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(Submitted for .l'_ubliation July 15, 1958; accepttd ~!arch 5, 1959) . __ ,. 
:-Iethods employing radioacti,·cly tagged -red 

cells ha\·e been widely adopted for mcasureme!lf 
of blood \'olume. How~·er, in comparis<:>n ·"·ith 
the work which has been done with the dye ( 1-5) 
and carbon monoxide ( 6) methods, little atteirtlon 
has been given to the establishment of mean 
,-alues for men and women or to study oi the 
,-ariance encountered among healthy subjects. 
:\fost clinical investigators ha\'e collected their 
own control data, based often on study of rela­
tively few or not entirely healthy subjects (i-13). 

A rather large scatter of data around mean 
prediction values has been found by all workers, 
regardless of methods employed, when ,-alucs for 
whole blood volume (\"wb), red cell rnlume 
(Vrbc) and plasma volume (Vpl) arc related to 
body weight, height, or combinations oi these 
measures ( 1-5, 13, 14 ). Some of this ,·ariation 
presumably results from differences in body com­
position. since blood volume correlates both with 
body density ( 5, 15) and with lean body 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 mcasur~ment (15. 16). Con­
sideration of fat thickness and girth measurement, 
in addition to height and weight, was found by 

• This investiption wu supported by research grants 
( H-1271 and G-3666) from the Institutes of Health, 
United States Public Health Service. from the James W. 
Ed.,.-vds Memorial Fund (allocated by the Comminee on 
Research of the University of uli!omia School of 
Medicine), and from the American Heart Association 
and the San Francisco and Monterey County Heart 
A!sociation1. 

t Research Fellow of the American Heart Association. 

Hicks. Hope. Turnbull and \"ere! to. improve 
prediction ( 14). Gregersen and Xickerson ( 3 1 

classified subjects according to somatotypc and 
found that \'ariance of blood ,·olume per unit ci 
body surface area was reduced to an important de­
gree when dealing with extreme body types but 
not in the middle ranges. Di,·ergent results have 
been reported concerning the innuencc of age and 
oi-physical training on blood rnlume ( 2. 18-23 l. 

\\"t.1r:iffl!scd the er• method oi Sterling and 
Gray (_24, 25) to measure \·rbc and, indirectly 
from th~atocrit, Vwb and Vpl in 201 healthv 
prison inmates. T rivariate regression equations 
ha ,.e Ciem derjycd for the plane surfaces which 
relate the ,·olumcs to height and weight and a 
graphic system for their rapid application to prac­
tical problems has been de,·clopcd. By analysis 
oi indi,·idual .Qi.fferences. "residuals," irom the 
mean regression p~c ha\'e studied the ei­
fects of the following factors on the nriabilitv 
of the data; age, ~ild, habits of physic.al 
activi(!· and, to a lim~tent, seasonal changes. 

;:: :~SCBJECTS . . 

tb<:subjects .... .-~ :nlected by. qrefal screening frcm 
norinaily acti\-. vo1sl~. Mo5t •of them were white 
( s-e T.able I !or racial a:iid nationahmgins). Informa­
tion frmn the pri>Oll healtb records 1us supplemented by 
int~ews conducted ~ c physician from our group, by 
miriili!m X -ravs of tlie ~hest and by laboratory tl!!ts 
"'hid! included comp!~ ~ood count, sedimentation rue, 
urinal)'1is, electrocardiogum and a s<rologic test for 
syphlliL Volunteers "'""' rejected if the results of 
th~ telts were abnormd"; if their blood pressurl!! were 
a~ l~ .mm. H1 systolic or 90 diastolic, or if they had 
rcc,,...Uzai>le 11i ... se ~ ffSt hinory of illness, such u 
rh..ima!ic :fe~r pr .tuberculosis, which mirHt be present 
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1' AIL£ I 

Dala TPI cJi,.oP&CLo£1C (lrdrr .'~om trptrtmt,.1$ OJI ZOI lteallh~· '"'" 

I ;8 
180 
l;. 
17 3 
186 

-18..l 
·-- 171 

[8() 
187 -=-·· 180 I 77 
lH 
187 
182 
I; 3 
18(1'' 
I 78 
I 77 
186 
17-1 

-169 
168 
183 
183 
183 
187 
168 
182 
183 
173 
173 
170 
165 
173 
174 
183 
180 
163 
170 
185 
180 
176 
171 
173 
183 
178 
171 
180 
171 
163 

--i1J 
170 
171 
182 
182 
175 
178 
182 
175 
183 
185 
!Sol 
180 

\\ ~11ri1 

"' 7 3 5 
68 0 
(>.l.J 
bi 1 
66 2 
72.5 
6U 
i2 s 
i6 6 
80 2 
79 2 
6i.9 

- 95.7 
66 2 
65 J 
71 6 
ij a 
87..Q 

102 0 
110 l! 

61 2 
70 J 
ii l 
iil 
iO i 
86 l 
5H 
Q6 7 
65 7 
67 6 
56 6 
69 J 
58 9 
iO 3 
6H 
766 
(>.! J 
SB 
61.1 
85.7 
72.1 
65.7 
65.7 
71.1 
81.7 
76.2 
69.2 
80.0 
75.5 
60.9 
53.0 
70.0 
73.0 
76.8 
78.0 
81.8 
77 J 
75 0 
68 2 
800 
90 s 
87 3 
87.8 

AcU\"ll)' 
cla.a J. 

