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Type 2 diabetes and hypertension have
e m e rged as major public health pro b-
lems in Japan. Type 2 diabetes often

accompanies hypertension. Impaired glu-
cose tolerance, including impaired fasting
glucose, is a strong predictor of type 2 dia-
betes. Recently, we re p o rted (1) that
i m p a i red fasting glucose is an independent

risk factor for hypertension. On the other
hand, high normal blood pre s s u re is a stro n g
p redictor of hypertension (2). Whether high
blood pre s s u re, including high normal blood
p re s s u re and hypertension, increases the risk
of developing type 2 diabetes is not known.

With few exceptions, epidemiological
studies of plasma glucose level and hyper-

tension have been cross-sectional rather
than prospective. Several cro s s - s e c t i o n a l
studies have re p o rted that hypert e n s i o n
and blood pre s s u re are significantly associ-
ated with plasma glucose levels (3–5), but
p rospective epidemiological data re l a t i n g
h y p e rtension to type 2 diabetes are incon-
clusive (6–9). Some studies have re p o rt e d
a positive association (6–8), but one study
re p o rted a null association (9). All of these
studies classified subjects with bord e r l i n e
h y p e rtension (which is now classified as
h y p e rtension) as normotensive at study
e n t ry. Recently, diabetic patients with high
n o rmal blood pre s s u re have been encour-
aged to adopt lifestyle modifications and to
u n d e rgo prompt pharmacological therapy
(10). To our knowledge, there has been no
study relating high normal blood pre s s u re
to type 2 diabetes.

In this study, the diagnosis of type 2
diabetes was made based on the new Amer-
ican Diabetes Association (ADA) criterion
of a fasting plasma glucose level of $1 2 6
mg/dl (7.0 mmol/l) or an oral glucose tol-
erance test (OGTT) with a 2-h postload
plasma glucose level of $200 mg/dl (11.1
mmol/l) (11). We prospectively examined
the relationship between high norm a l
blood pre s s u re or hypertension and the
development of type 2 diabetes during a 
5- to 16-year observation period.

RESEARCH DESIGN AND 
M E T H O D S

Osaka Health Survey
The Osaka Health Survey is an ongoing
c o h o rt investigation designed to clarify risk
factors for chronic diseases, including hyper-
tension and diabetes, among male employ-
ees of a gas company in Osaka, Japan.
Japanese law re q u i res that all employers con-
duct annual health screenings for all
employees. For the purpose of the Osaka
Health Surv e y, in addition to these annual
s c reenings, all employees aged $35 years
u n d e rgo more detailed biennial clinical
examinations and complete questionnaire s
on health-related behaviors.
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High Normal Blood Pre s s u re ,
H y p e rtension, and the Risk of 
Type 2 Diabetes in Japanese Men
The Osaka Health Surv e y

O R I G I N A L  A R T I C L E

O B J E C T I V E — To investigate the relationship between high normal blood pre s s u re or
h y p e rtension and the risk of developing type 2 diabetes in a large Japanese cohort .

RESEARCH DESIGN AND METHODS — We enrolled 7,594 Japanese men aged 35–60
years who did not have diabetes or impaired fasting glucose at study entry. Type 2 diabetes was
d e fined as a fasting plasma glucose level of $126 mg/dl or a 2-h postload plasma glucose level
of $200 mg/dl. High normal blood pre s s u re was defined as no history of hypertension and a
systolic blood pre s s u re of $130 and ,140 mmHg or a diastolic blood pre s s u re of $85 and ,9 0
mmHg. Subjects were considered to have hypertension if they had a systolic blood pre s s u re
$140 mmHg, if they had a diastolic blood pre s s u re $90 mmHg, or if they were taking anti-
h y p e rtensive medications.

