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ABSTRACT

Several stress tests have been used to predict the development of hypertension. No conclu-
sion, however, has been reached on the effectiveness of these tests as a predictor of hyperten-
sion in later years.

The present study examines the prognostic values of blood pressure response to cold and
resting blood pressure for future hypertension, based on a follow-up study over 28 years of 824
individuals (mean age: 35.8 * 10.8 yr) whose resting blood pressure had been normal at
baseline.

A significant determinant of blood pressure response to cold stimulus was age in these
normotensive subjects. A higher response was observed as age increased. There was also a
significant seasonal variation in blood pressure response to cold, suggesting the need to stan-
dardize a time to perform the cold pressor test.

Hypertension has developed in 343 individuals during the 28 years of follow-up, with a
mean incidence rate of 24.6 per 10% person-years. Both systolic and diastolic responses were
significant as a predictor of future hypertension after adjusting for attained age, resting blood
pressure, and body mass index at baseline. However, a comparison between resting blood
pressure and response to cold indicated that the cold pressor test is not as effective a predictor
of hypertension as resting blood pressure. Radiation exposure was not significant either as a
background risk or as a possible modifier of the relationship between the blood pressure
response and the development of hypertension.

The current results suggest that blood pressure response to cold supplements resting blood
pressure for predicting hypertension.
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Hypertension, a multifactorial disease involving
many endogenous and exogenous factors, is a
widespread disease affecting approximately 20%
of Japanese adults. Many studies have shown
this condition to be a major risk factor for cere-
bro-cardiovascular ~ morbidity and  mortal-
ity18:21,27,29,41,54)  Therefore, early identification
of the risk of hypertension would be important to
its prevention.

Several stress tests, in which the response of
blood pressure (BP) to some external stress is ex-
amined, have been employed in attempts to iden-
tify apparently normotensive individuals who
might develop hypertension®712:2048)  Thege
stress tests are based on the hypothesis that a
latent period of BP hyperreactivity precedes pro-
gression to sustained hypertension and that the
increased response is evoked under stress. One
such test is the cold pressor test, which measures
the response of BP to the stimulus of cold. How-
ever, there are contradictory reports regarding

whether this test is useful for predicting hyper-
tension2-16,23,25,50,56)

The cold pressor test was conducted in 1960 at
the Radiation Effects Research Foundation (then
the Atomic Bomb Casualty Commission, ABCC)
on 1198 participants in the Adult Health Study
in Nagasaki*®, These participants have been
subsequently followed for as long as 28 years.
The follow-up data are an important resource if
BP response to cold is considered in relation to
the occurrence of hypertension. Few long-term
prospective studies on so many subjects to ex-
amine the prognostic value of BP response to cold
have been done so far. The present study will
provide important findings in assessing the effec-
tiveness of the cold pressor test as a predictor of
hypertension.

MATERIALS AND METHODS
Subjects
The Adult Health Study (AHS) sample has been
followed since 1958 to determine the late effects
of exposure to atomic-bomb radiation. Of the
sample 1198 men and women took part in a cold
pressor test program at the Nagasaki ABCC facil-
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ity during May to November in 1960. A brief de-
scription of these participants is as follows. Their
ages at the time of examination (ATE) ranged
from 15 to 81 yr. The study population comprised
four groups: Group I consisted of 315 individuals
who were within 2000 m of the hypocenter at the
time of the bombing (ATB) and developed acute
radiation symptoms; Group II consisted of 316 in-
dividuals who were within 2000 m of the hypo-
center but did not develop acute radiation
symptoms; Group III consisted of 293 individuals
who were 3000-3999 m from the hypocenter; and
Group IV consisted of 274 individuals who were
not in the city (NIC) ATB. These four groups
were matched by sex, age, and the month of ex-
amination. The descriptive statistics on the BP
response to the cold pressor test in this study
sample were reported previously, indicating no
difference in response among the four groups?.

