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It has been known for many years that the sur-
face area is increased with increasing obesity and
that this increase in surface area is accompanied
by a proportional increase in basal oxygen con-
sumption (1). Therefore, it has been reasoned
that in the presence of obesity cardiac output and
cardiac work in the basal state are increased ap-
proximately in proportion to the increase in oxy-
gen consumption (2). This reasoning is based
on the assumption that the quantity of oxygen
carried away by a liter of blood from the lungs
(the arteriovenous oxygen difference) is constant
in lean and obese individuals.

Certain generally accepted facts support this
argument. Thus it is generally agreed that basal
cardiac output is proportional to surface area and
oxygen consumption. The relationship between
surface area and cardiac output has been re-exam-
ined in a recent publication from this laboratory
(3) and it was found that as a first approximation,
the cardiac output is directly proportional to sur-
face area. However, the individual differences in
surface area accounted for only 40 per cent of
the individual differences in cardiac output. Fur-
thermore, it has been found that while resting
cardiac output is proportional to oxygen consump-
tion; the individual differences in oxygen con-
sumption account for only 50 per cent of the ob-
served variability in cardiac output (4). It is
clear then that factors other than body size as
measured' by the surface area or oxygen consump-
tion influence the basal cardiac output. Among the
several factors which could account for the unex-
plained variability is body composition, particu-
larly the fat content of the body. It is known that
fat tissue has a metabolism (5) but nothing is
known regarding the arteriovenous oxygen differ-

' This investigation was supported (in part) by a re-
search grant H-10(C5) from the National Heart In-
stitute, of the National Institutes of Health, Public Health
Service.

ence of blood flowing through fatty tissues or the
rate at which it flows.

Precise investigation of the relationships be-
tween cardiac function and obesity has been ham-
pered by the inability of the investigator to esti-
mate the relative amounts of fat and other tissue
in a given individual. The use of the specific
gravity of the body to estimate the relative amount
of fat in intact man (6) makes such investigations
profitable. It is the purpose of this paper to ex-
amine the quantitative relationships between car-
diac output, cardiac work and the arteriovenous
difference on the one hand and the fat content of
the body on the other.

SUBJECTS AND CONDITIONS

The subjects used in this investigation were
34 male university students, 18 to 31 years old,
who were free of disease detectable by physical
examination. Deliberate efforts were made to ob-
tain a scattering of men from very fat to very lean.
The men reported to the laboratory in the morning
without breakfast or late in the afternoon without
lunch. They rested for one half hour before ob-
servations were made. All procedures were car-
ried out in an air-conditioned room. Duplicate
determinations of cardiac output were made at
one sitting. This was followed by a measurement
of the intra-arterial blood pressure. The specific
gravity of the body and a roentgenogram of the
chest were made after the other cardiovascular
measurements had been carried out. In 22 of the
34 subjects, duplicate cardiac output determina-
tions were made on two separate days. Intra-
arterial pressures were obtained on 20 subjects and
roentgenograms of the chest on 15.

METHODS

The cardiac output measurements were made with
the acetylene technic of Grollman. The final calculations
were carried out with the corrections worked out by
Chapman and his associates (7) to bring the values into
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line with those of the direct Fick (catheter) method.
Intra-arterial pressures were measured with a strain
gauge and a Cournand needle. The complete recording
system was so adjusted that it would pass a square wave

of 300 mm. Hg in 0.02 second with a 5 per cent over-

shoot beyond the base line. Static calibrations were car-

ried out with each determination. The specific gravity
of the body was determined from the weight of the in-
dividual in water and in air. The volume of residual air
in the lung was determined while the men were being
weighed under water so that a simultaneous determina-
tion of weight under water and residual volume was ob-
tained. The method of Cournand and his co-workers
was employed for the measurement of lung volume (8).
The details of the weighing procedure have been reported
elsewhere (9). In those cases in which measurements of
residual volume were not made, a standard correction of

1,500 cc. was applied. The per cent of body weight repre-

sented by fat was calculated from tables given by Rath-
bun and Pace (10). The size of the heart was calculated
from measurements of the area of the cardiac shadow on

a six-foot roentgenogram of the chest by the method of
Keys and his associates (11). The mean arterial pres-

sures were obtained by integrating the recorded pulse
wave with a planimeter. The cardiac work was calcu-
lated as the mean arterial pressure X the cardiac output,
and the kinetic energy component was calculated using
the aortic sizes given by Bazett and his group (12).
Surface area was calculated according to the procedure
of Du Bois.

