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There is substantial agreement that high blood pressure is a familial trait.L-5 
The careful studies of Miall and.Oldham’ and of Hamilton, Pickering, Roberts 
and Sowry indicate a higher average blood pressure among the relatives of 
hypertensive than of normotensive subjects. Hines, McIlhane~, :ind Gagez 
described the occurrence of hypertension in 8 pairs of identical twins, whereas 
in 3 pairs of fraternal twins the disease occurred in only one member. Despite 
these studies, few efforts have been made to identify the earliest age at which 
the blood pressure of the children of hypertensive parents ma)- be expected to 
deviate from the values observed in the offspring of normal parents. .2ytnan,” 
however, found a blood pressure in excess of 140,/80 mm. Hg in 29 per cent of 
the progeny aged 14-39 of hypertensive parents, as compared to a 3 per cent inci- 
dence of similar blood pressure elevation in the offspring of normotensive parents. 

Although the familial aspects of hypertension have been agreed u~)on, the 
evidence is less consistent that exposure to various forms of stress ma!- undul~~ 
elevate the blood pressure of prehypertensive subjects. Hines” reported subse- 
quent hypertension in 9 per cent of 84 normal reactors and in 54 per cent of 105 
hyperreactors to an ice-water immersion test. On the other hand, Harlan7 and 
Armstrong and Rafferty* could not confirm this finding. Hines also found an 

excessive rise in blood pressure to the cold pressor stimulus in hyl)ertensive 
patients, when compared to normal control subjects. Q*lo Other authors have fount1 

less consistent differences in the cold pressor responsiveness of the normal ant1 
the hypertensive subject”~‘? or have observed considerable inconsistent->. in the 
response of the same individual to repeated testing.7,*3 Other stimuli, such :\s 
breath-holding,14 exercise,‘” and change in posture, I6 have also been t rictl in (I 
further attempt to distinguish a normal from a hypertensive response. 
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Since there seemed to be doubt that any individual test of vascular rwc- 
tivitl- could distinguish the overt or potentially hypertensive subject from the 
normal we, the present study was designed to examine the effect of four simple 
tests on the blood pressure of subjects with established and labile hypertension 
;~nd of young individuals with and without a proved family history of the disease. 
In the course of such a study on blood pressure, it was also intended to learn 
\vhether the children of hypertensive parents exhibited at the teen-age level a 
higher blood Iwzssure than did control subjects of similar age and sex. 

SV/L.C~;OE us Su?Qects.---Tests were performed on 50 children aged 8 to 18, one of whose parents 
VW attcuding the hypertension clinic of the University of Michigan Hospital. Each individual 
XVAX then matched according to age and sex with a child who was selected from a list of students 
attelldillg the I-nil-ersity Elementary or High School,* and an identical series of tests was then 
performed on the control subject in the h>.pertension clinic. Every effort was made to perform 
the tc>ts in an identical manner, and except for the fact that the examiner usually knew to which 
x+eh the hu1)jet.t belonged and that the children of hypertensi\-e parents traveled farther to 
I-eac,h the clinic, no important difference between the two series of tests was recognized. \Vhercas 
in the original survey, only patients of the white race were tested, it was later possible to perform 
.i 4milar heri?:, of tests on Negro school children in the city of Nassau,t Bahamas, an area with 
a reported high rate of hypertension in the adult population. I7 In the ensuing discussion, Group 
I will refer to the children of the normotensive parents, Group II the offspring of h>-pertensive 
~ul)jc~~tx, and GI-oup III will he used to designate the Bahamian school children. 

For the purpose of comparing the response to the series of tests of adult subjects xvith and 
\\-ith(lut h!.pcrtenhion, three groups were studied: 10 normotensive laboratory workers (S ), 
10 p;Ltivlith with labile hypertension (I. ), and 9 subjects \vith an apparentI!- established form of 

‘I‘ARLE I. CHAI~ACTERISTICS OF THE %uDr GROIW 

Xormotensivcs 
Labile H> pertensives 
Established Hypertensives 
Children of .Normotensive Parents 
Children of Hypertensive Parents 
Children of Bahamian Parents 

*s = Systolic. D = Diastolic 
**Not rec~ordrd. 