R E S U LT S — We confirmed 600 cases of type 2 diabetes during the 72,946 person-years of fol-
low-up. Both high normal blood pre s s u re and hypertension were associated with the risk of type 2
diabetes. Compared with normotensive men, men with high normal blood pre s s u re had a mul-
tiple adjusted relative risk (RR) of 1.39 (95% CI 1.14–1.69), and men with hypertension had a
multiple adjusted RR of 1.76 (1.43–2.16). Even among lean men (BMI ,22.7 kg/m2), men with
high normal blood pre s s u re had a multiple adjusted RR of 1.71 (1.20–2.42), and men with
h y p e rtension had a multiple adjusted RR of 2.02 (1.34–3.05) compared with normotensive men.

C O N C L U S I O N S — High normal blood pre s s u re and hypertension are associated with an
i n c reased risk of developing type 2 diabetes.
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Study population
We enrolled 8,410 men aged 35 to 61 years
at entry between 1981 and 1991. We
excluded 648 men because they had dia-
betes or impaired fasting glucose at study
e n t ry. We excluded 168 men who did not
u n d e rgo a medical checkup during the fol-
low-up period. The study population thus
consisted of 7,594 men.

Measurements
The biennial clinical examination consisted
of a medical history, a physical examina-
tion, blood pre s s u re measure m e n t s ,
a n t h ropometric measurements, fasting
plasma glucose measurements, and ques-
t i o n n a i res on lifestyle characteristics such as
physical activity, smoking habit, and daily
alcohol consumption. Trained nurses took
all measurements. Participants were asked
to fast for 12 h and to avoid smoking and
heavy physical activity for more than 2 h
b e f o re the examinations. After a 5-min re s t
in a quiet room, systolic and diastolic blood
p re s s u res were measure d twice every few
minutes on the right arm with a standard
m e rc u ry sphygmomanometer, and the
s u b j e c t ’s blood pre s s u re was defined as the
average of two readings. Anthro p o m e t r i c
m e a s u rements included height and body
weight, which were measured while the
subject was wearing light clothing without
shoes. BMI was calculated as the weight in

kilograms divided by the height in meters
s q u a re d .

A questionnaire elicited information on
l e i s u re-time physical activity. Part i c i p a n t s
w e re asked about the type and weekly fre-
quency of leisure-time physical activity. Reg-
ular physical exercise was defined as
p a rticipation in any regular physical activity,
such as jogging, bicycling, swimming, and
tennis, long enough to work up a sweat at
least once a week. The questions about re g-
ular physical exercise have been validated as
a measure of physical exercise (12).

Questions about alcohol intake
included items about the type of alcoholic
beverage consumed, the weekly fre q u e n c y
of alcohol consumption, and the usual
amount consumed daily. Alcohol intake
was converted to total alcohol consump-
tion (in milliliters of ethanol per day) by
using standard Japanese tables. Curre n t
and past smoking habits were classifie d
a c c o rding to the type and quantity of ciga-
rettes smoked daily. Participants were clas-
s i fied as current, past, or nonsmokers.

Diagnosis of type 2 diabetes
All subjects underwent medical scre e n i n g s
by a physician at least once annually, and
cases of type 2 diabetes were diagnosed by
physicians according to a fasting plasma
glucose level of $140 mg/dl (7.8 mmol/l)
or an OGTT with a 2-h postload plasma

glucose level of $200 mg/dl (11.1 mmol/l)
since study entry. We could not perf o rm
the OGTT in all cases. There f o re, in the
analyses for this study, we re d e fined type 2
diabetes by using the new ADA criterion of
a fasting plasma glucose level of $1 2 6
mg/dl (7.0 mmol/l) or an OGTT with a 
2-h postload plasma glucose level of $2 0 0
mg/dl (11.1 mmol/l) (11). Impaired fasting
glucose was defined when subjects had no
h i s t o ry of diagnosed type 2 diabetes and
when the fasting plasma glucose level was
$110 and ,126 mg/dl ($6.1 and ,7 . 0
mmol/l) (the new ADA criterion).

