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SUMMARY

Blood pressure data from a longitudinal study
of ambulatory Japanese atomic bomb survivors
and controls are presented. Trends associated
with aging, factors related to subsequent pressure
rise, and the effect of blood pressure levels and
relative weight upon mortality, are described.
The subsequent experience of individuals with
initial transient pressure elevation has been
investigated.

Mean blood pressures were seen to rise with age,
as in most populations. On the other hand, when
longitudinal trends were examined by age at each
cycle it was found that individuals in recent
cycles tended to have no higher, and perhaps
somewhat lower, pressures than subjects of the
same age a decade earlier. This finding is notable
in view of the trend towards larger stature and
greater weight in Japan. These results suggest
that, while living habits or dietary changes have
led to a more positive caloric balance, other
factors, perhaps also dietary, have operated in
the opposite direction as far as arterial pressure 1s
concerned.

However, there was also clear evidence that an
association exists between weight and blood
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pressure, with hypertension being significantly
more common in heavier individuals. While most
individuals in this study experienced no pressure
rise during the decade, the probability of
subsequent elevation increased in proportion to
age, to base line relative weight and to initial
blood pressure level. A positive feedback
relationship among body weight, cardiac output,
degenerative changes in the peripheral arterial
system, and intravascular pressure appeared
adequate to explain these findings.

Cardiovascular mortality increased continuously
as blood pressure, whether systolic or diastolic,
rose, and there was no evidence that either sex or
advanced age provided any protection from this
influence. It was clear, especially in the younger
age groups, that any attempt to establish a
clearcut line between ‘“‘normotension’” and
“hypertension” is unwise. The implication of
this continuous effect is that in an individual
patient blood pressure elevation cannot really
be treated as a separate disease entity. Blood
pressure in an individual must be dealt with asa
continuous variable the influence of which is
inseparable from the effects of age, body weight,
serum lipid levels, and perhaps a number of
other characteristics. Although weight and blood
pressure are correlated in the usual fashion in
these data, and although cardiovascular mortality
increases rapidly with increasing blood pressure,
cardiovascular mortality does not increase with
increasing weight. In fact, the highest mortality,
for both cardiovascular and noncardiovascular
diseases, is seen in the lightest weight group.
Any mortality disadvantage of the lightest weight
group is, however, much less for cardiovascular
than for noncardiovascular diseases. It must
be emphasized, however, that the weight distri-
bution in the Japanese is very different from that
in western countries, There is too little obesity
of consequence in this Japanese group for it
to be identifiable as a risk factor.

Follow-up of individuals with initial pressure
elevations, but with a decrease to normal
pressures in the 2nd cycle, revealed a marked
increase in probability of more severe hyper-
tension a decade later. The clinical importance
of an initial elevated casual blood pressure
recording is emphasized.

In conclusion, the blood pressure distributions,
the behavior of pressure trends over time, and
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the consequence of blood pressure elevations
observed in this population from southwestern
Japan appear quite similar to findings among
populations studied elsewhere in the world. In
a nation in which cardiovascular disease is
responsible for at least one-third of all deaths,
and where there were already over seven million
citizens with blood pressures in excess of
150/90mmHg a decade ago, the challenge to
lower cardiovascular mortality by manipulation
of blood pressure is both wurgent and
overwhelming. With increasing numbers of older
people in the population, and with concern now
extended to blood pressures previously
considered to fall into “‘normal” ranges, the
challenge is further enlarged.

INTRODUCTION

Although the adverse effect of systemic blood
pressure elevation has been demonstrated in most
areas of the world there remain serious gaps in
the understanding of the epidemiology of hyper-
tension. Surveys have not yet provided satis-
factory confirmation of some previously sus-
pected and intriguing geographic differences in
blood pressure levels. The contribution of body
stature to these differences has not been
thoroughly explored. There continues to be
uncertainty as to the prognosis of mild hyper-
tension, and as to the influence of such factors
as sex, weight, and age upon the likelihood of
progression. Uncertainty also attaches to the
significance of a single casual pressure elevation.

The purpose of this report is to examine blood
pressure as well as demographic and medical
follow-up data obtained from A-bomb survivors
and their controls in the clinics of the Atomic
Bomb Casualty Commission (ABCC) in
Hiroshima and Nagasaki since 1958 to provide
information on the following topics:

1) The blood pressure distributions within
the study sample at the base line examination.
2) The longitudinal trend of pressures among
individuals followed for a decade or more.

3) Characteristics such as sex, age, and over-
weight that may identify individuals whose
blood pressures will subsequently rise.

4) The significance of a casual elevated blood
pressure reading on an initial examination
when it is followed by a normal reading on a
subsequent cycle examination.
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5) The relationship between blood pressure
level and suhsequent mortality.

METHODS AND MATERIALS -

The present program of biennial examinations
was begun in 1958, with historical information,
physical examination, and laboratory data
accumulated on the Adult Health Study (AHS)
sample which in 1950 numbered 20,000, of
whom two-thirds were residing in Hiroshima at
that time and the remainder in Nagasaki.'
Because the sample was created to study the late
effects of ionizing radiation, it included only
survivors of the 1945 atomic explosions and an
age- and sex-matched group that was not in the
city at the time of the bombs. It is therefore in
some ways not representative of the present
populations of Hiroshima and Nagasaki. For
instance, it does not include individuals born
after August 1945, and it reflects the sex ratio of
the population at that time. Although cardio-

vascular disease has been a subject of continuing
research interest at ABCC, and has been system-

atically studied in relation to radiation dose,
there has never been any suggestion that ionizing
radiation has had any influence upon blood
pressure levels or upon the cardiovascular system
in this sampie."4 For present purposes,
therefore, it may be taken as representative of
the adult population in these two cities over the
period of observation (1958-72).

No exclusions have been made for renal disease,
diabetes mellitus, or other disease at the initial
examination, or for a history of antihypertensive
therapy at any time in the 10-year follow-up
period. The inclusion of any substantial number
of subjects who had received effective antihyper-
tensive therapy would clearly confound the
results and their interpretation but it is our
belief that such patients are very few. The
milder forms of hypertension were not often
treated in these two cities in 1958-72 and when
such therapy was given it was generally dis-
continuous and without visible effect. The
medical records of a subsample of 221 patients
with mild hypertension at the time of the 3rd
examination cycle (1964-66) Thave been
examined* to determine the frequency and
effectiveness of antihypertensive therapy. Ten
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percent of those under the age of 40 had received
such therapy on at least one occasion (it was
ABCC policy to refer patients needing therapy
to private physicians or other community health
facilities), and this percentage rose in the 4049,
50-59, and 60+ age groups to 17%, 18%, and
26% respectively. Further record review indi-
cated that approximately 22% of all individuals
with more severe hypertension had at one time
received therapy. Physicians’ notes in the
records frequently indicated that therapy for
hypertension of mild or moderate severity was
at most occasional, intermittent, and without
follow-up to ascertain effectiveness. It is
considered doubtful that antihypertensive
therapy during the decade in question altered to
any real extent the blood pressure experience of
this sample.

