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

Characteristic All men Q, (lowest) Q. Qs Q, (highest) P

n 4,745 1,184 1,178 1,187 1,196

V0y oy (ml* kg™' +min™h) 41.0 =79 324 %31 38.0 £ 2.5 424 +30 51.1 =62 <0.001*
Age (years) 314 %*5.0 31.6 £ 49 312 £49 315 =50 31250 0.158%
BMI (kg/m?) 229x25 243 *£27 229*+23 223*24 220* 2.1 <0.001*
Systolic blood pressure (mmHg) 1254 £ 11.6 129.0 £ 11.1 1264 £ 11.5 1244 =115 121.8 £ 11.2 <0.001*
Diastolic blood pressure (mmHg) 72790 75.7 £ 88 73.1 =88 720 %290 70.1 =84 <0.001*
Current smokers (%) 67.2 69.6 71.3 66.0 62.1 <0.0017%
Current drinkers (%) 69.1 69.1 71.2 69.8 66.7 0.1187

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

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-Rinterval 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

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 Vo, ., 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 Vo, .., 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 2—Adjusted RRs for incidence of type 2 diabetes by potential risk factors

- Variable Participants RR* 95% CI P
from the last 10 s of exercise, V05, Was
estimated using Astrand-Ryhming No- BMI
mogram (9) and Astrand’s Nomogram 1st tertile 1,578 1.00 (Referent) — —
correction factors (10). 2nd tertile 1,585 1.90 1.20-3.02 0.006

31d tertile 1,582 4.60 3.01-7.02 <0.001

Diagnosis of type 2 diabetes Age (single year) 4,745 1.07 1.04-1.10 <0.001
The development of type 2 diabetes was High blood pressure
based on any one of the following three <140/90 mmHg 4,194 1.00 (Referent) — —
diagnostic parameters. First, the serum =140/90 mmHg 551 1.73 1.31-2.28 <0.001
glucose levels exceeded 11.1 mmol/l (200  Family history
mg/dl) 2 h after an oral glucose tolerance No 3,709 1.00 (Referent) —_ —
test, conducted in men with urinary glu- Yes 1,036 3.57 2.82-4.51 <0.001
cose detected at a follow-up annual health ~ Smoking status
examination. Second, the participants None 1,555 1.00 (Referent) — —
themselves reported current therapy with 1-20/day 1,829 1.22 0.91-1.63 0.185
hypoglycemic medication (insulin or oral =21/day 1,361 1.27 0.94-1.71 0.119
hypoglycemic agent) when they were in-  Alcohol intake
terviewed at the subsequent health exam- None 1,462 1.00 (Referent) — —
ination. Third, fasting blood glucose tests 1-45 g/day 3,020 1.59 1.16-2.17 0.004
have been adopted since 1988. The crite- =46 g/day 263 1.68 1.03-2.76 0.039
ria for fasting blood glucose levels for the  *Adjusted for cardiorespiratory fitness level and all items in the table.
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Table 3—RRs of incidence of type 2 diabetes according to cardiorespiratory fitness levels

Cardiorespiratory fitness levels, quartiles

Q, (lowest) Q, Q, Q. (highest) P for trend
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% CID 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.

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

Cardiorespiratory fitness levels, quartiles

Q, (lowest) Q, Qs Q. (highest) P for trend
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 RRT (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; Tadjusted 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
VOomax- 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 Vo, 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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Long-Term Trends in Cardiorespiratory
Filness and the Incidence of Type 2
Diabetes
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OBJECTIVE — Whereas single assessments of cardiorespiratory fitness have been shown to
predict lower incidence of type 2 diabetes, there are no data on long-term trends in fitness and
risk. We investigated the relationship between long-term trends in fitness and the incidence of
type 2 diabetes.

RESEARCH DESIGN AND METHODS — A cohort of 4,187 Japanese men free of
diabetes completed annual health checkups and fitness tests for estimated maximal oxygen
uptalke at least four times over 7 years (1979-1985). We modeled the trend in fitness over 7 years
for each man using simple linear regression. Men were then divided into quartiles based on the
regression coefficient (slope) from the model. During the follow-up period (1985-1999), 274
men developed diabetes. Hazard ratios (HRs) and 95% Cls for the incidence of diabetes were
obtained using the Cox proportional hazards model.

RESULTS — Men in the lowest quartile of the distribution decreased in fitness over the 7 years
(median slope —1.25 ml/kg/min), whereas men in the highest quartile increased in fitness
(median slope 1.33 mV/kg/min). With adjustment for age, initial finess level, BMI, systolic blood
pressure, cigarette smoking, alcohol intake, and a family history of diabetes and use of the lowest
quartile, the HRs (95% CI) for the second through fourth quartiles were 0.64 (0.46-0.89), 0.40
(0.27-0.58), and 0.33 (0.21-0.50), respectively (P, enq < 0.001).

CONCLUSIONS — These results indicate that the long-term trend in fitness is a strong
predictor of the incidence of type 2 diabetes in Japanese men.

Diabetes Care 33:1353-1357, 2010

ype 2 diabetes is a global problem

ity is one of the primary causes of type 2
with devastating human, social, and

diabetes (2,3). Previous cohort studies

economic impact. Today >240 mil-

lion people worldwide are living with di-

abetes. Each year another 7 million

people develop diabetes. Thus, the pre-

vention of type 2 diabetes is an important
public health priority (1).

Itis well known that physical inactiv-

also have shown a strong inverse relation-
ship between cardiorespiratory fitness
and the incidence of type 2 diabetes (4—
7). However, these studies considered
only once or twice measures of fitness
level at baseline as the exposure. There are
no data on long-term trends in activity or
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fitness as they relate to the risk of devel-
oping type 2 diabetes. Several random-
ized controlled trials of lifestyle, including
physical activity, healthful diet, and
weight reduction, in relation to type 2 di-
abetes over a period of years, have shown
that such lifestyle changes decrease the
incidence of developing type 2 diabetes
among individuals with impaired glucose
tolerance (8-10). No data are available
from individuals at usual risk. This study
was thus designed to investigate the rela-
tionship between long-term trends in fit-
ness and the incidence of type 2 diabetes
using a cohort study design among non-
diabetic Japanese men.

RESEARCH DESIGN AND
PAETHODS — Participants were em-
ployees of the Tokyo Gas Company that
supplies natural gas to the Tokyo area. All
employees received annual health check-
ups and completed a health questionnaire
in accordance with the Industrial Safety
and Health Law. Employees are required
by law to participate.

The participants for this study were
5,984 male employees who had partici-
pated in an annual health checkup and
annual submaximal exercise tests in
1985. Among these men, 335 were ex-
cluded because they were found at the
health checkup to have at least one of the
following: diabetes (n = 102), cardiovas-
cular disease including hypertension (n =
228), tuberculosis (n = 3), or gastrointes-
tinal disease (n = 9). For the present
study, we also required participants to
have at least four submaximal exercise
tests in the previous 7 years (1979-
1985). This excluded 1,462 men, leaving
4,187 men, who were followed until June
1999 for the development of type 2
diabetes.

