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Methods employing radicactively tagged- red
cells have been widely adopted for measurement”
of blood volume. However, in comparison with
the work which has been done with the dve (1-3)
and carbon monoxide (6) methods, little attention
has been given to the establishment of mean
values for men and women or to study of the
variance encountered among healthy subjects.
Most clinical investigators have collected their
own control data, based often on study of rela-
tively few or not entirely healthy subjects (7-13).

A rather large scatter of data around mean
prediction values has been found by all workers,
regardless of methods empioyed, when values for
whole blood volume (Vwb), red cell volume
(Vrbc) and plasma volume (Vpl) are related to

 body weight, height, or combinations of these

measures (1-5, 13, 14). Some of this variation
presumably results from differences in body com-
position, since blood volume correlates both with
body density (5, 15) and with lean bodv mass
(16, 17). However, it has not been shown that
predictions based on total body mass are less ac-
curate than those based on lean body mass. which
requires a separate measurement (15, 16). Con-
sideration of fat thickness and girth measurement,
in addition to height and weight, was found by

* This investigation was supported by research grants
(H-1271 and G-3666) from the Institutes of Health,
United States Public Health Service, from the James W.
Edwards Memorial Fund (allocated by the Commirtee on
Research of the University of California School of
Medicine), and from the American Heart Assocation
and the San Francisco and Monterey County Heart
Associations.

t Research Fellow of the American Heart Association.
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Hicks. Hope. Turnbull and Verel to. improve
prediction (14). Gregersen and Nickerson (3)
classified subjects according to somatotype and
found that variance of blood volume per unit of
bady surface area was reduced to an important de-
gree when dealing with extreme body types but
not in the middle ranges. Divergent results have
been reported concerning the influence of age and
of-physical training on blood volume (2, 18-23).

Wemve used the Cr®™ method of Sterling and
Gray (24, 23) to measure Vrbe and, indirectly
from the-hematocrit, Vwb and Vpl in 201 healthy
prison -inmates. Trivariate regression equations
have Been derived for the plane surfaces which
relate the volumes to height and weight and a
graphic system for their rapid application to prac-
tical problems has been developed. By analysis
of individual differences., ‘“residuals,” from the
mean regression plamess—we have studied the ei-
fects of the following factors on the variability
of the data: age, body build, habits of physical
activity and, to a limited extent, seasonal changes.

-

- .SUBJECTS __.

.