Diagnosis of high normal blood
pressure and hypertension
H y p e rtension was diagnosed according to
World Health Organization criteria as bor-
derline hypertension (no history of hyper-
tension and a systolic blood pre s s u re $1 4 0
and ,160 mmHg or a diastolic blood pre s-
s u re $90 and ,95 mmHg) or hypert e n-
sion (subjects with a systolic blood pre s s u re
of $160 mmHg, a diastolic blood pre s s u re
of $95 mmHg, or who were taking anti-
h y p e rtensive medications) since study
e n t ry (13). In the analyses for this study,
h y p e rtension was defined as a systolic
blood pre s s u re of $140 mmHg, a diastolic
blood pre s s u re of $90 mmHg, or the use
of  antihypertensive medications (10). High
n o rmal blood pre s s u re was defined as no
h i s t o ry of hypertension and a systolic blood
p re s s u re $130 and ,140 mmHg or a dias-
tolic blood pre s s u re $85 and ,90 mmHg
(10). Normal blood pre s s u re was defin e d
as no history of hypertension, a systolic
blood pre s s u re ,130 mmHg, and a dias-
tolic blood pre s s u re ,85 mmHg (10).

Statistical analysis
The incidence of type 2 diabetes between
1981 and 1997 was computed according to
the blood pre s s u re level at entry. For each
subject, person-years of follow-up were
counted from the date at entry (1981–1991)
to the date of diagnosis of diabetes or 
1 April 1997, whichever came first. The fol-
low-up rate was 94% of total potential per-
son-years of follow-up. The rate of type 2
diabetes was obtained by dividing the num-
ber of cases by the number of person-years
in each category of blood pre s s u re level.
Relative risk (RR) was calculated as the rate
of occurrence of type 2 diabetes in a specific
c a t e g o ry of blood pre s s u re level divided by
the incidence rate in the lowest category of
blood pre s s u re. Multivariate Cox pro p o r-
tional hazards re g ression analysis was used

Table 1—Baseline characteristics according to blood pre s s u re level at study entry

Blood pre s s u re

High norm a l
N o rm o t e n s i o n blood pre s s u re H y p e rt e n s i o n P for tre n d

Subjects (n) 4 , 5 3 8 1 , 8 2 4 1 , 2 3 2
Age (years) 41.6 ± 6.4 41.0 ± 6.6 43.7 ± 7.3 ,0 . 0 0 1 *
BMI (kg/m2) 22.4 ± 2.6 23.2 ± 2.6 23.6 ± 2.7 ,0 . 0 0 1 *
Systolic blood pre s s u re (mmHg) 116.9 ± 8.4 133.6 ± 3.7 148.5 ± 11.1 ,0 . 0 0 1 *
Diastolic blood pre s s u re (mmHg) 65.0 ± 9.1 73.6 ± 9.5 82.5 ± 12.7 ,0 . 0 0 1 *
H e a rt rate (beats/min) 70.5 ± 11.3 74.8 ± 11.7 78.5 ± 12.9 ,0 . 0 0 1 *
Smoking habit (%)

Lifelong nonsmokers 20.6 21.2 19.6 N S *
F o rmer smokers 17.2 18.4 18.8 N S *
C u rrent smokers 62.1 6 0 . 4 6 1 . 6 N S *

C i g a rettes per day 24.5 ± 9.8 24.2 ± 10.0 24.0 ± 9.9 N S *
Drinking habit (%) 8 0 . 6 8 6 . 0 8 8 . 0 ,0 . 0 0 1 †
Daily alcohol consumption (ml) 35.5 ± 25.1 41.6 ± 28.0 40.8 ± 26.1 ,0 . 0 0 1 *
Regular physical exercise (%)‡ 3 1 . 4 32.0 31.7 N S †
Fasting plasma glucose (mmol/l) 4.99 ± 0.46 5.06 ± 0.48 5.09 ± 0.47 ,0 . 0 0 1 *
P a rental history of 1 1 . 8 1 2 . 4 1 0 . 4 N S †
type 2 diabetes (%)

Data are means ± SD or %. *Multiple re g ression model adjusted for age; †logistical re g ression model adjusted
for age; ‡engaging in regular physical exercise at least once weekly.
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to evaluate the simultaneous effects of blood
p re s s u re levels, age, BMI, leisure-time phys-
ical activity (regular physical exercise at least
once weekly or less than once weekly),
p a rental history of diabetes (yes or no),
smoking habit (current smokers, past smok-
ers, or nonsmokers), and daily alcohol con-
sumption. The linear trends in risks were
evaluated by entering indicators for each
categorical level of exposure .