For our purpose, excluded from the study were
289 persons who either had hypertensive diseases
or a resting systolic blood pressure (SBP) higher
than 140 mmHg and/or resting diastolic blood
pressure (DBP) higher than 90 mmHg ATE. In
addition, follow-up after the cold pressor test was
not available for 60 individuals, and cold pressor
test results were unknown for 11. The body mass
index (BMI) [weight (kg)/height (m?)], which is
associated with the development of hypertension,
was unknown for 14. A total of 824 individuals,
after excluding these 374, were included in the
present study. It should be noted that all of the
study subjects had normal blood pressure ATE.
The composition of the study subjects by sex and
age is shown in Table 1.

Ascertainment of Hypertension

The follow-up study of these 824 individuals
was conducted through the biennial AHS medical
examinations, which include resting BP measure-
ments and medical history questionnaires. Rest-
ing BP was measured in the sitting position with
a standard mercury sphygmomanometer on the
right arm. A single blood pressure reading was
used for the present analysis. A medical history
was taken to identify medically treated cases of
hypertension that occurred between the AHS ex-
aminations. Hypertension, defined as having ei-
ther SBP =160 mmHg and/or DBP =95 mmHg,
or as receiving antihypertensive treatment, was
recorded using the International Classification of
Disease (ICD) code. In the present paper, cases of
hypertension were identified by searching for the
ICD code in the data base. The cutoff date of the
follow-up was set as 30 June 1988. The follow-up
period, therefore, is 28 years. The onset of hyper-
tension was defined as the date midway between
the examination when hypertension was first
diagnosed and the previous examination.

F. Kasagi

Cold Pressor Test

After resting supine for at least 20 min in a
room maintained at 25-30°C, the resting BP was
measured in the right upper arm using a stan-
dard mercury sphygmomanometer. The left hand
was then immersed to just above the wrist in wa-
ter 3-5°C for 1 min, and during this time BP
measurements were obtained at 30, 60, and 120
sec after immersion*®. The maximum changes in
SBP and DBP at the time of application of cold
stimulus were defined as the systolic response
and diastolic response, respectively. Systolic and
diastolic responses were positive in most subjects
except 8 cases of systolic response and 6 cases of
diastolic response. The highest rise in SBP and
DBP occurred in most subjects 30 sec after im-
mersion of the hand in cold water. Fig. 1 shows
the frequency distributions of the systolic and di-
astolic responses. As evident from Fig. 1, each
response formed a right-skewed continuous dis-
tribution with no natural separation between
normal and hyper responses. Therefore, a cutoff
point, 15 mmHg, was arbitrarily selected to sepa-
rate normal reactors and hyperreactors. Those
subjects whose systolic (diastolic) response ex-
ceeded 15 mmHg were defined as systolic (dia-
stolic) hyperreactors. Table 1 shows the resting
BP, BP response, and the frequency of hyperreac-
tors by sex and age.

Dosimetry System 1986 Dose

The estimated radiation dose received by A-
bomb survivors is based on the Dosimetry System
1986 (DS86) introduced in March 1986 after reas-
sessment of A-bomb doses. In the present study,
the relationship between BP response to cold and
radiation dose was not studied by a comparison
of responses among the above-mentioned four
groups, but by a comparison based on the DS86
dose assigned to each individual.

250
..3 B Systolic response
© 200 - /] Diastolic response
a
7 150 |
—
o
as 100
E
5 50
Z

0

<5 5-9 10-14 15-1920-24 25-29 30-34 35-39 >40
Blood pressure response (mmHg)

Fig. 1. Frequency distribution of systolic and dia-
stolic response to cold
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Table 1. The composition of study subjects, mean values of resting blood pressure, response to cold, and percentage
of hyperreactors by sex and age at baseline

Age a No. of Basal Response Hyperreactor
baseline Subjects SBP DBP SBP DBP SBP DBP
Males