Throughout the seven cycles (1958-72) partici-
pation has always equalled or exceeded 80% of
those living in or close to Hiroshima or Nagasaki
and there is no reason to believe that subjects not
available for examination in the home or in the
clinic, primarily refusals, differ from the
remainder with regard to blood pressure or
hypertensive complications.

A mercury manometer was always used for the
determination of blood pressure, which was
always measured with the cuff applied to the
left arm and with the patient in the sitting
position, except during 1958-60 in Nagasaki,
when the pressure was obtained in the right arm
with the patient reclining., Although on some
cycle examinations second and third readings
were systematically recorded, only the first
reading was coded and utilized for the present
study. In general the first measurement was
made and recorded by the examining physician,
but during the 2nd and 3rd cycles it was
made by a nurse. Systolic and diastolic levels
were recorded at the appearance and disappear-
ance of sounds. No fixed sequence characterizes
all cycles with regard to the various elements
of the physical examination including blood
pressure measurement, venipuncture, chest
X-ray, electrocardiogram, and history-taking.
In the early cycles the blood pressure was usually
taken late in the clinic visit, but in recent years
the time has varied. The subjects have been
examined nonfasting in clinics held during the
morning or afternoon and in one weekly evening
clinic.
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Mortality surveillance makes use of the Japanese
family registration system and is complete.’
Cause of death is taken from death certificates or
from official abstracts. Monitoring by autopsy at
ABCC discloses the usual discrepancies between
certified cause of death and autopsy fin(ii'na;s.ﬁ
Although these can be quite disturbing at the
level of a specific rubric (e.g., cerebral hemor-
rhage) for cardiovascular disease as a whole
autopsy confirmation and detection rates are
respectively 71% and 75%. Tabulations as to
cause of death have been done on the basis of the
8th Revision of the International Classification
of Diseases, WHO,” with deaths from all circu-
latory diseases (ICD 390-458) distinguished from
deaths from other causes. Since deaths from
peripheral vascular diseases constitute less than
10% of deaths from all circulatory diseases in
this material, ‘““cardiovascular” is used through-
out in preference to the more general term
“circulatory”.

Blood pressures have been classified without
regard toage or sex, as follows:

“Normal”: <140mmHg systolic and
<90mmHg diastolic.

“Mild hypertension: 140-59mmHg systolic
and/or 90-99mmHg diastolic, and
neither in the severe hypertension
range.

“Severe hypertension”: 160+mmHg systolic
and/or 100+mmHg diastolic.

The analysis, however, is age and sex specific.
There is reasonably close correspondence
between these categories and the WHO classi-
fication which defines significant hypertension
as 160+mmHg and/or 95+mmHg. It is under-
stood that most physicians do not presently
consider pressures of 160mmHg systolic and
100mmHg diastolic to constitute “‘severe hyper-
tension”, and that there might be good reasons
for adjusting abnormal ranges upwards with
increasing age. When either systolic or diastolic
pressures are classified separately, the same
terms are used to apply to the corresponding
range of either systolic or diastolic pressure.

Data from the first (1958-60) cycle were utilized
in establishing weight distributions for individuals
of the same age, sex, and height.® Individuals
classified as “Heavy™ in the present study had
weights in the 2nd cycle (1960-62) in the highest
quartile of such distributions, those classified as
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FIGURE | CUMULATIVE DISTRIBUTION OF SYSTOLIC & DIASTOLIC PRESSURES
BY AGE AT 2ND CYCLE EXAMINATION (1960-62)
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TABLE 1 FOLLOW.UP STATUS OF SUBJECTS EXAMINED AT 7TH CYCLE, BY 2ND CYCLE SYSTOLIC
PRESSURE CLASSIFICATION

#1 ETRULERCHHIREEOKBME, & 2 8 ko 4LH W MLE 5

Male Female
Systolic L5
Age at pressure Total Alive, Total Alive,
2nd cycle class. examined Died sinee not Examined  examined Died since not Examined
2nd cycle 2nd cycele 2nd eycle Examined 7th cycle 2nd eycle 2nd cyele Examined 7th cycle

Taotal Total 5197 874 1191 3132 B617 817 2225 A575
Normal 3848 3493 987 2468 6462 342 1741 4379
Mild 694 183 130 381 1099 160 200 644
Severe 655 298 74 283 1056 35 194 Ry
<30 Total B58 18 339 501 1198 14 166 718
Normal 821 14 326 481 1173 13 153 TOT
Mild 34 3 12 19 21 1 11 9
Severe 3 1 1 1 1 - 2 2
30-39 Tuotal 1231 42 318 871 2783 66 734 1953
Normal 1139 34 295 810 2627 56 B0 1881
Mild 74 3 23 45 118 3 35 T7
Severe 18 5 13 37 3 9 25
40.49 Total 838 64 193 591 1542 fir 363 11
Normal 650 49 156 475 L1060 34 231 T8
Mild 104 ] 26 73 312 12 84 216
Severe 64 10 11 43 170 12 A8 1o
50-59 Total 1084 185 205 94 1655 191 408 1056
Normal 707 103 137 467 1022 93 250 BTY
Mild 198 26 38 134 306 37 59 184
Severe 179 a6 30 93 azi fil 69 197
fl Total 1176 565 136 475 1439 178 254 707
Normal 501 143 73 235 580 136 117 327
Mild 284 148 31 107 341 103 7l 167
Severe 391 226 32 133 518 239 i} 213

although the mean systolic pressures for the
50-59 and 60-and-over age groups are only in
the 130-150mmHg range, the prevalence of
severe systolic hypertension (160+mmHg
systolic) in these two age categories is 16% and
33% in males, and 20% and 36% in females.

