elevation in metabolism oceurred throughout the day
when measurements were made at four hour intervals.

To evaluate the effect of food intake and/or exercise on the change in metabo-
lism during the day, a latin square design was used with exercise, no exercise,
food as normal, and fasting as the variables, The data are shown in figure 1; all
possible combinations are plotted for ease of interpretation. There was a small
clevation in Vo, which was independent of food and exercise. Taking food defi-
nitely inereased the metabolic rate, not only above the basal level, but also
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TasLe 2.—Characteristics of Test Subjects on First Day Studied

; I I R T
(Fort Churchill)
1 : 21 173.5 76.0 1.94 —18
2 22 168.0 66.4 .77 -5
3 22 171.8 77.3 1.93 +3
4 20 171.4 69.8 1.83 —18
3 19 172.6 64.1 1.76 -9
6 21 171.7 73.2 1.87 —15
7 19 171.6 86.4 2.01 -15
§ 22 180.3 84 .4 2.05 —18
z N 172.6 74.7 1.89 —12 ¥
(Natick)
1 20 170.2 55.7 1.63 -7
2 17 167.6 59.7 1.68 - 10
3 19 177.8 63.4 1.78 -10
4 22 166.4 | 63.2 1.71 0
: 5 20 172.7 59.8 1.70 —12
; 6 23 170.2 64.1 1.78 - 14
! 7 19 170.2 61.5 1.71 —11
? 8 24 175.3 46.9 1.55 —10
: i 20 171.3 59.2 1.69 -9
{Yuma)
i 20 170.2 62.6 1.74 —6
2 19 170.2 52.2 1.60 -+1
3 20 175.3 62.4 1.76 -9
4 20 180.3 69.9 1.90 —322
5 19 172.7 63.7 1.77 -7
6 17 167.6 60.0 1.68 —13
7 23 170.2 58.3 1.78 —10
8 20 177.8 77.0 1.96 -9
z 20 173.0 63.3 .77 -9
(Mt.. Washington)
1 22 168.2 70.7 1.83 +4
2 18 178.8 70.6 1.87 -3
3 26 171.0 48.3 1.55 -9
4 19 169 .5 61.1 1.70 -3
3 18 178.8 73.7 1.91 —6
6 18 181.0 81.0 2.00 —8
7 24 167.5 65.7 1.73 —-12
8 20 186.0 §89.1 2.13 -~ 14
. E 20 175.1 70.0 1.84 ; -7

* Age to nearest birthday.

1 % deviation from standards in Sanborn Manual.
above the small elevation associated with fasting. Moderate exercise (a 4.5 to 3
mile walk or sled-pull per exercise period) appeared to produce no additional
elevation,

Planimetric measurement of the curves in fipure 1 showed that the total area
under the “eat, exercise” curve was 20 per cent greater than the total area under
the “fast, exercise’” curve. A similar difference between eating and fasting was
found when exercise was not performed. A difference in area of 20 per cent means
a Vg, of approximately 2.5 ce./Ke.®"/min. or 50 cc./min.
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TasLE 3.—Weather Data

Relative Winchili,

Site Outdoor Arrl'léi‘ﬂ(lgl;{f)cmpcraturu,_ Roomagén(l!:l?f):\turc, Hur::;::ﬁty, kca]l.],:éi.’f
Ft. Churchill —25{—15}* 2a0* 40* 1000*
—16(—13) to —38(—36)t 15(59) to 25(77)% | 25 to 60f
Yuma 34(94) 34(94) (Tent) 39 —
27(31) to 43(110) 27 (81) to 43(110) 18 to 81
Natick 22(72) 22(72) 70 —
18{63) to 27(81) 18(65) to 27(81} 46 to 95
Mt. Washington —4(25) 23(74) 45 —
—4(25) to 41(40) 20(68) to 31(88) 30 to 70
e
* Mean.
1 Range.

The effect of exercise was negligible. When the men ate and exercised there
was no difference in area as compared to eating with no exercise. The same was
true when the men were fasting. Since the values obtained for resting metabo-
lism ean be considered to be on a daily curve of specific dynamie action (SDA),
the percentages given above are unrealistic beeause they do not represent the
«tpue’” difference in metabolic rate but only a minimal difference. The peak por-
tions of the SDA curves were not included in estimation of the percentage differ-
ence in area.

Phase I1. To obtain information concerning the “true” difference, three men
were studied while resting quietly in bed under both fasting and nonfasting con-
ditions. Vo, was measured every 20 minutes from 0740 until 2040 hours. The
respective eurves for each man are shown in figure 2. A distinet elevation n
Vo, occurred after each meal, while transient changes and perhaps a slight over-
all elevation oceurred on those days when food was not taken. These changes
were within the error of measurement.