<29 105 118.1 (9.2) 66.0 (9.3) 10.7 (7.3) 12.9 (7.9) 24.8% 39.0%
30-39 104 115.6 (8.8) 69.0 (8.5) 12.5(11.2) 11.8 (8.3) 31.7 33.7
40-49 56 116.9(10.2)  71.7 (8.4) 14.2 (10.0) 13.0 (8.1) 39.3 39.3
= 50 61 120.8(11.4) 745 (6.7) 19.3 (15.8) 14.8 (8.6) 54.1 41.0
Subtotal 326 1176 (9.8) 69.5 (9.0) 13.5 (11.2) 12.9 (8.2) 35.0 37.7
Females
< 29 134 113.5(10.7)  64.8 (10.5) 9.8 (8.0) 12.9 (10.7) 20.1 32.1
30-39 249 113.2 (9.9) 67.3 (8.9) 12.4 (9.8) 12.1 (9.0) 33.3 36.1
40-49 71 117.0 (9.5) 1709 (7.4) 14.1 (9.0) 11.3 (8.9) 42.3 31.0
> 50 44 120.0 (11.7)  71.7 (6.9) 13.7 (9.8) 10.0 (6.5) 36.4 22.7
Subtotal 498 114.4 (10.4) 67.5 (9.3) 12.1 (9.3) 12.0 (9.3) 31.3 33.1
Both sexes
Total 824 115.7 (10.3) 68.3 (9.2) 12.6 (10.1) 124 (8.9) 32.8 35.0

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; Response: Blood pressure response to cold stimulus.

Standard deviation in parenthesis.

Table 2. Stratification of variables used in the Poisson regression analysis
Categories
Variables
1 2 3 4 5
Sex Males Females
Age ATE =29 30-39 40-49 50<
Month ATE 6-8 9or 10 5orll
Follow-up period (yr) <4 5-9 10-14 15-19 20<
Exposure dose (rad) 0 1-99 100-600 NIC unknown
Body mass index (kg/m?) <17 18-23 24 <
Resting SBP (mmHg) <119 120-129 130-139
Resting DBP (mmHg) <69 70-79 80-89
Systolic response (mmHg) <14 15<
Diastolic response (mmHg) =14 15<

NIC indicates subjects who were not in the city at the time of the atomic bombings.

Statistical Methods

The relation of BP response to incidence of hy-
pertension was examined by Poisson regression
analysis. When the data was stratified by sex,
age ATE, month ATE, follow-up time, radiation
dose, BMI, resting SBP, resting DBP, systolic re-
sponse, and diastolic response, the number of
those who developed hypertension, y, in each
stratum is assumed to be an independent Poisson
variable with the expected value of E(y) = PY X4,
where PY and A are the person-years at risk and
risk function in each stratum. Stratification was

done as shown in Table 2, giving a total of 2,308
strata.

A general risk function, A, considered here is as
follows:

A = exp(X[1 + a(response)l(I + B\R, + B,R,).

The term exp(X) is an exponential background
risk of hypertension defined in each stratum by
a linear combination, X, of covariates such as sex,
mean values of attained age, BMI, radiation dose,
and resting DBP (SBP) in the case of a compari-
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son of prognostic values between systolic (diastol-
ic) response and resting SBP (DBP). The attained
age is defined as age at baseline plus follow-up
time (yr) in each stratum. The term “response” is
dichotomized as 1 for systolic (diastolic) hyper-
reactors and 0 for systolic (diastolic) normal reac-
tors. Thus, the coefficient o represents a relative
risk of hypertension for hyperreactors, relative to
normal reactors. The term “R;” and “Rp” are indi-
cator variables taken 1 for resting SBP (DBP)
category of 120-129 (70-79) mmHg and of
130-139 (80-89) mmHg, respectively. Since both
term “R;” and “Rp” are 0 for resting SBP (DBP)
category of =119 (=69) mmHg, the coefficients
B1 and Pg represent relative risks of hypertension
for resting SBP (DBP) category of 120-129
(70-79) mmHg and for resting SBP (DBP) catego-
ry of 130-139 (80-89) mmHg, respectively, to
resting SBP (DBP) category of =119 (=<69)
mmHg.

To compare the prognostic value of BP response
to cold with that of resting BP, analyses were
made based on the following three models: A =
exp(X) (Model 1); A = exp(X)[1+0(response)] (Model
2); A = exp(X)[1+o(response) J(1+f; R1+PoRe) (Model
3). The parameters o, §1 and P2 were estimated
based on the maximum likelihood method, and
the significance of parameters was based on the
likelihood ratio test*2).