RESULTS

The data for the individual subjects are pre-

sented in Table I. The cardiac outputs in liters

TABLE I

The anthropometric characteristics and cardiac output along with related measures
of cardiovascular function of 34 young men*

Subject Age Height Weight S. A. %Fat Fat L. B. M. Catdiat A-V B. P Cardiac Resi

Nay 28 165 53.68 1.58 17.5 9.4 44.6 4.08 (4) 53 89 375 1.001
CVD56 24 169 51.80 1.58 5.0 2.6 49.2 3.79 (2) 53
Eric 20 178 54.52 1.69 8.4 4.6 49.9 5.02 (4) 43 76 492 1.866
CVD104 23 162 53.10 1.56 1.3 0.7 52.4 5.23 (2) 44
Scan. 19 182 53.73 1.72 1.8 1.0 52.8 5.63 (3) 34 62 524 2.055
Alt. 20 169 71.93 1.83 22.0 15.8 56.1 4.60 (4) 43 83 479 1.296
Will. 20 176 62.00 1.73 7.4 4.6 57.4 5.99 (4) 34 68 583 1.727
CVD3 25 179 58.60 1.74 1.4 0.8 57.8 5.63 (2) 37
Koch. 24 175 76.40 1.92 24.0 18.3 58.1 4.72 (4) 46 101 1.115
CVD7 25 167 67.00 1.74 11.2 7.5 59.5 4.15 (2) 53
Ott. 31 173 86.00 2.02 29.6 25.5 60.5 4.48 (4) 51 87 410 1.118
Ort. 20 166 80.15 1.89 24.0 19.2 60.9 4.78 (4) 52 72 674 0.980
Lin. 21 175 62.20 1.75 0.4 0.2 62.0 4.92 (2) 42
CVD17 22 181 69.20 1.88 9.3 6.4 62.8 5.94 (2) 37
Traut 22 179 69.60 1.87 8.8 6.1 63.5 5.90 (4) 38 97 574 1.191
Torg. 24 178 75.60 1.94 15.6 11.8 63.8 5.68 (4) 47 87 1.283
Fors. 29 176 65.20 1.80 1.8 1.2 64.0 5.41 (4) 39 90 615 2.498
Stra. 21 171 72.10 1.84 10.7 7.7 64.4 6.08 (4) 40 100 727 1.125
Podem. 23 173 87.27 2.04 26.0 22.7 64.6 4.93 (4) 46 80 478 1.182
CVD120 24 176 79.32 1.94 18.5 14.7 64.6 5.88 (2) 43
CVD119 20 177 71.80 1.89 9.8 7.0 64.8 6.03 (2) 37
CVD101 21 185 70.60 1.92 7.0 4.9 65.7 5.50 (2) 44
CVD162 24 181 73.70 1.93 10.8 8.0 65.7 5.48 (4) 45 81 852
Donal. 25 184 70.40 1.92 6.9 4.9 65.5 5.87 (4) 41 86 1.216
CVD41 25 170 76.50 1.87 13.6 10.4 66.1 4.40 (2) 46
Svie. 25 179 77.40 1.96 14.6 11.3 66.1 6.88 (4) 37 100 1.368
CVD13 22 177 70.10 1.86 3.7 2.6 67.5 5.58 (2) 40
CVD110 20 175 87.57 2.00 22.5 19.7 67.9 5.83 (4) 41
Adam. 23 172 76.20 1.89 8.8 6.7 69.5 6.43 (4) 34 101 548 1.389
CVD31 26 175 95.30 2.10 24.5 23.3 72.0 6.64 (2) 38
Erwi. 27 184 101.43 2.23 26.5 26.9 74.6 5.83 (4) 41 1.980
Teit. 19 189 84.40 2.10 7.4 6.2 78.2 6.52 (4) 40 92 1.319
Chri. 21 179 84.00 2.02 4.1 3.4 80.6 7.22 (4) 31 91 1.619
Duc. 24 184 132.50 2.53 33.7 44.6 87.8 7.35 (4) 41 93 642 1.361