Two baselines may be used to evaluate SDA. The first is the basal metabolic
rate, which is the base most commonly used. The second is the curve in metabo-
%ism which is independent of food intake and exercise. The results, while not
conclusive, suggest that a fasting pattern may exist. (fig 1).

The elevation in metabolism was caleulated using both baselines. When basal
Vo, was used, the elevation metabolism for the 12 hour experimental period
averaged 88 cc. O,/min. or 38 per cent above the basal Vo,. When the fasting

* curve of Vo, was subtracted from the SDA curve the mean differernce was 51 cc.

O,/min. or 22 per cent above the mean fasting Vo,. The magnitude of these
differences over a 12 hour period was not large. When the caloric expenditure
was computed for the 12 hour period, it was found that the basal expenditure
was 718 keal./man/12 hours and the average basal plus fasting plus SDA was
a99 keal /man/12 hours. In our men, who consumed approximately 3,200
keal./day, the difference, 281 keal./12 hours, amounted to 8.8 per cent of the
daily caloric intake. There is evidence that SDA continues for longer than four
hours after a meal ! The last measurement of VOQ in the evening was never later
than five hours after the meal. Thus, our results are in agreement with the com-
monly used value for elevation of metabolism due to SDA (10 per cent).
Considerable variability is shown among the patterns for the three individuals,
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RESTING OXYGEN CONSUMPTION AT INTERVALS
THROUGHOUT THE DAY
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Fra. 1.—Resting oxygen consumption (Vo.) at intervals throughout the day.
”~
although the peak metabolic rate usually oceurred within one hour affer the
meal was eaten (fig. 2). The fluctuations in the fasting curves of subjects Cla and
Tom were relatively large. A clear-cut fasting pattern was not apparent in these
individuals. In regard to this variabilily, analysis of all duplicate determinations
in phases I and IT of the study yielded a mean difference of 4.8 per cent of the
mean daily Vo,. At least 95 per cent of the differences between two observations
would be less than 27.6 cc. Os/min. This statement can be made with 95 per cent
confidence. Following the peak, metabolic rate decreased in a variable manner.
An average curve for the three men foliowed the equation for a sigmoid curve
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Fie. 2. —Variation in resting oxygen consumption (Vo,) throughout the day when food
intake and exercise are varied. Abseissa—Time in min. after meal.
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«—e Churchill
174 o-o Natick »

=—a Yuma

0800 200 1600 2000
HOUR OF DAY

F1g. 3.—Change in restmg oxygen consumption (Vo,) throughout the day in three dif-
ferent climates.

described by Glickman et al.”? In conneetion with this sigmoid curve, Mitehell
and Edman point out that “The accumulation of extra calories above basgal
beyond the point of inflection was very well described by the curve of self-
inhibiting growth (the Jaw of diminishing retums as formulated by Brody
(1927).1

Phase 111. The pattern of metabolism throughout the day for three different
climates is shown in figure 3. Voe at 2000 hours obtained at Yuma was signifi-
cantly higher than any other 2000 hours Vo,. A difference in basal Vo, between
environments was not found. The above findings were surprising in that a larger
elevation in resting metabolism during the day might be expected in the cold area
because 600 keal. more food/man/day was eaten and the men worked harder
per unit of distance traveled. It is not so surprising, however, if one takes into
account the following: (a) When expressed as keal./Kg./day, the caloric intake
was the same for both groups. (b) The proportion of foodstuffs was 14 per cent
protein, 38 per cent fat and 48 per cent carbohydrate for both groups.

The plane of nutrition is known to alter SDA S 16 A gmall weight loss was
common to each experiment but was slightly greater in the cold-dry climate.
ThE w eight loss was 0.18 Kg./man/day at Ft. Churchill and 0.10 Kg./man/day
at Yuma and Natick. Thus, a real climatic impact may have been masked by the
greater negative caloric balance in the cold-dry elimate.

Discussiox

The results suggest that the major factor in the elevation of resting metabolism
during the day is the specific dynamic action of food (SDA). In addition, there
was a suggestive smaller and more variable elevation which oceurred with fast-
ing. Moderate physical activity failed to alter the pattern of metabolism during
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the day (fig. 2). Living in various environments had no observed effect on basal
metabolism and did not importantly influence the pattern of metabolism through-
out the day.