The factors related to BP response in the cold
pressor test were examined by a multiple regres-
sion analysis and an analysis of covariance. The
natural logarithm transformation of response val-
ues was necessary for ensuring normality. Here,
for the positiveness of the argument and for bet-
ter approximation to normal distribution, +23
was added to the systolic response values and
+14 to diastolic values.
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RESULTS
BP response to cold pressor test and related
factors

For the 824 normotensive individuals (326 mal-
es, 498 females), the mean age ATE was 35.8
years and the mean resting BP was 115.7/68.3
mmHg. The mean systolic response was 12.6
mmHg (standard deviation [SD] + 10.1) and the
mean diastolic response was 12.4 mmHg (SD =
8.9). No difference was observed between the two
responses (Table 1).

The highest BP response to the cold pressor
test was observed in the group for whom the test
was conducted during summer, June to August,
followed, in order, by the September-October
group and the May/November group (Table 3).
The analysis of covariance using sex, age, resting
SBP, and resting DBP as covariates confirmed
that the differences in the responses during these
three periods were significant for both systolic
response (p = 0.03) and diastolic response (p =
0.01).

Furthermore, to examine other factors related
to BP response in the cold pressor test, a multiple
regression analysis was done using sex, age ATE,
resting SBP, resting DBP, BMI, the month of ex-
amination, and radiation dose categories as ex-
planatory variables and the natural logarithm of
BP response value as dependent variable (Table
4). Age ATE was significantly related to systolic
and diastolic responses to cold stimulus, with the
responses rising with age. Each BP response was
inversely related to the corresponding resting BP.
These two findings may seem contradictory be-
cause resting BP generally increases with age.
However, this is not attributable to the inverse
association of low resting BP and high response
due to a “seasonal effect” as shown in Table 3. In

Table 3. Blood pressure response to cold by sex and the month of examination
exl\ad;?:l};gin No.of Subjects . ATE e DBP SBP fesponse DBP

Males

6-8 174 37.2 (138.5) 117.0 (10.2) 68.2 (9.2) 14.6 (11.7) 13.6 (8.6)

9-10 133 36.9 (11.7) 118.3 (9.1) 70.9 (8.6) 12,1(10.9) 12.3 (7.9)

5or 11l 19 34.6 (12.6) 118.4 (10.9) 71.2 (7.9) 12.2 (7.9) 11.5 (6.7)
Females

6-8 270 35.2 (9.8) 113.9 (10.8) 65.8 (9.3) 13.2 (9.4) 13.8 (9.7)

9-10 206 34.8 (9.4) 114.7 (10.0) 69.4 (9.1) 10.8 (9.1) 10.2 (8.5)

50r 11 22 35.4 (11.0) 118.1 (9.9) 70.7 (6.4) 10.1 (8.7 7.1 (6.5)

ATE: At the time of examination; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;

Response: Blood pressure response to cold stimulus.
Standard deviatioin in parenthesis.
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Table 4. Multiple regression analysis of blood pressure response to cold

log (sustolic response +23)

Dependent variable

log (diastolic response +14)

Variables Regression coefficient Standard error Regression coefficient Standard error
Constant 3.726 3.768
Sex -0.0339* 0.0188 —0.0626%* 0.0225
Age ATE 0.0047* 0.0008 0.0024* 0.0010
Resting SBP -0.0020* 0.0009 0.0037* 0.0012
Resting DBP ns -0.0128* 0.0014
Season —0.0458%* 0.0151 -0.0601* 0.0184
BMI ns ns
Dose category
0.0 — .
0.1-0.9 -0.0145 0.0282 -0.0432 0.0338
1.0-6.0 Gy 0.0152 0.0292 0.0259 0.0349
NIC 0.0280 0.0268 0.0622* 0.0321
Unknown -0.0167 0.0264 0.0030 0.0316

Season: The variable given 1 for June-August, 2 for September or October, and 3 for May or November for the

month of examination;

Sex=0 for males, =1 for females; BMI: Body mass index; Gy: Gray;
NIC: indicates subjects who were not in the city at the time of the atomic bombing.