Cardiorespiratory fitness test

Participants underwent a submaximal ex-
ercise test on a cycle ergometer to assess
fitness. This test consisted of two to three
progressively increasing 4-min exercise
stages. The initial exercise loads were 600,
525, and 450 kilopond meter/min for
participants aged 20-29, 30-39, and
4049 years, respectively. Heart rate was

care.diabetesjournals.org
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P value
<0.001
<0.001

Quartile 4
1,046
1.33(0.73-6.19)
32.0*49

Quartile 3
1,046
0.32 (0.04-0.73)
326+42

Quartile 2
1,048
—0.40 (—0.77 to —0.04)
32240

314 %40

Quartile 1
1,047
~1.25(—6.41t0 —0.77)

All men
4,187
~0.04 (—6.41 10 6.19)
32.0x43

(ml/kg/min)
Age (years)

Table 1—Baseline characteristics by cardiorespiratory fitness trend

Median regression coefficient or slope
Initial cardiorespiratory fitness (1979),

Characteristic

n

Long-term trends in fitness and diabetes

<0.001
0.237

36363
0.020

229*25

381+56
23.0x26

40.5*55

453+ 6.7
229 +25

40.0 £6.9

predicted Vo, (mi/kg/min)

BMI (kg/m?)

23125
1259 %118

23.0x25
1255 117

1245 *11.7

1256 £ 11.9

1258 + 113

Systolic blood pressure (mmHg)

0.004
0.003

722+ 88

73.6 £ 8.8

729 *8.9 729+93

729 £ 8.9

Diastolic blood pressure (mmHg)

Current smokers (%)
Current drinkers (%)

63.5

67.5

713

70.1

68.1

0.178
0.083

69.0

73.0

714

71.2

71.1

217

25.1

21.9 252

235

Family history of diabetes (%)

Data represent median (range), mean *5D, or %.

calculated from the R-R interval on an
electrocardiogram, and 85% of the age-
predicted maximal heart rate (220 — age
[years]) was set as the target heart rate.
The exercise load was increased by 225
kilopond meter/min for each stage among
all age-groups, until heart rates during the
course of the exercise reached the target
heart rate or until the completion of the
third stage. Maximal oxygen uptake
{VOsmax) Was estimated using the
Astrand-Ryhming nomogram (11) and
the Astrand age correction factors (12).

First, we used a simple linear regres-
sion of Vo, against time to assess the
individual regression coefficient (slope)
of fitness over 7 years. Next, all partici-
pants were divided into quartiles based
on the slope from their individual model.
Initial fitness levels in 1979 were esti-
mated using the regression line.

Diagnosis of type 2 diabetes

The annual health checkup included
measurement of height, body weight, and
blood pressure and a urinary glucose test.
Fasting plasma glucose tests have been
used since 1988.

During 1985-1999, participants
were followed for the development of
type 2 diabetes, which was based on any
one of the following three diagnostic pa-
rameters: 1) plasma glucose levels ex-
ceeded 11.1 mmol/l (200 mg/dD) 2 h after
an oral glucose tolerance test, conducted
in men with urinary glucose detected at a
follow-up annual health checkup, 2) par-
ticipants themselves reported current
therapy with hypoglycemic medication
(insulin or oral hypoglycemic agent)
when they were interviewed at their
health checkup, or 3) fasting plasma glu-
cose levels were >7.0 mmol/l (126

mg/dl).

Statistical analysis

We first compared baseline characteris-
tics of participants according to quartiles
of the fitness trend using one-way
ANOVA for continuous variables and a ¥
test for categorical variables as appropri-
ate. We used Cox proportional hazards
models to estimate the hazard ratios
(HRs) of the incidence of type 2 diabetes.
We adjusted for age, initial fitness level
(continuous Vo), BMI (continuous
variable), systolic blood pressure (contin-
uous variable), cigarette smoking (non-
smokers, 1-20 cigarettes/day, and =21
cigarettes/day), alcohol intake (none,
1-45 g/day, and =46 g/day), and a family
history of diabetes (present or not) in a
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Table 2—Adjusted HR for incidence of type 2 diabetes by potential risk factors at baseline

(1985)
Plrend
Variable Participants HR (95% CI) P value value
Age (years)
22-30 1,614 (38.5) 1.00 (referent) —_
31-35 1,497 (35.8) 1.20(0.89-1.62) 0.241 0.018
36-40 1,076 25.7) 1.45 (1.06~1.99) 0.019
Initial (1979) cardiorespiratory
fitness (ml/kg/min)
<35.0 961 (23.0) 1.00 (referent) —
35.0-39.9 1,213 (29.0) 0.88 (0.66-1.18) 0.386 0.003
40.0-44.9 1,083 (25.9) 0.72 (0.50-1.02) 0.065
=45.0 930 (22.2) 0.50(0.31-0.81) 0.005
BMI (kg/m?)
<21.0 949 (22.7) 1.00 (referent) —
21.0-229 1,299 (31.0) 1.45 (0.84-2.48) 0.180 <0.001
23.0-24.9 1,125 26.9) 2.52(1.51-4.20) <0.001
=25.0 814 (19.4) 5.34(3.23-8.82)  <0.001
Systolic blood pressure
(mmHg)
<120 1,209 (25.4) 1.00 (referent) —
120-129 1,317 (26.2) 1.32 (0.92-1.90) 0.135 0.001
130-139 1,248 22.7) 1.30 (0.91-1.86) 0.149
=140 413 (25.7) 2.17 (1.46-3.23) <0.001
Cigarette smoking
None 1,336 31.9) 1.00 (referent) —
1-20/day 1,609 (38.4) 1.20(0.89-1.61) 0.224 0.151
=21/day 1,242 29.7) 1.25 (0.92-1.69) 0.150
Alcohol intake
None 1,209 (28.9) 1.00 (referent) —
1-45 g/day 2,731 (65.2) 1.64 (1.20-2.24) 0.002 0.008
=46 g/day 247 (5.9) 1.59 (0.96-2.62) 0.071
Family history of diabetes
No 3,204 (76.5) 1.00 (referent) —
Yes 983 (23.5) 3.26 (2.57-4.14) <0.001

Data are n (%) unless otherwise noted. *Adjusted for all items in the table.

multivariate model. A family history of di-
abetes was defined as the known presence
of family members with diabetes in any of
three generations, as determined by self-
report on the health questionnaire. The
proportionality assumption of the model
was tested using a log-minus-log plot; no
evidence of violation was found. All anal-

yses were performed using SPSS 15.0J for
Windows (SPSS, Chicago, IL).

RESULTS — The mean age of the par-
ticipants was 32.0 years (range 22-40
years) at baseline. The mean = SD num-
ber of fitness tests during 7 years was
6.0 = 0.96. The time between the first

Sawada and Associates

and last fitness test in each single individ-
ual was 6.5 * 0.73 years. The median
follow-up time was 14 years, with a total
of 56,749 man-years of observation. Dur-
ing follow-up, 274 participants devel-
oped type 2 diabetes. There were 42
deaths, and 143 participants were lost to
follow-up due to retirement.

Table 1 shows the baseline character-
istics of men in each fitness trend quartile.
Men in the lowest fitness trend quartile
(quartile 1) decreased their average
VO3 max from 45.3 to 36.6 ml/kg/min (me-
dian slope —1.25 ml/kg/min) between
1979 and 1985, whereas men in the high-
est fitness trend quartile (quartile 4) in-
creased their average V0,,,,, from 36.3 to
45.6 ml/kg/min (median slope 1.33 mV/
kg/min) over the same time. There was an
inverse relationship across categories
with regard to initial fitness levels. The
men in the lowest fitness trend quartile
had the highest level of fitness in 1979,
whereas those in the highest fitness trend
quartile had the lowest level of fitness.
The men in the highest quartile were
more likely to have lower systolic and di-
astolic blood pressure and a lower rate of
smoking compared with those in the low-
est quartile.