We calculated the 95% CIs for each
RR. P values are two-tailed. Statistical analy-
ses were perf o rmed with the SPSS 8.0 soft-
w a re package (SPSS, Chicago, IL).

R E S U LT S — During the 5- to 16-year
follow-up period (72,946 person-years),
600 men developed type 2 diabetes. Age
was highest among men with hypert e n-
sion. BMI, fasting plasma glucose level,
daily alcohol consumption, and the pro-
p o rtion of alcohol drinkers incre a s e d
s i g n i ficantly with increases in blood pre s-
s u re level (Table 1). No significant re l a-
tionship was evident between blood
p re s s u re level and the pro p o rtion of re g u-
lar physical exercise, smoking habit, or
p a rental history of type 2 diabetes.

High normal blood pressure,
hypertension, and the risk of type 2
diabetes
In this study, high normal blood pre s s u re
and hypertension were associated with an
i n c reased risk of type 2 diabetes (Table 2).
C o m p a red with normotensive men, men
with high normal blood pre s s u re had an
age-adjusted RR of developing type 2 dia-
betes of 1.52 (95% CI 1.25–1.85), and
men with hypertension had an age-
adjusted RR of developing diabetes of 2.05
(1.67–2.51). These associations persisted
even after multivariate adjustment for age,
BMI, daily alcohol consumption, smoking
habit, leisure-time physical activity, and
p a rental history of diabetes.

To quantify further the effect of blood
p re s s u re level on type 2 diabetes, we mod-
eled blood pre s s u re level as a continuous
variable (Table 2). The results suggested
that the multiple adjusted RR for systolic
blood pre s s u re was 1.18/10 mmHg
(1.12–1.25), and the multiple adjusted RR
for diastolic blood pre s s u re was 1.14/10
mmHg (1.06–1.22).

To exclude the effect of antihypert e n-
sive medications on the effect of blood pre s-
s u re level on the risk of type 2 diabetes, we
excluded subjects taking such medications
f rom the analysis (Table 2). The results were

almost the same. Compared with nor-
motensive men, men with high norm a l
blood pre s s u re had a multiple adjusted RR
of developing type 2 diabetes of 1.39
(1.14–1.70), and men with hypert e n s i o n
had a multiple adjusted RR of developing
type 2 diabetes of 1.62 (1.28–2.05). When
we modeled blood pre s s u re level as a con-
tinuous variable, the multiple adjusted RR
for systolic blood pre s s u re was 1.17/10
mmHg (1.09–1.26), and the multiple
adjusted RR for diastolic blood pre s s u re
was 1.09/10 mmHg (1.01–1.20).

The change of blood pressure level
during the first 4-year follow-up
period
Because blood pre s s u re level may change
over time, additional analyses were per-
f o rmed on the basis of both the data at

study entry (1981–1990) and at the third
examination (1985–1994) and excluded
cases of type 2 diabetes during the first 
4-year follow-up period (Table 2). As a re f-
e rence category, we used men with nor-
motension at both examinations. The
multiple adjusted RR of developing type 2
diabetes was 1.93 (1.25–2.99) among men
with normotension at study entry and
h y p e rtension at the third examination, 1.54
(1.08–2.20) among men with high norm a l
blood pre s s u re at both examinations, and
1.89 (1.29–2.76) among men with high
n o rmal blood pre s s u re at study entry and
h y p e rtension at the third examination. The
age-adjusted RR of developing type 2 dia-
betes was 1.46 (1.08–1.99) among men
with normotension at study entry and high
n o rmal blood pre s s u re at the third exami-
nation and 1.60 (1.09–2.35) among men

