
Abstract

Aim/hypothesis. Leisure-time physical activity can re-
duce the risk of Type 2 diabetes, but the potential ef-
fect of different types of physical activity is still un-
certain. This study is to examine the relationship of
occupational, commuting and leisure-time physical
activity with the incidence of Type 2 diabetes.
Methods. We prospectively followed 6898 Finnish
men and 7392 women of 35 to 64 years of age without
a history of stroke, coronary heart disease, or diabetes
at baseline. Hazards ratios of incidence of Type 2 dia-
betes were estimated by levels of occupational, com-
muting, and leisure-time physical activity.
Results. During a mean follow-up of 12 years, there
were 373 incident cases of Type 2 diabetes. In both
men and women combined, the hazards ratios of dia-
betes associated with light, moderate and active work
were 1.00, 0.70 and 0.74 (p=0.020 for trend) after ad-

justment for confounding factors (age, study year, sex,
systolic blood pressure, smoking, education, the two
other types of physical activity and BMI). The multi-
variate-adjusted hazards ratios of diabetes with none,
1 to 29, and more than 30 min of walking or cycling
to and from work were 1.00, 0.96, and 0.64 (p=0.048
for trend). The multivariate-adjusted hazards ratios of
diabetes for low, moderate, high levels of leisure-time
physical activity were 1.00, 0.67, and 0.61 (p=0.001
for trend); after additional adjustment for BMI, the
hazards ratio was no longer significant.
Conclusions/interpretation. Moderate and high occu-
pational, commuting or leisure-time physical activity
independently and significantly reduces risk of Type 2
diabetes among the middle-aged general population.
[Diabetologia (2003) 46:322–329]
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of Type 2 diabetes [2, 3, 4, 5, 6, 7, 8, 9, 10, 11]. Two
of these studies also found that the inverse association
between walking and the risk of Type 2 diabetes was
similar to that between vigorous leisure-time physical
activity and diabetes [9, 11]. It is not clear whether oc-
cupational physical activity is also related to a reduced
incidence of Type 2 diabetes. Daily commuting physi-
cal activity on foot or by bicycle as a single physical
activity component has traditionally been one of the
major forms of physical activity in some countries,
such as Finland, Denmark, Netherlands and China,
where many people walk or ride a bicycle to and from
work [12, 13, 14, 15]. A few studies have suggested
that daily cycling or walking to and from work is re-
lated to fewer cardiovascular risk factors [16, 17, 18,

Physical activity has been advocated as one of the
most important modifiable factors in the primary pre-
vention of Type 2 diabetes [1]. A number of prospec-
tive studies have described that higher level of leisure-
time physical activity is associated with a reduced risk



doing some physical activity more than 4 h a week, e.g. walk-
ing, cycling, light gardening, fishing, hunting, but excluding
travel to work; (iii) ‘high’ was performing vigorous physical
activity more than 3 h a week, e.g. running, jogging, skiing,
swimming, ball games, heavy gardening, or regular exercise or
competitive sports several times a week.

At the study site, specially trained nurses measured height,
weight, and blood pressure using a standardized protocol ac-
cording to the WHO MONICA project [23]. Blood pressure
was measured from the right arm of the participant who was
seated for 5 min before the measurement and used a standard
sphygmomanometer. Body weight of the subjects wearing usu-
al light clothing without shoes was measured (±0.1 kg). Height
was measured to the nearest 0.5 cm. Body mass index was cal-
culated as weight (kg) divided by the square of the height (m).
Obesity was defined as a BMI greater than 30.0 kg/m2.

Diagnosis of diabetes. We ascertained incident cases of diabe-
tes from the National Hospital Discharge Register and the Na-
tional Social Insurance Institution’s Register. The National
Hospital Discharge Register data were linked to the risk factor
survey data with the unique identification numbers assigned to
every resident of Finland. Antidiabetic drugs prescribed by a
physician are free of charge in Finland subject to approval of a
physician who reviews each case history. The physician con-
firms the diagnosis of diabetes on the basis of the World
Health Organization criteria [28]. All patients receiving free
medication (either oral antidiabetic agents or insulin) are en-
tered into a register maintained by the Social Insurance Institu-
tion. The National Hospital Discharge Register has reported
the codes for Type 1 and Type 2 diabetes in Finland since
1987. Follow-up of each participant in our present analysis
continued through the end of 1998 or until death. All new
cases identified during the follow-up of this cohort had Type 2
diabetes.