n

ibe?subicc!s were Selected by cpreful screening frem
normaly active volurmeers. Most:of them were white
(se¢ Table I for racial and nationatorigins). Informa-
tion'from the prison heaith records was supplemented by
interviews conducted by & physician from our group, by
minifilm X-rays of the _ihest and by laboratory tests
which included complete lood count, sedimentation rate,
urimalysis, electrocardiogram and a serologic test for
syphilis. Volunteers were rejected if the results of
these tests were abnormal; if their blood pressures were
above 140.mm. Hyg systolic or 90 diastolic, or if they had
recognizable diseasé or pgst history of illness, such as
rheymatic fevar or tuberculosis, which might be present
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TABLE I
Data 1n chromologic order irom experiments on 201 healthy men
T
- Acusnty Somarotype
B Class 1.
Subject” Age Height Weignt Wor Il En Me Ec Hemartocritt Vrbet
Years o Ke Lrd L.
- 178 735 11 3 Ly 3 430 202
= 180 680 1 2 3 1 430 1.96
- 174 64.3 42.8 .11
173 67.1 1 s 3 41.1 1.62
= 186 66.2 1 2 3 [} Ho 2.03
~183 725 1 4.2 2.31
I i) 67.3 I\ 2 5 2 +H.6 1.76
- 180 725 1 3 37 kY 47.6 .16
187 6.6 11 3 4 4 $1.2 242
- 180 80.2 1 3 M 2 48.3 249
177 - 792 9.7 2.36
17y - - 679 i 3 4 3 4.8 .01
187 - 957 8.6 2.70
182 ° 66.2 1 46.2 2.01
173 653 1 3 4 4 43.2 1.80
186 7.6 1 2 4 Y 6.4 2.26
178 . ___. 770 2 5’ 2 48.4 2.30
177 870 [ 469 231
136 1020 m 4 5 1 47.3 2.54
174 110 23 i1 3 -y 1 416 2.41
169 612 1 1 s 1 46.0 1.63
168 03 11 3.0 1.60
183 8! 459 238
183 s 45.2 1.99
183 LS § 42.9 2.13
187 862 —dl 3 4 3 437 2.26
168 539 Ly 3 ¥ 434 1.66
182 967 -t H“#9 .24
183 65.7 - 16.5 1.91
173 67 6 i 3 4 3 4.6 1.97
173 566 11 40.1 1.46
170 693 1 . 3 5 2 431 1.88
165 589 432 1.52
173 703 1 4" 4 3 .7 1.85
174 63.4 11 3 3 4 433 1.90
183 76.6 1 3 3 4’ 43.2 2.07
180 4.3 e 2 -8 4 411 2.18
163 51.9 _-ijr" : 2' . 9.8 2;6‘ .
170 61.1 - R 433 1.
185 85.7 HL: iy § 5- 52 +o 2.20
180 721 T S 416 21
176 65.7 nl-. Y5 -3 45.6 2.09
171 65.7 me- o 48.0 2.11
l;g ;I; gr. - -3 sz 4:.2 :g‘;
1 1. Toe =7 G 434 .
178 760.2 H -3 i -y 48.7 208
171 69.2 H - 3 47y 46.7 2.20
180 80.0 ) 3 LI 43.0 .58
i7 78.% 1 4 40 “4 1.87
- - 163 0.9 a1 - I -4 i3 1.7 1.5§
173 580 I. P ST 42.7 1.61
170 70.0 S R e 43.1 2.08
mn 73.0 2. St 44.6 2.26
182 76.8 - 205 LY 427 2147
182 18.0 1 J o A 4.7 2.42
17§ 1.8 1 A N | “us 2.07
178 713 1 e 225302 46.6 2.26
182 75.0 1 R NP | ) 48.3 2.37
178 68.2 I 3 C 473 435 2.04
183 80.0 1 WL e -% 435 2.68
185 90.5 . =29 2§c 1 45.0 2.12
184 87.3 [2¢ =% =923 45.0 238
180 87.8 Ilg- &g T T 456 .32
‘ - - AR
* (C) Chinese, {F) Filipino, (I) North American Indian, (M) Mexican, (N) Negro. -
! Uncormected for trapped plasma.
{ Weight: height ratio exceptionally high. See Figures 1 and 4.
~ PRIVACY ACT MATERTAL REMOVED
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TABLE 1—{cniinued
Activity Somatoty De
——— class |
Subject® ] Hegnt MWeight 1T or L1 En Me Ec Hematoesitt A¥3-"24
years cm Kt “ L
175 63.6 111 P 4 478 195
AL 5.8 i1 P 1 16.1 233
s 821 111 2 'Y 1 492 207
192 84.6 111 [ 4 47.2 244
157 75.0 111 2 6 1 434 1.86
179 62.3 I 2 ¥y s 40.8 1.67
187 _71.0 it ¥y 4 42.3 2.08
168 -, 632 i 2?52 48.9 1.80
167 70.0 1 3 K] 2 48.8 1.81
170-- 63.6 K 2 5 3 453 1.90
1755 — -65.0 1 5 4 15.7 1.87
190 - 98.2 11 r o6 2 133 2.58
175 7.0 {11 2 S 3 4.9 178
180 73T 4 4 ¥ 124 17
168 65.5-- 1 ooy 18.4 1.93
176 b 1 ¥ o8 2 452 230
175 71.0 i1 3 4 3 325 1735
180 66.0 - - 1 I 43.4 184
163 63 6 I ¥y oS 2 330 161
185 78.2 it KRt 4 W55 213
177 - Bl4 i 4 4 2 40.2 183
178 723 | 3 4 4 He6 195
173 64.1 1 s 3 1.6 158
177 65.5 It 3 4 ¥ 48.1 1.93
177 709 i 3 5 3 44.2 =182 co
179 60.5 - 2 P 9.4 S A4 T
164 646 | —— % 1 48 4 ~1.95 =
182 78.2 1 —_— Y3 476 2.03
175 75.6 1 3 5 2 421 - 1.34 :
) 180 93.2 1 3 5 2 §2.8 - 269 :
180 67.3 | 3y 46.3 - 1.87 =
180 66.9 1 P 16.5 2,00 - =
183 66.8 m — 3 P 48.5 2,07 ox
170 54.1 [ 2y -2 ¥ 472 1.72 LE
157 $5.5 I 3 5 2 48.2 . 154 =
183 82.8 {1 3 FU ¢ 18.4 2.21 N
179 86.3 n 3 6 2 ++.9 - 213 DN
163 59.6 [ 3 5 2 47.3 T 189 o
168 68.6 [ 4 4 2 45.9 : 1.70 =
183 74.2 i1 [ 42.6 . 18L =
183 74.2 I 23— 16.3 < 33T &
171 76.4 [ 35 A 365 5165 -
174 55.9 11 2 A 43.6 Z 182 B
179 80.9 11 4 4 T 442 < o :
175 59.2 I 2 2 s 45.5 T LS¥ <
177 85.9 11 A5 2 . 540 € Ler ‘n
180 70.0 n 2 4 A 435 = L9 =
166 69.6 1 3 s 2 —tl9. T L& -
171 69.2 1 2 2 D SE T s !
170 66.4 11 L334 2 LT H
188 ~—e21.0 I 2 4 4 59 T2k z
175 80.8 I 4 & 2 : gs.a S G2 o
179 68.2 11 2 ¥ 4 R 1.79
165 65.5 11 3 s 1 500 . 2.25
180 91.0 1t 4 5 2 44.9 2.24
179 61.8 1t 4 [ 40.7 1.63
179 112.7¢ ! [ 1 §3.0 3.02
170 74.1 I 3 5 2 46.7 2.03
170 73.2 11t 2”6 2 36.2 2.08
173 74.2 11 oo 46.6 2.23
163 79.6 1 4 s 1 459 2.21
175 70.8 1 4.8 1.94
171 84.2 11 [ 1 4.3 2.18
173 68.2 1 3 ¢ ¥ 44.3 1.78
178 66.0 1 1 LI i 41.7 2.04
1n 63.7 [ 40.5 1.66
) 184 71.8 [ 27y ¥ 45.5 247
. 173 67.3 1 PR 3 4.9 1.83
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in latent or chromic form. Nao cases of gross clinical
obesity were inciuded. The men had stayed in San
Quentin State Prison, where there is little seasonal vari-
ation of outdoor climate, for various periods of time.
None had stayed recently at high alttudes or in climates
of extreme heat or cold. The seres included 46 men who
had donated blood once and seven who had donated blood
twice in the year preceding the experiment Donors were
not accepted if they had given bleod within 42 days: those
who had donated twice were not accepted within 60 days
of the last bleeding. The basis for the decision to in-
clude blood donors in the series of “normais” will be
shown under Resuits. -