II or Ill 

II 
l 

I ' 
II 
ll 
I 
ll 
l 

l 
111 
II 
I 
11 

_ __JJ. 
_ _u 

··--tt 
--n 

I 
II 
Ill __ 

l 
11 
I 

_!ll::_ 
ur- · 
tH. r . 
111 c. 
111 • 

3 
2' 

I' 
2 

3 
2' 
2' 

4 
3' 
I' 

2' 

4' 
3 
3' 
2 

Soma1otytM" 

4' 
J 

5' 
J 

5 .. 
4 
5 

4' 

4 
4 
5' 

s· 
6' 
5· 

4' 
J 

5· 

~ 
3' 
3' 
s 

J' 
4' 

J 
6 

3' 
4' 
2' 

4 
~· 
2 

I' 
I 

3 
~· 

3 
~ 
4' 
4 

lJI. _ .~ ~2' 
ti - • ---r-'4· ~- 3' 
II l' 4•,....,.-
lt 3' 4' ='jr-
11 4 4'. "2' 
111 J. 4':i·3 
I. '2''' -'4 : 'I' 
m r. ·.:..1.· ·4·, ~ 111 - ::2. • . 5 ... '-:T""" 
I . ·. :i'. :.S .l' 
It.I '.£ ·3•:·. ~·.:- '-' 
m = "· 2 .<.;, -"'. ,. ~ 
II= "'· " ~· ;: ') ;.: :2' II ~ J' c ll -1 
II~ •· '< ,a '-' j ~ '...& 
It!: ,. '"2' ;:: ~.:..; ~· 
II ~ - !I C.. ..,. c 
I -~ :: "' f. :: "~ '= ~­
IJ C.. ,2 Z. £ C' °2[ 

_q :. ·~ :: ':i .... ~ ""' 

• (C) Chinete, (F) Filipino, (I) !'\orth American Indian, (M) Mexican, (:\) !'\egro. 
t Unc~ted for trapped pluma. 
i Weicht: heicbt ratio except1onally hi1h. See Fi(Urtt I and 4. 

H~matocntt 

430 
43 0 
U.8 
41.1 
-M.O 
-Ml 
+'.6 
47.6 
51.2 
48.3 
-19.7 
4-4.5 
48.6 
46.2 
43.2 
46.4 
484 
46.9 
473 
U6 
46.0 
-13.0 
45.9 
45.2 
U.9 
43. 7 
-13. 

'"9 
46.5 
U.6 
-10.I 
43.1 
43 2 
-M.7 
43.3 
H.2 
41.1 
49.8 
43.3 
-M.0 
41.6 
45.6 
48.0 
4-4.2 
43.4 
48.7 
46.7 
43.0 
4-4.4 
47.7 
42.7 
43.1 
4-4.6 
42.7 
4-4.7 
4-4.I 
46.6 
48.J 
0.5 
43.5 
45.0 
45.0 
45.6 

PRIVACY AC:f MAi!:RtAL REMOVED 

\"rbct 

L. 

2 02 
1.96 
2.11 
1.62 
2.0J 
2.31 
1.76 
2.16 
2.42 
2.49 
2.36 
2.01 
2.70 
2.01 
!.IO 
2.26 
2.30 
2.37 
2.54 
2.41 
163 
1.60 
2.35 
1.99 
2.13 
2.26 
1.66 
2.24 
1.91 
1.97 
1.46 
1.88 
1.52 
1.85 
1.90 
2.07 
2.11 
2.IJ 
1.79 
2.20 
2.11 
2.09 
2.11 
1.19 
1.97 
2.oa 
2.20 
2.58 
l.&7 
I.SS 
1.63 
2.08 
l.26 
2.17 
2.U 
2.07 
2.26 
l.37 
2.04 
2.65 
2.72 
2.31 
l.32 
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""'" 
I ;5 
I 7J 
l ;5 
192 
l ;7 
179 
187 
165 
167 
I i0~-
1 i5 
191 
l ;5 
180 
168 
176 
I ;5 
180 
16J 
185 
1 ii 
I ;g 
l 7J 
1 ;7 
177 
179 
164 
182 
175 
180 
180 
180 
18J 
170 
157 
18J 
179 
16J 
168 
183 
!SJ 
171 
174 
179 
175 
177 
ISO 
166 
171 
170 
188 
175 
179 
165 
180 
179 
179 
170 
170 
173 
163 
175 
171 
173 
178 
171 
184 
173 

1\1 

63 6 
; 5 5 
82.1 
84 6 
75.0 
62.3 

_ il.O 
63.2 
;o o 
6J.6 
65.0 
98.2 
71.0 
77.3 --
65 5- -
71.4- •• 
7W> 
66.0 
636·­
i8.2 

- 81 4 
;23 
64 I 
65.5 
;o 9 
60 5 
64 6 
i8.2 
; 5.6 
93.2 
67.J 
66.9 
66.8 
54.1 
55.5 
82.S 
86.8 
59.6 
68.6 
74.2 
n2 
76.4 
55.9 
80.9 
59.2 
8.5.9 
70.0 
69.6 
69.2 
66.4 

-s1.o 
80.S 
68.2 
65.5 
91.0 
61.8 

II 2.7t 
74.1 
73.2 
74.2 
79.6 
10.5 
84.2 
68.2 
66.0 
63.7 
71 8 
67.3 

Act1\ II~· 
d.u.s I 

I! or Ill 

Ill 
II 
Ill 
III 
Ill 
I 
II 
I 
II 
I II 
II 
Ill 
Ill 
I II 
II 
II 
III 
II 
I 
1-tf 
I 
I 
II 
II 
i 
t­
i 
II 
II 
Ill 
I 
I 
II I 
I 
II 
II 
I II 
I 
I 
II 
I 
I 
II 
II 
I 
II 
II 
I 
I 
II 
II 
I 
II 
II 
111 
III 
I 
II 
111 
II 
I 
II 
I II 
III 
II I 
I 
I 
I 

Somatot) PP 

En M~ E..c 

2' 
2' 
2 
2' 
2 
2 
2' 
2' 
3 
2 
I' 
2' 
2' 
4 
3' 
2' 
3 
2' 
3' 
3' 
-I 
J 
I' 
J 
3 

----r ____.,,._ 
---1. 
_..:l 

3' 
2' 
J 
2' 
3 
3 
3 
3 
4 
I' 
2'. 
3' 
2 
4 
2' 
4' 
2 
J 
2 

2 
4 
2' 
3 
4 
I' 
5' 
J 
2' 
3' 
4 

4' 
3 
I 

2' 
2' 