Table 2 shows the relationship be-
tween potential risk factors and type 2 di-
abetes risk. Men with higher initial fitness
had lower HRs for type 2 diabetes than
men in the lower initial fitness group. In
addition, older age, high BMI, high sys-
tolic blood pressure, alcohol intake, and a
family history of diabetes all significantly
increased the risk of type 2 diabetes.

Table 3 shows the HRs for type 2 di-
abetes by fitness trend quartiles, with the
lowest quartile used as the referent. There
were progressively lower age-adjusted
HRs of type 2 diabetes across fitness trend
quartiles. After further adjustment for ini-
tial fitness level, BMI, systolic blood pres-
sure, cigarette smoking, alcohol intake,
and a family history of diabetes, there re-

Table 3—HRs of incidence of type 2 diabetes, according to quartiles of cardiorespiratory fitness trend

Man-years of No. cases Age-adjusted HR Multivariate HR
Variable Slope (ml/kg/min) Participants follow-up diabetes (95% CI) 95% CI)*
Quartile 1 —-125(-641t0 —0.77) 1,047 14,114 75 1.00 (referent) 1.00 (referent)
Quartile 2 —0.40 (—0.77 1o —0.04) 1,048 14,152 82 1.03 (0.75-1.41) 0.64 (0.46-0.89)
Quartile 3 0.32 (0.04-0.73) 1,046 14212 64 0.77 (0.55-1.07) 0.40 (0.27-0.58)
Quartile 4 1.33 (0.73-6.19) 1,046 14,271 53 0.65 (0.46-0.93) 0.33 (0.21-0.50)

Pirena = 0.005

Pong < 0.001

tren

Data are means (range) unless otherwise indicated. "Adjusted for age, initial cardiorespiratory fitness level, BMI, systolic blood pressure, cigarette smoking, alcohol

intake, and a family history of diabetes.
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121

1.0

0.8

0.6

Hazard ratio

0.4

02

0.0

>35.0

Initial cardiorespiratory fitness (ml/kg/min)

10.0

Hazard ratio

35.0-39.9 40.0-44.9 45,

O Quartile 1 (median slope, -1.25)
Quartile 2 (median slope, -0.40)
0O Quartile 3 (median slope, 0.32)
B Quartile 4 (median slope, 1.33)

<21.0

21.0-229 23.0-24.9
Body mass index (kg/m2)

Figure 1—HRs for incidence of type 2 diabetes associated with quartiles of cardiorespiratory
fitness trend, among men categorized by initial (1979) cardiorespiratory fitness level (top) or
baseline (1985) BMI (bottom). HRs were adjusted for age, systolic blood pressure, cigarette
smoking, alcohol intake, a family history of diabetes, and BMI (top) or initial cardiorespiratory

fitness level (bottom).

mained a strong inverse association. be-
tween type 2 diabetes risk and fitness
trend quartiles (Pyeng < 0.001). Men in
the highest quartile of fitness trend had an
~70% lower risk of developing type 2
diabetes compared with men in the lowest
quartile.

We next investigated the HRs of type
2 diabetes associated with quartiles of fit-
ness trend, among men classified accord-
ing to their initial fitness levels in 1979.
(Fig. 1). The inverse gradient for diabetes
across long-term trends in fithess catego-
ries was generally observed for all levels of
fitness in 1979, except for men in the
highest category of initial fitness (=45.0
ml/kg/min). We also investigated the HRs
of type 2 diabetes among men with differ-
ent levels of BMI at baseline (1985).
Again, there generally was an inverse gra-
dient for diabetes risk across long-term
trends in fitness categories for all BMI cat-
egories except the lowest.

CONCLUSIONS — In this study, we
prospectively investigated the relation-
ship between long-term trends in fitness
and the incidence of type 2 diabetes in
nondiabetic Japanese men. There was a
strong inverse relationship between long-
term trends in fitness and the incidence of
type 2 diabetes, with men increasing their
fitness over a 7-year period having lower
risks than men with decreasing fitness
over the same span.

The observed association is biologi-
cally plausible, because physical activity
or fitness is a strong independent predic-
tor of lower type 2 diabetes incidence
rates (2,3). Physical activity or fitness may
prevent and delay type 2 diabetes by im-
proving glucose levels, reducing adipos-
ity, increasing muscle mass and the
GLUT4 in muscle tissues, and reducing
insulin resistance (13,14).

The major strength of this study is the
objective measurement of fitness, re-

peated over time. Fitness, an objective
marker of daily physical activity, is a
stronger predictor of morbidity or mortal-
ity than self-reported physical activity
(15). Teréaslinna et al. investigated the re-
lationship, among 31 subjects, between
measured Vo, and estimated Vo,
using the Astrand-Ryhming nomogram
and correction factors used in the present
study, obtaining a correlation coefficient
0f0.92 (16). Furthermore, we used values
obtained in oral glucose tolerance tests or
fasting blood glucose levels as objective
measures of the study outcome, type 2
diabetes. }

Individuals at high risk of type 2 dia-
betes, such as those with impaired glu-
cose tolerance or obesity, have been
studied in randomized controlled trials of
lifestyle, including physical activity and
type 2 diabetes (8~10). However, there
are no data in low-risk populations. In
addition, most of the data have been in
Caucasian subjects. Type 2 diabetes is a
global problem; thus, data are needed not
only in high-risk populations but also in
low-risk populations and in other racial/
ethnic groups.

One limitation of the present study is
that subjects may not be representative of
the entire Japanese population and
women were not included. Nonetheless,
this study provides important and valid
information on Japanese male workers.
Another limitation is that possible
changes in fitness levels were taken into
account between 1979 and 1985 but not
during the follow-up period, 1985-1999.
However, not accounting for changes
during the latter period would probably
dilute the true association between fitness
and the risk of developing diabetes.

In conclusion, this cohort study
showed a strong inverse relationship be-
tween long-term trends in fitness and the
development of type 2 diabetes in Japa-
nese men. This relationship was indepen-
dent of age, initial fitness level, BMI,
systolic blood pressure, cigarette smok-
ing, alcohol intake, and a family history of
diabetes. Thus, regular physical activity,
which is associated with an increase or
preservation of fitness, should be pro-
moted by health professionals, because it
decreases the risk of type 2 diabetes, in
addition to decreasing the risks of many
chronic diseases (17).
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ABSTRACT