PROCEDURE AND METHODS

——

On the day before the experiment. blood was taken for—
tagging and the laboratory screening tests were performed.
The subject stayed in the prison hospital overnight and- -
received no food or medication after retiring in_the”
evening. He was also requested not to smoke. On the--

morning of the experiment. he reclined for at least 30~

minutes before injection of the tagged cells and until
the final sample for measurement of blood volume had
been taken Wintrobe hematocrit tubes were filled in
duplicate “from each blood sample within three hours
of collection and centrifuged for 30 minutes at 3,000
tpm (radius 15 em.). The height of the cell column
was read to the top of the buffy coat, and no correction
was applied for “trapped plasma.”

The volume of cells (Vrbe) was measured by a modi-
fication of the Cr™ method of Steriing and Gray (2¢)
which we have described elsewhere (25) and which will
be analyzred in a forthcoming publication (26). Essen-
tially, the procedure was as follows: I) About 15 mL of
the subject’s blood was tagged with 100 to 200 uc. of
N2,Cr®0,, containing 0.1 to 1.0 ug. of Na,CrO, per uc
The erythrocytes were then washed and resuspended in
saline and stored overnight in the refrigerator? 2) Ten
ml. of the cell suspension was delivered from a calibrated
syringe and washed quantitatively into the subject’s vein
with not more than 30 ml. of saline, using an indwelling
needle and a small infusion system. 3) Two or three
samples of blood were taken from the same needle be-
ginning not less than 20 minutes after delivery of the
tagged cells. The reported data are based on the aver-
ages of the derived values. A very slow infusion of
saline provided for patency of the netedle, but this was
discontinued and at least 2 ml. of blood was taken from
the vein and discarded before collection of any sample.
4) Vwb was determined by comparing the radicactvity
of each blood sample with that of the tagged cell sus-
pension. Vrbc was derived by multiplying Vwb and the
hematocrit of the same blood sample. Vpl was obtained

t Overnight storage of the cells makes it possible to
inject them into the fasting subject at a convenient time
before breakfast Im vitro tests and animal experiments
have shown that handling the blood in this way does not
affect the accuracy of the method (27, 28).

RED CELL AND BLOOD VOLUME IN HEALTHY MEN: C®
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by subtracting Vrbe from Vwb, Xo factor was in-
troduced to correct the data for the probable difference
between the hematocrit of venous blood and that of the
body as a whole (29-31).

