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OBJECTIVE — To investigate the association between cardiorespiratory fitness and the inci-
dence of type 2 diabetes among Japanese men.

RESEARCH DESIGN AND METHODS — This prospective cohort study was con-
ducted in 4,747 nondiabetic Japanese men, aged 20–40 years at baseline, enrolled in 1985 with
follow-up to June 1999. Cardiorespiratory fitness was measured using a cycle ergometer test, and
Vo2max was estimated. During a 14-year follow-up, 280 men developed type 2 diabetes.

RESULTS — The age-adjusted relative risks of developing type 2 diabetes across quartiles of
cardiorespiratory fitness (lowest to highest) were 1.0 (referent), 0.56 (95% CI 0.42–0.75), 0.35
(0.25–0.50), and 0.25 (0.17–0.37) (for trend, P � 0.001). After further adjustment for BMI,
systolic blood pressure, family history of diabetes, smoking status, and alcohol intake, the
association between type 2 diabetes risk and cardiorespiratory fitness was attenuated but re-
mained significant (1.0, 0.78, 0.63, and 0.56, respectively; for trend, P � 0.001).

CONCLUSIONS — These results indicate that a low cardiorespiratory fitness level is an
important risk factor for incidence of type 2 diabetes among Japanese men.
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A 1997 survey conducted by the Jap-
anese government’s Ministry of
Health, Labor and Welfare reported

the estimated number of patients with
type 2 diabetes to be 6.9 million in Japan,
and it is currently projected that the num-
ber of diabetic patients is dramatically in-
creasing (1). In view of the fact that
insulin secretion capacity is reported to be
genetically lower among the Japanese
than among Caucasians (2,3), Japanese
appear to be more prone to the develop-
ment of type 2 diabetes (4,5). With the
overall Japanese lifestyle becoming more
like the western lifestyle, a high-fat diet

and low physical activity (which are
known to be risk factors for the develop-
ment of type 2 diabetes) are becoming
more prevalent in Japan. Therefore, pre-
venting type 2 diabetes is an important
issue to be resolved. Because people who
have low cardiorespiratory fitness are
more likely to be insulin resistant (6), it is
reasonable to surmise that a lower cardio-
respiratory fitness level is a risk factor for
the development of type 2 diabetes.

To our knowledge, only two prospec-
tive cohort studies have examined the as-
sociation between cardiorespiratory
fitness and the risk of type 2 diabetes.

Both studies show an inverse relationship
between cardiorespiratory fitness and the
development of type 2 diabetes among
the western populations (7,8). However,
no such studies have been conducted in
the Japanese population. Thus, this study
was designed to prospectively determine
whether low cardiorespiratory fitness in
Japanese men is a risk factor for the devel-
opment of type 2 diabetes.

RESEARCH DESIGN AND
METHODS

Subjects
The subjects for this study were 5,984
male employees between 20 and 40 years
of age who had participated in an annual
health examination conducted at the To-
kyo Gas Company in 1985. Among these
men, 335 were excluded because they
were found at the health examination to
have at least one of the following: diabetes
(n � 102), cardiovascular disease includ-
ing hypertension (n � 228), tuberculosis
(n � 3), and gastrointestinal disease (n �
9). Also excluded were 904 other men
who did not perform and/or complete a
submaximal exercise test. These exclu-
sions left 4,745 men who were followed
until June 1999 to determine whether
they subsequently developed type 2
diabetes.

Clinical examination
The Industrial Safety and Health Law in
Japan requires the employer to conduct
annual health examinations of all employ-
ees, and employees are required by law to
participate. Height and weight were mea-
sured on a standard physician’s scale and
stadiometer, and BMI was calculated.
Blood pressure was measured by the aus-
cultatory method with a mercury sphyg-
momanometer; diastolic pressure was
recorded as the disappearance of sound.
Fasting blood glucose tests have been
adopted since 1988 in subjects 35 years of
age and those �40 years of age. A ques-
tionnaire was administered before the
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start of the submaximal exercise test to
assess smoking and alcohol intake.