Table 1 provides information on age, sex, and
pressure classification in the 2nd cycle for all
13,814 examinees. It also gives their follow-up
status at the time of the 7th cycle examination
in 1970-72, when 8,707 (72%) of the 12,123
survivors were examined. Deaths, it will be
noted, were relatively frequent not only at the
older ages but also among those with some
hypertension at the 2nd cycle examination in
each sex-age cohort.
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FIGURE 2 TREND OF MEAN SYSTOLIC & DIASTOLIC PRESSURES
BY AGE AT 2ND CYCLE EXAMINATION
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Trend of Blood Pressures Over Time mEDZEEMNER
Figure 2 shows mean pressures for all seven M2, S15LUSTHHI-ECRRLEZDA
cyc.les by age at the time o.f tl?e_an cycle exami- ounTO e T EMO RIS, F 2 8 maE
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examined in both the 1st and 7th cycles. These OEMBHCFELALOTH A, Zho ot ik

curves demonstrate an increase in pressure with
age except in the oldest group. The oldest
cohort was considerably reduced by mortality
over the 10-year follow-up period, and selectively
so with regard to base line blood pressure.

Figure 3 presents similar data by age at exami-
nation in each cycle. Mean wvalues for systolic
pressure drop rather sharply from the 1st to the
2nd cycle, continue a downward drift among
subjects in the older groups, and remain fairly
constant or rise slightly for younger subjects
after the 2nd examination. Diastolic mean
pressures are relatively constant throughout
for subjects of the same age and differences are
not great from one age group to another.

The general effect of aging upon the blood
pressures of individuals in any one age-at-second-
cycle cohort is shown in Figure 2. On the other
hand, Figure 3 indicates that subjects of any
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FIGURE 3 TREND OF MEAN SYSTOLIC & DIASTOLIC PRESSURES
BY AGE AT EACH CYCLE EXAMINATION
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particular age in a recent cycle have about the
same or slightly lower pressures than subjects of
that same age a decade or more earlier. In view
of the fact that the younger subjects seen in the
later cycles tended to be taller, and subjects in
all age groups to be heavier, both relatively and
absolutely (Figure 4), and in view of the known
relationship between arterial blood pressure and
relative weight,g this was an unexpected result.

*1st Cycle Lability™

Because of the uncertainty associated with the
causes and implications of the fall of pressures
between the 1st and 2nd cycles, especially for
those whose pressures were within the normal
range at the 2nd cycle, the 2nd examination was
taken as the base line period for the longitudinal
analyses. However, this “lability””, which has
been observed in other longitudinal studies,’ Lt
is of interest and has been examined more closely
in Table 2. The probability of subsequent
systolic pressure rise among individuals with
normal 2nd cycle systolic pressures is shown
there for groups varying as to 1st cycle pressure
levels as well as sex and age at 2nd cycle. Only
those individuals who had pressures recorded on
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FIGURE 4 TREND OF MEAN
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RATIO BY AGE AT TIME OF EACH CYCLE EXAMINATION
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the Ist, 2nd, and 7th cycle examinations enter
into this analysis. Prognosis is stated in terms of
the probability that subjects with a given combi-
nation of 1st and 2nd cycle pressures will, a
decade later (at the 7th cycle), be characterized
by mild or more severe hypertension. For
instance there were, in all, 552 females aged
50-59 with normal systolic pressures in the
2nd cycle. Of the 451 who also had normal 1st
cycle pressures there were 127 (28.2%) with a
demonstrated pressure rise at the 7th cycle
examination, of whom 37 (8.2%) were in the
severe group. For the 72 subjects with mild
hypertension at the 1st cycle, and with pressures
diminishing to normal levels at the 2nd cycle, the
parallel percentages were 68.0 and 23.6; for
the 29 with severe systolic hypertension at the
Ist examination they were 72.4 and 34.5.
Despite the small numbers the gradients are
clear: the higher the pressures on the lst exami-
nation, and despite the normal subsequent levels
at the 2nd cycle, the more likely the pressures
will be high at the 7th cycle. Further, the
frequency of such lability is clearly age-related,
older subjects more often being in the labile
group, and the size of the gradient varies by age,
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TABLE 2 RISK OF DEVELOPING BLOOD PRESSURE ELEVATION WITHIN FOLLOWING DECADE AMONG
2ND CYCLE NORMOTENSIVES BY IST CYCLE BLOOD PRESSURE STATUS
[SYSTOLIC CRITERIA FOR HYPERTENSION)

#2 W2HMBBEEROESEMESPIESRCLTE FF0E 2EM3E. 518 MIEmEORERD
CIHIA I H 0 3 mMEE 0 - L 5)

Subjects with mild or

Subjects with severe

Subjects normotensive severe hypertension hvpertensicn
at 2nd eyele at Tth eyele at Tth cvcle
(1) {2) {3}
Age at Znd S
cyele 1st eyele 1st eyele Ist cyvele
Hypertension Hypertension Hypertension
Normal —_— e — Normal Normal e
Mild Severe Mild Severe Mild Severe
Male
- 30 342 21 2 19 5 = 3
1.056) [.238) (009
3034 557 46 4 72 19 2 ¥ ] 2
(.129) (.413) 1.500 013 [ 109) .a00)
149 334 23 6 T4 13 + 13 3 3
(.222) (.565) (.66T) (.051) [.217) [.500)
50.54% 293 58 9 102 39 9 31 12 L]
[.348} (.672) (1.00} {.106) 1.207) |.667)
60 150 41 7 62 21 6 22 ] 4
(.413) (512} (.87} {147 1.195) {.AT1)
Female
- 30 A2 12 - 23 3 - § 3
(041 (250} (.11 {.250)
30.39 1357 a8 2 142 15 - 26 L]
{.108) [.395] 119 {158
10-19 686 57 7 114 B3| 5 20 bl o
(.166) (544 (T14) (.0129) {.140}) (.429)
50-59 451 T2 29 127 44 21 37 17 10
(.282) (681} (724} 1.082) (.288) (.345)
60 = 197 52 15 76 32 n 22 13 )
(.386) [.615] (666] .112) £.250) 1.333)

Figures in parentheses give risk estimates calculated as column 2/column 1 or column 3/column | for corresponding 1st

cyvele pressure groups,

FMMNo g FEw, F Mg RE TR0, G2/ B IMEAEEIM B IRE LT HE s

fitga kot t.

being larger for yvounger subjects of both sexes.
These observations seem not to vary by sex.
Paralle]l diastolic pressure data are not shown
but similar gradients were observed: however, the
likelihood of progression to higher diastolic levels
was somewhat less. Pressures among the vounger
groups were still higher at the 2nd than at the
3rd cycle (Figure 2) which corresponds to the
Framingham experience.'> Among the older
AHS groups, however, the lowest average
pressures were seen in the 2nd examination.
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FIGURE 5 PREVALENCE OF HYPERTENSION BY WEIGHT & AGE, 2ND CYCLE EXAMINATION
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Relationship Between Weight and Blood Pressure
at the 2nd Cycle

Figure 5 gives the percentage of subjects who
appeared in the hypertension categories (severe,
and mild plus severe) at the base line cycle by
relative weight, age, and sex. In virtually every
age-sex group, both mild and more severe hyper-
tension tended to be more frequent among the
heavier individuals and this was true for both
systolic and diastolic hypertension. For instance,
males and females in the oldest age group who
were in the highest quartile of the weight distri-
bution for their age and sex, included 42% and
43% severe hypertensives respectively, while
both males and females of this age group who
were in the medium weight group included only
32% hypertensives. It is also noteworthy that
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relatively light individuals (in the lowest quartile
for their age and sex) almost always included
fewer hypertensives than those of medium
weight for their age and sex.