On the day of the experiment pulse and blood pressure
were measured. The subject’s height and weight in the
nude were measured to the nearest half inch and pound,
respectively, and he was photographed as prescribed by
Sheldon (32) for determination of somatotype. His age
to the nearest birthday was recorded and the medical
interview was completed.

On the basis of the dical interview, suppl d by
information from associates and supervisors, each sube
ject was assigned to a physical activity group. Group I
(light) included clerical workers, laboratory assistants,
students and unemployed persons who did not participate
in sparts. Group Il (moderate) consisted of janitors,
garden and yard workers, messengers, cooks, electricians,
and so forth. Group III (heavy) consisted of men who

~worked as plumbers, roofers, plasterers, laundry heipers

and quarry and construction laborers. Because of ac-
tivity {n sports, a person who by occupation belonged in
Grogp [ might be placed in Group II. If he participated
intensively in strenuous sports, such as weight.lifting,
football, wrestling or boxing, a person whose work was
light: or moderate might be placed in Group [1l. -« =~
Eaelr subject was classified ? according to a scale-of-13
(seven w s and six half grades, shown in Table
[ as primes) for each of the three somatotype components,
endomorphy “TBbesity), mesomarphy (muscularity) and
ectomorphy (lineanty). -

— RESULTS
1. Volumes in relation to height and weighf

Table II lists the mean values for Vrbe, Vpl and
V'wb, with the regression equat equations desmbmg the
relationships of the volumes—to the body meas-
urements.
fitted by the method of IEESt squares. For ¥rbe, -
Vpland Vwb, the coefficientof-yariation is smaller:_
if the volumes are related to height—and weight
combined or to the calculated bbdy surfacerarea™
(Du Bois’ formula), than if theyiare reladeo_
height or weight alone. The values for whéle
blood have a smaller coefficient oi—ﬂﬂatxon than
those of the two components. The bivariate equa-
tions represent straight lines and the trivariate
equations, planes without curvature.

In Figure 1, each of the 201 subjects is plotted

1 We are greatly indebted to Dr. C. W. Dupertuis of
Western Reserve University, who, at our request, kindly
agreed to make an independent determination of somato-
types. No classification was considered correct uniess
approved by Dr. Dupertuis.

The regression-dines and planes were - '

.
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~ TABLE Il

Regression equations of 1vbe. 1'pl and 1'wh to weight alone, /!e'a-n alone, ungn! and
herght combaned and to body surface rea®

RS Mean of Standard Coefficient of
I all values Predicted values deviation vanauon
- mi. ml <
\'rbe 2.030 290 142
- 1) 22.4 X height — 1,930 250 1222
- 2) 21.4 X weight ~ 490 200 9.7
37 8.6 x height = 18.6 X weight — 830 160 94
4) 1,550 X surface area — 890 190 9.4
\'pl 2.460- 330 13.2
- 5) 29.7 X height - 2,770 260 10.7
~ . 6) 19.6 X weight + 1.050 260 10.7
7) 19.9 X height + 13.1 X weight — 2,000 240 9.7
T 8) 1.580 X surface area — 520 240 9.8
\'wb 4,490 — 37 126
91 821 X height — 4,700 450 10.1
~#01 410 X weight - 1.530 100 8.9
-l 28.5 X height = 31.6 X weight — 2.820 370 8.1
-7 12V 3140 X surface area — 1.410 360 8.1

* Height in cm.: weight in Kg.: surface area imsquare meters as calculated from Du Bois’ formula. Values are uncor-
rected for trapped plasma and for differences between body hematocrit and venous hematocnt.

%0 0
200 - 0 80 90 100 10 |fow°
< z
190 = 2190
¢ i :
g :
IS P
§ 180 F . ENTY
st :
- r -
™ -
N :
170 3170
13 IS -
§ 3
¥ b
. iuo
; ‘ . ! iuso
0 70 0 »0 190 . 10 120

WEIGHT IN KILOGRAMS . |
Fic. 4. ZRep Cert Axp PLasma VoLuNEs 15 Revation 1o HEWHT axo WeicaT