3' 
5' 
6' 
4 
6 
3' 
3' 
5' 
5 
5 
5 
6 
5 

.4 
-I' 
5 
-I 
3' 
5 
.j 

4 
.j' 

5' 
.j 

5 
2' 
6 
3' 
5 
5' 
3' 
2' 
2' 

-2· 
5 
4' 
6 
$ 
4 

-&' 
3' 
5 
2' 
4' 
2' 
s 
4' 
s 
5' 

4' 
5' 
J' 
5' 
5 
4 
4' 
5 
6 
4' 
5 

4' 
4' 
5' 

3' 
s 

4 
I' 
I 
4 
I' 
s 
4 
2 
2 
3 
4 

J 
J' 
2' 
2' 
J 
4' 

-I 
3 .. 
3 
5' 
I' 
3' 

4 
5 
5' 
5' 
2' 
3' 
2 
2 
2' 
J' 

---+'-· 
-i'--

±= 
5 

.2:...--
-~ 

2 
2' 

4 
2 
4 
I' 
2 
s 
I' 
2 
2 
2' 
I 

I' 
.1' 
3' 

4' 
3 

H" .... :uoct1tt 

4; 8 
-16.1 
-19 2 
-I; 2 
H4 
-10.8 
42.3 
48.9 
-18.8 
45.3 
;5.7 
'3.3 
44 9 
-12.4 
-18.-1 
-15 2 
-12 5 
-15-1 
;J 0 
;5 5 
40 2 
;4 6 
;1 6 
;8.1 
.. ~.2 
!9 -I 
-18 -I 
-1; 6 
-l1 1 
52.8 
-16.3 
46.5 
48.5 
-li.2 
-18.2 
48.4 
44.9 
47.J 
-15.9 
42.6 
46.J 
46.S 
-13.6 
44.2 
45.S 
54.0 
43.S 

__.u..g_ 
~ 
'34. 
~5 9 
J5.J 
~-

...l.ll.A--
44.9 
40.7 
53.0 
46.7 
46.2 
46.6 
45.9 
44.8 
44.3 
44.J 
41.7 
40.5 
45.5 
44.9 

!06i 

L 

1 95 
n3 
2 t j 
2.44 
1.86 
l.67 
2.08 
1.80 
1.81 
1 90 
1 Si 
2.58 
I i8 
I ; 3 
1 93 
2.30 
1 73 
1 84 
1 61 
2 1 J 
1 83 
I 95 
1 58 
1 93 

~ 1..82 
l.+I 

.- l.'t5 
2.03 

- 1.g-1 
2.~9 

:- 1.~7 
2.00 
2,07 
1.72 
1.54 
2.21 
2.IJ 
l-.89 
1.10· 
1.91.' 
~;Jr 
HIS 

- t.82 
l.01-

- LSl' .. 
§ f:6E: ~ 
·- E~ 
's.=' t.1~ 
-- l.7~ 
':"·Hi 

c;. 1.11 
1.79 
2.25 
2.24 
l.63 
3.02 
2.03 
2.05 
2.23 
2.21 
1.94 
2.18 
l.78 
2 04 
l.66 
247 
I.SJ 
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Aet1,·1t)· $.Jl'T'.~~ ;!~ ~ 
clut l, 

~ -- 5vb1ttt• ..\1• Hr11ht \\r:1!'a II or I II Eo Mr Ee H'matocr1tt \"rbct 

.,,~,, ;;, 3 L. 

16.\ ;g i Ill 46 9 1 1-1 
1 ;o c I 8 I -18 5 I. 72 
185 . : 2 g Ill 2' ;· -19 I 2.35 
17.1 06 8 I 3' 48 8 l.i2 
168 65 .. II 3' 2' .i; 6 2.05 
1 78 ; _; 1 Ill J 3 48.5 2 2~ 
180 63.2 I 2' 2' l' -12.9 1.73 
1; J 63 i II 3 4 -16 5 178 
li-i 60 6 II 3 2' U9 l.88 
178 05 5 II 5 3 -1-1.9 2.43 
170 ~2 8 11 l l' -15.2 198 
l jQ 67 3 ll 2 .. 5 H.9 J.82 
1~ t>-11 II 2' .. .. HI 1.73 
• ~-J - 65 5 11 3 s 4 45 6 189 
l-iO t-3 2 I 3 .. 3 428 l.13 
1;j 7; 3 II 3 ... 3 48.6 2.12 

-- IS-I' ;g 2 Ill J' J 4' 46. 7 2 19 
180· o-1.6 l ,. J' l .j..j,6 1.80 
~ ;o o ll l' 5· J' -135 l.&4 
184 - ; 4.1 l J 4 39 8 1.91 
l ;o ;: 8 ll l J' s· 48 .j 2.10 
1 i7 ;4 6 I J 5 2' .j..j,8 2.11 
170 58 1 l 2 4 .j 45.0 1.90 

" 
l i.\ 61 8 II J • 4 i2.2 1.96 

,; 183 ; + I 11 2' .. .j 42.0 2.28 
.. 18i ;o 9 l J' 5 .jJ.9 2.01 
•· 180 ~ II 2 U.3 2.21 ,.. 