Cardiorespiratory fitness test
Subjects underwent a submaximal exer-
cise test on a cycle ergometer to assess
cardiorespiratory fitness. The exercise test
consisted of three 4-min progressively in-
creasing exercise stages. The initial exer-
cise loads for subjects in the 20- to 29-,
30- to 39-, and 40- to 45-year age-groups
were 600, 525, and 450 kpm, respec-
tively. Heart rate was calculated from the
R-R interval on an electrocardiogram, and
85% of their age-predicted maximal heart
rate (220 � age [years]) was set as the
target heart rate. The exercise load was
increased by 225 kpm for each stage
among all age-groups until heart rates
during the course of the exercise reached
the target heart rate or until completion of
the third stage. Based on the exercise rate
during the last 1 min of the final stage
completed and the heart rate obtained
from the last 10 s of exercise, Vo2max was
estimated using Åstrand-Ryhming No-
mogram (9) and Åstrand’s Nomogram
correction factors (10).

Diagnosis of type 2 diabetes
The development of type 2 diabetes was
based on any one of the following three
diagnostic parameters. First, the serum
glucose levels exceeded 11.1 mmol/l (200
mg/dl) 2 h after an oral glucose tolerance
test, conducted in men with urinary glu-
cose detected at a follow-up annual health
examination. Second, the participants
themselves reported current therapy with
hypoglycemic medication (insulin or oral
hypoglycemic agent) when they were in-
terviewed at the subsequent health exam-
ination. Third, fasting blood glucose tests
have been adopted since 1988. The crite-
ria for fasting blood glucose levels for the

diagnosis of type 2 diabetes were based on
the American Diabetes Association’s diag-
nostic guidelines published in 1997 (11).

Subjects contributed person-years of
follow-up until the first of the following
events: development of diabetes (n �
280), death (n � 42), or completion of the
study (including 143 men lost to fol-
low-up because of retirement).

Statistical analysis
We categorized men into quartiles de-
pending on age-specific (20–24, 25–29,
30–34, 35–39, and 40–45 years) distri-
butions of estimated Vo2max. We used
Cox proportional hazards models (12) to
study the relationship between cardiore-
spiratory fitness and incidence of type 2
diabetes, adjusted for age, BMI, systolic

blood pressure, family history of diabetes,
smoking status (nonsmokers, 1–20 ciga-
rettes per day, or �21 cigarettes per day),
and alcohol intake (none, 1–45 g per day,
or �46 g per day). Relative risks (RRs) for
incidence of type 2 diabetes and 95% CI
were obtained by using the group with the
lowest estimated Vo2max as the reference
category. We tested proportionality as-
sumptions and found no evidence of vio-
lation. All statistical analyses were
conducted using SPSS 11.0J for Windows
(Chicago, IL).

RESULTS — During a 14-year fol-
low-up period that included 64,434 per-
son-years of observation, 280 men
developed type 2 diabetes. The average

Table 1—Baseline characteristics of men according to cardiorespiratory fitness levels (quartiles)

Characteristic All men Q1 (lowest) Q2 Q3 Q4 (highest) P

n 4,745 1,184 1,178 1,187 1,196
Vo2max (ml � kg�1 � min�1) 41.0 � 7.9 32.4 � 3.1 38.0 � 2.5 42.4 � 3.0 51.1 � 6.2 �0.001*
Age (years) 31.4 � 5.0 31.6 � 4.9 31.2 � 4.9 31.5 � 5.0 31.2 � 5.0 0.158*
BMI (kg/m2) 22.9 � 2.5 24.3 � 2.7 22.9 � 2.3 22.3 � 2.4 22.0 � 2.1 �0.001*
Systolic blood pressure (mmHg) 125.4 � 11.6 129.0 � 11.1 126.4 � 11.5 124.4 � 11.5 121.8 � 11.2 �0.001*
Diastolic blood pressure (mmHg) 72.7 � 9.0 75.7 � 8.8 73.1 � 8.8 72.0 � 9.0 70.1 � 8.4 �0.001*
Current smokers (%) 67.2 69.6 71.3 66.0 62.1 �0.001†
Current drinkers (%) 69.1 69.1 71.2 69.8 66.7 0.118†

Data are means � SD, unless otherwise specified. *ANOVA; †Kruskal-Wallis test.