SEX 
MEAN 
ARM MEAN 

GIRTH AGE 
(INCHES) (YR. ) 

MEAN FINAL 
RECUMBENT READING 

BLOOD 
PRESSURE PULSE 

(MM. Hi=t ) KATR 
S*/D* ~ 

; 88 
80 

13.8 117/65 80 
I 

*We aw indrhtetl to Dr. Warrrn A. Ketcham. Coordinator of Psychological Services, University 
School, and Dr. Robert, S. Fox, Director of the Vniversity School, and to Dr. Norman 5. Talner and 
Dr. hlargarrt A. Lucas. school pediatricians. for permission to make the examinations. 

+We w-ish to express our gratitude to Dr. Freda Banner, school physician, and to Dr. E. H. blurcott, 
(‘l&f ;\lrdical Officer of the Bahama’s Government Medical Service for their very kind cooperation in 
providing the facilities and assisting us in obtaining the subjects for these tests. 
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Fig. 1. --The wtire test, series was performed on 10 normotensiw (A-first column). cm 10 labile 
(L--second rolumn), and on 9 rst,ablishrd hypertensive (H-third column) subjects. The vertical 

scalv reprrsrnt,s change (A) in blood pmssurt? and pulse following l.hr application of t,he various twts. 

a. Reproducibility qf the Tests.-In order to estimate the degree of reproduci- 
bility in the same person the tests, with the exception of the postural test, were 
performed on four medical students on sis occasions in a randomly selected order 
of administration. There was no apparent day-to-day variation in the responses 
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and no evidence of a systematic effect of any one test on subsequent ones. The 
mean systolic, diastolic, and pulse responses and standard deviation of each test 
in the four subjects were as follows: Cold Immersion: systolic, 26 * IO: tiiastoiic, 
33* 9; pulse, -6 *7. Breath-Holding: q.stoiic, 5 * 10; diastolic, f  * 10; pulse, 
5 * 11. Exercise: systolic, 15 * 11; diastolic, - 16 * 14; pulse, SO f  7. To c)i)tain 

the standard error of each mean, the standard deviation is divided by y’ 24 = 4.0. 
b. Responses qf Adult Subjects With and Without IIy,bertension.- The mean 

responses of each group to each test are listed in Table Il. The range of intiiviciuai 
responses is shown in Pig. 1. There appears to be no consistent different in the 
response of the normotensive, labile, or established hJ,pertensive subject, nor 
between these groups and the groups of children (Groups 1, II, and I I I 1. 

TABLE II. MEAN TEST RESPONSES OF THE STUDY GROUPS 

/ I 
’ BHEATH- 

REST POSTURAL COLD HOLDISG EXERCISE 
I- ~~ ~~ ~~.. 

I i 

OROUPS BLOOD BLOOD I BLOOD / 
PRESSURE1 PULSE PRESSURE1 PULSE 1 PRESSUREI PULSE 

BLOOD BLWD 
PRESSURE1 PULSE 1 PRESSURE PULSE 

~ (y;;,) / RATE !  (M;;;g) j  RATE , (Mij$) ~ RATE I (M;;;g) / RATE / (M;;;E) : RATE 

i 

’ 
’ 

Children of Normo- 1 
tensive Parents I --to/+2 -3 :?I/13 / 10 j 12i2.5 / ’ 7 i 7:,7 ( --7 1s; 21 29 

Children of Hyper- 
tensive Parents 

/ 
’ I ’ ’ 

ChiFld;n,“,’ Bahamian i 
-- 12/+? 1 --4 ) 7/13 1 12 II/24 

I 
i -~14/-~? -8 4/15 7 ll/l9 , 11 S/l6 0 ?II/ 3 23 

*H = Systolic. D = Diastolic. 
Rest response represents the decline in blood pressure brtwrrn final recumbrnl reading (reading 

No. 9 in Fig. 2) and the first recumhrnt reading (No. 2). Postural response is defined as t,he first. standing 
reading in the postural test (No. 10) minus the final recumbent reading (No. 9). (‘old wsponse repw- 
sents the difference between the reading after 60 seconds of ice-water immersion (No. 17) and the pres- 
sure immediately prior to immersion (No. 15). Breath-holding and exercise responses likewise represent 
the difference in hlood pressure after and before maximum stimulation (Nos. 23-22 and ?;os. 29-2X. 
respectively). 