Table 2—Relative risk of type 2 diabetes according to blood pre s s u re level

To t a l
p e r s o n - y e a r s Cases (n) A g e - a d j u s t e d Multiple adjusted*

Model 1†
N o rm o t e n s i o n 4 5 , 3 8 4 3 0 0 1 . 0 0 1 . 0 0
High normal blood pre s s u re 1 6 , 6 3 2 1 5 6 1.52 (1.25–1.85) 1.39 (1.14–1.69)
H y p e rt e n s i o n 1 0 , 9 3 0 1 4 4 2.05 (1.67–2.51) 1.76 (1.43–2.16)

P for tre n d ,0 . 0 0 0 1 ,0 . 0 0 0 1
Continuous (per 10 mmHg)

Systolic blood pre s s u re 1.23 (1.17–1.30) 1.18 (1.12–1.25)
Diastolic blood pre s s u re 1.24 (1.16–1.32) 1.14 (1.06–1.22)

Model 2‡
N o rm o t e n s i o n 4 5 , 3 8 4 3 0 0 1 . 0 0 1 . 0 0
High normal blood pre s s u re 1 6 , 6 3 2 1 5 6 1.52 (1.25–1.85) 1.39 (1.14–1.70)
H y p e rt e n s i o n 6 , 5 1 6 7 9 1.84 (1.45–2.33) 1.62 (1.28–2.05)

P for tre n d ,0 . 0 0 0 1 ,0 . 0 0 0 1
Continuous (per 10 mmHg)

Systolic blood pre s s u re 1.23 (1.15–1.32) 1.17 (1.09–1.26)
Diastolic blood pre s s u re 1.19 (1.10–1.30) 1.09 (1.01–1.20)

Model 3§
Study entry (third examination)
N o rm o t e n s i o n

N o rm o t e n s i o n 3 1 , 2 7 2 1 3 8 1 . 0 0 1 . 0 0
High normal blood pre s s u re 8 , 7 4 4 5 9 1.46 (1.08–1.99) 1.35 (0.99–1.83)
H y p e rt e n s i o n 2 , 2 6 6 2 5 2.20 (1.43–3.40) 1.93 (1.25–2.99)

High normal blood pre s s u re
N o rm o t e n s i o n 5 , 4 1 0 3 2 1.60 (1.09–2.35) 1.46 (0.99–2.15)
High normal blood pre s s u re 6 , 1 4 8 4 0 1.65 (1.16–2.36) 1.54 (1.08–2.20)
H y p e rt e n s i o n 3 , 5 4 6 3 5 2.22 (1.52–3.23) 1.89 (1.29–2.76)

Data are RRs (95% CIs) or n. *Adjusted for age, BMI, daily alcohol consumption, smoking habits (current, past,
or nonsmokers), leisure-time physical activity (regular physical exercise at least once weekly or less than once
weekly), and parental history of diabetes (yes or no); †based on data on blood pre s s u re level at study entry
(1981–1991) and including cases of hypertension from 1981 to 1997; ‡based on data on blood pre s s u re level
at study entry (1981–1991) and excluding subjects using antihypertensive medication at study entry and includ-
ing cases of hypertension from 1981 through 1997; §based on data on blood pre s s u re level at study entry
(1981–1990) and the third examination 4 years later (1985–1994) and excluding cases of hypertension dur-
ing the first 4-year follow-up period.



with high normal blood pre s s u re at study
e n t ry and normotension at the third exam-
ination. After adjustment for age, BMI,
daily alcohol consumption, smoking habit,
l e i s u re-time physical activity, and pare n t a l
h i s t o ry of diabetes, these associations were
attenuated (RRs 1.35 [0.99–1.83] and 1.46
[0.99–2.15], re s p e c t i v e l y ) .