Eact salid circle represents one subject, plotted according to his height and weight.
The average of the heights and weights 1s shown by +. The solid and dashed con-
tour lines- give the mean predicted Vrbe and Vpl, respectively, to the nearest 0.1 I,
- calculated from Equauons 3 and 7, Table II. The mean predicted volumes of a man
- 175 e tall and weighing 70 Kg. are: Vrbe=198 L. Vpt =240 L, and Vwb=
4.38-L:- Malues are uncorrected for trapped plasma and for differences between body

v bematocrit.and venous hematocrit. Vrbe includes leukocytes and platelets.
* The porftour lines are constructed by introducing the successive mean values for
‘{rbf afd ¥pl in their respective regression equations (No. 3 and No. 7, Table )

ad :ofdpuﬁng the height for a given weight or vice versa.
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Fic. 2. Reramion or HeicHT ANd WeicHT 0 Hematocwrr z . =
Each subject is plotted according to height and weight as in Figure 1. The 11 men - - -

with the lowest hematocrits, 41.1 per cent

mostly in the left upper area. The 10 men with the highest hematocrits, 49.5 per cent © ~

or below and represented by A, appear .

or above and represented by C, appear mostly i the right lower area. LT C

according to his height and weight. The location
of the regression plane for Vrbe in relation to
combined height and weight (Equation 3. Table
I1) is represented by the solid contour lines pro-
gressing from the leit lower to the right upper
corner of the chart. The regression plane for
V'pl (Equation 7, Table II} is represented by the
dotted” contour lines. The contour lines for
Vrhe are steeper than those for Vpl. indicating
that V'rbc is relatively more dependent on weight
than height, whereas the reverse is true of Vpl.
Although the differences are small, the hematocrits
of short, heavy men tend to be slightly higher than
those of tall, thin men, as shown in Figure 2.

2. Influence of factors other tham height and
weight as shoum by analysis of “residuals”

Analvsis of the differences between the ob-
served volumes in each subject and the average
volumes for his height and weight, i.e., “residuals,”
provided a means of testing the influence on blood
volume of factors other than weight and height
when considered independently. The predicted
Vrbe and Vpl of each subject were calculated,
using Equations 3 and 7, Table II. Each sub-

e e

ject's residual Vrbc and Vpl were then found by _ -
subtracting “his predicted from hx's ?obscn'ed -
volumes. S : =
A positive correlation was found betwcch :esuiu— :
als for Vrbcand \'pl (r = +042). - ~
A) Age. Table III shows the dxsmhunortof
ages and the mean residuals for \'rbciand Vp} ok
the subjects within eachi five vear age group= 'ﬁhs—
largest number of men_were in theifs third and~
fourth decades; a few were pver 40. Comparison: = *
of mean residuals with TN&T standard errors indi-
cates that age has littleeffect, except on the Vrbe
of subjects in the hzghest age gzoup.-_

n|)

TABLE Il
Influence of age on Vrbe and Vpl

Residuals ¥rbe Residuals Vpl
Number

Age of men Mean S.E.* Mean S. E*
yeers i -l LN ml.
19-24 42 ~18 29 14 37
25-29 76 15 22 -5 27
30-34 45 4 28 -11 35
35-39 22 10 41 -22 St
40—+ 11 40 57 88 72
45-52 5 - 236 BS ~42 106

* Standard error.

feaen L0
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tered; or c)_methodologic factors. Influence of
the latter seems unlikely since the within-month
edect was as great at the end of the study as at
the beginning an-. since the personnel. procedures
and methods were unchanged throughout.

E) Blood donations. Fiity-three blood donors
were included in the series. Their residuals of
\rbe and Vpl are plotted in Figure 3 according
to the interval of time between donation and ex-
periment.  The points are” distributed evenly
around the zero line which represents the pre-
dicted \'rbc or Vpl of each individual calculated
irom his height and weight. Most of the'residuals
were within plus or minus one standard ‘deviation
of the mean predicted volume so that the vanation
is no greater in this group than in the population as..
a whole. The residuals showed no tendency tq in-
crease or decrease progressively with time, be-
tween 42 and 180 days. For all donors, the mean
residuals (ml.) were as follows: Vrbc = + 17
iS.E. 27), Vpl= =17 (SE. 33), Vwb=+ 02
i 3.E. 50).

2. Repeat determinations

In 15 men the blood volume was re-estimated
one or more times after intervals of three to 31
weeks. The mean of the 20 differences for Vrbc
was 73 ml. (range. 10 to 160 ml.) and for Vwb,

. RED CELL AND BLOOD VOLUME IN HEALTHY MEN: (i
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measurements enable us to estimate the amount
of variation due to measurement errors and short-
term temporal changes, The estimated standard
deviation of such variation was 64 mi. for Vrbc
and 211 mi for V'wb. The standard deviations
about the regression planes described by Equa-
tions 3 and 11, Table II, are reduced only modestly
by taking into account the degree of variance
shown by the repeat measurements, which in-
ciudes the errors of measurement and the changes
in blood volume of individual subjects from time
to time,* Thus. for \'rbe almost all of the predic-
tive error seems to relate to intrinsic differences
between subjects rather than to errors of meas-
urement or temporal changes within subjects.
For V'wb this is so to a lesser degree; this volume
15 either less stable or less accurately measured.
or both.

