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Basic Characteristics of Chronic Hypotension 
Cases: A Longitudinal Follow-Up Study from 

1958 through 1999

Masazumi AKAHOSHI1), Ayumi HIDA1), Misa IMAIZUMI1), Midori SODA2), 

Renju MAEDA1), Shinichiro ICHIMARU1), Eiji NAKASHIMA3), 

Shinji SETO4), and Katsusuke YANO4)

Few epidemiological studies have been conducted on the prevalence, blood pressure trends by age, and

basic characteristics of chronic hypotension. Among 13,370 subjects (5,094 men and 8,276 women) exam-

ined from 1958 to 1999 in Japan, 92 were identified as chronic hypotensives (11 men and 81 women) whose

systolic blood pressure (SBP, mmHg) was lower than 100 mmHg for 8 or more years. Trends of SBP and

body mass index (BMI, kg/m2) were determined over a 16-year period in this group of chronic hypotensives

and 276 age- and sex-matched controls (33 men and 243 women); during this 16-year period, the chronic

hypotensives and controls ranged in age from 19 to 75 years. BMI, heart rate (HR, bpm), body temperature

(˚C), Hb (g/dl), and creatinine (Cre, mg/dl) were compared between the chronic hypotensives and the con-

trols at the last examination. The chronic hypotensives had a female preponderance (0.2% in men and 1.0%

in women, p=0.001), and their SBP and BMI increased little with increasing age. BMI (20.2±3.4), BMI-

adjusted SBP (101±19), HR (63±10), body temperature (36.7±0.3), Hb (12.5±1.1), and Cre (0.81±0.13) were

lower in the chronic hypotensives than those (22.9±3.4, 126±20, 68±10, 36.8±0.3, 12.9±1.1, and 0.86±0.12,

respectively) in controls (p<0.05). The present results clearly show that chronic hypotensives have a female

preponderance and low BMI, HR, body temperature, Hb, and Cre in addition to low SBP that does not

increase with age. (Hypertens Res 2006; 29: 1–7)
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Introduction

Many studies have investigated blood pressure (BP) in the
general community, usually with the aim of investigating the
prevalence of high BP in unselected samples of the popula-

tion (1–3). Thus, the full distribution of low BP has not
always been published. In addition, some reports have sug-
gested that hypotension does not exist in English-speaking
countries, although it seems to be a fully accepted condition
in Germany and other countries in continental Europe (4–6).
Pemberton, a British physician, concluded that constitutional
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hypotension virtually does not exist (4). For these reasons, the
epidemiology of chronic hypotension has rarely been studied.

Pemberton reviewed data from surveys of three communi-
ties and identified hypotension in 1.6–2.7% of male subjects
and 0.3–3.6% of female subjects, in accordance with the def-
inition of hypotension as office systolic BP (SBP) lower than
110 mmHg for males and lower than 100 mmHg for females
(4). However, Pemberton’s report was not based on longitudi-
nal BP measurements. Furthermore, those defined as having
hypotension included both 1) subjects with recent low BP
who have serious underlying disease, and 2) subjects with
chronically low BP who have no serious disease. The preva-
lence of chronic hypotension has thus not been fully eluci-
dated.

Many reports have been made on the characteristics of
hypertension. A comparison of individuals with hypertension
and those with normal BP reveals that variables relating to
anthropometric indices (7, 8), metabolism (9–13), hematol-
ogy, and biochemistry (14–18) are higher among those with
hypertension. Nevertheless, no study has looked into whether
these variables show decreased levels among those with
chronic hypotension, compared to those with normal BP.

In this study, using a population biennially followed from
1958 through 1994, we determined the frequency of chronic
hypotension cases satisfying the condition of SBP lower than
100 mmHg for at least 8 years, and studied the trends of SBP
with age. In addition, age- and sex-matched controls were
selected to investigate whether differences existed between
the chronic hypotension cases and their controls in terms of
variables relating to anthropometric indices, metabolism,
hematology, and biochemistry. We also examined whether
all-cause mortality was higher in the hypotension cases than
the controls.