It was recognized that the rest period prior to cold immersion was abbreviated and that a grwt,er 
response might have appeared if this part of the test had not been omitted. However, if the reading aft,rr 
23 minutes of rest (No. 17) is subtracted from the maximum rise after ice-w-ater stimulat,ion (No. 91. 
the increments in blood pressure due to the cold stimulus are not greatly different and the averages for 
each group are: Normotensives = 24/25. Labile Hypertensives = 31/25, Established Hyperknsives = 
42/33. Children of Normotensives = 18/30, Children of Hypertensives = 21/29. and Children of lia- 
hamian Parents = 15/22. 

c. Blood Pressures of the Oflspring of Normotensive and IIypertrnsive I’arrnts.- 
Table II and Figs. 2, 3, and 4 present the mean q,stoiic and diastolic blood pres- 
sure and the mean pulse rates of Groups I, II, and 11 I at various points in the 
test procedure. The order of statistical significance of the differences in blood 
pressure and pulse readings between Groups I and II is indicated at the bottom 
of the figures. It will be seen that the offspring of hypertensive subjects (Group 
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I1 ! had a higher average systolic pressure and a lower average pulse rate than 
did their counterparts in Group I, and that these differences were statisticall> 
significant (I’ < .0.5) at nearly every point in the test procedure. In contrast, 
the diastolic blood pressures of the two groups did not differ significantly from 
catch other. 

It ma)- be noted in passing that the “potentially- hypertensive” young people 

exhibited the widest deviation from the offspring of normotensive parents in 
s!.stolic blood pressure readings SOS. 14, 15, and 26. At these points the difference 
bet\veen the respective mean qstolic readings \vere of the order of 8 mm. Hg. 
The probabilit>. was less than one in a thousand that these differences were due 
to chance. The readings taken just before the cold pressor test (Nos. 14 and 1.5) 
might. 1~ considered to reflect an undue rise in blood pressure in the preh>-perten- 
sive group :~s a result of the contemplation of an ensuing unpleasant stimulus. 

134 1 MEAN SYSTOLIC BLOOD PRESSURES 
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Fig. 2.--On the horizontal s&k the degree of significance of the differences between readings for 
Groups 1 and 11 is recorded. Although Group III is included for comparison, the selection of the Ba- 
hamian Negro children was less rigorously controlled and the status of blood pressure of the parents 
was unknown. 

However, no such excessive reaction was observed prior to the postural or exer- 
cise tests. It is also of interest to note that no significant difference between the 
group means was observed in the casual reading taken with the subjects standing 
(So. lj, in the final observation on resting recumbency (So. 9), and in the 
reading takeri immediately after exercise (No. 29). 

On further anal>-sis it was found that the five individuals in Group II with 
the highest resting systolic blood pressure readings tended to show less fluctuation 
at every point in the test series, whereas those subjects with lower resting blood 



pressures were iound to exhibit greater variability irom test to test. Thesrj 
observations ilIT of interest since no1 all subjects in (;roup 11 ma\. t)e expectetl 
to develop hl,pertension, Ijut those with the hichest blood Ijressure IVOIII~I seem 
;I priori to be the most likeI\. cxndidates. 
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Fig. l.-Details arc as in Pig. 2. 

The Bahamian subjects were not included in the statistical comparison 
because the test conditions were somewhat different, and because the), were 
not individually matched with the subjects in Group I, although they were of 
similar age and sex distribution (Table 1). Nevertheless, l;ig. 2 shows that the 
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mean systolic blood pressure of these subjects was slightly higher at every point 
in the series than that recorded for Group II, and considerably in excess of that 
for Group I. Their mean pulse rate (Fig. 4) was lower than that of Groups I 
or IL, whereas no difference in diastolic levels was observed. These observations, 
carried out under quite different surroundings, are also consistent with the view 
that a higher average blood pressure has already become apparent in this group 
of “potentially hypertensive” subjects. 