* p<0.05; + 0.05<p<0.10; ns: not significant.

fact, regression analyses made individually in the
three categories of the month of examination also
showed a negative association between resting
BP and response. Males had a higher BP re-
sponse than females. This sex difference was
suggestive for systolic response and significant
for diastolic response. No significant association
was observed between BMI and BP response.

Radiation dose was not significantly associated
with systolic response (p = 0.53). On the other
hand, the association between diastolic response
and dose was suggestive (p = 0.06), but is attrib-
utable to the high diastolic response in the NIC
group and is not evidence of a relationship be-
tween radiation dose and BP response.

Development of hypertension and prognostic
values of blood pressure response to cold and
resting blood pressure

Hypertension developed in 343 out of 824 nor-
motensive individuals during the study period of
1960 to 1988. The crude incidence rate of hyper-
tension was 24.6 per 102 person-years (28.3 for
males and 22.3 for females). As the age ATE in-
creases and as the resting SBP or DBP rises even
within the normal ranges, the crude incidence
rate of hypertension increases (Fig. 2).

The background risk of hypertension was con-
sidered based on attained age, not on age ATE,
because the development of hypertension is more
strongly related to attained age. The obtained

background risk was significantly dependent on
attained age, the square of attained age, resting
SBP or resting DBP, and BMI (Model 1 in Table
5 and Model 1 in Table 6). Sex difference was not
significant after resting BP was adjusted
(x%(1)=0.74). The dependence on radiation dose
category was not significant (x2(4)=2.48).

Table 5 shows a comparison of Poisson regres-
sion coefficients and deviances when resting SBP
was included and not included in the risk model.
As compared with systolic normal reactors, sys-

Incidence (10° PY)

<30 30-39 4049 50
Age at exam (yr)

<120 120-129130-139 <70 70-79 80-89

Resting SBP (mmHg) Resting DBP (mmHg)

Fig. 2. Crude incidence of hypertension by age at
baseline and resting blood pressure
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Table 5. Poisson regression coefficients of systolic response and resting systolic blood pressure for selected models

of risk function

Variable Model (1) Model (2) Model (3)
Background risk
Constant -14.97 -15.23 ~14.52
Attained age 0.1887* 0.1932% 0.2008%
Attained age squared -0.0016* -0.0016* —-0.0017*
BMI 0.0630* 0.0671* 0.0730%
Resting DBP 0.0675* 0.0675* 0.0486*
Relative risk
Systolic response
Normal reactor 1.000 1.000
Hyperreactor 1.324* 1.383*
Resting SBP <119 1.000
120-129 1.620%
130-139 2.193*
Deviance 1731.80 1725.82 1699.34

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.
Attained age = age at baseline + follow-up time (yr); * p<0.05

Table 6. Poisson regression coefficients of diastolic response and resting diastolic blood pressure for selected mod-

els of risk function

Variable Model (1) Model (2) Model (3)
Background risk
Constant -17.37 -17.48 -16.01
Attained age 0.2065* 0.2065%* 0.2048*
Attained age squared -0.0017* -0.0017* —-0.0017*
BMI 0.0627* 0.0629* 0.0620%*
Resting SBP 0.0561%* 0.0565%* 0.0417*
Relative risk
Diastolic response
Normal reactor 1.000 1.000
Hyperreactor 1.145n8 1.278%
Resting DBP <69 1.000
70-79 1.616*
80-89 2.137*
Deviance 1729.14 1727.74 1708.68

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.
Attained age = age at baseline + follow-up time (yr); * p<0.05; ns: Not significant.