Methods

General Procedure

A total of 19,961 subjects (7,956 men and 12,005 women)
have received biennial examinations since July 1958 in
Nagasaki and Hiroshima as part of a follow-up program of the
Radiation Effects Research Foundation (formerly the Atomic

Bomb Casualty Commission). A detailed description of this
program has been published elsewhere (19). This program
was approved by the Research Protocol Review Committee
and Human Investigation Committee at the Radiation Effects
Research Foundation (RERF) in 1975. Measured at each
examination were body temperature (°C) taken orally, sitting
BP (mmHg) by sphygmomanometer on the left arm after a
sufficient sedentary period, and standing height (m) and body
weight (kg) without socks or outer clothing. Heart rate (HR,
bpm) was recorded using a 12-lead electrocardiogram. Blood
samples were drawn for hematology and blood biochemistry
measurements. The first Korotkoff phase was used for SBP.
Body mass index (BMI, kg/m2) was calculated as the body
weight divided by the square of the standing height. All the
clinical diagnoses were classified according to the coding
rules of the 7th, 8th, and 9th revisions of the International
Classification of Diseases (ICD) and stored in computers.

Hematological and Biochemical Measurements

Hematological and biochemical measurements included Hb
(g/dl), total protein (TP, g/dl), aspartate aminotransferase
(AST, IU/l), alanine aminotransferase (ALT, IU/l), γ-
glutamyl transpeptidase (γ-GTP, U/l), creatinine (Cre, mg/dl),
serum cholesterol (Chol, mg/dl), triglycerides (TG, mg/dl),
and fasting blood glucose (FBG, mg/dl). These measurements
were conducted by standard methodology with quality con-
trol monitored by the College of American Pathologists
(Northfield, USA).

Subject Selection

We conducted biennial examinations of 19,961 atomic-bomb
survivors in Nagasaki and Hiroshima during the period of
1958 to 1994. Among the 19,961 subjects, 13,370 (5,094 men
and 8,276 women) who were examined six or more times dur-
ing the first (July 1958–June 1960) and 18th examinations
(July 1992–June 1994) were selected for further analysis.
Because no definite criteria for chronic hypotension have
been reported, we used the criteria described below to elimi-
nate subjects with low BP who have serious underlying dis-
ease. Among 13,370 subjects, we defined chronic

Table 1. Underlying Diseases in Chronic Hypotension Cases and Controls

Hypotension cases Controls p values

Malignant disease 7 (7.6) 26 (9.4) 0.598
Anemia 42 (45.7) 96 (34.7) 0.062
Pulmonary disease 9 (9.8) 27 (9.8) 1.000
Gastric ulcer 10 (10.9) 37 (13.4) 0.528
Mental disorder 2 (2.2) 13 (4.7) 0.287
Blindness 2 (2.2) 3 (1.1) 0.453
Valvular heart disease 0 (0) 6 (2.2) 0.154

Values are number of subjects and percentage in parenthesis.



Akahoshi et al: Epidemiological Study of Chronic Hypotension 3

hypotension cases as those with SBP lower than 100 mmHg
at two-thirds or more of the examinations, resulting in diagno-
sis of chronic hypotension in 92 cases (11 men and 81
women). In this study, the chronic hypotension cases were
examined for 12 or more years and had SBP lower than 100
mmHg for 8 or more years. We think that our criteria for
chronic hypotension were appropriate, because the rates of
underlying disease were identical between the chronic
hypotension cases and controls, as shown in Table 1. Among
the remaining 13,278 subjects, three age- and sex-matched
controls were selected for each chronic hypotension case
using age at last examination for the chronic hypotension
cases, resulting in the selection of 276 controls (33 men and
243 women). In this way, we could match not only age and
sex but also birth year between the chronic hypotension cases
and controls.

Data and Statistical Analysis

We recorded all underlying diseases that were considered to
be related to low BP, and compared the prevalence of such
disease between the chronic hypotension cases and their con-
trols by χ2 test.