An analysis of the test responses of the paired groups and of the Bahamian 
children is also recorded in Table II and in Figs. 2-4. No significant difference in 
vascular reactivity between Groups 1 and II could be detected, except that in 
the postural test, Group II showed a significantly (I’ < .05) greater rise in mean 
sJ.stoiic blood pressure than did Group I. 

d. Relation of Physical Characteristics of the Children to the Blood Pressure 
Reading.-The possibility that group differences in age, arm girth, or sex in- 
fluenced the results was considered. A study of the coefficients of regression for 
each variable demonstrated no significant trend with age or arm girth for an> 
age-sex subgroup, but the small number involved in these subgroups (X = 14 
to 24) made the demonstration of a significant difference improbable even if small 
effects had existed. 

Inspection of the data recorded in graphic form showed a slight tendency for 
the mean blood pressure to increase with age. This change occurred equally in 
Groups 1, I I, and I II. The increase was not the direct result of increased arm 
girth or of an unusual increase in blood pressure in either boys or girls. The slight 
increase in the mean blood pressure with age appeared to result more from a 
few higher individual readings than from a general upward tendency for all 
subjects. The few individuals under the age of 11 showed generally lower readings. 
In six of these a child-size cuff was used. Since these impressions are derived from 
small samples and within a very limited age range, it is of course impossible to 
draw any conclusions concerning the effects of these physical factors on the blood 
pressure readings except to state that they did not appear to he responsible for 
the observed differences between the three groups. 

From these studies it is concluded that the response to no test or com- 
bination of tests which we used is characteristic of the hypertensive as compared 
to the normal individual. Whereas in established hypertensive subjects, abnormal 
reactivity to pressor stimuli might be obviated by permanent vascular changes, 
the tests in labile hypertensive patients should demonstrate abnormal responses 
if increased reactivity is a characteristic of “early” hypertension. The presence 
of a number of hyporeactors among labile hypertensive subjects certainly indi- 
rates that these tests do not consistently identify the labile hypertensive subject. 

It is possible that some factor in the selection of control subjects obliterated 
differences in the reactivity of the various adult groups tested. The rise in blood 
pressure of the normal subjects in response to cold immersion was, in fact, 
greater than that reported by Hines and Brown g,ln for normotensive individuals. 



I,aboratorJ. workers in a hospital might be expected to show less react ion to such 
stimuli than \vould unselected normal subjects. The shortening of the rest in- 
terval might result in a higher “pre-test” blood pressure in the hypertensive than 
in the normal subject, so that differences would be abolished. To evaluate this 
possibility we calculated the difference between the blood pressure taken after 
60 seconds of cold stimulation ( So. 17) and the blood pressure recorded after 
23 minutes of quiet recumbenq, (No. 9). These differences did not help to separate 
the norrnotensive, labile, and established hypertensive groups. 11-c must conc~ludc, 
therefore, that no single test is useful in identif>Gg the hypertensive subject. 
‘l-his conforms xvith the experience of others.‘~“~” 

In consequence, it would not be expected that the children of h)pertensiw 
parents would display h\-perreactivit), to similar stimuli. A close examination of 
the responses of the children with the highest resting blood pressures likewise 
revealecl that these potentially h\yertensive subjects showed no evidence of 
consistent vascular hh,perreactivit>-. 

It was of interest, however, to observe a higher mean systolic blood pressure 
in the children of hlyertensive parents. lLIoreover, inspection of the data pro- 
vided by Miall and Oldham’ reveals a similar tendew).. Twenty,-nine children 
having a 1)x-ent hvith a blood pressure of 1.50, 100 mm. Hg or more were cwmpared 
with 72 children whose parents had blood pressures not higher than 140/‘90 
mm. Hg. The children having one hypertensive lw-ent had mean systolic and 
diastolic blood pressures of 119j74 mm. Hg, whereas the corresponding means 
for the children of normal parents were 112 72 mm. Hg. The qrstolic means are 
highI>. signiiicantl>- different (I’ < .005), whereas the diastolic means are not 
significantI>- different (.20 > P > .lO). It is interesting to note how closeI\- these 
observations of !kliall and Oldham parallel those of the present stud\-. 