1 :8 60~ II .j' " -lH I 81 
) . 171 668 I 2' 4' 3' •0.9 l.87 

c ;: 185 8:.r-- Ill I' 6' 2' 45.8 HS 
175 67 3--- II 2' ... 3 us 2.01 
I ii 65 0 I 2' 5 2' -15.9 J.94 
165 7 .I-Cl Ill 2 6' 1 45.3 2.05 
170 bU --H 2' .j' 2' 46.9 1.92 
IH i5.0 Ill 2 6 2 47.7 2.ll 
180 BU l 3' 4' 2' -14.9 2.13 
175 83.7 ll 5 4 2 45.0 2.2J 
177 :8. 7 Ill 51.2 2.M 
1&4 ;s.s l 4' 47.S 2.2J 
169 66.8 -11 3' 3 49.l 1.90 
169 60.S 111--~ 3' 40.J 1.60 
163 60.l II . 4-l.I J.Jl 
180 69.1 Ill 2 4' " 42.J 1.74 
IH 68.2 l ---3 4 J' +u J.91 
188 73.2 II . --2 3 s 42.9 1.7J 
191 66.4 l ___\' l' 6' 43.9 1.91 
177 66.I l -----.!' J' 3' 46.-1 I.II 
171 66.t ll 2'-L_ 4 45.2 2.07 
180 6-1.6 I 2 ....L. 5 +4.7 2.29 
189 90.S Ill 2 . 5' l 45.1 2.ll 
168 58.2 ll 2 ,5 3 46.0 1.12 
173 63.6 II 2' : '.; " u.o 1.78 
170 65.S I 3 : 4 3 49.0 2.\1 
169 62.J II 2' ' ...... ·3 H.2 1.81 
179 67.8 l 2 --r 4 4-1.0 1.95 
173 62.3 II I' s 3' 46.1 1.94 
IH 65.0 II 2 ... 3' H.O 1.82 
183 86.8 II 4' .. 2' +4.3 1.92 
173 67.3 111 2 5 3 +4.9 2.26 
188 8.3.7 I 2 5' J -18.5 2.71 
182 80.4 II 2 l' 2' 47.6 2.47 
183 71.4 II 2 s 3' 43.2 2.15 
189 72.3 II 2 J s· +4.9 2.16 
179 72.8 I 2 l 3 42.5 1.80 
173 66.4 I 2' .. 3 41.5 1.59 
183 80.5 !I 2 5' 3 45.1 2.36 ) 175 69.6 ll I 6 2' +u 2.14 
180 65.S I 45.9 1.97 
183 :J.7 I 2' 4 4 47.1 2.09 
172 72.3 I 2' l 3 46.1 2.08 
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in latent or chrCinic form. !\1' a cases of gross clinic.al 
obeS1ty were included. The m•n had stayed in San 
Quenun State Prison, where there is little seasonal vari­
ation of outdoor climate, for \·arious pcnods of time. 
'.\one had stayed recemJi at high alurudes or in climates 
of extreme heat or cold. The senes included 46 men who 
had donated blood once and seven who had donated blood 
twice in the year preceding the expenmenL Donors were 
not accepted if they had given blood within 42 days: those 
who had donated twice were nor·accepted within 60 dars 
of the last bleeding. The· 1».sis for the decision to in­
clude blood donors in the series of "normals'' will be 
shown 11nder Results. 

br subtracting Vrbc from \"\\ h. Xo factor was in­
troductd to correct the data for the probable difference 
between the hematocnt of V"10Ul blood and that of the 
body as a whole ( 29-31). 

On tr.e day of the experiment pul>< and blood pressure 
"ere measured. The •ubject'l height and weight in ·the 
r.ude \\ere measured to the nearest t-.. lf inch and pound. 
respect11 ely, and he was photographed as prescribed by 
Shelden (32) for determination of somatot:ype. Hi• age 
to the nearest birthday was r~orded and the medical 
interview was completed. 

On the ba1is of the medical inten;ew, supplemented hr 
information from associates and supervisors,, each sub­
ject wa• assigned to a phy1ical activity group. Group I 

PROCEDt:RE AND METHODS (light) included clerical workers, labor&tory assi•tants, 
__ stude%1ts and .unemployed persons who did not participate 

On the day before the cperiment. blood was tak"1 for- in sports. Group II (moderate) con1isted of janitors, 
taggmc and the labor&tory JCreening te•U were performed: garden and ya.rd workers. messengers, cooks, electricians, 
The subject 1tayed in the prison ho•pital overnight and-- - and so forth. Group III (hoary) consilted of mm who 
received no food or medication after retiring in_tlie- · worked as plumbers. roofers. plasterers, laundry helpers 
evening. He was also requested not to smoke. On the -- and quarry and construction laborer•. Because of ac· 
morrung of the experiment. he reclined for at least :io-· ti,-ity,jn •ports, a person who by occupation belonged in 
minutes before injection of the tagged cells and until Group I might be placed in Group !!. If he participated 
the final sample for measurement of blood volume had int"1si,·elr in strenuous •poru. such as weight-lifting, 
been taken. \\'introbe hematocrit tube• were filled in football. wrestling or boxing, a per.on whose work was 
duplicate from each blood sample •rithin three hours light: or moderate might be placed in Group I !I. - :: 
of collection and centrifuged for 30 minutes at 3,000 E...i. subject was clauified • accordinc to a scal....-of--13 
11>m (radius 15 cm.). The height of the cell column 1 seven ,..~sand six half grades, shown in ·.l'able 

) was read to the top of the buffr coat, and co correctioa I as primes ;'Tcir'each of the three somatotype compo;,eats, 
was applied for "tr&pped plasma." •ndomorphy\m)C'Sity), mesomo11>hY (muscularitY) and 

The volume of cells (Vrbc) wu measured by a modi· ectomorphy (lin~nty). 
fication of the Cr" method of Sterlinc and Gr&y (24) 
which "'' ban described elsewhere (25) and which will 
be analrzed in a forthcoming publication ( 26). ESlen· 
tiallr. the procedure wu as followt: 1) About IS ml of 
the subject's blood wu tagged with 100 to ZOO ,.c. of 
~a,Cr"O. containing 0.1 to 1.0 l'I· of Na,CrO, per ,.c. 
The erythrocytes were then washed and resuspended in 
saline and stored overnight in the refrigerator.• Z) Tm 
ml. of the cell suspension was delivered from a calibr&ted 
srringe and washed quaiititativelr into the subject's vein 
with not more than 30 ml. of saline. UJing an indwellinc 
needle and a small infusion system. !) Two or three 
samples of blood were takm 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 ~ues. A very slow infusion of 
saline provided for patency of the needle, but this .,..as 
discontinued and at least 2 ml. of blood v.·u take%1 from 
the vein and discarded before collection of any sample. 
4) V wb 11o-u determined by comparing the radioactivity 
of each blood .ample with that of the tagged cell sus­
pension. Vrbc ... -as derived by maltiplying Vwb and the 
hematocrit of the same blood sample. V pl v.-u obtained 