Table 2—Adjusted RRs for incidence of type 2 diabetes by potential risk factors

Variable Participants RR* 95% CI P

BMI
1st tertile 1,578 1.00 (Referent) — —
2nd tertile 1,585 1.90 1.20–3.02 0.006
3rd tertile 1,582 4.60 3.01–7.02 �0.001

Age (single year) 4,745 1.07 1.04–1.10 �0.001
High blood pressure

�140/90 mmHg 4,194 1.00 (Referent) — —
�140/90 mmHg 551 1.73 1.31–2.28 �0.001

Family history
No 3,709 1.00 (Referent) — —
Yes 1,036 3.57 2.82–4.51 �0.001

Smoking status
None 1,555 1.00 (Referent) — —
1–20/day 1,829 1.22 0.91–1.63 0.185
�21/day 1,361 1.27 0.94–1.71 0.119

Alcohol intake
None 1,462 1.00 (Referent) — —
1–45 g/day 3,020 1.59 1.16–2.17 0.004
�46 g/day 263 1.68 1.03–2.76 0.039

*Adjusted for cardiorespiratory fitness level and all items in the table.
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age of subjects was 31.4 � 5.0 years at
baseline. Table 1 shows the physical char-
acteristics at the baseline of this study ac-
cording to cardiorespiratory fitness levels.
Men in the highest cardiorespiratory fit-
ness group had the lowest levels of BMI,
systolic blood pressure, and diastolic
blood pressure. The highest cardiorespi-
ratory fitness group also had the lowest
prevalence of current smoking.

Table 2 shows the relationship be-
tween potential risk factors estimated by
Cox proportional hazards model. Men in
the higher BMI groups had greater RRs for
type 2 diabetes than men in the lowest
BMI group. In addition, older age, high
blood pressure, a family history of diabe-
tes, and alcohol intake significantly in-
creased the risk of type 2 diabetes.

There were progressively lower age-
adjusted RRs of type 2 diabetes across car-
diorespiratory fitness levels (Table 3).
After further adjustment for BMI, systolic
blood pressure, family history of diabetes,
smoking status, and alcohol intake, there
remained an inverse association between
type 2 diabetes risk and cardiorespiratory
fitness (for trend, P � 0.001). Overall,
men in the highest fitness group had a
44% lower risk of type 2 diabetes when
compared with men in the lowest fit quar-
tile.

Cardiorespiratory fitness level was es-
timated from heart rate obtained during

the submaximal exercise test. The heart
rate obtained during the submaximal ex-
ercise test may be influenced by premea-
surement cigarette smoking (13), and
cigarette smoking is known to be an inde-
pendent risk factor for the development
of type 2 diabetes (14). Therefore, we in-
vestigated the RRs for developing type 2
diabetes by categorizing the subjects as
“smokers” or “nonsmokers.” Inverse asso-
ciations between cardiorespiratory fitness
and type 2 diabetes were observed in the
two smoking status groups (Table 4).

CONCLUSIONS — In this study, we
prospectively investigated the relation-
ship between cardiorespiratory fitness
level and the development of type 2 dia-
betes among Japanese, in whom obesity is
less common and insulin secretion capac-
ity smaller than that among Caucasians.
Our results show that low cardiorespira-
tory fitness was associated with higher
risk for the development of type 2 diabe-
tes in Japanese men, as has been shown in
Caucasian groups. To our knowledge,
only two prospective studies have been
conducted on the relationship between
cardiorespiratory fitness level and the in-
cidence of type 2 diabetes (7,8). Lynch et
al. (7) reported that Finnish men with a
higher cardiorespiratory fitness level,
measured using a bicycle ergometer, had

a significantly lower risk of developing
type 2 diabetes over the 4-year follow-up
period. In a study of U.S. men with the
study group consisting primarily of Cau-
casian men, Wei et al. (8) found a signif-
icant inverse relationship between
cardiorespiratory fitness (measured by
treadmill time) and the incidence of type
2 diabetes.