Such comparable results lend greater support to what would at first glance 
appear to be only slight differences in the blood pressure of the offspring of hlyer- 
tensive subjects. Alter prolonged rest, the children of a hlyertensive parent had 
;I mean blood pressure of 108,160 mm. Hg as compared to 104.i59 mm. Hg for the 
offspring of normotensive parents. The difference in mean systolic pressure 
achieves statistical significance (I’ I .05). Furthermore, since ;I consistent and 
significant difference was found in almost ever!- one of the 32 consecutive q.stolir: 
readings, it is hardly- likely that the differences net-e due to chance alone. It is 
of further interest that the maximum difference (8 mm. Hg) between the t~vo 
groups occurred in the blood pressure just prior to the cold pressor stimulus; 
it suggests that the blood pressure response to it merit;tl stimulus ma>. Ix exces- 
sive in the potentiall>y hypertensive as opposed to the normal subject. 

The possibility that intentional bias on the part of the examiner led to the 
observed differences seems unlikely, because of the failure to observe differences 
in the diastolic blood pressure. If  the children of hypertensive parents were more 
apprehensive about the tests and thus displayed ;I higher blood pressure, one 
would expect a greater mean pulse rate in this group. That the con traq- \las 
observed would seem to dispose of this ol)jection. The evidence therefore seems 
convincing that teen-age children with a single h>.pertensive parent alrexl>~ ex- 
hibit a tendency to a higher average qxtolic blood pressure. 



Ii the expected frequency of future hypertension in children with one h>,per- 
tensive parent were about 30 per cent, 3 then 70 per cent of the subjects in Group 
II should behave normally, and only a slight elevation in the mean blood pres- 
sure would be expected to appear. The characteristics of the five individuals 
in Group II (those of hypertensive parentage with the highest resting systolic 
blood pressure levels) were contrasted with the characteristics of the five children 
of Group I who had the highest resting systolic pressures. Those in Group II 
had ;I resting systolic reading in excess of 118 mm. Hg as compared to 104 mm. 
Hg ior those of Group I, the control group. They tended to remain consistentI>. 
at the top of Group II during stimulation and during rest. 

The presence of a higher average systolic blood pressure and a lower pulse 
rate in the children of hbyertensive parentage is the most important finding 
in this study. 1 t is especially interesting that this difference is maintained under 
all forms of stimulation tested, and during rest, whether sitting, standing, or 
I>+ng-. Both the Michigan and Bahamian study groups show this characteristic. 
It is possible that a slow pulse rate was the primary abnormalit). which resulted 
in a higher stroke volume and, as :I consequence, an increased q.stolic blood 
pressure. 1 t RWLIIC~ then he necessaq. to assume that t)radJ~cardia is an earl>, 
sign of h>.pertension. Since a slo\v pulse is not seen in manifest forms of hyper- 
tension and is, in an). event, unlikely to affect cardiac output and pulse pressure 
to the extent observed, such a hy)othesis seems improbable. 

-An increase in stroke volume might be considered a primar>. event in the 
genesis of hvpertension. This theor\,18 once widel,, held has since heen abandoned 
in view of anatomic and ph).siologic evidence for an increase in peripheral re- 
sistance in hypertension. 

A third explanation might be that a slight increase in vascular rigidity is 
already apparent in the offspring of hypertensive parents, and that this leads 
to ;I lvidened pulse pressure and reflex cardiac slowing. Conway-19 has suggested 
that some subjects with hypertension, in whom a famil\- history of the disease 
is prominent, may, in fact, exhibit high blood pressure because of altered arterial 
and arteriolar elasticity rather than as :\ result of functional arteriolar vaso- 
constriction. 

These hypotheses concerning the pathogenetic mechanism of familial h\-per- 
tension must remain speculative so far as the present study is concerned. The 
principal conclusion to be derived from this report is that response of the blood 
pressure to stimulation is certainly no more indicative , and possibly even less 
indicative, of latent or overt hypertension than is the actual level of systolic 
blood pressure. 