tolic hyperreactors had a significant relative risk
of hypertension of 1.32 (y4(1)=5.98), even if rest-
ing SBP was not included in the risk model (Mod-
el 2). And, there was little difference between the
regression coefficients when resting SBP was in-
cluded (Model 3) and not included (Model 2) in

the risk model. This indicates that systolic re-
sponse can be a significant and independent pre-
dictor irrespective of the level of resting SBP. On
the other hand, the relative risks of hypertension
for resting SBP were 1.62 at the level of 120-129
mmHg and 2.19 at the level of 130-139 mmHg,



Prognostic Value of Cold Pressor Test 99

compared with the level of less than 120 mmHg.
Thus, the rise in the relative risk of hypertension
was steeper for resting SBP than systolic re-
sponse. This fact was supported by an analysis
based on systolic response divided into the three
categories of <9, 10-19, and 20< mmHg. The
relative risks of hypertension were 1.33 at the
level of 10-19 mmHg and 1.44 at the level of
20=< mmHg, compared with the level of <9
mmHg (data not shown).

Table 6 shows a comparison of the regression
coefficients and deviances among three models of
resting DBP and diastolic response. The risks of
hypertension at the levels of 70-79 mmHg and
80-89 mmHg of resting DBP were 1.62-fold and
2.14-fold higher than the risk at the level of less
than 70 mmHg (Model 3). These relative risks
are similar to those for SBP. When resting DBP
was not included in the risk model (Model 2), dia-
stolic hyperreactors did not have a significant rel-
ative risk (x2(1)=1.40). This is different from the
case of systolic response. However, when resting
DBP was included in the model (Model 3), dia-
stolic response was significant. This means that
the diastolic response itself is not significant as
a predictor of the development of hypertension,
and that it becomes significant only when resting
DBP is taken into consideration.

Hence, it appears that BP response to cold
stimulus is weaker than resting BP for the pre-
dictability of future hypertension and contributes
as a predictor supplementing resting BP.

Multiplicative effect of systolic and diastolic
response on the development of hypertension

Although there is a correlation between systolic
and diastolic responses, there are systolic hyper-
reactors who are diastolic normal reactors and
vice versa. Normal reactors for both systolic and
diastolic responses accounted for 53% of the sub-
jects studied, hyperreactors only for systolic re-
sponse 14%, hyperreactors only for diastolic
response 12%, and hyperreactors for both systolic
and diastolic responses 21%. It would be interest-
ing to know whether hyperreactors for both sys-
tolic and diastolic response have a much greater
risk of hypertension than the others. Therefore,
the risks of hypertension of four groups were
compared with each other after adjustment for
attained age, the square of attained age, BMI,
resting SBP, and DBP as a background risk. As-
suming the risk of hypertension among normal
reactors for both systolic and diastolic responses
to be 1.0, the relative risk for the isolated systolic
hyperreactors was 1.55, with a 95% confidence
interval of 1.11 to 2.11; for isolated diastolic hy-
perreactors 1.52, with a 95% confidence interval
of 1.07 to 2.13; and for both systolic and diastolic
hyperreactors 1.43, with a 95% confidence inter-
val of 1.09 to 1.88. There was no significant dif-

ference among these three relative risks
(x%(2)=0.21). This means that the high BP re-
sponse to cold, whether systolic or diastolic, is
significantly related to the development of hyper-
tension and that there is no multiplicative effect
of systolic and diastolic responses.