SAWADA, 8. 8., T. MUTO, H. TANAKA, I-M. LEE, R. S. PAFFENBARGER, JR., M, SHINDO, and S. N. BLAIR. Cardiorespiratory
Fitness and Cancer Mortality in Japanese Men: A Prospective Study. Med. Sci. Sports Exerc., Vol. 35, No. 9, pp. 15461550, 2003.
Purpose: Limited data are available on the relationship between cardiorespiratory fitness and cancer mortality. We evaluated the
cardiorespivatory fitness and risk of cancer mortality in Japanese men Methods: A total of 9039 men (19-59 yr) who were given a
submaximal exercise test and a health examination between 1982 and 1988 and were followed for mortality up to 1999, Cardiore-
spiratory fitness was measured using a cycle ergometer-test, and maximal oxygen uptake was estimated. Results: The mean follow-up
period was slightly more than 16 yr, producing a total of 148,491 person-years of observation. There were 231 deaths, with 123 deaths due
to cancer. Rglative risk (RR) and 95% confidence interval (95%CI) for cancer mortality were obtained using the Cox propottional hazards
model. Taking into consideration age, systolic blood pressure, body mass index, smoking habit, and alcohol habit and using the lowest physical
fitness group as the reference, the RR (95% CI) for increasing quartiles of fitness were 0.75(0.48—1.16), 0.43(0.25-0.74) and 0.41(0.23-0.74);
P <0.001 fot trend. Cnnclnsion: Low cardiorespiratory fitness is associated with cancer mortality in Japanese men. Key Words: ALCOHOL

DRINKING, COHORT STUDY, EPIDEMIOLOGY, MAXIMAL OXYGEN UPTAKE, SMOKING

he rate of cancer mortality by organ varies largely
from country to country. For example, the most com-
mon types of fatal cancers for U.S. males are lung
cancer, prostate cancer, and colon cancer (16). For Japanese
men, the most common fatal cancers are stomach cancer,
lung cancer, and liver cancer (16). It is thought that such
differences are caused by differences in genetic factors, as
well as differences in the environment and lifestyle.
Numerous epidemiological studies have been undertaken
since 1980 to examine the link between physical activity and
cancer, with many showing an inverse gradient between
physical activity and cancer mortality (11-12,19). Such
results carry an important message for public health, be-
cause they suggest that physical activity may reduce the risk
of cancer, a leading cause of death in many countries.
However, most of these studies involved Western popula-
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tions; relatively few involved Asians. Additionally, most
studies investigated physical activity. There have been only
four studies in which cardiorespiratory fitness, an objective
index of physical activity, was examined, and the subjects in
all four studies were from Western countries, three of which
were from the same cobort (1,5,10,14). Thus, to provide
more information, we conducted a prospective study of
healthy Japanese males, to examine whether low cardiore-
spiratory fitness may be a risk factor for cancer mortality in
this population.

METHODS

Subjects. Personnel working at the Tokyo Gas Com-
pany, which provides and sells gas in metropolitan Tokyo,
were enrolled in the present study. The number of personnel
in the Tokyo Gas Company was 12,899 (female: 921 and
male: 11,978) at the end of March 1982 when the study was
instituted. The ratio of blue-collar to white-collar workers
was approximately 6:4. v

Subjects included in the present study were 9039 healthy
male (19-59 yr) workers (exclusion criteria are described
below) who participated in periodic health examination and
submaximal exercise test during a 7-yr period from 1982 to
1988. Female workers were excluded because of the small
number.
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Clinical examination. All subjects received annual

health examinations in accordance with the Industrial Safety -

and Health Law. The health examinations included a mea-
surement of height, body weight, visual acuity, and blood
pressure; a chest x-ray; and a urinary protein and glucose
test. Height and weight were measured on a standard phy-
sician’s scale, and body mass index was calculated (weight
in kilograms divided by the square of height in meters).
Blood pressure was measured by the auscultatory method
with a mercury sphygmomanometer, diastolic pressure be-

ing recorded as the disappearance of sound. Persons who

were diagnosed as having cancer, cardmvascular disease,
diabetes mellitus, gastrointestinal disease, and tuberculosis
based on the health examination (N = 1162) were excluded
from the present study to prevent the influence of these
diseases and medication use on the assessment of cardiore-
spiratory fitness. A submaximal exercise test was. performed
on a different day from the routine health exannnatmn In
addition, the subjects were given an interview on the day of
submaximal exercise test to check for the presence or ab-
sence of asthma, liver disease, kxdney disease, bone frac-
tures, torsional deformity of the lumbar spine, lower back
pain, and neuralgia. If the subjects had any one of these
conditions, they also were excluded from the test (N =
1777). A self-administered questionnaire was conducted
before the start of the submaximal exercise test to asseqs 1he
individual’s smoking habit and alcohol hab1t; '
derwent an exercise test on a cycle eroomelerf ‘he
test consisted of two to three 4-min progressively i i creasmg
exercise stages. The initial loads for subjects :
30-39, 40-49, and 50-59 yr of age wexe‘é() kpm 5525,
kpm, 450 kpm, and 375 kpm respecﬁvely '

age [years]) was set as the target: heart rate The Ioad was
mcreased by 225 kpm for each stage among all age: ‘croups,

target heart rate or untﬂ the complenon of the
Based on the work rate obtained from the las
final stage and heart rate obtained from the ls
imal oxygen uptake (VO,,,,,) was estimated using Astrand-
Rhyming Nomogram (3) and Astrand’s Nomogram correc-
tion factors (2).

Mortality surveillance. We followed the cohort for
mortality to June 30, 1999. The mean follow-up period was

slightly more than 16 yr (range: 15-205 months), and the
total follow-up experience for the cohort was 148,491 per-
son-years of observation. A total of 231 deaths, with 123
due to cancer, were identified in the cohort during follow-
up. This included deaths from lung cancer (31 cases), stom-
ach cancer (22 cases), liver cancer (16 cases), colon cancer
(8 cases), esophagus cancer (7 cases), and rectum cancer (6

~cases). The proportions of site-specific cancer mortality

were similar to those among Japanese men in a survey
conducted by Japan’s Ministry of Health (9). We ascer-
tained mortality in two ways. Death occurring during em-
ployment at the Tokyo Gas Company was available from the
company (N = 124). For those who died after retirement,
death was identified based on a members list kept by Tokyo
Gas Retiree Office (V = 107). Individuals retired from the
company have access to a variety of welfare services for a
minimal membership fee, paying this membership fee to the
secretariat every year. Because the Office collects this an-
nual fee from members every year, the secretariat has con-
tact annually with the member. This allows proper fol-
low-up of every person. Furthermore, to ascertain causes of

- death among members, when a member dies, the secretariat

talks to the next of kin to determine the cause of death. This
was the list employed in this study to identify causes of
death. Based on this information, the underlying cause of
death was classified according to the International Classi-
fication of Diseases, Tenth Revision. Persons who had sur-
vived until the end of the study had follow-up time censored
at the termination of the study (June 30, 1999); 311 persons
(3.4%) who did not belong to the Tokyo Gas Retiree Office
had follow up time censored at the time they retired from
Tokyo Gas Company.