• Overnight sto1&1re of the cells makes it possible to 
inject them into the fasting subject at a conveni"1t time 

) 
before brealruut. /,. vitro tesu and animal expenm"1ts 
have •hown that handlinc the blood in this v.-ay does not 
affect the aca>racy of the method ( Zl, Z8) . 

-- RESULTS 

I. V olu1nes in relation to hright and weight 

Table II lists the mean values for Vrbc, Vpl and 
\" wb, with the regression equations describing the 
relationships of the v~o the body meas­
urements. The regressi~s and planes :V.·tte ~ 
fitted by the method of l~t squares. For ~rbc, -
Vpl and Vwb, the cocffic:~·ariation is srual~r~ 
if the volumes are related to h~d ~i~t± 
combined or to the calculated b9df"Surface-~a(i:a-= 
(Du Bois' formula), than if they1are rela~J~ 
height or weight alone. The val!!g,..f~r whOle 
blood have a smaller coefficient of.-.¥M-iation than 
those of the tv.·o components. The bivariate equa­
tions represent straight lines and the trivariate 
equations. planes without cun·arure. 

In Figure 1, each of the 201 subjects is plotted 

• W• are greatly ind•bted to Dr. C. W. Dupertuis of 
\\.'estem Reserve Cniversity, who, at our request, kindly 
agreed to make an independet1t determination of somato­
types. S' o cLass1fication -.·as considered correct unless 
approved by Dr. Dupertuis. 

.:; 
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\'rbc 

TABLE II 

Rrgrrn1f'rr rquattoflf! of 1"rbc. l'pl arid l
0

":.tb to u·t1ghJ alonr. hr!girt aiorrt, u·tt'hl and 

Mean ot 
a.JI 1 ~ue~ 

2 OJO 

2.-166 

-1.-190 

Jirtg,,t com!J..tnrd and lo body surfau arra• . 

I• 22.-1 X height - I.930 
Z1 21.-1 x 1'etght - -!90 
)\ 8.6 X h.,ght - 18.6 X weight ...: 830 
~ J 1.550 X surface area - 890 

5) 29.7 x height - 2.770 
61 !9 6 x ,. ... ght + 1.050 
71 19.9 X height.,.. 13.l X "eight - 2.000 
81 1.580 X surface area - 520 

01 J2 l X hei~ht - -1.iOO 
·/-OJ -II 0 X "·eight - t.530 
·J/1 28 5 X height - 31.6 X weight - 2.8:0 

121 3.1-10 X surface area - I.HO 

Su.ndud 
deqa.:ion 

~J. 

290 

250 
200 
190 
190 

330 

260 
260 
2-10 
2-10 
5;0 

-150 
-100 
J;o 
360 

C..ieffic1ent of 
. a:1~uon 

1-12 

12 2 
9.7 
9 -I 
9.-1 

13.2 

10.7 
10 7 
9.7 
9.8 

12 6 

10 1 
8.9 
8.1 
8.1 

•Height in cm.: weight in h:.g ; surf•ce area in-'souare meters as calculated from Du Bois' formula. \'alues are uncor· 
rt-eted. (or trapped plasma and for differences betwttn body hematocnt and ,·enous hematocnt. 

c ::; 

-- .,.. 
-

~ -
-

200 :--so ____ to ____ 10.._ __ ..:&0~---=90:..:...._.....,....:100:..:.... __ ...:' ':.:o:__...;.:1 zo
200 

: 190 

' : 1eo 

, 
~ 110 

j r•o • • • 

t.o;. ................... ~ .................. ~ .................................... ~~~ ....... ---'-~ ........ ""'--'-l,50 
110 so to 70 ao to ioo 110 i20 

Wl!OHT IN Kll.OOllAM• 

F1c. t. ~REI> CELL AND PLASMA VoLi.:Mr.s tN RELATION ro H~AND WucaT 

E.icb: sOiid circle represents one subject, plotted aa:ording to his height and weight. 
The ayerue of the heighu and "·eights " shown by +. The solid and dashed con­
tour li.oes·ain the mean predicted Vrbc: and Vpl, respectively, to the nearest 0.1 L, 
cak'alattd from Eqtl<lt1ons 3 and 7, Table II. The mun predicted volumes of a man 
175 cro.. ui11 and wflghing 70 Kg. are: Yrbc = 1.98 L.. Vpl = 2.~ L., and Vwb = 
~.38· L. · \l.alues are uncorrected for trapped plasma and for difler<nces between body 
bemat()(;rlLand venous hematocrit. Vrbc mcludes leukocytes and platelets. 

The b:lrROur hnes are constructed by introducing the success1.,·e mean values for 
.: 'lrb!'. a1id Ypl in their respectn·e regression eqtl<ltlons (No. 3 "'1d No. 7, Table II) 
6 ,,Pd coiii,p;ling the height for • given weight or vice versa. ' 
~ - -
- t,; :. :: .. 

~ ~ -= -.: 

) 

) 
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WMO-MT IN Kl~OGltAMS 

F1G. 2. Rn.AnoN or Ht1caT ANDWE1car ro HEMATOC1llT 

Each subject is plotted accordinc to height and weight as in Figure I. The 11 men · 
with the lo,.·est hematocriu, 41.l per cent or below and r~resente<I by 6. appear 
mostly in the ldt upper area. The 10 men with the highut he=tocnu, 49.5 per cent 
or above and r~resmte<I by 0. appear mostly-in th.:_~~ower area. 