To determine SBP and BMI trends by age, the chronic
hypotension cases and their controls were divided into five
groups according to their age at last examination (≤39 years
old, 40–49 years old, 50–59 years old, 60–69 years old and
≥70 years old). Their age, SBP, and BMI were averaged ret-
rospectively to eight examinations prior to the last examina-
tion, and the averaged SBP and BMI were plotted as functions
of averaged age (see Figs. 1 and 2). In this way, we were able
to observe the trends of SBP and BMI over a 16-year period
during which the subjects ranged in age from 19 to 75 years.

To clarify basic characteristics of the chronic hypotension
cases, variables relating to anthropometric index (BMI),
metabolism (HR and body temperature), hematology (Hb)
and biochemistry (TP, Chol, TG, FBG, γ-GTP, Cre, AST and
ALT) at the last examination were determined in the chronic
hypotension cases and their controls, respectively. We com-
pared the age- and sex-adjusted variables between the cases
and controls using covariance analysis, because not all cases
and controls underwent examination of the above-named
variables at the last examination. We compared the age-,
sex-, and BMI-adjusted variables between the cases and con-
trols because the hypotension cases had a more slender body-
type than the controls (see Results). As the reasons for censor
were migration or death, the possibility exists that cessation
of the follow-up in chronic hypotension cases was because
they may have had serious underlying disease and were near
death. To avoid the effects of co-morbidity on these variables
in chronic hypotension cases, we also conducted age-, sex-,
and BMI-adjusted analysis on only those subjects who were
still alive as of April 1999.

Cox proportional hazard regression analysis was used to
compare the all-cause mortality of hypotension cases and
controls after adjusting for age and sex, and variables associ-
ated with hypotension (BMI, HR, body temperature, and Hb)
in addition to age and sex. RERF followed the vital status of
all participants using Japan’s family registration system. Fol-
low-up began on July 1958 and ended on the date of death or
April 1999, whichever came first.

The data were expressed as the mean±SD. Statistical Anal-
ysis System (SAS) procedures for a personal computer were
used for analysis (20). The level of significance was set at
p<0.05.

Fig. 1. Systolic blood pressure (SBP) levels in chronic
hypotension cases (●) and controls (�) for the previous
eight examinations are plotted for each age-category at the
time of the last examination. SBP increased with age in the
controls but increased little with age in the chronic hypoten-
sion cases. All data are presented as the mean.

Fig. 2. Body mass index (BMI) levels in chronic hypotension
cases (●) and controls (�) for the previous eight examina-
tions are plotted for each age-category at the time of the last
examination. BMI increased with age in the controls but
increased little with age in the chronic hypotension cases. All
data are presented as the mean.
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Results

Based on our criteria, 92 subjects (11 men among 5,094
[0.2%] and 81 women among 8,276 [1.0%]) were defined as
chronic hypotension cases, and a female preponderance
(p=0.001) was observed. Eleven chronic hypotension cases
(4 males) were followed until their 30s (mean age: 35.1±3.2
years), 25 cases (2 males) until their 40s (mean age: 46.4±1.5
years), 24 cases (2 males) until their 50s (mean age: 55.0±3.1
years), 25 cases (3 males) until their 60s (mean age: 64.2±2.3
years), and seven cases (no males) until their 70s and older
(mean age: 75.0±3.0 years). The rates of underlying diseases
were identical between the chronic hypotension cases and
controls (Table 1).

SBP and BMI increased with age in the controls but
increased little with age in the chronic hypotension cases
(Figs. 1 and 2).

Basic characteristics are shown in Table 2. As expected
from the SBP and BMI trends, age- and sex-adjusted SBP and
BMI were significantly lower in the chronic hypotension
cases. Furthermore, in this group age- and sex-adjusted HR,
body temperature, Hb, TP, TG, FBG, Cre, and ALT were sig-
nificantly lower, with significance suggested for Chol and γ-
GTP. Adjustment was also made for BMI, in addition to age
and sex, with significant differences observed only for SBP,
HR, body temperature, Hb and Cre, and significance sug-
gested for FBG. To avoid the effects of co-morbidity on these
variables, we conducted age-, sex-, and BMI-adjusted analy-
sis only on the subjects still alive in the period from the last
follow-up until April 1999. In this analysis, we continued to
observe significant differences between the chronic hypoten-
sion cases and their controls in terms of SBP, HR, body tem-
perature, Hb and Cre.