Mean 23.1 175.9 74.16 1.89 12.90 10.61 63.56 5.54 42.1
S.D. 2.91 6.2 15.87 0.19 9.22 9.73 8.70 0.87 5.8

* Abbreviations and units: Age, in years; Height, in cm.; Weight, wt. of whole body in kg.; S.A., surface area in square
meters; %Fat, fat as per cent of whole body weight; Fat, weight in kgs.; L. B. M., lean body mass (body weight minus
weight of fat) in kg.; Cardiac output, liters per minute, the number in parenthesis refers to the number of C. 0. deter-
minations that were performed; A-V, the arteriovenous oxygen difference in cc. per liter of blood; B.P., the mean intra-
arterial blood pressure in mm. of Hg.; Cardiac vol., the volume of the heart in cc.; Resid. lung vol., the residual volume of
the lungs in cc.

977



HENRYLONGSTREETTAYLOR, JOSEF BROZEK, AND ANCEL KEYS

F601 0o? g

45.0 0 C.0..2.783S.A.t0.278
O S. E.-+0.70

l l 060

IA 1.6 1.8 2.0 2:2 2.4
SURFACE AREA

FIG. 1. THE RELATIONSHIP BETWEENCARDIAC OUT-
PUT IN LITERS PER MINUTEANDSURFACEAREAIN SQUARE
METERSIN 34 HEALTHYYOUNGMEN

per minute are the mean values of the designated
number of determinations. The values for the
weight of lean body mass were obtained by sub-
tracting the weight of fat from the total body
weight. Since the constants for converting spe-
cific gravity to per cent of fat were derived from
the weight of fat extracted, by fat solvents from
guinea pig carcasses (10) this value is equivalent
to the lean tissue mass and theoretically includes
any water and salt which may be present in the
fatty tissues. In addition, the calculated value of
fat is subject to such errors as may arise from as-
suming a constant specific gravity for the lean
body mass.

Cardiac output and body composition
The correlations between important cardiovas-

cular characteristics and the various measures of
body size and composition have been calculated and
are presented in Table II, along with other per-
tinent correlations. Significant correlations were
found between cardiac output and body weight,
surface area, and lean body mass, but no signifi-
cant relationship was demonstrated between car-
diac output and weight of body fat or per cent of
body fat.

The data relating cardiac output to surface area
and lean body mass are plotted in Figures 1 and 2.
The regression equations relating cardiac output
with these two variables are given below:

Equation 1. C. 0. = 2.783 S. A. + 0.278
Equation 2. C. 0. = 0.074 (L. B. M.) + 0.838,

where cardiac output (C. 0.) is expressed as liters

TABLE II

Coefficients of correlation (r) between cardiac output in liters
per minute, arteriovenous oxygen difference (A-V) in

cc. per liter, cardiac work in kilogram meters per
minute, total peripheral resistance (T.P.R.)

in dynes cm.-5 seconds and the several
measures of body size and

composition

Lean
Measurement No. of Body Surface Per cent Fat, bodysubjects weight area fat Kg. mass,

Kg.

Cardiac output 34 0.52 0.60 -0.01 0.16 0.75
A-V 34 0.17 -0.22 0.35 0.22 -0.43
Cardiac work 20 0.50 0.55 -0.13 0.07 0.76
T.P.R. 20 0.09 0.18 0.27 0.07 -0.22

For 34 subjects r is significantly different from zero at the
5% level of probability if r = 0.34 and at the 1% level if
r = 0.44. For 20 subjects similar values of r are 0.44 and
0.56, respectively.

per minute, surface area (S. A.) in square meters,
and lean body mass (L. B. M.) in kilograms. The
standard error of estimate of Equation 1 is 0.70
liters per minute, and that of Equation 2 is 0.58.
The basal cardiac output can therefore be pre-
dicted most accurately from the lean body mass.

Only a small advantage in prediction was found
when multiple regression equations were used.
The two most successful combinations are pre-
sented below:
Equation 3. C. 0. = 0.061 (L. B. M.)

