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contact by retracting into the shell or crawling out
of the container. Only with DN-O-TBP, however,
did this seemingly result in protection of the snails,
since 20.0 ppm caused appreciably less mortality
than 6.0 ppm. A behavioural response manifested in
avoidance could limit the effectiveness of a mollusci-
cide under field conditions. Avoidance phenomena
as related to molluscicides may be more common

than laboratory tests indicate, since ordinarily under
laboratory conditions there would be less oppor-
tunity for the snail to escape if given this option.
The need for specific tests to evaluate protective
responses appears to be indicated.

If the cost of DN-O-TBP and DN-PP is favour-
able, further evaluation of these compounds may
also be indicated.

Sphygmomanometer Cuff Size and Blood Pressure Measurement *

by R. B. SHEKELLE, Ph.D., Research Associate, Department of Preventive Medicine, University of Illinois
College ofMedicine, Chicago, Ill., USA, and A. M. OSTFELD, M.D., Professor ofPreventive Medicine,
University ofIllinois College ofMedicine, Chicago, Ill., USA

Indirect measurements of arterial pressure tend
to overestimate the intra-arterial pressure in large
arms and to underestimate it in small arms.a Kar-
vonenb has reported that this tendency can be
counteracted by increasing the length of the cuff's
bladder. He used two cuffs differing in length of
bladder (12 x 23 cm and 12 x 33.5 cm) to measure
the systolic and diastolic pressure of 30 men. The
short cuff tended to yield higher readings than the
long cuff, and the differences varied in magnitude
as a linear function of brachial circumference. He
also found that the systolic and diastolic pressures
of 96 men did not correlate with brachial circum-
ference when the long cuff was used. Karvonen
tentatively concluded that using a cuff with a
14 x 40 cm bladder, as recommended by the WHO
Expert Committee on Cardiovascular Diseases and
Hypertension,c yields close approximations to the
intra-arterial pressure without any correction for
brachial circumference.

Karvonen's observations imply the following null
hypothesis: there is no difference between correla-
tions of brachial circumference with arterial pressure
measured indirectly using (a) a standard cuffand (b) a
cuff having a 14 x 40 cm b adder. The alternative
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hypothesis specifies that the latter correlation is less
than the former.
An opportunity to test this hypothesis arose dur-

ing a study of the prevalence of cerebrovascular
accidents among persons applying for old age assist-
ance (public financial aid to indigent persons 65 years
of age or older) in Cook County, Illinois. During the
routine examination of subjects in this survey, two
determinations of systolic and diastolic pressure
were made with a standard cuff (Baum's Airlok, the
bladder of which measures 13 x 23.5 cm) on the
right arm after the subject had been sitting quietly
for at least five minutes. When time permitted,
however, the routine procedure was modified to
obtain data for testing the hypothesis, i.e., measure-
ment of right brachial circumference and an addi-
tional determination of arterial pressure made with a
special cuff, the bladder of which measures 14 x
40 cm. In the modified procedure, the first deter-
mination of arterial pressure was always made with
the standard cuff, and was intended to accustom the
subject to the procedure and to orient the examiner.
These initial measurements were not used in subse-
quent analyses. The standard cuff and the special
cuff were used in random order for the second and
third determinations. A mercury manometer was
used for all determinations. Diastolic pressure was
read at the disappearance of Korotkoff's sounds
(phase V). All examinations were conducted in
private by physicians or medical student clerks who
had received additional training in the techniques
of the survey.
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SPHYGMOMANOMETER CUFF SIZE AND BLOOD PRESSURE MEASUREMENT

TABLE I

MEANS AND STANDARD DEVIATIONS OF ARTERIAL PRESSURES
AND BRACHIAL CIRCUMFERENCES

Men Women
Variables Caucasian Negro Caucasian Negro

_ (150) (45) (180) (67)

Systolic pressure, standard cuff 155 ± 27.3 158 ± 26.4 175 ± 31.6 182 ± 36.2

Systolic pressure, special cuff 154 ± 27.4 158 ± 25.9 173 ± 31.6 181 ± 36.4

Diastolic pressure, standard cuff 85 ± 14.3 87 ± 17.6 89 ± 14.0 92 ± 16.4

Diastolic pressure, special cuff 84 :1 14.2 87 ± 17.0 88 ± 13.7 92 ± 17.1

Brachial circumference (mm) 272 ± 33.1 283 ± 34.7 291 ± 42.5 288 ± 44.8

Circumference of the upper right arm was meas-

ured by encircling the arm midway between elbow
and shoulder with a length of paper tape 3/4-inch
(2 cm) wide and coated on one side with pressure-
sensitive adhesive material. The tape was applied
in continuous contact around the arm's perimeter,
care being taken not to deform noticeably the under-
lying tissue. The circle of tape was then cut and its
length measured to the nearest millimetre. The
coefficient of variation of repeated measurements
using this technique is approximately 1.3 %.
The survey of cerebrovascular accidents was

intended to include all persons applying for old age

assistance in two public-aid districts between 21 May
and 31 December 1963. Examinations were com-

pleted on 85.5% of all such applicants. Additional
criteria for inclusion in the study testing Karvonen's
hypothesis were (a) that the applicant came in
person to the district office and (b) that the number
of applicants at any one time was sufficiently small
to permit time for the additional procedures. A
total of 180 Caucasian women, 150 Caucasian men,
67 Negro women and 45 Negro men met these cri-
teria and were examined. Their ages ranged from 64
to 96 years, and the mean ages of the four groups
ranged from 69 to 72 years. They comprise 81.5%
of all persons who were examined at the district
offices. (Another 461 applicants could not come to
the offices in person and were examined in their
homes.)
The measurements of brachial circumference and