Table 3 shows the risk of death for subjects with hypoten-
sion compared with that for controls. All-cause mortality of

Table 2. Basic Characteristics of Chronic Hypotension Cases and Controls

All subjects (surviving and deceased) Surviving subjects

Age- and 
sex-adjusted

Age-, sex- and 
BMI-adjusted

Age-, sex- and 
BMI-adjusted

BMI (kg/m2) Case (89) 20.16±3.58§

Control (269) 22.87±3.44
SBP (mmHg) Case (92) 97.1±20.0§ (89) 101.0±18.9§ (75) 100.9±17.3§

Control (276) 126.8±19.9 (269) 125.5±19.7 (232) 123.6±16.8
HR (bpm) Case (89) 63.6±9.4‡ (89) 63.1±10.4§ (75) 62.2±8.7§

Control (272) 67.3±9.9 (269) 67.5±9.8 (232) 67.3±9.2
Body temperature (°C) Case (90) 36.7±0.3‡ (89) 36.7±0.3‡ (75) 36.7±0.3‡

Control (274) 36.8±0.3 (268) 36.8±0.3 (232) 36.8±0.3
Hb (g/dl) Case (89) 12.3±1.2§ (88) 12.5±1.2‡ (74) 12.6±1.2†

Control (276) 12.9±1.2 (269) 12.9±1.1 (232) 13.0±1.2
TP (g/dl) Case (59) 7.1±0.5† (57) 7.2±0.5 (50) 7.2±0.5

Control (202) 7.3±0.4 (199) 7.3±0.4 (176) 7.3±0.4
Chol (mg/dl) Case (89) 197.2±37.7* (87) 202.0±38.2 (74) 202.2±37.0

Control (268) 207.4±37.7 (264) 205.0±37.4 (230) 207.9±36.4
TG (mg/dl) Case (46) 99.5±79.4‡ (44) 111.5±82.3 (42) 110.5±83.6

Control (146) 134.8±78.5 (144) 130.9±79.2 (133) 130.9±80.7
FBG (mg/dl) Case (49) 90.3±25.9‡ (47) 93.7±26.7* (44) 93.3±26.5

Control (150) 102.7±25.7 (148) 101.4±25.5 (138) 101.8±25.8
γ-GTP (U/l) Case (45) 19.7±37.6* (43) 21.5±39.3 (42) 20.5±39.2

Control (137) 31.1±37.5 (135) 30.4±38.3 (128) 29.9±38.0
Cre (mg/dl) Case (47) 0.80±0.14‡ (45) 0.81±0.13† (42) 0.81±0.13†

Control (152) 0.86±0.12 (150) 0.86±0.12 (138) 0.84±0.12
AST (IU/l) Case (56) 20.5±18.7 (54) 20.0±19.1 (48) 20.6±18.4

Control (170) 25.1±18.3 (168) 24.9±18.1 (154) 23.7±17.9
ALT (IU/l) Case (56) 14.5±15.0† (54) 15.6±15.4 (48) 15.9±15.9

Control (170) 19.6±15.6 (168) 19.1±15.6 (154) 18.5±15.4

BMI, body mass index; SBP, systolic blood pressure; HR, heart rate; TP, total protein; Chol, cholesterol; TG, triglycerides; FBG, fasting
blood glucose; γ-GTP, γ-glutamyl transpeptidase; Cre, creatinine; AST, aspartate aminotransferase; ALT, alanine aminotransferase. Val-
ues are mean±SD and number of subjects in parenthesis. *Suggestive vs. control. †p<0.05 vs. control. ‡p<0.01 vs. control. §p<0.001 vs.
control.