+ 0.034 height - 4.313
Equation 4. C. 0. = 0.084 (L. B. M.)

- 0.02 (fat weight) + 0.415,

where height is expressed in centimeters and fat
and lean body mass in kilograms.

For Equation 3, the coefficient of multiple cor-

C.0 - 0.074X+ 0.838 0

7.0S. E.. t0.583
r* 0.74 °

Z

5 .0 0
M 00a

4~~~~~0

40.0 50.0 60.0 70.0 80.0

LEAN BODYf MASS IN KG.

FIG. 2. THE RELATIONSHIP BETWEENCARDIAC OUT-
PUT IN LITERS PER MINUTE AND LEAN BODY MASS IN
KILOGRAMSIN 34 HEALTHYYOUNGMEN
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relation relating the predicted cardiac output with
the observed was found to be 0.77 while that for
Equation 4 was 0.78. The standard errors of esti-
mate when rounded off to two places were 0.55
liters per minute for both equations.

It will be noted that Equation 2 assumes a linear
relationship between the weight of a part of the
body and cardiac output. However, it is known
that total body weight raised to the 3/4 power
(a curvilinear relationship) is more closely re-
lated to oxygen consumption than is the linear re-
gression equation (13). It is of interest then to
examine the relationship of cardiac output and
lean body mass raised to the power which provides
the best fit. The regression equation between the
log of the cardiac output and the log of the lean
body mass yields the following power equation:

Equation 5. C. 0. = 0.167 (L. B. M.)O-m.

The coefficient of correlation relating the loga-
rithms of cardiac output and lean body mass was
found to be 0.73 or of the same order of magnitude
as that found in the linear relationship. It ap-
pears then that there is no special advantage in
the power equation over the linear equation.

The arteriovenous oxygen difference and body
composition.

The coefficients of correlation between the ar-
teriovenous oxygen difference and the various
measures of body size and composition are in-
cluded in Table II. There are two correlation co-
efficients which are significantly different from zero.
A positive correlation coefficient of 0.35 (p <
0.05) between arteriovenous oxygen difference and
percentage of fat in the body suggests a specific ef-
fect of fat. A negative correlation between the ar-
teriovenous oxygen difference and lean body mass
of - 0.43 (p < 0.02) indicates that the lean body
mass is a more important determining factor.
Neither of these relationships are good enough to
suggest that they be used as reference points for

predicting arteriovenous oxygen differences.
However, we may examine multiple regression
equations and here we find more useful correla-
tions.

The relationships between cardiac output and
measures of fat and lean body mass are given
below:
Equation 6. A-V 02 = 61.73 + 0.321 (per cent of fat)

- 0.374 (L. B. M.)
Equation 7. A-V 02 = 66.52 + 0.310 (wt. of fat)

- 0.436 (L. B. M.),

where all weights are expressed in kilograms, the
percentage of fat is the percentage of fat in the
total body and the arteriovenous oxygen differ-
ence is in cc. of oxygen per liter of blood. The
correlation coefficient relating the predicted and
observed values of arteriovenous oxygen differ-
ence for Equation 6 is 0.65 and for Equation 7 is
0.63 whereas the standard errors of estimates are
0.78 and 0.80 cc. of oxygen per liter of blood, re-
spectively. Both these correlations are signifi-
cantly different from zero at the 1 per cent level.
They are of the same order of magnitude as the
correlation coefficients relating surface area and
cardiac output, which range between 0.5 and 0.6
(3) and must be considered to have real biological
meaning.

Cardiac work and peripheral resistance
Data from which basal cardiac work and total

peripheral resistance could be calculated were ob-
tained on 20 men. The means and standard devi-
ations of the cardiac work and total peripheral
resistance along with the figures for the several
measures of body size and composition are pre-
sented in Table III while the correlation coeffi-
cients have been given in Table II. It is apparent
that the total peripheral resistance is unrelated to
any measure of body size or body composition.
On the other hand, basal cardiac work is corre-
lated with total body weight, surface area, and
lean body mass. As in the case of the cardiac out-

TABLE III

The means and standard deviations of the cardiac work in kilogram meters per minute, the total peripheral resistance
in dynes cm.-, seconds, and the several items of body size and composition in 20 young men

T.P.R. Body wt., Kg. S.A. Per cent fat Fat, Kg.