Data analysis. Data obtained from the first submaximal
exercise test during the 7-yr study period provided informa-
tion on baseline levels of cardiorespiratory fitness. We cat-
egorized men into fourths depending on age-specific (19—
29, 30-39, 40-49, and 50-59 yr of age) distributions of
estimated VO,,,.... We used Cox proportional hazards mod-
els to study the relationship between cardiorespiratory fit-
ness and cancer mortality, adjusted for age, systolic blood
pressure, body mass index, smoking habit (nonsmoker, 1-19
cigarettes-d !, 20 or more cigarettes-d 1), and alcohol habit
(none, 1-45 gd™!, = 46 gd™') (6). Relative risks for
cancer mortality with the 95% confidence intervals were
obtained by using the group with the lowest estimated

TABLE 1. Baseline characteristics of survivors and deéedentsg _‘1,3,‘8‘2-_88

Cancer
Survwnrs Desedents Decedenis
Characteristic f (N - 8808) {{ = 231) (V=123
Age (yr) B3O 458 (9.2t . 46.4 (8.3)7
V0, (kg™ mm*‘) 37.1(6:9) 33.3 (6.67 32.8 {5.6)t
Body mass index (kgm™2) 22.7 (2.5) 22.7(2.8) 22.9(2.8)
Systolic blood pressure {mm Hg) - faas (g 1251 (12.8) 1237 (127
Diastolic blood pressure (mm Hg) - 134 (10.8) 77.1 (10.0)f 765 (10.4)t
Gurrent smokers (%) s - 635 89.3 715
Gurrent drinkers (%) L o o 723 740

VOQmax: maximal oxygen uptake.
* Data are given as means (SD) except where noted.
+ P < 0.05 for the comparison with the survivors by #test.

CARDIORESPIRATORY FITNESS AND CANCER MORTALITY

Medicine & Science in Sports & Exercises 1547

-1100-



TABLE 2. Baseline characteristics of men.according to cardiorespiratory fitness levels {quartiles), 1982-88.*

0, (Lowest) Q, a, 0, (Highest)
Characleristic (N = 2473) {N = 2309) (M = 2197) (N = 2060) P

V0,a (MLkg="min=1) 29.8(33) 35.0(2.8) 389 (3.0) 45.9(5.5)

Age (1) 36.8 (8. 9) 36.0{9.3) 36.0 (9.1) 35.2(9.7) < 0.001
Bady mass index (kgm~3) 24.1 (26 22.8(2.3) 22022 715(22) < 0.001
Systolic blood pressure (mm Hg) 127.0 (12 0) 124.8 (11.8) 1232 (12.0) 1217 (12.0) < 0,001
Diastolic blood pressure (mm Hg) 76.1 (10.3) 74.0(10.7) 724 (10.6) 70.9 (10.9) < 0.001
Gurrent smokers (%) 64.0 64.9 64.2 61.3 0.072
Gurrent drinkers (%) 734 73.8 714 725 0.287

V0, Maximal oxygen uptake,
* Data are glven as means (8D} excep: where noted.

VOs,max @S the reference category. We tested proportionality
assumptions and found no evidence of violation. We used a
X test for categorical comparisons of the data. Differences
in the means of continuous measurements were tested by
t-test and analysis of variance. The Statistical Package for
the Social Science (version 10.0 J) was used for statistical
analysis (SPSS, Inc., Chigagb,’& 1L). All probability values
provided are from two-sided tests, and values of P < 0.05
were c0n31dered stanstmaﬂy 31gmﬁcant

RESULTS

Table 1 shows basehne chalactensucs of survivors, de-
cedents and men Who died of cancer. Survwors were
younger than decedents and had hlghe: levels of cardiore-
spiratory fitness. Dlastohc blood pressure was lower among
SUIVIvors. e

Table 2 shows basehne ch "‘ractenstzcs of individuals ac-
cording to cardxomsplratory fitness Icyels, Men who were
more fit tended to have better clinical risk factor profiles,
but there was little dlfference m smokmg or dﬂnkmg habits
across fitness levels. ;

Table 3 shows the reiatwe_nsks for cancer mortality by
fitness levels, with the lowe: fitness level as the referent.
We observed an inverse dose—response trend across fitness
levels “for cancer mortahty After adjustma for potential
confounders, the group with the highest cardiorespiratory
fitness had a 59% lower risk of cancer mortality than the
group with the lowest cardiorespiratory fitness.

The level of cardiorespiratory fitness used in the present
study was assessed by VO, that was estlmated from heart
rates obtained during submaximal exercise. Heart rate dur-
ing exercise is reportedly influenced by cigarette smoking
before measurement (20). In this study, because VO, .,
was expected to decrease with increased heart rate as a result
of premeasurement smoking, relative risks for cancer death
also were calculated by dividing the subjects into those who

smoked and those who did not (Table 4). Former smokers
did demonstrate a higher risk of death from cancer than
never smokers, but not to a significant degree. Due to the
rather small margin of this difference, both former smokers
and never smokers were analyzed as part of the same group.

These analyses also snggest that a low cardiorespiratory
fitness is a risk factor for cancer death, irrespective of
simoking status.

“The fact that preexisting disease at basehne may decrease
VO, had to be considered to ameliorate this possible
influence on the relationship between low cardiorespiratory
fitness and cancer death. Therefore, we calculated relative
risks for cancer death using data obtained within 6 yr and
after 6 yr from the start of the study. Relative risks for
cancer mortality ‘within 6 yr and from 6 yr onward were
similar and did not differ substantially from the primary
analyses (datanot shown),

DlSCUSSION

The present study provides results similar to those in
studies conducted among Western populations, suggesting
that high cardiorespiratory fitness reduces the risk of cancer
mortality among the Japanese, where patterns of site-spe-
cific cancer mortality differ.

There have only been four reports from longitudinal in-
vestigations of the relationship between cardiorespiratory
fitness and cancer incidence or mortality. Arraiz et al. (1)
used the step test to assess cardiorespiratory fitness and
investigated the relationship between these results and can-
cer ‘mortality. These researchers noted a dose-response re-
lationship, in which the relative risk of cancer mortality was
progressively lower across cardiorespiratory fitness catego-
ries. None of the relative risks were statistically significant,
possibly due to the relatively short follow-up. Blair et al. (5)
investigated the relationship between a maximal treadmill
exercise test and all-cause mortality, cardiovascular disease

TABLE 3. Relative risks of cancer mortality, accordmg to cardmrespxratary fitness levels (quartiles), 1982-99.

GCardiorespiratory Fitness Levels {Quartiles)

0, {Lowest) a, 0, @, (Highest)

(N = 2473) {N = 2309) {N = 2197} (N = 2060) P for Trend
No. of caneer deaths 50 36 20 17
Age-adjusted cancer death rate (10,000 person-years) 124 94 55 5.0
Age-adjusted RR (95% Cl) 1.00 0.78 (0.51-1.21) 0.46 (0.28-0.78) 0.44 (0.25-0.78) <0.001
Multivariate RR™ {95% ClI) 1.00 0.75 {0.48-1.16) 0.43(0.25-0.74) 0.41(0.23-0.74) <0.001

RR, relative risk; Cl, confidence interval.
* Adjusted for age, BMI, systolic blood pressure, alcohol habit, smoking habit.
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TABLE 4. Relative risks of cancer mortality among smokers and non smokers, according to cardiorespiratory fitness fevels {quartiles), 1982~-99.