arterial pressure are summarized in Table 1 for
each group of subjects. Since the groups differ with
respect to these measurements, the correlations be-

tween brachial circumference and arterial pressure
were calculated separately for each group. The coef-
ficients were substantially the same for Negroes and
Caucasians of the same sex but differed between men
and women. Therefore, using Fisher's tanh-1 trans-
formation, the coefficients were averaged for each
sex, and these data are presented in Table 2. Co-
efficients significantly different from zero are marked
by asterisks. (The 0.05 level of statistical significance
has been used uniformly throughout the present
study.)
Among the women there are small but statistically

significant positive correlations between brachial
circumference and measurements of both systolic
and diastolic pressure made with the standard cuff.
As predicted by Karvonen, the correlations between
these variables are significantly diminished when the
special cuff is used to measure arterial pressure.
(The test of the null hypothesis, described by

TABLE 2
CORRELATIONS BETWEEN BRACHIAL CIRCUMFERENCE

AND MEASURES OF ARTERIAL PRESSUREa

Variable[Men IWomenVariables (d.f. = 189) (d.f. = 241)

Systolic pressure, standard cuff -0.006 0.117 *

Systolic pressure, special cuff 0.004 0.076

Diastolic pressure, standard cuff 0.023 0.200 *

Diastolic pressure, special cuff 0.018 0.142

a Asterisks indicate correlations for which, using a one-
tailed test, P <0.05 that the correlation in the population is 0.
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TABLE 3
CORRELATIONS BETWEEN BRACHIAL CIRCUMFERENCE

AND MEASURES OF ARTERIAL PRESSURE
IN ADJUSTED SAMPLES a

Variables Men WomenVariables (d.f. = 166) (d.f. = 166)

Systolic pressure, standard cuff 0.000 0.184 *

Systolic pressure, special cuff 0.010 0.198 *

Diastolic pressure, standard cuff 0.026 0.134 *

Diastolic pressure, special cuff 0.027 0.120

a Asterisks indicate correlations for which, using a one-
tailed test, P <0.05 that the correlation in the population is 0.

McNemar,'t takes into account the fact that the
correlations do not distribute independently of one
another.) However, contrary to Karvonen's finding,
the correlation between brachial circumference and
diastolic pressure as measured with the special cuff
is still significantly greater than zero.

Brachial circumference did not correlate with any
measure of arterial pressure among the men. At
first it seemed likely that differences in mean and
standard deviation of arm circumference between
men and women might account for the difference in
correlations. The largest circumference among the
men was 361 mm, and only 13.3% had arms exceed-
ing 300 mm in circumference. On the other hand,
37.6% of the women had arms greater than 300 mm
in girth, and the largest arm measured 443 mm.

In order to eliminate effects of this difference, the
distributions were equalized by grouping the meas-
ures of brachial circumference into 20-mm intervals
and then, separately for each race, making equal the
number of men and women in each interval. Excess
cases were eliminated using the Rand Corporation's
table of random digits.e The adjusted samples com-
prised 172 men and 172 women with 44 Negroes and
128 Caucasians in each group.
The means and standard deviations of arterial

pressure in the adjusted samples do not differ appre-
ciably from those presented in Table 1. The means
and standard deviations of brachial circumference

d McNemar, Q. (1962) Psychological statistics, 3rd ed.,
New York, Wiley.

e Rand Corporation (1955) A million random digits with
100,000 normal deviates, Glencoe, Ill., Free Press.

are 284 ± 35.0 mm and 286 i 35.7 mm for Negro
men and women, respectively, and 274+32.9 mm
and 274 + 33.9 mm for Caucasian men and women.
The correlations between brachial circumference
and arterial pressure were calculated as described
earlier, i.e., separately for each of the four groups
and then averaged for each sex. The coefficients
of correlation are presented in Table 3. Inspec-
tion of the coefficients indicates that the differences
between sexes were not diminished by making equal
the frequency distributions of brachial circumference.
In addition, it shows that eliminating cases with very
large arms also eliminated the effect on the correla-
tions of differences between the standard and special
cuffs.

In part the results of this study support Karvonen's
hypothesis; using a cuff with a 14 x 40 cm bladder
can diminish the correlation between indirect
measures of arterial pressure and brachial circum-
ference. The special cuff tends to yield lower
measures of arterial pressure than the standard cuff
on obese arms, thereby probably counteracting the
tendency for indirect measures of arterial pressure
to be higher than the intra-arterial pressure. How-
ever, this inference should be tested directly by
comparing measurements of intra-arterial pressure
with indirect measurements made using both a
standard cuff and a cuff having a 14 x 40 cm
bladder.
Although the effect of the special cuff in reducing

the correlation between brachial circumference and
arterial pressure is of little practical importance in
this sample of aged, indigent persons because the
proportion of variance involved is very small, the
effect might be appreciable in surveys of young and
middle-aged adults.a Further work investigating the
magnitude of the effect in various populations would
help in making the decision whether or not the
special cuff should be substituted for the standard
cuff in epidemiological surveys.
An unexpected finding of this study was the

absence of any correlation between arterial pressure
and brachial circumference among the men, although
small but significant positive correlations were
found among the women. It has been shown that
this difference between sexes is not due to differences
in the frequency distribution of brachial circum-
ference, and the reason for the difference remains
unknown.