1. Four tests of vascular reactivit).-postural change, cold immersion, 
breath-holding, and exercise-were applied to 10 normotensive, 10 labile hyper- 
tensive, and 9 fixed hypertensive subjects. No consistent differences between the 
groups were observed. 

2. The same tests were applied to 50 children, aged 8 to 18, of hypertensive 
parents matched with 50 children of normal subjects. They were also applied to 
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31 Negro children of comparable age in an area with a high prevalence of hyper- 
tension. NO evidence of unusual vascular hyperreactivity was observed in children 
of hypertensive parentage, with the possible exception of the response of systolic 
blood pressure to postural change. 

3. The mean systolic blood pressure of the offspring of hl,pertensive parents 
was significantly higher at all stages of testing than that of the children of normo- 
tensive parents. Furthermore, an analysis of published reports of the data of 
other investigators confirms that a slight but statistically significant elevation 
of sl-stolic blood pressure occurs in the youthful offspring of hypertensive subjects. 

4. The pulse rate of the children of hypertensive parents (Croup IT) was 
significantly lower than that of the children of normotensive parents (Group I), 
but the mean diastolic pressure of the groups did not differ. Possible explanations 
of these observations are discussed. 

5. It is concluded that a systolic blood pressure in the high “normal” range 
appears at puberty in certain offspring of hypertensive parents, but that con- 
ventional tests of vascular reactivity are not of great usefulness in selecting 
children likely to develop hypertension. 

APPENDIX 

PKOTOCOL FOR RLOOD PRESSURE ~II;ACTIVITY 'I‘WTS 

I‘EST PROCEDURE PROCEDURAL STEP 

Rest Period 

Postural ‘Test 

Cold Pressor 
Test 

Subject enters room 
Subject lies on bed 

.\fter 5 minutes’ rest 
After 10 minutes’ rest 
lifter 15 minutes’ rest 
After 20 minutes’ rest 
After 21 minutes’ rest 
.After 22 minutes’ rest 
.\fter 23 minutes’ rest 

Subject stands 
After standing 1 minute 
After standing 2 minutes 
After standing 3 minutes 

Subject lies on bed 
Cold pressor test explained 
:Zfter esplanation 
Ice water brought in 
3 minutes after explanation 
Right hand immersed in ice water 
.4fter 30 seconds’ immersion 
:\fter 60 seconds’ immersion 
lifter removal of hand from water 
1 minute after removal 

SUBJECT'S 

I'OSTUKE 

Standing 
LJ-ing 

Lying 
Lying 
Lying 
Lying 
Lying 
Lying 
Lying 

Standing 
Standing 
Standing 
Standing 

1 

8 

9 

10 
11 
12 
1.3 

11 

1 5 

16 Blood pressure only 
17 Blood pressure only 
17 Pulse rate only 
18 
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2 minutes after removal 
3 minutes after removal 

Lying 
Lying 

Breath-Holding Subject sits in chair Sitting 
Test Breath-holding test explained Sitting 

after explanation Sitting 
3 minutes after explanation Sitting 
Subject holds breath Sitting 
;ifter 20 seconds’ breath-holding Sitting 
:\fter resumption of breathing Sitting 
1 minute after resumption Sitting 
2 minutes after resumption Sitting 
3 minutes after resumption Sitting 

I%ercise Test Exercise test explained Sitting 
After explanation Sitting 
3 minutes after explanation Sitting 
Subject exercises (30 deep knee bends) Standing 
Immediately after exercise Sitting 
1 minute after exercise Sitting 
2 minutes after exercise Sitting 
3 minutes after exercise Sitting 

19 
20 

21 
22 

23 
23 
24 
25 
26 

Blood pressure onl) 
Pulse rate onl! 

27 
28 

29 
30 
31 
32 

The cold pressor test, breath-holding test, and exercise test were given to our subjects in a 
preselected, random order, determined by consulting a random number table. The numbers in 
the column headed Observation No. refer to Figs. 2, 3, and -f, and are also discussed in the test. 
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