Cardiorespiratory Filness Leyels {Quartiles)

Q, {Lowest} a, 0 0, (Highest) P for Trend

Smokers (N 1582 (N = 1488) (N = 1411) (N = 1262)

Neo. of cancer deaths : 29 i 14 12

Age-adjusted cancer death rate 12 8 & i1.7 6.0 5.8

(10,000 person-years) ; N

Multivariate RR* (95% CI) 100 0.92 (0 55-1.53) 0.46 {0.24-0.87) 0.46 (0.23-0.93) 0.005
Never or former smokers (N = 891) (N 811) (N = 786) C (N = T798)

No. of cancer deaths 17 8 5

Age-adjusted death rate 124 i 9 4 55 5.0

{10,000 person-years)

Multivariate RRT {95% C) 100 0.41 (0.17-1.00) 0.38 (0.14-0.99) 0.31 (0.11-0.89) 0.017

RR, refative risk; Ci, canfidence interval.
* Adjusted for age, BMI, systolic blood pressure, afcohot habzt smokmg habnt
1 Adjusted for age, BMI, systolic blood pressure, alcohol habnt ks

mortality, and cancer mortality, and reﬁpor?te'd a Si’gniﬁcan‘t
inverse gradient across fitness groups for all outcomes.
Moreover, Kampert et al. (10) verified the relationship be-
tween cardiorespiratory fitness and cancer mortality in this
cohort by expanding the total person-years of the study with
extended mortality surveillance, finding a strong and sig-
nificant inverse gradient for cancer death across fitness
categories. Oliveria et al. (14) investigated the relationship
between a maximal treadmill exercise test and the incidence
of prostate cancer, and reported a s1gmt1cant mverse: grach-«
ent by fitness levels. '

There are several possible mechamsms through,whmh
maintaining a high level of cardxorespmatory fitness may
aid cancer prevention. First, physical activity may inhibit
DNA oxidation and prevent cancer cell initiation (17),
despite the increase in free radicals that acCompaﬁies‘ an
increase in energy consumption caused by physical ac-

tivity. Second, cancer cell promotion may be inhibited by

immune functions (for example, NK cell activity) en-
hanced by cardiorespiratory fitness (15,21). Third, excess
secretion of insulin, a cancer cell promoter, may be
inhibited as a result of improved insulin sensitivity re-
sulting from physical activity (13). An increase in
GULT4, a glucose transporter, ‘has been attributed to
physical activity, with the possible effect of enhancing
insulin sensitivity (7). It also has been reported that
muscle contraction itself may be a stimulus for glucose
intake into skeletal muscles (8), which then suggests the
possibility that physical activity may correct hyperinsulinism,
thereby preventing cancer cell proliferation. Although the ex-
tent and type of the mechanisms involved in cancer prevention
need further identification and investigation, it appears that
various mechanisms may interact in a complex manner.

A strength of the present study is the objective measure-
‘ment of cardiorespiratory fitness. Previous reports on the

estimated accuracy of the Astrand-Rhyming Nomogram

used in the present study indicate a high correlation between
actual measurements and estimates of VOzmak r= 94)
(18). In comparison with the level of physical activity esti-
mated from questionnaire, cardiorespiratory fitness is more
objective (4,10) and thus may have less misclassification on

the exposure of interest. This study also involves large

sample of Japanese subjects, and no previous study has

CARDIORESPIRATORY FITNESS AND CANCER MORTALITY

examined cardiorespiratory fitness and cancer among
Asians. It is important to continne investigating cancers
where rates of mortality by organ differ significantly among
different nationalities and ethnic groups.

" This study has limitations due to the fact that the cause of
death was reported in an interview with the next of kin,
leading to a possible misclassification of the cause of death.
However, it is assumed that in most cases attending physi-
cians directly informed the next of kin of the cause of death;
therefore, this may not be a major limitation. We obtained
death certificates for a nonrandom sample on 117 of the

subjécts (50.6%) and found that in only five cases (4.3%)

did the cause of death given by the next of kin differ from
that shown on the death certificate. This study has also been
limited by the fact that we did not measure cancer incidence,
an additional factor that inhibited this study is the small
number of cases, which makes it impossible to analyze the
cancers according to their developed sites. Subjects also
were employees of a single, urban company and may not be
representative of Japanese in general.

Although many studies have shown that certain kinds of
food may reduce risk of cancer mortality {22), we did not
have information on diet at baseline; thus, we cannot rule
out the possibility of confounding between diet and cardio-
respiratory fitness. It is possible that those who maintain a
high level of cardiorespiratory fitness might have had more
healthy diet habits than low-fit persons. Therefore, the re-
sults of present study might have been overestimated. Car-
diorespiratory fitness was based on data obtained at the
baseline examination, and possible changes in cardiorespi-
ratory fitness level were not taken into account during the
follow-up period. Further research will be necessary to
investigate the relationship between changes in cardiorespi-
ratory fitness and cancer morality.

In conclusion, the present study indicates that low car-
diorespiratory fitness is associated with cancer mortality in
Japanese men. ‘
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Physical activity, cardiorespiratory fitness and
the incidence of type 2 diabetes in a prospective

study of men

John C Sieverdes,! Xuemei Sui," Duck-chul Lee," Timothy S Church,2 Amanda McClain,’

Gregory A Hand,' Steven N Blair'3

ABSTRACT

Objective To assess the independent and joint
associations between self-reported physical activity
{PA) and objectively measured cardiorespiratory fitness
(CRF) from a maximal treadmill exercise test and the
development of type 2 diabetes mellitus in a large cohort
of men.

Methods Participants for the current analysis were
23 444 men aged 20--85 years free of cardiovascular
disease (CVD), cancer or diabetes at baseline. Incident
diabetes were identified from mail-back surveys. Cox
regression analysis was used to estimate hazard ratios
{HRs), 95% confidence intervals (Cls) and diabetes
incidence rates (per 10 000 man-years) according to
exposure categories.

Results During an average of 18 years of follow-up,
589 incident cases of diabetes were identified. After
adjusting for age, examination year, survey response
pattern, body mass index, smoking, drinking, fasting
glucose, chronic diseases and family history of CVD

or diabetes, the walking/jogging/running {WJR) and
sport/fitness groups had a 40% and 28% lower risk

of developing diabetes compared with the sedentary
men, respectively (both p < 0.05). For CRF, diabetes
incidence rates were 31.9, 14.5 and 6.5 for low-,
moderate- and high-fitness groups, respectively. After
adjustment for the above covariables, moderate and
high CRF had a 38% and 63% lower risk of developing
diabetes compared with the low CRF group (p
trend<0.0001).

Conclusion Our findings showed a lower risk of
developing diabetes for men who participated in a WJR
programme or sport/fitness activity, compared with
those who were sedentary. Higher levels of fitness were
associated with an inverse gradient of incident diabetes.

Type 2 diabetes is a major public health prob-
lem. The American Diabetes Association (ADA)
reported in 2006 that 9.3% of the US population
have diabetes, where 2.8% were undiagnosed.!
The 2007 estimated direct and indirect cost of
diabetes in the US was $178 billion in medical
expenses, lost productivity and disability. People
with diagnosed diabetes have medical expendi-
tures that are approximately 2.3 times higher per
year than those without.? Mounting evidence has
suggested that physical activity (PA) or cardiore-
spiratory fitness (CRF) has protective influences
on hyperglycaemia® and incident diabetes.?-'7
The significance of the evidence has led several
organisations, including the American Heart
Association, the ADA and the US Department of
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Health and Human Services to include PA in their
recommendations and guidelines.!®1?