It is believed that there is no artifactual influence
of body weight, obesity, or arm circumference
upon pressure recording that could have led to
significant error in this investigation. Not only is
this Japanese population characterized by
marked relative leanness, but recent work has
provided reassurance that this potential source of
error is probably minimal even among much
heavier individuals.>!%17

Probability of Pressure Rise Over 10-Year Period
In Figure 6 the probability of subsequent pres-
sure elevation of significant degree is plotted
for all individuals who had pressures recorded in
both the 2nd and 7th examination cycles, by sex
and age at the time of the 2nd cycle. The bars
for each age group represent three different
degrees of blood pressure rise: normal pressure
to either mild or severe hypertension, normal to
severe hypertension, and mild to severe hyper-
tension. The percentage of those with initially
normal pressures who remained within the
normal range a decade later is the complement of
the percentages plotted as “normal-mild or
severe’’. For instance, in the 4049 age range,
75% of systolic normotensive males, and 80% of
females, were still normotensive in the 7th cycle,
with these percentages significantly less in older
groups. As expected, the impact of initial age
upon the probability of pressure elevation is
more evident with systolic than with diastolic
pressure. Nevertheless, the importance of mild
diastolic hypertension as a predictor of
progression is very evident, especially among
younger males. The estimated probability of
a mild hypertensive, classified in terms of both
systolic and diastolic pressures, becoming more
severely hypertensive over a 10-year period,
ranges generally from 25% to 40% over the
entire age spectrum and, as indicated above,
among older subjects this appears to be due
primarily to the systolic contribution. In both
sexes and all age groups, and under any criterion
of hypertension, the mild hypertensives are much
more likely to move into the severe category
than are the normotensives.

Influence of Initial Weight Upon Risk of Sub-
sequent Pressure Rise
Figures 7 and 8 show the percentages of subjects
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FIGURE 6 PERCENTAGE WITH BLOOD PRESSURE RISE WITHIN 10-YEAR PERIOD BY AGE
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manifesting blood pressure rise during the
succeeding decade by age, sex, and weight in
the 2nd cycle. It is seen that in almost every
age-sex group, the probability of an increase
from a normal systolic or diastolic pressure
level to a higher level is related to initial weight.
In most age-sex groups individuals of medium

weight had an intermediate probability of
pressure increase. In older individuals with
initial mild systolic hypertension a similar

positive relationship is observed between initial
weight and the probability of progression to
severe hypertension. Although the general
relationship between initial weight and proba-
bility of pressure rise seems to be about the same
in males and females, the percentages are usually
higher among males in each age-weight category.
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FIGURE 7 PERCENTAGE WITH SYSTOLIC PRESSURE RISE WITHIN 10-YEAR PERIOD
BY WEIGHT & AGE, 2ND CYCLE EXAMINATION
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Influence of Blood Pressure and Other Factors
Upon Subsequent Mortality

Ten-year mortality percentages for deaths from
all causes are shown in Figure 9 by sex, age, and
blood pressure in the 2nd cycle. For almost
every sex-age cohort, regardless of whether the
pressure classification is by systolic or diastolic
criteria, mortality increases with degree of
hypertension. There are some interesting age
differences, particularly among males. For
instance, in both the youngest subjects and
among those over age 50 there is a distinct excess
of mortality in mild hypertensives as contrasted
to normals which is not seen in the middle age
groups. At the lower end of the age spectrum
this might most logically be explained by the
contribution of renal and other primary disease
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FIGURE 8 PERCENTAGE WITH DIASTOLIC PRESSURE RISE WITHIN 10-YEAR PERIOD
BY WEIGHT & AGE, 2ND CYCLE EXAMINATION

10611 51 3 HBNME RO ESE: &2 MMZnsofEs & R

5 30-39

8
% 80 r
| <30
60 | L
2) {2) 18 (2]

60

40 +

processes to mortality among young mild hyper-
tensives. In the older subjects the higher risk of
progression of systolic hypertension seen among
mild hypertensives relative to normotensives
(Figure 6), may provide an explanation for
this mortality difference.

Percentages of subjects dying from cardiovascular
diseases (ICD 390-458) are shown graphically in
Figure 10 in relation to systolic pressure in the
2nd cycle. Figure 11 provides parallel data in
relation to base line diastolic pressures. The
percentages move so rapidly with increasing
pressures and differ so greatly among age groups
that a logarithmic vertical scale is necessary to
depict the relationships without distortion.
The steeper increase of the curves for younger
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FIGURE 9 10-YEAR MORTALITY PERCENTAGE BY AGE & BLOOD PRESSURE GROUP,
2ND CYCLE EXAMINATION
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individuals of both sexes indicates a more rapidly
increasing relative risk than 1s characteristic of
the older groups. It is clear that cardiovascular
disease has great influence upon the otherwise
relatively low mortality rates of the younger
cohorts, and that there is no real sex difference
in this regard. Itis noteworthy that the relation-
ship extends well into the spectrum of mild
hypertension and perhaps even down into the
area of what has been considered “normal’’
blood pressure. It is also seen that there is no
striking difference between the curves for sys-
tolic and diastolic pressure; this presumably
reflects the high correlation between diastolic
and systolic pressures, the separate effects of
which cannot be shown in this fashion because of
small numbers. The same data are given in a

{ ) signifies number of individuais when less than 30.
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FIGURE 10 PERCENTAGE DYING OF CARDIOVASCULAR DISEASE, 10-YEAR PERIOD,
SYSTOLIC PRESSURE BY AGE AT 2ND CYCLE EXAMINATION
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more summary fashion in Table 3 in the form
of relative risks, with mortality for mild or
severe hypertensives expressed as a multiple
of that for normotensives. Relative risks are
shown for mortality from noncardiovascular
diseases as well as for cardiovascular diseases, and
are sex-, age-, and cause-of-death specific. The
influence of blood pressure upon subsequent
mortality is exerted almost entirely through
deaths from cardiovascular disease, any
exception being confined to the youngest ages
where deaths are very few.