DISCUSSION

Of the 1198 participants in the cold pressor test
program, 824 normotensives at baseline were in-
cluded in the present study to examine the prog-
nostic values of BP response to cold and resting
BP for the development of hypertension. Several
factors were found to be associated with BP re-
sponse to cold, allowing for the condition that the
study subjects were limited to those with normal
resting BP at baseline. First, the BP response in-
creased significantly with age, which is in agree-
ment with Hines’ work?%. Secondly, a high BP
response was observed in cold pressor tests per-
formed in summer?®. This, though seemingly
natural, indicates an important point. That is, al-
though the cold pressor test had been conducted
by a standardized method in which the subjects
rested for at least 20 min in the room maintained
at 25-30°C in any month of examination, a sig-
nificant correlation between the month of ex-
amination and the BP response suggests that the
outdoor temperature and consequently the body
functions might cause seasonal variation in BP
response. Regulation of room temperature is one
of the standardized procedures for the BP mea-
surement. Likewise, the outdoor temperature
cannot be ignored for the purpose of the cold
pressor test. Thirdly, a negative association be-
tween BP response and resting BP was observed.
However, this doesn’t directly lead to any conclu-
sive statement that BP response is inversely re-
lated to resting BP, because our study subjects
were normotensive; i.e., limits had been placed
upon blood pressure itself. The association be-
tween resting BP and response should be con-
firmed in a population with a wider range of BP
levels not affected by antihypertensive therapy.
Lastly, the BP response of males was higher than
that of females, a finding supported by other
studies?233), No relationship was observed be-
tween BMI, a marker of obesity, and BP re-
sponse. Although they were not considered in the
present study, other possible factors involved in
the development of hypertension, such as physi-
cal training47), Type A behavior pattern®®), and
dietary salt intake!l, have been reported not to
influence BP response to cold.

The cold pressor test was conducted in 1960 on
atomic bomb survivors in Nagasaki as part of the
study of accelerated aging due to radiation expo-
sure?®). If radiation exposure were to accelerate
the process of aging, a high BP response would
be expected in a highly exposed survivor as ob-
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served in aged people. The present study did not
produce such evidence. Furthermore, the possible
association between acute radiation symptoms
and high BP response to cold was also examined,
but no significant relationship was observed. It
is, therefore, difficult to believe that radiation ex-
posure is related to a high BP response to cold.

A number of investigations have shown that
heredity is involved in the development of hyper-
tension20:37:40,49) Tijkewise, the possible involve-
ment of heredity in BP response is an intriguing
question. Bouchard et al reported familial simi-
larity in BP response to cold®. Hines observed a
positive relationship between the BP response of
a child and the BP status of the parents24. Wood
et al reported that a family history of hyperten-
sion was more prevalent among hyperreactors
than among normoreactors®®, In the present
study, it was examined whether a family history
of hypertension obtained on a self-reported basis
was related to the BP response to cold as well as
to the subsequent development of hypertension.
Neither was significant. However, since our data
did not include information on the ages of the
examinee’s parents which is essential when the
family history of hypertension is ascertained, it is
unclear whether the family history of hyperten-
sion is involved in BP response and in the devel-
opment of hypertension.

An increased BP response to cold may be sus-
pected to suggest left ventricular hypertrophy
(LLVH). In fact Ewing et al found, in hypertension
cases, a positive relationship between increased
peripheral resistance at time of isometric exercise
and -cardiac hypertrophy!®. In our subjects, LVH
(left high R wave and ST-T change) was detected
by the resting electrocardiogram, which may not
be a sensitive indicator. The number of LVH
cases was small, and no relationship between BP
response and LVH was observed. This may be
natural, considering that all of our study subjects
had normal BP.

Based on observations that BP response to cold
is higher in hypertensives than in normoten-
sives?425) it has been hypothesized that hyper-
reactivity in the BP response of normotensive
subjects is indicative of a prehypertensive state,
a latent phase of hypertension, suggesting poten-
tial abnormalities in blood pressure regulation®®),
In fact, individuals excluded from the present
analysis due to hypertensive diseases and high
resting BPs (=140/90 mmHg) gave greater re-
sponses than normotensive subjects included in
the present analysis, even after adjustment was
made for confounding factors. Based on such “hy-
perreactivity hypothesis”, several studies have
been carried out on the effectiveness of the cold
pressor test as a predictor of hypertension in ap-
parently normotensive subjects.