Akahoshi et al: Epidemiological Study of Chronic Hypotension 5

all ages after adjusting for age and sex was higher in hypoten-
sion cases than in controls, although significance was sugges-
tive. When adjustment was made for BMI, HR, body
temperature, and Hb in addition to age and sex, relative risk
for all-cause mortality of all ages in the hypotension cases did
not achieve statistical significance. When we divided the
deceased cases into two groups, a group of subjects who died
at an age of <60 years and a group who died at an age of ≥60
years, only the relative risk of all-cause mortality of age at
death ≥60 years old in hypotension cases was suggestively
high after adjusting for age and sex. Not shown in Table 3, in
multiple analysis, age (p<0.01) and male sex (p<0.01) were
significant predictors of death, whereas BMI, HR, body tem-
perature, and Hb were not.

Discussion

In the current study, chronic hypotension was observed in
0.2% of male subjects and 1.0% of female subjects. These
rates are lower than Pemberton’s data from three communi-
ties (10,495 subjects from Melbourne, Caerphilly, and Paisley
and Renfrew), in which 1.6–2.7% of males surveyed and
0.3–3.6% of females surveyed were found to have hypoten-
sion, which was defined as an office SBP lower than 110
mmHg for males and lower than 100 mmHg for females (4).
Pemberton’s study cannot easily be compared with the cur-
rent study because of differences in the age of study subjects
and in the definition of hypotension. It has been reported that
the proportion of hypotension in females is double that in
males (5). The current study also showed a higher frequency
for females.

When no adjustment was made for BMI, the levels of all
variables except AST (namely HR, body temperature, Hb,
TP, Chol, TG, FBG, γ-GTP, Cre, and ALT) were significantly
lower or tended to be lower in chronic hypotension cases than
in their controls. Many studies have demonstrated higher lev-
els of these variables in hypertensive cases than in normoten-
sive subjects (7–18), and thus our present findings for

hypotension are the opposite of the previous findings for
hypertension. After adjustment for BMI, only HR, body tem-
perature, Hb, and Cre were found to be significantly lower for
chronic hypotension cases. Similar results were obtained
when deaths during the follow-up period were excluded from
analysis. It was therefore considered that the low levels of
HR, body temperature, Hb, BMI, and Cre were closely linked
to chronic hypotension. Among vasopressor systems such as
the sympathetic nervous system, the renin-angiotensin system
and the vasopressin system, the sympathetic nervous system
is more involved in the maintenance of BP, whereas the renin-
angiotensin and vasopressin systems function as important
backup mechanisms (21). Thus, we investigated whether the
lower levels of HR, body temperature, Hb, BMI, and Cre in
chronic hypotension could be explained from the viewpoint
of the sympathetic nervous system.

HR changes during mild to moderate increase and decrease
in physical activity are under parasympathetic control to a
significant degree (22, 23). It is also known that sympathetic
hyperactivity is associated with increased HR in borderline
hypertension (24, 25). Thus cardiac sympatho-parasympa-
thetic balance, although parasympathetic dominant, controls
HR changes (26, 27), and in the current study, the finding of
lower HR in the chronic hypotension cases than in their con-
trols even after adjustment for BMI may be related to para-
sympathetic activation, sympathetic withdrawal, or both.

Activation of the sympathetic nervous system induces ther-
mogenesis in skeletal muscle, accounting for 30% of resting
metabolism (28). The current study showed a decreased level
of Cre in blood for the chronic hypotension cases, even after
adjustment for BMI, suggesting that chronic hypotension
cases are of slight build or have small muscle mass, as
reported previously (29). Thus the fact that the body temper-
ature level was lower in the chronic hypotension cases than in
their controls can be explained by the assumption that the
chronic hypotension cases have relatively lower sympathetic
nerve activity and smaller muscle mass, which are important
factors in thermogenesis, than their controls.