The term basal metabolism can apply to the metabolic rate only during a
small daily interval of time. Thus, the basal Vo, represents a reproducible but
perhaps fictitious baseline for computing daily energy expenditure. Oxygen
consumption, throughout a given day under fasting conditions, increased slightly,
independent of food and exercise. Benedict!? has deseribed this small elevation
and divided it into three distinct planes: (a} asleep, (b) awake in morning and
(c) awake in afternoon. Each plane was higher than the preceding one. A similar
change has been observed for rectal temperature.™ It would seem that a fasting
“diurnal” increase in metabolism does exist although the cause remains obsctire.
The elevation obtained with fasting may reflect SDA of body stores. This effect
could conceivably be disguised or depressed by the general siate of nutriture
with conditions of starvation. A depression of basal Vo, is commonly observed
with fasts or conditions of semistarvation lasting more than 24 howurs. The
“djurnal”’ pattern might be assessed by subjecting individuals to a controlled
series of tests where mealtime is changed by one hour intervals and Ve, is rou-
tinely measured 14 hours later.

The question of how to express energy expenditure has long been a problem.
Passmore and Durnin’® suggest that gross values are more directly useful than
“net” values. This statement can be true only n certain situations. “Net” Vo,
will vary, depending on the baseline the investizator seleets. Total Vo, for most
activities will be relatively constant if measurements are made at fized times
after meals of similar composition and amount. In this instanee SDA and ‘“‘diur-
nal” changes are included in total Va,. When Vo, associated with SDA is included
in total Vo, for mild activities such as standing, sitting, etc., appreciable varia-
tion in total Vo, may result simply because of variation in SDA if measurements
are made at various times after meals®. Thus, the investigator is faced with a
choice between making metabolic measurements for light asctivity at several
times during the day to obtain representative values, controlling meals and time
of measurement, or being content with the variation that will result if total Vg,
measurements are used indiscriminately. '

The situation for severe exercise is not as critieal because Vo, associated with
SDA eomprises only a small fraction of the total Vo,. In this instance total Vo
is highly reproducible® and “net” Vo, is largely dependent on total Vo,. How-
ever, most of the average man’s activities are of a mild or moderate nature.

It should be remembered that in certain instances attempts to allow for SDA
may lead to a fictitious impression of accuracy. The SDA of food varies with
meal composition and amount.?* In addition, the exient to which energy asso-
ciated with SDA may be used in muscular work has not been clearly estab-
lished .26 In this experiment a relatively fixed diet and meal pattern was used.
Thus errors of interpretation in regard to ‘net” energy expenditure were mini-
mized. :

The influence of climate per se on resting metabolism during the day has not
been previously assessed although the impact of climate and seasons on the basal
metabolic rate has been studied extensively and reviewed.- *» 3. 3¢ Many of these
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investigations are included in the statistical study of Quenouille! who coneluded,
from multiple correlation analysis, that a one degree deviation from the base
mean annual temperature of 70 ¥. would produce a 4 keal. change in basal
metabolic rate. This large difference in basal metabolic rate between climates
was not found in the present study, nor has it been found in other studies where
diet was reasonably constant in amount and compeosition.®s: 3 Variations in diet
between seasons and climate may explain many of the results imputed to climate.

Since different groups of subjects were used in each climate, largely beeause
of attritional factors associated with military service and not by choice, the unit
of reference for metabolism becomes important. A function of body weight was
routinely used (Kg."?). A recalculation of the data asing body. surface (M?)
yielded the same results, i.e. no significant differences between climates. With
the latter unit of reference, V,, was, in general, slightly lower in the temperate
climate than during corresponding hours in the cold or hot climates.

SUMMARY

Basal oxygen consumption (basal VOZ) and resting Voz measured at four hour
intervals was studied in four groups of eight men in an attempt to describe the
effects of specific dynamic action (SDA) and exercise and the impact of climate
on metabolism.

The elevation in Vy, that occurred throughout the day was largely explained
by the change in V¢, associated with SDA. Moderate exercise alone did not alter
resting Vo,. A small “diurnal” elevation in Vo, oceurred during fasting, with or
without exercise,

Climate per se did not appear to influence basal Vo. or the pattern of resting
metabolism during the day with the exception that the Vo, at 2000 hours in the
hot-dry climate was significantly higher than the 2000 hours values in other
climates.

Peak Vo, associated with SDA can amount to 1.5 to 2.0 times basal V,.
Thus, when total Vo, (gross oxygen consumption) is used as an expression of
energy expenditure for mild or light physical work, considerable variation may
result unless measurements are made under well controlled conditions with re-
spect to food intake and time after meals.
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