- DICUSSION

Only the observed venous hematocrit values
were used in our calculations. It is recognized
that the true \'rbe is slightly smaller than that cal-
culated-from-the Cr*! space and observed hemato-
crit because of plasma trapping in the hematocrit
e ———

:The SP:-for Vrbe (Equation 3, Table II) is re-

duced from 190 ml to v(190)"— (64)'=179 ml. and
the SD. for Vwb (Equation 11, Table II) is reduced

232 ml. (range, 10 to 710 mi.). These repeat from 370 ml 1o ~(370)" — (211)° = 304 ml.
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The linear regression Equauon 4.(Table II) describes the data. Arrows point to
two subjects whose weight: height ratos were exceptionally high and who appear

L

to the far right of the population scatter shown in Figures | and 2. Data- - relating E
to these two subjects are marked by $ in Table I. < :

tube (33) and that Vwb and Vpl may be iitger

ERRE Y

workers (5) found that regrﬁ.sien -!oA(ilei‘ghf.-:)‘

than they appear when calculated from Vrbc and a —end-weight gave the most afeguate . expr&sion‘:bi

large vessel hematocrit (29, 30).

Application of -their own and other published data. ¢ Howetbr.

correction factors such as are used widely at pres- “the function, (height)?, is nez.rly lmel:r Sver the

ent, 0.96 for trapping (34) and 0.91 for body;
venous hematocrit ratio (31), would change the
observed values only systematically. Correction
factors which apply to data on healthy subjects
do not necessarily apply to subjects with dis-
ease. Plasma trapping varies with the hemato-
crit level (35) and the body: venous hematocrit
ratio is altered in some circulatory disorders (11,
35), with splenomegaly (36) and in pregnancy
(37). Other investigators may conveniently com-
pare their data with ours before they apply any
desired correction factors. Vrbc as determined
here is independent of the body : venous hemato-
crit ratio. but Vpl and Vwb are not. It should
be noted that Vrbce as reported here includes leu-
kocytes and platelets because hematocrits were
read to the top of the buffyv coat.

The finding that blood volume relates more
closely to one or another combination of height
and weight than to either measure alone is in ac-
cord with the results of several other studies
(1-6, 13, 14). von Porat (4) proposed the use
of (height)? as a reference and Allenr and co-

narrow range of heights en&nm!ﬂ'ea zmonga&ixlt
men. -The predicted Vb s Qlfered SorlyE
ml. at most by substitution of height for (hexght)'
in the.equation of Allen and co-workers (5) over
the range of heights encountered by these au-
thors (.57 to 1.89 M.).

The regression-equations presented here should
not be relied-on—{for heights and weights outside
the range civered by our observations, since
there is no rezsomto suppose that the regression
planes would contir continue-to-be the same beyond the
observed domain. ‘Furthermore, the accuracy
with which the planes are estimated decreases as
we depart from the ceriter {indicated by a cross)
of the height : weight seatter diagram (Figure 1).

For predicting ‘‘normal” volumes in individual
cases, the graphic representation of the regression
planes shown in Figure 1 has several advantages:
a) No calculations are required; &) one can see at
a glance whether the individual's height and
weight are within the range covered by our cal-
culations; and ¢) any existing peculiarities of
height: weight relations of the individual under
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consideration are revealed. That these may be ob-
scured when calculated body surface area is used
as the basis of prediction was pointed out many
‘vears ago by Romntree and Brown (1) and by
Gibson and Evans™(2). For example, two heavy
men are tound to the far right of Figure 1. Al
though noticeably different irom the rest of the
population when located on the scatter diagram.
they cannot be distinguished irom the other large
individuals in our series when the data for Vrbe
are plotted against body suriace area;-as shown
in Figure 4. -
Regression of V'wb to height and \Aelght ac-
counted for only 36 per cent of the-eriginal vari-
ability of our data. The coefficient of variation