6.52 1,282.4 75.34 1.91 14.19 11.65
1.57 236.6 16.93 0.19 9.44 10.45

Cardiac work
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TABLE IV

The values of the regression coefficients and the standard
errors of estimates of the regression equation relating

cardiac work in kilogram meters per minute to
measurements of body size and composition

Body Surface Per cent Fat, Kg. Lean body
weight area fat mass, Kg.

b* 0.046 4.44 -0.02 0.01 0.12
a 3.035 -1.97 6.84 6.40 -1.01
S.E. 1.361 1.31 1.55 1.57 1.02

* a and b are defined by the following equation:
y = a + bx,

where y is the predicted value and x is the reference point.

put, the highest correlation was found between
lean body mass and cardiac work. The regres-
sion coefficients from which one may construct
the regression equations relating cardiac work
with the several measures of body size and com-
position are presented in Table IV.

Estimates of the volume of the heart were ob-
tained in 16 subjects. The relationships between
cardiac work per cc. of heart volume and body
composition were examined. The largest corre-
lation coefficient found was 0.42 which existed
between the percentage of fat in the body and the
cardiac work per cc. of heart volume. But this
value of r would have to reach 0.50 (p = 0.05) be-
fore it could be considered significant. The re-
lationships between heart volume and body com-
position will be discussed elsewhere.

Anthropometric types and cardiovascular func-
tions

Equations 6 and 7 make it clear that different
proportions of fat and lean body mass will have
definite consequences in cardiovascular function.
To illustrate these effects in more detail we have
plotted the weight of fat against the lean body
mass in Figure 3. The vertical line on the figure
indicates the mean of the lean body mass in the
group under study and the horizontal line is
drawn through the mean of fat weights. The box
in the center outlined by the dotted lines encloses
an arbitrarily chosen "normal" group. The group
in the lower left-hand quadrant is considered to
to be low in lean body mass and low in fat; the
group in the upper left-hand, quadrant, high in fat
and low in lean body mass; the group in the upper
right-hand quadrant, high in fat and in lean body
mass; whereas the group in the lower right-hand

quadrant is high in lean body mass and low in fat.
The characteristics of the five groups are pre-

sented in Table V. Inspection of the data reveals
that those persons with a small lean body mass and
a large weight of fat have high arteriovenous oxy-

geh differences and those with a large lean body
mass and only small amounts of fat have low ar-

teriovenous oxygen differences.
The application of the usual t test demonstrated

that the mean arteriovenous oxygen differences
were significantly different at the 5 per cent level
for the following two pairs: 1) "normal" vs. high
fat, low lean body mass, 2) high fat, low lean body
mass vs. high fat, high lean body mass. In ad-
dition, a significant difference at the 1 per cent
level was found between the means of the ar-

teriovenous oxygen differences in the following
pair: 1) high fat, low lean body mass vs. low fat,
high lean body mass. The differences between
the cardiac indexes were also found to be signifi-
cant between the same pairs of groups. However,
in the case of this variable it was shown that the
cardiac index of the group with high fat, low lean
body mass differed significantly from that with
low fat, low lean body mass. None of the groups

showed any significant differences in the cardiac
output per kilogram of lean body mass.

Other methods of defining anthropometric cate-
gories may be employed. We have plotted the
weight of fat per unit of height against the lean
body mass per unit of height. The means of each

48
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FIG. 3. THE RELATIONSHIP BETWEENTHE WEIGHT OF
FAT AND THE LEAN BODYMASS

The horizontal line is the mean of the fat weights and
the vertical line is the mean of the fat-free weights. The
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TABLE V

The means and standard deviations of the arteriovenous oxygen difference (A-V), the cardiac index (cardiac output per
square meter of body surface) and the cardiac output in cc. per minute per kilogram of lean body mass along with

body composition and anthropometric characteristics of five groups of differing body composition

Anthropometric type

Normal
'Fat wt. low Fat wt. high Fat wt. high Fat wt. low
L. B. M. low L. B. M. low L. B. M. high L. B. M. high