Studies have shown that participation in PA
produces multiple health benefits and is inversely
associated with incident diabetes.* 7124 This is
inclusive for all activity levels from moderate’ to
vigorous (eg, brisk walking to running)” While
most studies have been based on self-reported PA,
self-reported measures correlate only modestly
with objective measures obtained using criterion
methods.2-24 Thus, the true effects of PA on dia-
betes may not have been fully captured. To over-
come the shortcomings of previous studies, we
need to examine not only the self-reported PA but
also objective exposures such as CRE.?? % CRF, an
objective reproducible measure that reflects the
functional consequences of recent PA habits, dis-
ease and genetics,?0 may have different effects on
the incidence of diabetes.

Previous studies have reported an inverse asso-
ciation between the fitness level and incident
diabetes.® # 8 10 15-17 However, very few prospec-
tive epidemiological studies have simultaneously
examined both CRF and PA and incident diabetes
in adults.’6?” Because CRF and PA are correlated
only modestly, more studies are needed to exam-
ine the interaction of PA and CRF on incident
diabetes to explain these protective influences.
Therefore, we set forth to assess the independent
and joint associations between PA and CRF and
the development of type 2 diabetes mellitus in
a large cohort of men from the Aerobics Center
Longitudinal Study (ACLS).

METHODS

Participants

The ACLS is a prospective epidemiological study
of the health effects of PA and fitness. Data
were obtained from a population of patients at
the Cooper Clinic, a preventive medicine clinic
in Dallas, Texas, USA. Participants came to the
clinicforperiodic preventive health examinations
and for counselling regarding diet, exercise and
other lifestyle factors associated with increased
risk of chronic disease. Participants thus were
volunteers, were not paid and were not recruited
specifically to the study, as would be the case for
a clinical trial. Many were sent by their employ-
ers for the examination, some were referred by
their physicians, and others were self-referred.
Participants for the current analysis were 23 444
men aged 20-85 years who completed a clini-
cal examination during 1970-2003 and had no
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history of known cardiovascular disease (CVD) or cancer.
They also reported no physician diagnosis of diabetes, were
not taking insulin and had a fasting blood glucose of <126
mg/dl at baseline. The men were predominantly white, well
educated and from middle to upper socio-econormic strata.
All participants provided written consent to participate in
the examination and in the follow-up research. The study
protocol was reviewed and approved annually by the Cooper
Institute Institutional Review Board.

Clinical examination

The comprehensive health evaluation was completed fol-
lowing a minimum 12 h fast and has been described in detail
elsewhere.?® 2 Briefly, information pertaining to personal
and family health histories, personal health habits and demo-
graphic information was obtained from standardised medical
history questionnaires. Body mass index (BMI) was calcu-
lated from measured height and weight as kg/m?. Resting
blood pressure was recorded as the first and fifth Korotkoff
sounds using auscultation methods.3? An antecubital venous
blood sample was obtained, and plasma concentrations of
lipids and glucose were determined with standardised auto-
mated bioassays at the Cooper Clinic Laboratory, which par-
ticipated in and met quality control criteria of the Centers
for Disease Control and Prevention Lipid Standardization
Program. Hypertension was defined as a resting blood pressure
of 140/90 mm Hg or greater, or a history of physician diagno-
sis. Hypercholesterolaemia was defined as a total cholesterol
of 240 mg/d! or greater. Personal history of CVD (myocardial
infarction or stroke), information on smoking habits (never,
former or current smoker), alcohol intake (drinks per week),
family (from parents and siblings, ie, first-degree relatives)
history of CVD or diabetes, and PA habits (sedentary, walk-
ing/jogging/running (WJR) and sport/fitness activity) were
obtained from a standardised questionnaire.

Physical activity

PA status was categorised into three mutually exclusive
groups according to the usual type of PA reported in the
last 3 months.3! 32 Sedentary individuals were those partici-
pants who answered ‘no’ to all activity questions (walking,
jogging, running, bicycling, swimming, racquet sports and
other strenuous sports). WJR participants were those who
answered ‘yes’ to the question, ‘Have you participated in a
walk/jog/run programme in the last 3 months?’; and ‘no’ to
the other activities. Sport/fitness activity participants were
those who answered ‘no’ to the walk/jog/run question, but
‘yes’ to a series of questions about participation in racquet
sports, cycling, swimming, or other strenuous sports (foot-
ball, basketball, softball, etc).

Cardiorespiratory fitness

We assessed CRF with a symptom-limited maximal treadmill
exercise test using a modified Balke protocol.?833 The treadmill
test began with the patient walking 88 m/min at 0% grade. At
the end of the first minute, the elevation was increased to 2%
and thereafter increased 1% per minute until the 25th minute.
For those who were able to continue past 25 min, the tread-
mill speed was increased by 5.4 m/min for each min after the
25th. Exercise duration on this protocol is highly correlated
with measured maximal oxygen uptake in men (r=0.92).34 The
test end point was volitional exhaustion or termination by the
supervising physician. Maximal metabolic equivalents (METs,
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1 MET=8.5 ml O, uptake/kg/min) were estimated from the
final treadmill speed and grade.® Previous ACLS reports have
shown that low CRF is an independent predictor of mortal-
ity and non-fatal disease.!?282° We defined low, moderate and
high CRF exposures according to the lowest 20%, the next
40% and the upper 40%, respectively, of the age-specific dis-
tribution of treadmill duration in the overall ACLS popula-
tion.!> We used the above approach to maintain consistency
in our study methods and because a widely accepted clinical
categorisation of CRF does not exist.

Morbidity surveillance

The incidence of diabetes was ascertained from responses to
mail-back health surveys in 1982, 1986, 1990, 1999 and 2004.
The aggregate survey response rate across all survey periods in
the ACLS is = 65%. Non-response bias is a concern in epidemi-
ological studies. This issue has been investigated in the ACLS36
and found not to present a major source of bias. Baseline health
histories and clinical measures were similar between respond-
ers and non-responders, and between early and late respond-
ers.® The end point was defined as a participant report of
a physician diagnosis of diabetes and has been described in
detail elsewhere.® 153 We previously verified the accuracy
of self-reported, physician-diagnosed diabetes in this cohort
and observed a 92% agreement between reported events and
medical record review.!> Our methods of case ascertainment
are similar to those used in other established epidemiologi-
cal studies on diabetes.’6 3% 3% Though we cannot verify that
the participants had type 2 rather than type 1 diabetes due to
the self-report nature, based on the current literature, >90% of
adults with diabetes are estimated to have type 2 diabetes.*?

Statistical analysis

Baseline characteristics of the population were estimated by
PA and CREF categories. Differences in covariates were tested
using ANOVA tests for continuous variables and x?2 tests for
categorical variables. Cox proportional hazards regression
analysis was used to estimate hazard ratios (HRs), 95% con-
fidence intervals (CIs) and diabetes incidence rates (per 10 000
man-years) according to exposure categories. Multivariable
analyses included controls for baseline measures: age (in years),
BMI (kg/m?), smoking status (never, former or current smoker),
alcohol intake (drinks per week), fasting glucose (mg/dl), medi-
cal conditions (the presence or absence, separately measured, of
hypertension or hypercholesterolaemia) and family history of
CVD or diabetes (present or not for each). We also constructed
indicator variables (yes/no) for each survey period to account
for differences in survey response patterns in order to reduce
the influence of ascertainment bias.’” 4 To standardise for
surveillance period and length of follow-up, we entered these
variables, as well as the year of the baseline examination, into
our analyses as covariables. Cumulative hazard plots grouped
by exposure suggested no appreciable violations of the pro-
portional hazards assumption. Next, we examined the joint
effects of PA (sedentary, WJR and sport/fitness) and CRF (low,
moderate and high) on incident diabetes. For this analysis, we
created nine activity—fitness combination categories. We com-
pared the effect of each combination of activity and fitness
status (sedentary-low; sedentary—-moderate; sedentary-high;
WJR~low; WJR-moderate; WJR-high; sport/fitness—low; sport/
fitness—moderate; and sport/fitness—high) with the referent
group (sedentary—low). Finally, we conducted Cox regression
analyses of CRF stratified by baseline glucose levels (fasting
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glucose <100 mg/dl and 100-125 mg/dl) to assess whether the
associations were stronger in particular subgroups. All p values
were calculated assuming two-sided alternative hypotheses;
p values <0.05 were taken to indicate statistically significant
comparisons. All analyses were performed using SAS statisti-
cal software, version 9.1 (SAS, Cary, North Carolina).