10il 

j ect' s residual Vrbc and \"pl were then ioand by 
subtracting-his predicted from lriS '.obser";ed 
volumes. :. ,-. 

c 

according to his height and weight. The location 
oi the regression plane for \" rbc in relation to 
combined height and weight (Equation 3. Table 
II) 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 
\"pl (Equation i, Table II) is represented by the 
dotted contour lines. The contour lines for 
\"rbc are steeper than those for Vpl. indicating 
that Vrbc is relatively more dependent on weight 
than height, whereas the reverse is true of V pl. 
.-\!though the di ff ercnces are small, the hematocrits 
of short, heavy men tend to be slightly higher than 
those of tall, thin men, as shown in Figure 2. 

A po-;iti,-e conelation was found betWee:b rcsiJiu:: -~ c _ 

?. Influence of factors other than height and 
n·eight as shou'ft />;· analysis of "residuals" 

Analysis of the differences betwem the ob­
serYed volumes in each subject and the average 
volumes for rus height and weight, i.e., "residuals," 
pro,·ided a means of testing the influence on blood 
volume of factors other than weight and height 
when considered independently. The predicted 
\"rbc and \"pl of each subject were calculated, 
using Equations 3 and 7, Table IL Each sub-

-

als for Vrbc and \'pl (r = + 0.42). ~ . '- ~ .·. 
A) Age. Table Ill shows the di~ibutiort ct :: - -

ages and the mean residuals for \'rb<8ind ViJ- of : ~ ._ 
the subjects withtft eadi five year age ~o~~ thit5- .; 
largest number of riieiiWci:e in thei~ t)iir~ ~ct- ~ = 
fourth decades; a few =-,av" 4-0. Compirisort: ::: ~ 
of mean residuals with-mm' standard errors indi-
cates that age has littl~ett. except on the Vrbc 
of subjects in the high~ g~ 

TABLE Ul 

Inf!wt11cr of azt 011 V•bt a~'pl 

RPt1dua.b Vrbc Re.idu.a.ls Vpl 
S'umbtt 

A .. oi mpn MP&.111 S. E.• MH.11 S. E.• 

,. .. , .... ... ~1. .... 
19-H u -18 29 u 37 
25-29 76 15 22 -5 27 
30-34 45 4 28 -II 35 
35-39 22 10 41 -22 51 
4().-.H II 40 51 88 72 
45-52 5 -236 85 -42 106 

• Standard error. 

-
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tered; or r) .JTiethodologic factors. I nAuence of 
:he latter seems unlikely since the within-month 
effect was as great at the end of the study as at 
the beginning ar. ·. since the personnel. procedures 
and methods \!:ru-.unchanged throughout. 

E) Blood donations. Fiity-three blood donors 
were included in the series. Their residuals of 
\'rbc· and \'pl 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 \"pl of each individuaCealculated 
irom his height and weight. ~lost of the ·nsiduals 
11 ere within plus or minus one stan_c!a_!d ·deviation 
oi the mean predicted volume so that the variatien 
is no greater in this group than in the population H­

a whole. The residuals showed no tendency tQjrt­
crease or decrease progressively with time, be· 
tween 42 and 180 days. For all donors, the nwan 
residuals (ml.) were a.s follows: Vrbc = + 17 
1 S.E. 2i). \"pl= - 17 (5.E. 33), Vwb = + 0.2 
I S.E. 50). 

Repeat detffMiMtioflS 

In 15 men the blood volume was re-estimated 
one or more times aiter intervals of three to 31 
weeks. The mean of the 20 differences for Vrbc 
"·as i3 ml. (range. 10 to 160 ml.) and for Vwb, 
222 ml. lrange, 10 to 710 ml.). These repeat 

-soo -

measurements enable us to estimate the amount 
of ,-ariation due to measurement errors and short­
term temporal changes. The estimated standard 
dniation of such variation was 64 ml. for \" rbc 
and 211 ml. for \"wb. The standard de,·iations 
about the regression planes described by Equa­
tions 3 and 11, Table I I, are reduced. only modestly 
by _taking into account the degree of variance 
shown by the repeat measurements, which in· 
eludes the errors oi measuremtnt and the changes 
in blood rnlume oi individual subjects from time 
to time.' Thus. for \'rbc almost all of the predic­
tive error seems to relate to intrinsic differences 
between subjects rather than to errors oi meas­
urement or temporal changes within subjects. 
For \·wb this is so to a lesser degree; this rnlume 
is either less stable or less accurately measured. 
or both. 

DICt:SSIOS 

Only the observed ,-enous hematocrit values 
"ere used in our calculations. It is recognized 
tlli!t the true \'rbc is slightly smaller than that cal­
culattd-ffem.. the Cr" space and obs~rved hemato­
crit beciliSeof plasma trapping in the hematocrit 

: The S:fl:·for Vrbc (Equation 3. Table Ill is re· 

dcced from 190 ml. to ~(190)' - (64)' = 179 ml. and 
the s:o: !or V-.._~ (Equation 11, Table Ill is reduced 

from 370 ml. to '(370)'- (211)'=304 ml. 