Table 4 shows the age-adjusted 10-year mortality
percentages by sex and by relative weight at the
2nd cycle examination both for cardiovascular
and noncardiovascular deaths. Within each sex-
weight group the mortality from cardiovascular
disease responds rapidly to increases in either
systolic or diastolic pressure whereas mortality
from noncardiovascular diseases does not
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TABLE 3 RELATIVE MORTALITY RISK* FROM CARDIOVASCULAR DISEASE AND OTHER CAUSES
OVER 10-YEAR PERIOD, BY 2ND CYCLE BLOOD PRESSURE LEVEL AND AGE
#3 10FEMIEbr A LBMERES L OZOMOBRIZEZECOEMHREKREY 200
BEEOMEM & & U5

Cardiovaseular mortality

Noncardiovascular mortality

Age at Male Female Male Female
Criteria 2nd cacle — _—
Hypertension Hypertension Hypertension Hypertension
2nd evele 2nd cvele 2Znd cycle 2nd evele
Mild Severe Mild Severe Mild Severe Mild Severe
Systolic - Bl [ S| { -1 (48.00 [ =) i 3.5) 119.6) [ { '
30.39 (14.0) [167.0) { 8.3 {9.Mm { { 3.8 R t 3.0
J0.44 {21y (12,1 (2.0} { 9.4} [ .5 T {8 i B
30-54 24 6.4 2.0 .t .6 1.1 1.2 1.2
Bl 1.9 2.9 1.9 3.3 L1 o 1.0 bl
Diastulic <30 =3 [y { 6.3} [ ) {4 -
30.39 [ -3 [79.0) 1.5 3.5 I (1.8 o WU 3,70
40-19 { =) { 9:5) (20.5) 42.5) t1.1) | [ 1 fer i
50-59 3.0 6.2 2.5 5.8 8 8 1.3 1
Hn+ 1.5 2.0 1.7 2.5 1.0 o) 1.0 1.1
Combined <30 { 9 { -1 (29.0) £ =X { 2.4 (11.8) {3.2) <)
shstolic 30-39 (-1 (160.0) ( 8.3 ( 5.7) {9 ( 2.8) (. (LR
diastolic
10-44 {1.1) 9.3 (12.0] (34,00 [.0) {1y { 41 | (5]
al.aY 3.0 T2 1.5 5.0 i 1.0 1.3 1.2
k- 2.0 2.4 2.0 3.5 1.1 1.0 1.0 13
Figures in parentheses il‘lll.lt‘-ﬂ-t;h:"“} deaths. { 1: FELC 10 L‘J_I: -

*Mortality rate in normatensives in each sex, age, & disease group =1

A4, FREIUVESBADENRIESOECE =1

respond in such consistent fashion or to such a
marked degree. For fixed blood pressure classifi-
cation and sex, however, there is no clear-cut
pattern of increasing mortality for cardiovascular
disease with increasing relative weight. There
is, however, clear evidence of decreasing
mortality from other causes as weight increases,
for fixed sex and pressure classification, especially
among normotensives and mild hypertensives.
The systolic pressure data are shown graphically
in Figure 12 against the full scale of pressure, for
cardiovascular deaths only. From these
observations it does not appear that relative
weight has an effect on the cardiovascular death
rate which is independent of the relationship
with blood pressure.

DISCUSSION

Qutstanding gaps in knowledge of the natural
history of hypertension include the full
description of the course of the disease, espe-
cially of mild hypertension, the meaning of
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TABLE 4 AGE-ADJUSTED 10-YEAR MORTALITY PERCENTAGE FOR CARDIOVASCULAR DISEASE
AND OTHER CAUSES BY 2ND CYCLE BLOOD PRESSURE, SEX, AND RELATIVE WEIGHT

#4 LENFRBHIVZOMOERIZLS0EMOERMBEFCEH S MHilh LU
FEA AR TR
Male Female
Blood pressure
Weight Weight
Criteria Group Light Medium Heavy Light Medium Heavy
Cardiovascular deaths
Systolic Normal 4.13% 246% 2.84% 2.54% 1.35% 2.44%
Mild 7.45 5.956 4.68 5.41 4.20 4.91
Severe 14,02 21.18 10.68 8.32 6.60 8.21
Diastolic Normal 5.69 364 3.42 3.18 2.14 3.01
Mild 3.78 5.81 5.61 7.51 B:5Y 4.39
Severe 13.15 19.04 13.61 11.98 7.64 7.82
Combined Normal 4.28 2.35 2.39 2.41 1.23 2.14
mptoe Mild 6.56 5.89 3.83 5.50 4.20 5.12
Severe 12.83 17.81 12.70 9.30 7.22 6.93
Noncardiovascular deaths
Systalic Normal f.46 3.67 3.06 4.44 1.82 87
Mild 5.39 3.52 5.02 4.13 3.62 3.15
Severe 7.56 7.65 6.88 3.41 3.60 3.3
Diastolie MNormal 6.12 3.84 3.70 4.88 2.41 1.57
Mild 7.48 5.14 6.23 3.04 4,83 2,00
Severe 8.54 .58 | 1.49 3.60 2.81
Cuml:;ine:] Normal 5.95 3.57 3.03 4.46 1.78 80
s Mild 7.20 4.40 5.30 4.65 3.72 2.20
Severe 7.56 b b 5.07 3.27 5.09 3.70

possible sex differences in blood pressure levels,
the role of body weight, and the significance of
an isolated elevated pressure recording. More
knowledge is needed concerning the influence of
hypertension upon cardiovascular mortality
among the Japanese, whose incidence of cerebro-
vascular disease remains very high while that for
coronary atherosclerosis is relatively low.'5720
These topics will be considered in the light of
the foregoing.

Geographic Comparisons

There is adequate documentation of an excessive
incidence of stroke in Japan, for which an
unusual prevalence of arterial hypertension has
been offered as an explanation.>?'™° To
explore this possible association it is worth while
to compare the present blood pressure data with
those reported from elsewhere within Japan, and
from other areas of the world.