Table 3. Risk of Death for Hypotension Cases Compared with Controls

Number of death

Relative risk (95% confidence interval)

Age and sex adjusted
Age, sex, BMI, HR, body 

temperature and Hb adjusted

Hypotension cases 15 1.76 (0.95–3.26) 1.73 (0.87–3.44)
p=0.07 p=0.12

Death <60 years old 4 1.75 (0.51–5.98) 1.83 (0.48–7.04)
p=0.37 p=0.38

Death ≥60 years old 11 2.00 (0.96–4.13) 1.92 (0.84–4.39)
p=0.06 p=0.12

Controls 39 — —
Death <60 years old 7 — —
Death ≥60 years old 32 — —

BMI, body mass index; HR, heart rate. Values are relative risks and 95% confidence intervals in parenthesis.
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α-Adrenergic stimulation and mechanical atrial stretch
enhance atrial natriuretic peptide secretion (30, 31), which is
known to increase in hypertension (32, 33). Staessen et al.
reported that hypertensive patients with the lowest third of
SBP and DBP achieved by active treatment were character-
ized by decreased Hb (34). These factors suggest that the
lower Hb in chronic hypotension may be related to lower lev-
els of atrial natriuretic peptide caused by relatively low sym-
pathetic nerve activity and/or low BP itself.

Julius et al. proposed that the elevation in BP and the
weight gain may reflect a primary increase in sympathetic
tone (35). This hypothesis suggests that sympathetic nerve
activity should be relatively lower in the chronic hypotension
cases than in their controls, which may lead to lower levels of
SBP and BMI (or Cre), as well as HR, body temperature, and
Hb. Thus, the findings that the HR, body temperature, Hb,
BMI, and Cre levels of the chronic hypotension cases are
lower than those of their controls can be explained if it is
assumed that sympathetic nerve activity is relatively lower in
the chronic hypotension cases. With enhanced sympathetic
nerve activity, SBP can increase to a normotensive and ulti-
mately to a hypertensive level, which may be accompanied by
obesity, large muscle mass, and increased levels of HR, body
temperature, and Hb, as observed in many studies (7–18).

In non-Westernized communities, BP levels are generally
low and BP increase with age is small (36–38). It has been
known that migration from a non-Westernized community to
a Westernized community induces an increase of BP with
age, because of the effects of diet, body weight, exercise, and
stress (39–42). From these results, it is concluded that age-
related BP changes are not a biological necessity (2). In the
present study, little increase of SBP with age was observed
for the chronic hypotension cases, although SBP increased
with age in the controls. This may be related to our definition
of chronic hypotension as an SBP of lower than 100 mmHg
for 8 or more years. However, whatever the definition of
chronic hypotension, the fact that we observed patients with
chronic hypotension whose SBP increased little in their 60s
and 70s suggests that even in a Westernized community, age-
related increase of BP is not a biological necessity but occurs
due to the demands of sympathetic nerve activity.

In the present study, we did not measure sympathetic nerve
activity. Some might argue against making a general state-
ment for all subjects from young to old age that lower SBP,
BMI, HR, body temperature, Hb, and Cre levels are related to
lower sympathetic nerve activity. We also realize that many
factors other than sympathetic nerve activity are determinants
of the levels of BP, BMI, HR, body temperature, Hb, and Cre.
The possible correlation between chronic hypotension and
sympathetic nerve activity is based on indirect evidence, and
will require further studies for confirmation.

In the present study, we simply compared the all-cause
mortality between hypotension cases and controls and found
that the relative risks of all-age mortality and age at death ≥60
years old were higher in the hypotension cases, although sta-

tistical significance was suggestive probably due to the small
number of study subjects and the deceased cases. Although it
has recently been reported that not only BP level but also BP
variability is related to cardiovascular events (43), the pre-
sents results are in accordance with the results suggesting a J-
shaped relationship between BP and mortality (44, 45). How-
ever, further studies with a larger number of subjects will be
needed to clarify the association between hypotension and
increased risk of mortality in different age groups and also the
association between characteristics of chronic hypotension
(lower BMI, HR, body temperature, and Hb) and mortality.

In conclusion, among 13,370 subjects (5,094 men and
8,276 women), 92 chronic hypotension cases (11 men and 81
women) were identified. The chronic hypotension cases had a
female preponderance and lower BMI, BMI-adjusted SBP,
HR, body temperature, Hb, and Cre than the controls. In addi-
tion, SBP and BMI increased little with increasing age in the
patients with chronic hypotension.
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