N 9 8 4 5 7
Age 23.0 : 1.8 22.1 1: 2.4 23.8 :1=5.2 24.0 -4- 2.7 23.1 :1: 3.6
Wt. of fat 9.3 :1: 2.9 2.8 =1: 2.6 19.7 :14.1 27.4 4: 9.9 4.3 :1: 2.0
Lean body mass 64.6 41 1.2 55.1 -+ 4.7 58.9 :+:2.2 73.4 a: 8.9 70.1 :+1 6.6
%standard wt. 107.1 :1: 7.9 87.6 :1:10.3 121.0 :1:9.45 142.1 :4:19.3 104.2 :1:10.8
A-V 41.08k 4.08 42.57k 7.44 48.0 414.48 41.31:1: 2.62 38.421: 4.27
Cardiac index 3.051: 0.32 2.98:1: 0.42 2.43:1:0.15 2.8 1: 0.30 3.14:1: 0.25
C. O., cc./Kg. L. B. M. 89.9 :1:10.2 91.5 :1:14.5 78.8 413.6 83.2 :1 6.4 86.6 :1: 3.9

measurement were used in a manner similar to that
in Figure 3 to establish the quadrants. A normal
group was chosen and the differences between the
mean arteriovenous oxygen differences of the
several groups were tested, with the t test. Sig-
nificant differences were found between the same
pairs of groups which are listed above. In ad-
dition, the "normal" group showed a mean ar-
teriovenous oxygen difference which was signifi-
cantly (5% level) higher than the group which
was characterized by a large lean body mass per
unit height and small fat weight per unit height.

Anthropometric groups were also defined by
plotting the percentage of standard weight for age
and height against the percentage of fat, a pro-
cedure employed by McCance and Widdowson
(14). The quadrants were defined by the line
following 100 per cent of standard weight and 9.8
per cent fat. The figure of 9.8 per cent fat is the
percentage of fat of a man 22 years old where
weight is standard for height and age (15). An
alternative presentation involved plotting the per-
centage of standard weight against the percentage
of standard fat for age and, height. The latter
figure was found by the use of the tables provided
by Brozek (16). Both of these procedures al-
locate the men into groups whose members were:
1) underweight for height and with a less than nor-
mal percentage of fat, 2) overweight for height
and with a greater than normal percentage of fat,
and 3) overweight for height and with a less than
normal percentage of fat. In each formulation a
control group, clustered around the center of the
diagram, was chosen. In each case, it was pos-
sible to show that the group which was fat and

overweight had an arteriovenous oxygen differ-
ence which was significantly larger than the group
which was overweight and lean.

DISCUSSION

The classification of body build used here de-
pends entirely on the validity of the specific gravity
method. The calculation of the percentage of
body fat in an individual depends on knowing the
density of the lean body mass. Wehave used the
figure of 1.10, provided by Rathbun and Pace (10).
The use of a single figure for the density of the
lean body mass is obviously an approximation.
Since bone has a density of 1.43 and all other
tissues a density of the order of 1.066, the im-
portant source of error is the variation in the frac-
tion of bone in the lean body mass. The impor-
tant relations are given in the following equation:

Equation 8. Per cent of fat

100 [1( 4.188 _(4.562 \ 1=100 [Do( 0.6334 + R) 0.6334 + R) + 1

where D is the observed density of the body and
R is the fraction of wet bone in the lean body mass.
A density of 1.10 for the lean body mass requires
an R value of 0.1214. In a muscular man, who has
a smaller value of R, the standard equation will
overestimate the fat content of the body, whereas
in the thin man, who has a value of R larger than
0.1214, the fat content will be underestimated.
Reasonable estimates of the variation in the value
of R indicates that the error due to this source
is probably not greater than 3 to 4 per cent of the
total body weight. This problem will be discussed
in more detail elsewhere.
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It has been recognized by other investigators
(17) that the lean body mass may be a better
reference point than surface area for such biologi-
cally important functions as basal metabolism,
blood volume, etc. This possibility has been con-

firmed by this investigation in the case of the
cardiac output.

However, the advantage of the lean body mass

over the surface area as a reference point in
clinically normal men appears to depend entirely
on the relationships between the arteriovenous
oxygen difference and the body compartments.
It is not the purpose of this paper to examine the
relationships between the basal metabolic rate and
the various body compartments. However, it
should be mentioned that in this data the correla-
tion between oxygen consumption and surface
area was of the same order of magnitude as that
between oxygen consumption and lean body mass.