21

1 b
b= dd

R EewIE, NFE O ER,
HEOEEY, FLUHMBOBMEMOERE & £
H5. BMRET 70— L EEIRELIED BRI
PTG AT, BB O REFESWIEL LTI
WIzEmwHE A BT A SMERE AL RIS ERC
LA HEIIRIETHEI VT, bobtails
EHH8EA LS. honlEs, FILEE
(CHILS L THRETL 2.

HE2 ) bk

HECEMETOSGREL ZOLTRHoE
ENTHED, ZOHME L THIRESIMLELEO 2 &
THARF BT hT 0. 290 ColEmzMw

FEAFETATRESBRT 22012, SEoMmE
G e, BEEHNOBOME S L UNEC s 548
ELORMETIZ L EMENHS.



RERF TR 8-76

FIGURE 11 PERCENTAGE DYING OF CARDIOVASCULAR DISEASE, 10-YEAR PERIOD,
DIASTOLIC PRESSURE BY AGE AT 2ND CYCLE EXAMINATION

11 10MER I & 11 A LM EHER I X 3ECHE: 52 n e sl i MM R
% or MALE % 10T FEMALE
10
1.0
ot > k : ' 0.1
70 80 80 100 110 70 g0 50 100 110

DIASTOLIC PRESSURE {second cycle)

Komachi et al®®?® have reported pressures

observed among males of different occupations
in both Osaka and Akita Prefectures, the latter
noted for its exceptionally high incidence of
cerebrovascular disease.  Significantly higher
pressures were found among physician and
managerial groups within the city of Osaka, and
among Akita inhabitants. Pressures reported in
the present study among males are very similar to
those reported by Komachi for Osaka City
clerical and manual workers and for the rural
inhabitants of Osaka Prefecture.

Sasaki2* in considering causes for possible
geographic differences in hypertension and
stroke incidence within Japan, compared systolic
pressures recorded throughout Japan in the 1959
National Nutrition Survey to data which his
group collected in a northeastern area of the
country. The present data from Hiroshima and
Nagasaki located in southwestern Japan, are
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FIGURE 12 AGE ADIUSTED PERCENTAGE DYING OF CARDIOVASCULAR DISEASE,
10-YEAR PERIOD, SYSTOLIC PRESSURE BY WEIGHT, 2ND CYCLE EXAMINATION
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considerably lower among members of both FUI L Ad NTOEH LA, 19655

sexes than all of those tabulated by Sasaki. A
national survey of blood pressure distributions
among Japanese over the age of 40 was reported
in 19653  For both systolic and diastolic
pressures the age-specific means were somewhat
higher than those for even the 1st cycle exami-
nation at ABCC.

Pertinent to these considerations is a recent
analysis by Winkelstein et al®? of blood pressures
within a small cohort of AHS males and the
comparison with pressures among Japanese males
residing in Hawaii and California. In general the
subjects in Japan had lower systolic and diastolic
pressures than the U.S. Japanese, with the
highest pressures noted among the Californians.
An important aspect of that study was the
evidence that when correction was made for
geographic differences in body stature and
relative weight the differences in pressures were

2, 40 &L LOHREANZHE T SZMEFHIZOVTD
EEFAESITHO, 20HEEIREShT0EY
WHHE LR owTFhomEIz>wTd, #F
WAEEIE, ABCCICH T 45 1 BEEO®
LN L EREBFTE» L.

INHOMBLEEFSZL0LLT, Winkelstein
5%, MAREREN LRG0 MREOBE 2R b
D MEME » Hawaii & & F California (2 E£{E+ 5
HAEABEOMER - OMOEEC2W T 20k
DRSS, BLT, BAFIZ0SHEE LR
EfEORAEANL DL UHEHT & & OF 5058 10 E 3 0
fit<, £/ California OFFFESH E45 6 SV ILTEH %
ALTwE, 20HATTCORERSL, GEF LU
T stahENEEZ>WTHIEAT-4
BE&, MEMOEFZhiZL-TREsA-E VS
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thereby eliminated. Thus, while environmental
factors must be considered in the study of
differences in blood pressure among Japanese,
this very basic physiologic relationship between
weight and arterial pressure cannot be neglected.

When ABCC data are compared to those from
the Framingham Study,'$3 pooled U.S. data,*
a London hospital clinic population,'® and data
from Norway> and Taiwan®® there is the
suggestion that pressures in southwestern Japan
are not higher than in these other areas and
in several instances appear lower. Thus, if the
high overall Japanese stroke incidence is related
to prevalence of hypertension then geographic
differences in blood pressures within Japan must
be a major epidemiologic factor,

Longitudinal Trends in Blood Pressure

The slow upward movement of systolic pressures
within age-at-2nd cycle cohorts during the seven
examination cycles (Figure 2) serves to confirm
the aging effect indicated by the cross-sectional
vertical apge group differences at each cycle
(Figure 3). The absence of this trend in the
oldest group reflects an excess mortality among
those with initially high systolic pressures.
Similar but less marked trends are seen in the
diastolic pressure curves of Figure 2. Although
the female pressures are generally lower than
male pressures, the aging influence appears to
be quite the same in the two sexes. Weight
increases very little with age in Hiroshima and
Nagasaki, as indicated in the following table
which gives the average weight gains (kilograms)
over the 12-year period (1st to 7th cycle) for two
ABCC male cohorts of representative ages

fETH-A. LAEd-T, HEAICEFITIMER
DEICHMTIEET L, BENE FAEREsR 2T
NEES N, FRERLMIRESE OO T KL
fadEmREIEHET I2HhITIZ0L %0,

ABCC ®¥ %, Framingham B 5 ® 0¥, #E
ZHIa 77— Esh 2% E, London (I8 1T 3k
HEZHBERY, ZH5UNC/ VT2
TAFEhAZZER LTS L, BEFAFICISE
FEMEIR, ZhoOHEENE &S T,
FOEDIIESXTLLAERVAITHES. LEFST,
A AR i 580 B p S0 82 470 UEEE O 197
HeMEIH L% 5, H&WWE%H@M&@&
2B [J:fEﬂ’-x”&’-'!fH"'}E:‘] Feng Tk