Our results support the hypothesis that hyper-
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reactivity is, more or less, a predictor of hyper-
tension, in agreement with several previous
studies®2456) However, some studies have failed
to confirm the usefulness of the cold pressor test
as a predictor of hypertension!®2350), A study in
the Netherlands?® and the Bogalusa Heart
Study3?, both of which examined an association
between BP response to cold and the short-term
variation of BP in children, gave different results.
Thus, no definite conclusion has been reached
concerning the usefulness of the cold pressor test.
However, most of these follow-up studies were
based on a simple comparison of the incidence
rates of hypertension, and no adjustment was
made for confounding factors associated with hy-
pertension. In addition, consideration was not
given to attained age, an important determinant
for development of hypertension. Furthermore,
the subjects in most studies have not been fol-
lowed up until they reached old age, when hyper-
tension is prevalent. Recently, Menkes et al
reported on a study that demonstrated the effec-
tiveness of the cold pressor test based on the re-
sults of a 20— to 36—yr follow-up of 910 medical
students®®. This study is comparable with ours
in the number of study subjects, follow-up period,
and the use of the survival analysis. Menkes et
al applied Cox regression analysis in the adjust-

‘ment for confounding factors such as age ATE,

resting BPs, BMI, smoking history, and updated
family history of hypertension, and reported that
the systolic response was a significant and inde-
pendent predictor of hypertension. This result is
similar to ours. However, they observed no signif-
icance in the diastolic response. Our present
study showed that the diastolic response was not
a predictor by itself but became significant only
after adjusted for resting DBP. Diastolic response
might act as a predictor in supplementing resting
DBP. Menkes et al stated further that the systolic
response has a relative risk comparable to resting
SBP. However, as suggested by the comparison of
prognostic values between resting BP and BP re-
sponse, it seems more reasonable to consider the
BP response as an additional predictor to resting
BP, rather than a strong predictor replacing rest-
ing BP.

Whether exposure to radiation contributes to
the progression of hypertension is a problem pe-
culiar to our sample. Sasaki et al reported that
their cross-sectional study showed no evidence of
a relationship between radiation exposure and
BP level*®. Our follow-up study, restricted to the
individuals given cold pressor test, also gave no
indication of such a relationship. However, these
results do not necessarily imply the absence of a
relationship between radiation exposure and the
development of hypertension. The association be-
tween the two should be the subject of a follow-
up study of the entire Adult Health Study
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sample.

Why can BP response in the cold pressor test be
related to the development of hypertension? Elu-
cidation of its mechanism is not the purpose of
this study, but speculation is possible. Cold stim-
ulus applied to one hand produces vascular
constriction in the other hand3) and causes a
great increase of peripheral resistance and a con-
sequent rise in arterial BP36:55), Many research-
ers have observed that cold stimulus not only
increases arterial BP but also significantly in-
creases the level of norepinephrine, the sympa-
thetic neurotransmitter, in peripheral venous
blood48:9:30.:45,51) " Peripheral plasma norepineph-
rine is an indirect biochemical marker of the ac-
tivity of the sympathetic nervous system!7:47:52)
and the above-mentioned result shows that this
system is stimulated by the cold pressor test.
This finding was confirmed by recent studies in
which the activity of the sympathetic nervous
system was directly determined and was found to
be well correlated with arterial BP1%46), This
suggests that cold stimulus enhances the sympa-
thetic nervous activity, which produces a vascular
constriction and causes an increase in peripheral
resistance and in arterial BP. BP response to cold
stimulus is, therefore, considered to be a marker
of sympathetic nervous activity. Elevated sympa-
thetic nervous activity has been observed in hy-
pertensives as compared with normotensives1%,
suggesting an abnormality in this nervous sys-
tem10:1416,32,34) Thys, a high BP response to cold
in normotensives, even though their resting BP is
normal, reveals a sympathetic nervous activity
similar to that of hypertensives. This is an in-
dication of a prehypertensive state?¥, which sug-
gests a high risk for progression to hypertension.

A major objection to using the cold pressor test
to predict hypertension seems to lie in its repro-
ducibility®®. Naturally, papers asserting the use-
fulness of the cold pressor test report that BP
response is reproducible, whereas those asserting
its uselessness report that it is not reproducible.
Our current data do not permit comment on the
reliability of BP response to cold. However, Jones
et al indicated that acceptable reproducibility
could be obtained with stress tests conducted un-
der carefully controlled conditions®®). Few follow-
up results are available concerning the cold
pressor test. More studies should be done to allow
a definite conclusion regarding the usefulness of
the cold pressor test in predicting hypertension.
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