No relationship was found between blood pres-

sure measured intra-arterially and body size or

composition. This is, of course, contrary to ob-
servations made on large groups using the sphyg-
momanometer (18) where it was shown that the
blood pressure increased with increasing relative
weight. It has been assumed! that the blood pres-

sure increased with fatness. Our failure to find
an increase in blood pressure with obesity is not
surprising in view of the recent demonstration that
the cuff method overestimates the blood pres-

sure in arms of large diameter and underestimates
the blood pressure in arms of small diameter (19,
20). The group studied here is small and it is
not possible to state that there is not a relation be-
tween blood pressure and degree of obesity.
However, it is clear that if such a relation exists
the increment of blood pressure per unit of fatness
must be small.

Equation 7 makes it clear that certain anthro-
pometric types have characteristic arteriovenous
oxygen differences. Since the cardiac output is
equal to the oxygen consumption divided by the
arteriovenous difference, it follows that the basal
cardiac output is not strictly proportional to the
basal oxygen consumption in individuals with dif-
ferent body compositions. In addition, the sig-
nificant differences between the cardiac indexes of
different anthropometric groups presented in
Table V demonstrates that the cardiac output is
not strictly proportional to the surface area in the
several anthropometric types.

It is apparent that the largest cardiac outputs
per square meter of surface area and per cc. of
oxygen consumption will be found in muscular
(large lean body mass) individuals who have a rel-
atively small fat content. Fatness per se does not
necessarily mean that the basal cardiac output and
cardiac work has been increased in proportion to
the increase in surface area or oxygen consump-
tion. Thus, those people with a relatively small
lean body mass and a relatively large mass of fat
will have cardiac outputs which are definitely less
than that predicted from surface area or oxygen
consumption. The person who has a large fat-mass
which is superimposed on a large muscle-mass
(lean body mass) may have a cardiac output nearly
proportional to the surface area and to oxygen
consumption.

The increasing arteriovenous oxygen difference
associated with increasing amounts of fat on the
body may well act as a protective mechanism since
it reduces the cardiac work load below that which
would exist if the cardiac output always remained
proportional to the oxygen consumption. In this
connection it is interesting to note that Smith and
Willius (21) were able to find evidence of cardiac
hypertrophy at autopsy in only 30 per cent of 52
obese patients who were selected because there
was no evidence of heart failure or hypertension.

Finally, it should be kept in mind that the con-
clusions of this investigation apply strictly to
young men in their twenties who are living in a
university environment. Preliminary studies of
middle-aged business men (22) have demonstrated
that the arteriovenous oxygen difference changes
markedly with age.

SUMMARYANDCONCLUSIONS

1. The basal cardiac outputs of 34 healthy male
university students were determined by the acety-
lene technic and the values were corrected to di-
rect Fick levels. The specific gravity of the body
was determined by the water immersion method
and the amount of body fat was estimated for all
men.

2. It was found that the basal cardiac output
was related to body weight by a correlation coeffi-
cient (r) of 0.54, to surface area by an r of 0.60,
to the weight of lean body mass by an r of 0.74
and finally to the weight of fat by an r of 0.16.

3. Intra-arterial blood pressure was measured

982



BASAL CARDIAC FUNCTION AND OBESITY

on 20 of these men and basal cardiac work was

calculated. The basal cardiac work was related
to anthropometric measures of body mass and
compartments in roughly the same manner as

basal cardiac output. The coefficients of correla-
tion relating basal cardiac work to body weight,
surface area, weight of fat-free tissue and fat were

found to be 0.50, 0.55, 0.76, and 0.07, respectively.
4. The arteriovenous oxygen difference was

positively correlated with fat and negatively cor-

related with lean body mass. The arteriovenous
oxygen difference predicted by a multiple regres-

sion equation using the weight of fat and the lean
body mass as predictors was related to the ob-
served arteriovenous oxygen difference by a co-

efficient of correlation of 0.63.
5. It was shown that the basal cardiac output

was not strictly proportional to surface area and
oxygen consumption in certain anthropometric
types.
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