High normal blood pressure and
hypertension in relation to BMI
To examine whether BMI modified the
association between high normal blood
p re s s u re and hypertension and the risk of
type 2 diabetes, we stratified subjects
a c c o rding to the median of BMI (Table 3).
After data were adjusted for age, daily alco-
hol consumption, smoking habit, leisure -
time physical activity, and parental history
of diabetes, even among lean men (BMI
,22.7 kg/m2), high normal blood pre s s u re
was associated with an increased risk of
type 2 diabetes (RR 1.71 [1.20–2.42]), and
h y p e rtension was also associated with an
i n c reased risk of type 2 diabetes (RR 2.02
[1.34–3.05]) compared with men with
n o rmal blood pre s s u re. Among men with a
higher BMI ($22.7 kg/m2), men with high
n o rmal blood pre s s u re had a multiple
adjusted RR of developing type 2 diabetes
of 1.28 (1.01–1.63), and men with hyper-
tension had a multiple adjusted RR of
developing type 2 diabetes of 1.70
(1.34–2.15) compared with men with nor-
mal blood pre s s u re .

To examine the effects of clustering risk
factors such as blood pre s s u re and BMI on
the risk of type 2 diabetes, we used men
with normotension and a BMI ,2 2 . 7
k g / m2 as a re f e rence category (Table 3).

Men with high normal blood pre s s u re and
a BMI $22.7 kg/m2 had an age-adjusted
RR of developing type 2 diabetes of 3.14
(2.38–4.15), and hypertensive men with a
BMI $22.7 kg/m2 had an age-adjusted RR
of developing type 2 diabetes of 4.25
(3.23–5.60). Even after adjustment for
other confounders, these associations did
not change.

C O N C L U S I O N S — These pro s p e c t i v e
data demonstrate that both high norm a l
blood pre s s u re and hypertension are pos-
itively associated with the development of
type 2 diabetes. These associations per-
sisted even after adjustments for several
known or suspected predictors of type 2
diabetes, including age, BMI, smoking
habit, leisure-time physical activity,
p a rental history of type 2 diabetes, and
daily alcohol consumption.

We considered the possibility that
t h e re could be bias due to misclassific a t i o n
if the pro p o rtion of diagnoses of type 2 d i a-
betes by OGTT diff e red across levels of
blood pre s s u re. In this study, 600 men
developed type 2 diabetes during the
72,946 person-years of follow-up. A total
of 100 men (16.7%) were diagnosed by a
2-h postload plasma glucose level of
$200 mg/dl. However, the pro p o rtion of
diagnoses by OGTT did not differ acro s s
levels of blood pre s s u re (data not shown).
All subjects in this study were re g i s t e re d
employees of the same company. Thus,
they may not always be re p resentative of
the general Japanese population; however,
these relationships likely apply to most
white-collar urban workers in Japan. The
relative homogeneity of the cohort may

actually enhance the study’s internal valid-
i t y. Because of the relatively uniform edu-
cational background and socioeconomic
status of the men in this cohort, these
variables do not likely re p resent con-
founding factors.

Previous epidemiological findings on
the association between hypertension and
the risk of type 2 diabetes are inconclu-
sive (6–9). These prospective studies have
reported a positive association (6–8), but
one re p o rted a null association (9).
H y p e rtension was positively associated
with the risk of type 2 diabetes in a cohort
of male alumni from the University of
Pennsylvania, in the Physicians’ Health
Study, and in a cohort in the Netherlands
(6–8). In those studies, either subjects
with borderline hypertension were classi-
fied as having normotension at study
entry, the definition of hypertension was
not clear, or control for confounders such
as lifestyle factors was not complete.
Morales et al. (9) in the San Antonio
H e a rt Study showed that, after adjust-
ment for age, sex, ethnicity, obesity, body
fat distribution, and levels of fasting
plasma glucose and insulin, hypert e n s i o n
was not associated with the risk of devel-
oping type 2 diabetes. In that study, in-
complete exclusion of subjects with
hypertension at study entry or a small
study population may explain the null
association.