RESULTS

Tables 1 and 2 show the baseline characteristics of the par-
ticipants by PA and CREF, respectively. In table 1, sedentary
men in general had a lower fitness and higher BMI, were more
likely to be current smokers, and had more unfavourable lipid
profiles and CVD risk factors, such as hypercholesterolaemia
or high blood pressure, than those in the W]R or Sport/Fitness
groups. In table 2, participants with lower CRF values tended
to be younger, were less active and were more likely to have
hypercholesterolaemia or hypertension.

During an average 18 years of follow-up and 424 336 man-
years of observation, 589 incident cases of diabetes were iden-
tified. Table 3 shows the relative risk of diabetes across PA
and CRF groups. The incidence rates were 20.1, 9.6 and 12.4
across the sedentary, WJR and sport/fitness groups, respec-
tively. After adjusting for age, examination year and survey
response pattern, the WJR and sport/fitness groups had a 56%
and 40% lower risk of developing diabetes compared with the
sedentary men, respectively (both p<0.05). Further adjusting
for BMI, smoking, drinking, fasting glucose, hypercholestero-
laemia, hypertension and family history of diabetes or CVD
did not change the associations significantly. After additional
adjusting for CRE, the WJR group remained at a lower risk of
diabetes than the sedentary group. The sport/fitness group
was no longer significantly different from the sedentary group,
but still showed a 19% reduction in diabetes risk.

For CREF, diabetes incidence rates were 31.9, 14.5 and 6.5
across low, moderate and high-fitness groups. This presented
an inverse gradient of incident diabetes across the incremental
CREF groups (p trend <0.0001). After adjustment for the cova-
riables in Model 2, the moderate and high CRF groups had
a 38% and 63% lower risk of developing diabetes compared
with the low CREF group (p trend <0.0001). Additional adjust-
ing for PA did not change the inverse association between CRF
and diabetes.

Next, we examined the joint associations of PA (seden-
tary, WJR and sport/fitness activity) and CRF (low, moderate
and high) on the risk of diabetes (figure 1). The results show
the age- and examination year-adjusted diabetes incidence
rates per 10 000 man-years among the nine activity—fitness
combination categories. The lowest event-rate was the cate-
gory consisting of high CRF and the sport/fitness PA group.
Sedentary and low-fitness men had more than a sixfold higher
risk of diabetes compared with high-fitness men who partic-
ipated in sports/fitness activities. The adjusted incident rate
was inversely related to CRF within each of the PA groups (all
p trend <0.0001). There was no association between WJR or
sport/fitness activity group and outcome within any of the fit-
ness groups, compared with the sedentary men (all p>0.05).

Finally, we examined the influence of baseline fasting glu-
cose on the association between fitness and diabetes risk
(figure 2). There was an inverse gradient for the risk of dia-
betes across levels of fitness in normal glucose (<100 mg/dl)
(Prreng=0.008) and impaired fasting glucose (IFG: 100-125 mg/
dl) (peng<0.001) groups. Among men with normal glucose,
risk was lower in the moderate- (HR 0.53 (95% CI 0.33 to
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0.84)) and high- (HR 0.45 (95% CI 0.26 to 0.81)) CRF groups.
In individuals with IFG, risk was lower in both the moderate-
(HR 0.70 (95% CI 0.58 to 0.92)) and high- (HR 0.43 (95% CI
0.29 to 0.63)) CRF groups.

DISCUSSION

Our primary findings indicate that both CRF and PA are
inversely associated with the risk of developing diabetes. The
inverse association between fitness and incident diabetes was
strong, even after adjustment for PA. We also found that doing
any PA, including walking/jogging/running, or any sport-
related fitness activity, is protective. Our findings confirm pre-
vious reports that both CRF and PA are independent factors
for diabetes in men.!® We previously reported that low fitness
is a risk factor for diabetes in men.® #? Since the ACLS concur-
rently measured objective fitness and self-reported subjective
PA, this allowed us to evaluate these exposures separately and
jointly.

Our findings are also consistent with other large epidemi-
ological studies that examined CRF and diabetes risk.% 152739
Sawada et al reported in a cohort study of 4747 Japanese men,
aged 2040 at baseline, in which 280 developed type 2 diabe-
tes. An inverse association of incident type 2 diabetes (p trend
<0.001) was shown across incremental quartiles of CRE.%
Lynch et al studied 897 middle-aged Finnish men, aged 42-60,
in a 4-year prospective study. Forty-six cases of diabetes were
identified from 2 h postload glucose concentrations. CRF was
assessed by respiratory gas exchange on a maximal bicycle
ergometry test. They reported that those in the lowest quar-
tile compared with the highest quartile had a fivefold higher
risk of diabetes after adjustment for confounding factors.?
Overall, these studies, including our own, show a strong
inverse association between CRF and diabetes incidence.

Previous studies, including the Alumni of the University
of Pennsylvania Study, the Nurses’ Health Study, the US
Physicians’ Health Study, the British Regional Heart Study and
the Population Sample from Northeast Finland, have all shown
an inverse association between moderate or high intensity
PA and the risk of type 2 diabetes.S 1 One exception is with
the Japanese study by Okada et alll where 444 of the 6013
Japanese men developed type 2 diabetes. This may be attrib-
uted to the fact that they were studying leisure-time activity
on the weekends instead of more frequent bouts throughout
the week. Even so, men who engaged in PA at least once a week
had a 25% lower risk of developing diabetes compared with
those who exercised less often. More bouts of exercise during
the weekend reduced the risk further.!! In our study, the WJR
and sports groups were not differentiated by intensity, and the
risk of type 2 diabetes was similar in the two groups. In the
US Physicians Health Study, 21 271 men aged 40-84 were fol-
lowed for 5 years. Men who exercised vigorously at least once
aweek had a 29% lower risk of diabetes compared with those
who exercised less than once a week. Our findings correlate
with previous findings that participation in PA has a protective
effect on developing type 2 diabetes.

It is true that engaging in PA will influence CRF to improve
health.*® Therefore, looking at both PA and CRF together needs
attention. Data on joint associations of PA and CRF on diabe-
tes are scant.!® Lynch et al. reported that PA and CRF indepen-
dently protected people from developing diabetes when they
performed 40 min or more of PA at or above 5.5 METS.% In the
Canadian Physical Activity Longitudinal Study (PALS), 709
men and 834 women were followed for about 15 years. They
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