— B BEUEH

AR

{SVaE,

I E O & Fa{dEmE

THOBIEIEMIIE SN S5 2 M ER S o5 —
mﬂﬁ%m¢wm&@w&k#ghuﬂzua & I
Mz o MO IS - MR MO T LT
BOHOh S MBS EOMR 2 (H3). BSE
BEREIC COOMm AT LI g, B LB 20k o A
HMMEA G > 2B L FT3ECH NS -
SEARLTVA, MendEmEdhaics sz y
FHRCRZOFRUL AlmAES s s, Lo
MIER G T RBIEO F L0 ods, Dl
BRLELELANAUTAAL UhNs. KO EL
ABCC @i £ [Arh o BET, 1965150 (U F i i1 0%
DHEZ2BOREM(B1I—F7THE) b L2 KE
WMOELME (kg) &R T 0T, hThEN 2 -
£, BRBELUERIZ WV TIEIMEI0E ) wEiy
mtiEeaArs

in 1965:
40-49 60-69
Hiroshima 3.04kg 0.36kg
Nagasaki 2.54 0.32

There is no significant sex difference in this
regard. Perhaps this is why the aging trends
in blood pressure are similar in the two sexes
among this group of Japanese, the greater rise
in both blood pressure and weight among U.S.
females being noteworthy.'” It is interesting
that in the youngest male and female AHS
groups there is little or no aging effect upon the
systolic means whereas the corresponding
diastolic curves do move upward. This finding
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could be explained by the persistence of arterial
elasticity in these young individuals, the
subsequent loss of which coniributes to the
systolic elevation associated with aging,

In most age-at-2nd cycle groups the 7th cycle
pressures have risen almost, but not quite, to the
level where those 10 years older were a decade
earlier. This finding is reflected in Figure 3
where any trend in age-at-examination values is
towards somewhat lower pressures at the later
cycles. Both males and females in the AHS
sample have at recent cycles become heavier,
both absolutely and relatively to height, as seen
in Fipure 4, and younger individuals are slightly
taller. Because of the known relationship
between weight and blood pressures it might
have been predicted that individuals of fixed age
at the 7th cycle would generally have had higher
pressures than those of the same age a decade
earlier. That this is not the case suggests that
weight changes have been too small to influence
pressures or that they have occurred mainly in
individuals below some ‘“‘normal” weight.
Certainly the relationship between weight, or
weight pain, and blood pressure, is not a simple
one.

Interrelationships Among Body Weight, Aging,
Blood Pressure, and Probability of Subsequent
Pressure Elevation

The importance of body build in the present
study is seen in the relationship between
prevalence of hypertension and relative weight
(Figure 5) even though in this exceptionally lean
group of Japanese subjects the upper quartile of
weight, termed here “heavy”, includes few
individuals who would be called obese by
western standards.’’” As an example, for males
approximately 5'7" (170 cm) in height in the
40-49 age group the dividing line between
“medium”™ and ““heavy” is less than 144 pounds
(65.4kg).  Although only a minority of indi-
viduals experience a progression to higher blood
pressure categories during the subsequent decade,
both base line weight and age help to identify
those who will follow this course (Figures 6-8).
The importance of base line pressure level as a
determinant of subsequent rise is also apparent.

While there is no doubt that blood pressure rises
with age in most populations,'® it is unclear
to what extent aging per se, or, perhaps more
specifically, aging of the arterial vasculature,
plays a role. It has been observed that the total
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peripheral vascular resistance increases with age
among normal individuals,® and elevated
peripheral resistance is a feature of fixed hyper-
tension. 3%

A logical contribution to the progression of
resistance is the age-related loss of wvascular
compliance resulting from an increase in the
ratio of older, stiffer collagen to elastin in the
connective tissue of arterial walls.! In groups
subject to atherosclerosis that process also
presumably contributes to loss of elasticity in the
vascular bed.

It seems likely, however, that additional factors
must also influence the relationship between
blood pressure and age. There are now studies
suggesting that intravascular pressure, rather
than age, is the primary determinant of

subsequent pressure rise, #4243 A corollary of .

this hypothesis is that the higher the blood
pressure the more likely is subsequent further
pressure elevation; the present data seem
consistent with this view. A possible link
between existing pressure levels and vascular
tone, or resistance, demonstrated long ago,“ has
been more recently re—analyzed.‘“

If indeed initial pressure itself is an important
factor in later pressure rise, there remains the
question of what stimulus first sets in motion
the vicious cycle, It is well known that the
level of cardiac output is a major determinant
of arterial pressure (pressure = output X
peripheral vascular resistance), and that the
volume of blood pumped by the heart is
generally proportional to body weight. The
present study again confirms®!? the predicted
dependence of blood pressure upon weight, with
an increased prevalence of high blood pressure
among the heavier subjects, and an increased
probability of subsequent pressure elevation
dependent upon relative weight. In a recent
study in which blood pressures among AHS
males were compared to pressures among men of
Japanese ancestry in Hawaii and California, the
authors concluded that weight differences alone
could account for the considerable pressure
differences observed.®* It seems reasonable to
hypothesize that as people age, with concomitant
loss of elasticity in larger arteries and increased
resistance in smaller vessels, the added impact of
overweight and resultant higher cardiac output
acts to select out a subgroup with greater risk of
increased pressure. Accelerated vascular changes
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and increased vascular tone perhaps then
complete a positive feedback loop. It should be
noted that a number of other studies have
similarly shown an increasing probability of sub-
sequent arterial pressure elevation with increasing
weight.}2#8  gych evidence has been discussed
by Chiang et al° and Harlan et al,*® and recorded
in the Framingham Study.'”

Although residents of Hiroshima and Nagasaki
are now taller and heavier than people of the
same age a decade earlier, reflecting the westerni-
zation of their culture and diet, there have not
been parallel changes in mean blood pressures,
It must be assumed that additional factors have
operated to lower pressures in the face of a
general weight increase. The possibility exists
that a decrease in salt intake has accompanied
the transition towards a more positive caloric
balance, though there is no precise information
on dietary trends with which to substantiate this
concept. The report by Dahl et al*® that in a
group of obese hypertensive females it had
proved difficult to lower blood pressures by
means of weight reduction until salt intake had
also been curtailed may be relevant to this issue.