... 
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The linear rteression EQ;;i'tion 4 ~Table II) describes the data. Arrows point to 
two 1abjecu whose weicbt: hei1ht rauos wore exceptionally hich and who· appear 
to the far ricbt of the population scatter sho,..,. in Firures I and 2. Data·.relatinc - • 
to tbac two subjecu are marked by ; in Table I. '' - · -

tube (33) and that Vwb and Vpl may be larger~kers (5) found that r~~si~n ~~o c1ei~h~ 1 
than they appear when calculated from \"rbc and a -11ffli-.\,·eight ga\'e the most ~~e,expressio~f 
large vessel hematocrit (29, 30). Application of -WU- own and other publimc!;I .i;!aia. t='H!nilettr. 
correction factors such as are used widely at pres- l11e" function, (height) 1 , is ~eal-lf 1g.ejr .,ij,.ic ~e 
ent. 0.96 for trapping ( 34) and 0.91 for body;_ narrow range of heights e~~~ea oincS!i!Ead'ult 
venous hrmatocrit ratio (31). would change the men. -'fhe predicted V"'b is ::aJ~red :=nriyt28 
observed Yalues only systematically. Correction ml. at most by substitution of height for (height)' 
factors which apply to data on healthy subjects in the .equation of Allen and co-workers ( 5) over 
do not necessarily apply to subjects with dis· the range of heights encountered by these au­
ease. Plasma trapping nries with the hemato- thors ft.Si to l.89 l\L). 
crit level ( 35) and the body: venous hematocrit The regre1•ion tquations presented here should 
ratio is altered in some circulatory disorders ( 11, not be relied.-Oll-4or heights and weights outside 
35), with splenomeply (36) and in pregnancy the range covered by our obserYations. since 
( 37). Other investigators may com·enientiy com- there is no r'l!:mJ!l'"lo suppose that the regression 
pare their data with ours before they apply any planes wouf~~ the same beyond the 
desired correction factors. \' rbc as determined observed domain. :FUrmermore. the accuracy 
here is independent of the body : venous hemato- with which the plan~s are estimated decreases as 
crit ratio. but Vpl and \'wb are not. It should we depart from the ceri~{i!Jdicated by a cross) 
be noted that \' rbc as reported here includes leu- of the height : weight ~- diagram (Figure 1 ) . 
kocytes and platelets because hematocrits were For predicting "normal" Yolumes in individual 
read to the top of the huffy coat. cases, the graphic representation of the regression 

The finding that blood \·olume relates more planes shown in Figure 1 has several ad\'antages: 
closely to one or another combination of height a) X o calculations are required ; b) one can see at 
and weight than to either measure alone is in ac· a glance whether the individual's height and 
cord with the results of se\•eral other studies weight are within the range covered by our cal­
( l--0, 13, 14). von Porat (4) proposed the use culations; and c) any existing peculiarities of 
of (height)' as a reference and Allen and co- 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 
years ago by ~tree and Brown ( 1) and by 
Gibson and E\·ans- en. For example, !WO heny 
men are iound to the far right oi Figure l. Al­
though noticeably different ir0m the rest of the 
population when located on t':e scatter diagram. 
they cannot be distinguish~d from the other large 
indi,·iduals in our series "her. the data for Vrbc 
are plotted against body suriace area,-ils shown 
in Figure 4. - -

Regression of \' wb to height an<! weight ac· 
counted for only 36 per cent oi the-~ginal v~· 
abilitv of our data. The coefficient of variation 
( 8.1 per cent) aiter this regression is of about the -
same magnitude as has been iound in other _stu!lie1 
aiter regression or correlation oi blood \'Olume ·to 
weight and height or to surface area. The mag· 
nitude of the coefficient d~n<ls on the homoge· 
neity and size oi the population under investiga· 
ti on. It was comparative!~· low in a group of 
a-·erage 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 oi intermediate homo­
geneit~-, in that it included men irom 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. ~fast of the '-aria­
tion to be accounted for aiter consideration oi 
height and weight is biologic rather than metho­
dologic, as shown by our repeat studies and by 
similar experiences reported by workers using 
a ,·ariety of methods. for example, P11 (7, 12, 13). 
Cr" (10). rm 115), and T-1824 (5, 13, 16). 

\\'ithin the population available to us for study. 
we have found that age, somatotype and habits of 
ph~·sical actiYit~· influence \'rbc and Vwb only 
slightly when considered independently from 
height and weight. This may be because each of 
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 analysis of residuals 
about the height x weight regression. planes . 
.. \\-ailable e,·idence suggests that indi,·idual dif­
ferences with respect to the content of fat and 
lean tissue in the bOdy have only a modest effect 

-

on blood ,·olume. This is probably because the 
blood content of fat tissue is not insignificant ( 5, 
15). Hicks. Hope. Turnbull and \"ere! (14) 
found that consideration of fat thickness and girth 
in addition to height and weight lowered the 
coefficient oi nriation for \'" b from 9.6 to i.6 
per cent. \"wb, \'rbc and \.pl haYe been iound 
to be directly related to body density ( 5, 15). and 
~[uldowney ( li) found a surprisingly good car· 
relation between. \'rbc 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 between \'pl and total 
body mass. and Huff and Feller ( 15) were un· 
able to impro,·e the prediction of blood \'olume 
by determining body density and calculating the 
expected blood content of fat and lean tissues 
separately. 

The data of Gibson and E,·ans ( 2) ap~ar.ed to 
show that blood \'Olume per unit body ·size .,..a~ 
leu in large than in small subjects, so .. tbat ·the 
cun·e~ re!abhg \'Olumes to height. weight and 
body su_!iace area were flattened at the top. \Ve 
h3'·e beett-m1able to corroborate this finding; none 
oi our regression lines or planes show eeid,ence oi 
cun·afiire. ~ only apparent explanation~ for ~ 
the difference is that our large subjects ,were re la· . -
tively more muscular and less obese than theirs. 
In most other respects, our results are.. in. re·_. 
markably good~reei:nent with those Of cbe ~atly. -
workers who used ~dT'e'·methods. The.'p~itive: ; 
correlation found bet.;.;;;-;.esiduals fo~ \ltbC aiid.: .;:.· 
\'pl (r = + 0.42) me&;;;;hat a man !h~bVt~- ;: :. 
is larger than averagc..far..his height.ind ~~lit 
will also tend to ha~r~l. ?,1)ii=i€iif 
contrast to the inverse relation """:e9 tric ~¢. :=­

\"pl found in certain pathologic states,<.:;.J;, iiidbii' .- -
and polycythemia ( 38)' and suggests that the 
normal biologic determinants of 1rltK>d \·olume may 
be concerned with circulatory ~e rather than 
with total circulating hemoglobin. 