Some antihypertensive medications
such as thiazides and b-blockers have been
re p o rted to reduce glucose tolerance and
i n c rease the risk of type 2 diabetes (14–16),
but others such as ACE inhibitors and 
a-blockers have been re p o rted to incre a s e
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Table 3—Relative risk of type 2 diabetes according to blood pre s s u re level and BMI

To t a l Model 1 Model 2

p e r s o n - y e a r s Cases (n) A g e - a d j u s t e d Multiple adjusted* A g e - a d j u s t e d Multiple adjusted*

BMI ,22.7 kg/m2 (n = 3,797)
N o rm o t e n s i o n 2 5 , 5 4 2 1 0 3 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0
High normal blood pre s s u re 7 , 3 7 0 5 0 1.78 (1.25–2.52) 1.71 (1.20–2.42) 1.80 (1.27–2.55) 1.81 (1.28–2.57)
H y p e rt e n s i o n 3 , 9 9 8 3 1 2.12 (1.41–3.19) 2.02 (1.34–3.05) 2.07 (1.38–3.10) 2.10 (1.40–3.15)

P for tre n d ,0 . 0 0 0 1 ,0 . 0 0 0 1
BMI $22.7 kg/m2 (n = 3,797)

N o rm o t e n s i o n 1 9 , 8 4 2 1 9 7 1 . 0 0 1 . 0 0 2.54 (1.99–3.24) 2.52 (1.97–3.21)
High normal blood pre s s u re 9 , 2 6 2 1 0 6 1.27 (1.00–1.60) 1.28 (1.01–1.63) 3.14 (2.38–4.15) 3.15 (2.38–4.16)
H y p e rt e n s i o n 6 , 9 3 2 1 1 3 1.68 (1.33–2.12) 1.70 (1.34–2.15) 4.25 (3.23–5.60) 4.23 (3.21–5.58)

P for tre n d ,0 . 0 0 0 1 ,0 . 0 0 0 1 ,0 . 0 0 0 1 ,0 . 0 0 0 1

Data are RRs (95% CIs) or n. In mode1 1, normotensive men among each BMI group were the re f e rence category, and in model 2, normotensive men with a BMI ,2 2 . 7
k g / m2 w e re the re f e rence category. *Adjusted for age, daily alcohol consumption, smoking habits (current, past, or nonsmokers), leisure-time physical activity (re g u l a r
physical exercise at least once weekly or less than once weekly), and parental history of diabetes (yes or no).
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insulin sensitivity (16). Even after excluding
subjects taking antihypertensive medica-
tions, the effect of both high normal blood
p re s s u re and hypertension on the risk of
type 2 diabetes was not altere d .

In this cohort study, we did not identify
why high normal blood pre s s u re and hyper-
tension increase the risk of type 2 diabetes.
Insulin resistance and hyperinsulinemia
have been thought to be common factors
underlying the link among type 2 diabetes,
o b e s i t y, and hypertension (17,18). In this
s t u d y, after adjustment for multivariate con-
founders including BMI, high normal blood
p re s s u re and hypertension were associated
with the risk of type 2 diabetes. Furt h e r-
m o re, even among lean men (BMI ,2 2 . 7
k g / m2), the association between high norm a l
blood pre s s u re or hypertension and the risk
of type 2 diabetes was significant. There f o re ,
this association was independent of obesity,
although among nonobese men, the pat-
t e rn of fat distribution such as visceral fat
may be overlooked as possibly playing an
i m p o rtant role in the relationship between
high normal blood pre s s u re or hypert e n s i o n
and the risk of type 2 diabetes. Some
nonobese people with hypertension have
been re p o rted to have insulin re s i s t a n c e
(19), which can lead to type 2 diabetes. The
p a t t e rn of distribution of body fat such as
visceral fat and fasting insulin level should
be included in further studies.

In conclusion, our results provide evi-
dence that high normal blood pre s s u re
and hypertension are associated with an
i n c reased risk of type 2 diabetes. We
believe that men with high normal blood
p re s s u re or hypertension should be
encouraged to modify their lifestyles.
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