It is of course intriguing that progressive blood
pressure rise with age is by no means a constant
finding among individuals followed over long
periods of time. A sizeable proportion of this
AHS cohort exhibited no significant elevation
over the decade studied. In another study half of
a large group of naval aviators followed for
30 years experienced no real change in blood
pressure.*? Closer examination of those
exceptional individuals whose pressures do not
rise with age should eventually provide important
answers in this confusing area.>®*® A summary
of findings from such populations has been
provided by Pickering.5*

Influence of Blood Pressure Level, and Relative
Body Weight, Upon Subsequent Mortality

The continuous relationship between blood
pressure, heginning at rather low systolic and
diastolic levels, and subsequent mortality
(Figures 10-12), is in accord with reported
findings elsewhere.’>% As has been pointed out
by other authors this continuous increase in
mortality with increasing blood pressure speaks
against the existence of- any sharp dividing
line separating “‘normotensive’” subjects from
others at higher risk from “hypertension™. Nor
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do the present findings suggest that high blood
pressure among elderly Japanese can be
considered benign, although it is a common
accompaniment of aging. An individual over
the age of 60 with a systolic pressure of
160+mmHg has a much higher cardiovascular
mortality risk than a person of the same age with
a systolic pressure of <140mmHg. Although it
has been stated that females tolerate hyper-
tension more effectively than males there is little
evidence for this among the Japanese of this
cohort.®® While the death rates are higher among
males throughout the age spectrum, the slope
of additional risk provided by blood pressure
elevation appears quite similar in the two sexes.
As far as ischemic heart disease is concerned,
this is in accord with the Framingham findings,
in which elevated blood pressures appeared to
have equal effects among men and women, with
no weakening among the elderly.®® It is not
surprising to find that the systolic component of
arterial pressure, which reflects peak intra-
vascular pressure and myocardial wall tension,
serves at least as well as the diastolic component
in the prediction of degenerative vascular disease.

There is ample evidence from widely separated
areas of the world that elevated arterial pressure
is related to excess risk of the two major
cardiovascular disease processes, stroke and
coronary artery disease,’398:55:6062  pregent
as well as earlier ABCC investigations suggest
that this is also true among the J apanese,>463
No attempt has been made in the present study
to subdivide cardiovascular disease into smaller
diagnostic groups. However, it is pertinent that
pathologists monitoring the mortality of A-bomb
survivors in Hiroshima and Nagasaki have noted
that cerebral infarction or coronary artery
disease, these lesions often co-existing, was
listed as the principle autopsy diagnosis, or as
a significant associated disease process, in 52.4%
of all autopsies performed in 1961-70° Cerebral
infarction was recorded as the principle autopsy
diagnosis twice as frequently as ischemic heart
disease. The data presented in this current
study do not provide adequate grounds for
speculation concerning what interrelationships
between such risk factors as hypertension,
obesity, and hyperlipidemia could account for
the different relative frequencies of stroke and
coronary disease seen in Japan and the West,

The uncertainty regarding the impact of different
risk factors in the etiology of vascular disease in
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separate anatomic areas is interwoven with the
question of the influence of relative weight upon
morbidity and mortality in different geographic
areas. The findings of the present study can be
contrasted  with  information from the
Framingham Study, where weight has been
incriminated as a risk factor in the development
of angina pectoris and sudden death in males
independently of the effect of hypertension and
hypercholesterolemia.*  Despite the known
association among weight, hypercholesterolemia,
and coronary artery disease, and although
ischemic heart disease has been shown to be a
significant factor in Japanese death rates, the
usual relationship between weight and cardio-
vascular mortality was not seen in the present
study when age and blood pressure were taken
into account, In fact, the lightest group often
has the highest mortality from circulatory
disorders, when age and blood pressure are taken
into account. It is possible that one of the expla-
nations for this is that the highest quartile of
relative weight in the AHS sample, which
corresponds to average weight, or even less in the
U.S. population, does not actually represent
obesity of sufficient metabolic consequence to
correlate with significant hyperlipidemia and
cardiovascular pathology, although the effect of
weight upon blood pressure remains visible. It is
also possible that if cardiovascular disease had
been subdivided by type as in the Framingham
report, an effect of abesity upon specific diseases
might have been observed. In these consider-
ations it is necessary to keep in mind that not
only is the dependence of serum lipid levels upon
obesity disputed, but there is continuing un-
certainty with regard to a separate effect of
obesity upon the development of atherosclero-
sis or upon cardiovascular disease %5575

Implications of “First-Cycle Lability™

Pickaf:rj_ﬂg3""]""‘5 has proposed an explanation for
the fact that when population groups are
followed for a period of years mean blood
pressures are seen to fall initially, and then to
rise during later examinations. This phenomenon
was demonstrated in the AHS cohort, in the
Framingham Study, and elsewhere.'®"S Initial
pressures tend to be elevated because of what
Pickering terms the “investigatory or defense
reflex”, an excitatory phenomenon involving the
cardiovascular system and resulting from
exposure to a potentially threatening situation.
Repetition of this experience, as with follow-up
examinations in a familiar clinic environment,
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has been shown to allow “extinction™ of this
reflex. Subsequent pressures may demonstrate
the phenomenon of regression towards the mean,
wherein deviant values of biologic variables
such as blood pressures tend io regress towards
the mean of the group with repetition. The
result of these co-existing factors may be the
masking, for one or more follow-up exami-
nations, of the general upward movement of
pressures related to aging. The choice of the
examination cycle as the “base line” for longi-
tudinal blood pressure investigations is thus
a matter of importance.

It is predictable that there would be individual
variation in the degree of expression of the
defense reflex, and the present study has
provided an opportunity to examine its impli-
cations. It seems evident from these ABCC data
that subjects who reacted with a blood pressure
elevation at the time of the 1st (1958-60) cycle,
followed by a normal reading at the 2nd cycle,
were more likely to manifest later hypertension
than subjects who were normotensive at both
early cycles. Results similar to these have
been observed in earlier studies.'*"'*"7

These epidemiologic findings may be used to
test concepts which have developed within the
field of cardiovascular physiology concerning
the etiology of essential hypertension. The AHS
data are consistent with the thesis that the
earliest feature which distinguishes individuals
destined to experience a latey blood pressure rise
is an exaggerated defense reflex characterized by
transient surges in cardiac output and arterial
pressure.”™ 7 Folkow et al*® has proposed
that the peripheral vascular response to these
intermittent “‘labile’” pressure rises is hyper-
trophy of the media of precapillary resistance
vessels, a physiologic response to an increased
functional load. The resultant increase in wall-
lumen ratio of small arteries is reflected in
elevaied vascular resistance, and in the eventual
fall to normal of cardiac output, which are
characteristic of sustained essential hypertension.
Such considerations would be quite compatible
with the importance attached in the present
study to the *“1st cycle lability”. It is not yet
clear whether there may be a genetic or environ-
mental predisposition to the early exaggerated
responses described.

It has been suggested that prior to antihyperten-
sive drug treatment of individual patients one or
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more readings confirming the presence of
pressure elevation should be obtained, for a
proportion of such a group will experience a fall
to sustained normal levels during follow-up
observation.®® On the other hand, the present
study underlines the predictive importance of
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any casual high reading whether or not there is
subsequent lower reading, and implies a
responsibility for long-term follow-up of such
patients.
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