(8.1 per cent) aiter this regression is of about-the ~

same magnitude as has been found in other stuthes
after regression or correlation of blood volume-to
weight and height or to surface area, The mag-
nitude of the coefficient depends on the homoge-
neity and size of the population under investiga-
tion. It was comparatively low in a group of
average American medical students and consid-
erably higher than ours in a group of subjects
selected for extremes of somatotype (3). Our
sample of adult males was of intermediate homo-
geneity, in that it included men from several racial
origins whose ages extended to above 50 years
and included physically active as well as sedentary
persons, but only a few examples of extremely
linear or obese body build. Most of the varia-
tion to be accounted for aiter consideration of
height and weight is biologic rather than metho-
dologic, as shown by our repeat studies and by
similar experiences reported by workers using
a variety of methods, for example, P** (7, 12, 13).
Cr® (10), I'** (15), and T-1824 (5, 13, 16).
Within the population available to us for study.
we have found that age, somatotype and habits of
physical activity influence Vrbec and Vwb only
slightly when considered independently from
height and weight.
these characteristics is strongly linked in its effect
on blood volume with body size and composition.
The effect of each characteristic is of course mini-
mized when examined by analvsis of residuals
about the height x weight regression. planes.
Available evidence suggests that individual dif-
ferences with respect to the content of fat and
lean tissue in the body have only a modest effect

This may be because each of .

on blood volume. This is probably because the
blood content of fat tissue is not insignificant (3,
15). Hicks, Hope, Turnbull and Verel (l4)
found that consideration of fat thickness and girth
in addition to height and weight lowered the
coefficient of variation for V'wb from 9.6 o 7.6
per cent. V'wb, Vrbe and Vpl have been found
to be directly related to body density (3, 13). and
Muldowney (17) found a surprisingly good cor-
relation between Vrbe and lean body mass, con-
sidering that both were determined indirectly.
On the other hand, Inkley, Brooks and Kreiger
(16) found no better correlation between \"pl and.
lean body mass, determined by densitometry or
by antipyrine space, than berween \'pl and total
body mass. and Huff and Feller (15) were un-
able to improve the prediction of blood volume
by determining body densitv and calculating the
expected blood content of fat and lean tissues
separately.

The data of Gibson and Evans (2) appeared to
show that blood volume per unit body ‘size was
lesé in large than in small subjects, so that th€
curves Telating volumes to height, weight and
body surface area were flattened at the top. We
have beemunable to corroborate this finding; none

of our regressian lines or planes show ecidence of . -

curvafure. The only apparent explanation’ for
the difference is that our large subjects were rela-
tively more muscular and less obese than theirs.

In most other respects, our results are.in re-
markably good_agreement with those of the eatly.

workers who used thre-dye'methods. The'pasitive:
correlation found bemeen residuals fof \Crbc and:
\pl (r=+042) m

V'pl found in certain pathologic statesw g., fhewia
and polvcythemia (38), and suggests that the
normal biologic determinants of B18od volume may
be concerned with circulatory volume rather than
with total circulating hemoglobin.

The apparent absence of age effect in the third
to fifth decades is in agreement with several re-
ports (6. 8. 13). The suggested tendency for the
volumes per unit size to decrease in the sixth
decade corroborates the findings of Gibson and
Evans (2) and of Baker, Kozoll and Meyer (20).
The question of age, however, requires further

at a man thm.VEbcE c
is larger than averagefor his hexghtand \@:ﬁht _
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study. inasmuch as both the above-mentioned
studies (2, 20) and our own involved few sub-
jects over 30 and since discordant results were
found in two investigations particulariv devoted
to Lh?b?:blcm of aging (18, 19).

\We have found that muscularity {mesomorphy)
has a siight positive effect. while both linearity
(ectomorphy) and .obesity (endomorphv) have
negative efects on the residuals about the height
x weight regression planes. Also. a slight pro-
gressive positivity of residuals was found with
increasing grades of habitual physical activity.
This supports Sjéstrand’s hypothesis (39) that
\'rbc is primarily dependerif on total muscle mass
and. equally well, the thesis that blood Volume may
be more dependent on lean than on total body
mass. In contrast. Bass. Buskirk, lampietro and
Mager (22) found no increase in Vpl or Vrbe af-
ter three weeks of vigorous physical~conditioning
and Buskirk (23) was unable to demonstrate
differences in Vpl or Vwb per unit of total or
fat-free body weight in moderately or rigorously
trained athletes and nonathletes. The demon-
stration by Kjellberg, Rudhe and Sjgstrand (21}

of large differences between the blood volumes of

athletically trained and untrained persons re-
quires re-examination. The carbon monoxide
method which they used is particularly unsuitable—
for this problem, since 135 per cent of the test dose
of gas leaves the blood during the measurement
and goes mostly to muscle pigments (25. 27).