Although cardiorespiratory fitness is
a highly objective parameter, it is not
readily measured. Therefore, few studies
have investigated the relationship be-
tween cardiorespiratory fitness and the
incidence of type 2 diabetes. However,
several studies have examined the rela-
tionship between physical activity as de-
termined through questionnaire surveys
and the incidence of type 2 diabetes (15–
25). All of the studies of physical activity,
conducted primarily among Caucasians,
have reported an inverse relationship be-
tween physical activity level and the inci-
dence of type 2 diabetes. Only one study
on physical activity and type 2 diabetes in
a Japanese population has been reported,
and the investigators showed that leisure-
time physical activity contributes to the
prevention of type 2 diabetes even when it
is performed only one time per week (25).
There are plausible mechanisms that link
low cardiorespiratory fitness to risk of
type 2 diabetes; for example, individuals
with low cardiorespiratory fitness have

Table 3—RRs of incidence of type 2 diabetes according to cardiorespiratory fitness levels

Cardiorespiratory fitness levels, quartiles

P for trendQ1 (lowest) Q2 Q3 Q4 (highest)

n 1,184 1,178 1,187 1,196
Person-years of follow-up 15,730 16,038 16,252 16,415 —
Number of cases 128 72 47 33 —
Age-adjusted RR (95% CI) 1.00 (Referent) 0.56 (0.42–0.75) 0.35 (0.25–0.50) 0.25 (0.17–0.37) �0.001
Multivariate RR* (95% CI) 1.00 (Referent) 0.78 (0.58–1.05) 0.63 (0.45–0.89) 0.56 (0.37–0.84) 0.001

*Adjusted for age, BMI, systolic blood pressure, family history of diabetes, smoking status, and alcohol intake.

Table 4—RRs of incidence of type 2 diabetes among smokers and nonsmokers according to cardiorespiratory fitness levels

Cardiorespiratory fitness levels, quartiles

P for trendQ1 (lowest) Q2 Q3 Q4 (highest)

Smokers (n) 824 840 783 743
Multivariate RR* (95% CI) 1.00 0.70 (0.49–1.00) 0.67 (0.44–1.00) 0.58 (0.35–0.95) 0.012

Nonsmoker (n) 360 338 404 453
Multivariate RR† (95% CI) 1.00 1.02 (0.59–1.74) 0.56 (0.28–1.10) 0.53 (0.26–1.10) 0.036

*Adjusted for age, BMI systolic blood pressure, family history of diabetes, smoking status, and alcohol intake; †adjusted for age, BMI, systolic blood pressure, family
history of diabetes, and alcohol status.
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high insulin resistance. This was demon-
strated by Sato et al. (6), who showed that
there is a positive relationship between
the rate of glucose metabolism and
Vo2max. Additionally, Ivy and Kuo (26)
reported that individuals with lower car-
diorespiratory fitness levels have fewer
glucose transporters compared with those
more fit.

The laboratory measurement of car-
diorespiratory fitness is a strength of our
study, even with the submaximal exercise
protocol we used. Previous studies assess-
ing the estimated precision of the nomo-
gram used in this study have shown that
the measured values of Vo2max are closely
correlated with the estimated values with
our protocol (27). In addition, we used
values obtained in oral glucose tolerance
tests and fasting blood glucose levels as
objective measures of the study outcome,
type 2 diabetes. Another strength is that
this was a prospective cohort study in a
Japanese population; previous studies
investigating the relationship between
cardiorespiratory fitness and the develop-
ment of type 2 diabetes were limited to
Caucasian populations. The incidence of
type 2 diabetes differs among ethnic pop-
ulations, and the association may also be
different in various ethnic groups.

Several limitations of this study need
to be discussed. The subjects are not rep-
resentative of the entire Japanese popula-
tion but were men employed in a large
metropolitan company. In addition, we
excluded men without a submaximal ex-
ercise test at baseline. However, this limits
the generalizability of the study but not its
validity. Another limitation is that cardio-
respiratory fitness was based on data ob-
tained at the baseline examination, and
possible changes in cardiorespiratory fit-
ness level were not taken into account
during the follow-up period. However,
not accounting for changes would only
dilute the true association between phys-
ical fitness and the risk of developing di-
abetes. Further research will be necessary
to investigate the relationship between
changes in cardiorespiratory fitness and
the development of type 2 diabetes.

In conclusion, our results showed a
strong inverse relationship between car-
diorespiratory fitness and the develop-
ment of type 2 diabetes. This relationship
was independent of age, BMI, family his-
tory of type 2 diabetes, alcohol intake,
and smoking status. We conclude that
maintaining a high cardiorespiratory fit-

ness level may contribute to the preven-
tion of type 2 diabetes.
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