The apparent absence of age effect in the third 
to fifth decades is in agreement with se\·eral 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 ~[e.yer (20). 
The question of age, howe\'er, requires further 

'· 
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study. inrtsnrnch as both the abo,·e-mentioned 
studies ( 2. 20} and our own inrnh·ed few sub­

jects O\'er 50 and since discordant results '"ere 
found in two in\'estigations particular!,· de\'Oted 
to the proulem of aging ( 18, 19). 

\\'e ha\'e iourid that muscularit\' I mesomorphy) 
has a s:ight positive effect. while both linearity 
( ectomorphy) and obesity ( endomorphy) have 
negati"e effects ·on the residuals about the height 
x weight regressiciii planes. Also. a slight pro-

the data only slightly. aiter effects of height and 
weight had been accounted ior. 
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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 
(\'rbc) of these subjects were measured with 
Cr" tagged cells; plasma ( Vpl) and whole blood 
l'O!umes were derived indirectly from venous 
hematocrits. 

2. Regression equations were derived, express­
ing the relations of the volumes to body weight 
and height and to combinations of these measures. 
From these data a chart was devised from which 
the expected \'rbc and \'pl for a man of given 
height and weight can be found com·eniently. 

3. In the sample of population examined. age, 
elements of the somatotype and habits of physical 
acti\'ity were found to inAuence the variance of 
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UB~E I\" 

Clasufi.ca::J11 of 177 """" u-101 'ts Put to nuiormor.P"')•. mesom.orpJry and ulomorphy and mta11 
rtJt.dwajs 11' mi. of rrbc and i·p/ of f.'OMptd C~sus•t 

E.ctomorpn,_· ?= -
EndomllLQ.tu:... \{tsor:':O:.r;H~>- 3, 4 . .5 6. 'l 

l. ~ 61 -97 -3.148 'll .. -60 -150 
I. 2 3. 4. 5 131 116 JQ 59) 7 

.. 
6Z 111:: :_~o 10 -

6. 7 10: 26 ~; -:.. 
l. 1 •l\ 80 -136 -

3. 4, 5 .. J. 4. 5 :Jn -21 -11 (46) -10· -Z7 
(J.i Ji -Ill 80 

6.7 

•'.\umber of indiv.iduals in pa.ar:ltfi~s; me•n \"rbc r"idual in bold type; mean VlJI residual in 1Lal4c rr~~ 
t The calculated linear ref1'eu.i9n ~uations of residuals on the three somatotYpe qariab~s ue as Jo.!IOws:- J) Expected 

\"rbc residual (ml.) • - 27E.n -;- !Me - 1 iEc T I H; Z\ £,pected \"pl residual ,,,.;,) • - 38En .,... HMe·- 8Ec T 19. 

8) S omatot)·pr. A tota.f of lii-indi1·iduals negative residuali i~ men of high :fnuscularity 
were somatotyped. They fell into. 43_ distinct and low lineantv but moderati ~n:_ 
groups when a scale oi one to seve~_-:\·as used to C) Physical ~c~·it;·. T:~b~ V si-i~·s the fairly 
describe each component ( endomorpny. meso- uniform distributipn ~oag GrQUpS L II and III 
morph)-, ectomorphy). Analysis ~ residuals of the 190 subjec13 'll'ha: -Mre cbss:i~ according 
showed that the reduction in 1-ariance whicn re- to physical activi*. ~Tlte.re$\duab I# both Vrbc 
sults from considering somatotype when height and V pl appear to- iii(:~se '>'!itll irp;:rpsing physi­
and weight are fixed is numerically small and of cal acti1·ity but the effect is slight aiter allowances 
doubtful statistical significance (p for \"rbc = ior weight and height. The differences are not 
0.08, for Vpl = 0.23). -~stically significant (for Vrbc, p = 30; for 

In Table IV. the degrees of endomorphy, ~ p = 0.15). 
mesomorphy and ectomorphy have been reduced ----/)) Seasonal and u,;thin-•nonth. t:ariations. 
even funher by grouping together the less extreme . lJata were not collected primarily for evaluation 
clas~s (three, four and five) and the high an<L of these factors. However, certain trends during 
low extremes (one and two; six and seven). the 25- months of study suggest that seasonal 
Thus. the number of combinations encountered in fluctuations of blood volume may occur even 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 
ih 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 residc:als in men of high 
muscularity, low linearity and low obesity and 

TABLE \' 

In_tl,..,.ce of pliys=J aart'ily o• V•bc a"4 \"pl 

Pb>"tacal R!'t1dual:I Vrbc RM1duaJs \.'pl 
&C"U\·Uy Sumber 

cl.- ol mien Mnt1 S. E.• Mran s. £.• 

.... .... .... ""· I • 65 -19 H -37 30 
II 80 I 21 17 27 
111 H ll 29 22 36 

• Standard error. 

the rdatively uniform climate of San Quentin. 
For example, in 1954 and 1955, the mean Vrbc 
residurl- for the 30 obscr.-ations between July 7 
and ~ ovcmbc• 9 was + 117 ml. ( S.E. 35), and 
for the 51 o~ions between November 16 and 
February B, ltWas - 70 ml. (S. E. 27). Mean 
residuals fa!~ arc similar, + 156 and - 130, 
respectively. It sho~ept in mind that these 
two time inter.·als .,Yei'F"Sdccted from the entire 
2 5 month period bcc$.Jsc they showed the most 
extreme deviations, :sti_us:sting a seasonal effect. 
By grouping the rcsi~ording to the months 
in which observations were made, it was found 
that the variance within months was 15 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 anributed to a) 
seasonal effects, b) the types ,.; subjects encoun-

) 

) 