SUMMARY

1. A group of 201 men were screened for
health and classified as to age, habits of physical
activity and somatotype. The red cell volumes
(V'rbe) of these subjects were measured with
Cr3! tagged cells; plasma (Vpl) and whole blood
volumes were derived indirectly from venous
hematocrits.

2. Regression equations were derived, express-
ing the relations of the volumes to bodv weight
and height and to combinations of these measures.
From these data a chart was devised from which
the expected Vrbe and Vpl for a man of given
height and weight can be found conveniently.

3. In the sample of population examined, age,
elements of the somatotype and habits of physical
activity were found to influence the variance of

GUTTENTAG, SCOTT, TUCKER. BRADLEY

the data only slightly, aiter efects of height and
weight had been accounted for.
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— TABLE [V

Classifica::on of 177 men with respect to endormorpay, mesomorphy and eclomorphy and mean

ressdugds 1 mi. of Vede and Vpl of grouped cicsses*t

Ectomorphy = I - - _f o
End ohy. M srony 2 E R R =TT et

o 12 61 —97 148 N 60 —150
1.2 3,48 13 116 19 139} 7 62 (ho 230 i0

6.1 0, 26 ¥ Ts S

I 1y 80 i} ~ ) - =

3.4 5 3,408 30 -2t -=-3J (#6) =10 =27 T

) 1 3 ~133 &0 ) s

6.7 : M

* Number of individuais in pa.:entﬁmg mean Vrbe residual in bold tvpe; mean Vrpl residual in 1Lakic tvpe
t The calculated linear regression equations of residuals on the three somatotype variables are as iollows: /) Expected
\'rbc residual (ml.) = — 27En + l\ie — 17Ec + 114:2) Expected Vpl residual \ml ) = = 38Ean ﬂ“ZJ\{G - 8Ec = 19.

B) Somatotype. A total of 177~individuals
were somatotyped. They fell into 43. distinct
groups when a scale of one to seven was used to
describe each component (endemorphy, meso-
morphy, ectomorphy). Analysis i residuals
showed that the reduction in vanance which re-
sults from considering somatotype when height
and weight are fixed is numerically small and of
doubtful statistical significance (p for \rbc-
0.08, for Vpl = 0.23).

negative residuals. in med o{ high -muscularir_v
and low linearity butmoderac chesity.

C) Physical acsity. Ttblt V shows the fairly
uniform distributian among Groups ; II and III
of the 190 sub;ecu ¢hi were classingd according
to physical acmn:g T The. resnduah & both Vrbe
and V'pl appear tg incriase w:th incregasing physi-
cal activity but the effect is shght after allowances
for weight and height. The differences are not

statistically signmificant (for Vrbe, p = 30; for

In Table IV, the degrees of cndomorphy —~et p = 0.15).
mesomorphy and ectomorphy have been reduced —&) Seasonal and within-month vaoriations.
even further by grouping together the less extreme “Data were not collected primarily for evaluation
classes (three, four and five) and the high and_ of these factors, However, certain trends during

low extremes (one and two; six and seven).
Thus. the number of combinations encountered in
our material is reduced to 10 and the number of
individuals per group is larger. Inspection of
the table shows the predominance of muscularity
in our subjects. The mean residuals show no
strong trends, although there appears to be a
tendency toward negative residuals in men of low
muscularity, positive residvals in men of high
muscularity, low linearity and low obesity and

TABLE V
Influence of physual activity om Vede and Vpl

Physical Renduais Vrbc Renduuis Vol
actvity Number
clase of men Mean S. E* Mean S.E*
1 .65 -19 24 =37 30
11 30 1 21 17 27
Il 45 13 29 22 36

¢ Standard ervor.

the 23~ months of study suggest that seasonal
fluctuations of blood volume may occur even in
the relatively uniform climate of San Quentin.
For example, in 1954 and 1955, the mean Vrbe
residuat for the 30 observations between July 7
and November S was + 117 ml. (S.E. 35), and
for the 51 obsesvations between November 16 and
February 8,7t was — 70 ml. (S. E. 27). Mean
residuals for phastha are similar, + 156 and — 130,
respectively. It should-be-kept in mind that these
two time intervals wef€ selected from the entire
2% month period because they showed the most
extreme deviations, ‘suggesting a seasonal effect.
By grouping the residuais-according to the months
in which observations were made, it was found
that the variance within months was 13 per cent
lower than the variance of all 201 residuals (p =
0.001). The relative uniformity of results within
months. in contrast to the fluctuations during the
entire study period, might be attributed to a)
seasonal effects, b) the types ~¢ subjects encoun-