Statistical analyses. SPSS for Windows 10.1 was used for sta-
tistical analysis. Differences in risk factors between groups
with different levels of physical activity were tested using uni-
variate analysis of variance (ANOVA) after adjustment for age
and study year. Logistic regression was used to compare differ-
ences in age- and study-year-adjusted prevalence of obesity
and current smoking for activity groups.

The Cox proportional hazards model was used to estimate
the effect of physical activity on the risk of Type 2 diabetes in-
cidence. All analyses were adjusted for the following covari-
ate: age, study year, education, systolic blood pressure, smok-
ing, the other two types of physical activity, BMI, and for sex
when analyses included both sexes combined. To further assess
whether the effect differed between the sexes, we analysed the
first levels of interaction between physical activity and sex for
the risk of Type 2 diabetes. To examine the combined effect of
all three types of activity level, we also estimated the multivar-
iate-adjusted hazard ratios for the development of Type 2 dia-
betes by joint classifications of all three types of activity. A 
p value of less than 0.05 was considered to be statistically sig-
nificant.

Results

There were 373 cases of Type 2 diabetes identified
during a mean follow up period of 12 years. The ma-
jor risk factors adjusted for age and study year are
shown according to each level of occupational, com-
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19, 20, 21], and reduces all-cause mortality [13]. Al-
though many studies in western cultures indirectly
measure commuting physical activity when asking
about the frequency and duration of walking or cy-
cling, no study addresses commuting physical activity
as a single physical activity component in relation to
the risk of Type 2 diabetes. The aim of this study is to
examine whether occupation, commuting, or leisure-
time physical activity is independently associated with
reduced risk of Type 2 diabetes in a prospective co-
hort study.

Subjects and methods

Subjects. We carried out baseline surveys in two eastern Finn-
ish provinces, North Karelia and Kuopio, and in the Turku-
Loimaa region in southwestern Finland in 1982, 1987 and
1992. The survey was expanded to the Helsinki capital area in
1992. These surveys were conducted according to the ethical
rules of the National Public Health Institute. The investigations
were carried out in accordance with the Declaration of Helsinki.
In the three surveys, the sample included subjects who were 25
to 64 years of age. The 1982, 1987 and 1992 cohorts were com-
bined in this analysis. The original random sample was strati-
fied by sex and four equally large 10-year age groups (25–34,
35–44, 45–54, and 55–64) according to the WHO MONICA
protocol [22, 23] and consisted of 21 630 subjects. The partici-
pation rate varied by year from 74% to 88% [24]. Our analysis
includes participants of 35 to 64 years of age (16 670 samples)
due to the very few cases of Type 2 diabetes in subjects aged
25–34 years during the follow-up. The final sample comprised
6898 men and 7392 women excluding subjects diagnosed with
coronary heart disease or stroke (n=590), subjects with known
diabetes (n=435) at baseline, and subjects with incomplete data
on all required factors or on physical activity (n=1355).

Measurements. A self-administered questionnaire was sent to
the participants to be completed at home. The questionnaire in-
cluded questions on medical history, socioeconomic factors,
physical activity and smoking habits. Education level, mea-
sured as the total number of school years, was divided into
birth cohort specific tertiles. The participants were classified
into two smoking categories: current smokers and non-
smokers.

Physical activity included occupational, commuting, and
leisure-time physical activity. A detailed description of the
questions is presented elsewhere [25, 26], and questions con-
structed and evaluated previously [27]. The subjects reported
their occupational physical activity according to the following
three categories: (i) ‘light’ was physically very easy, sitting of-
fice work, e.g. secretary; (ii) ‘moderate’ was work including
standing and walking, e.g. store assistant; (iii) ‘active’ was
work including walking and lifting, or heavy manual labor, e.g.
industrial work, farm work. The subjects were asked whether
they walked, rode a bicycle, or used motorized transportation
to and from work as well as the daily duration of this activity.
The daily commuting return journey was categorized into three
categories: (i) using motorized transportation, or no work
(0 min of walking or cycling); (ii) walking or bicycling 1 to
29 min; (iii) walking or bicycling for more than 30 min. Self
reported leisure-time physical activity was classified into three
categories: (i) ‘low’ was defined as almost completely inac-
tive, e.g. reading, watching TV, or doing some minor physical
activity but not of moderate or high level; (ii) ‘moderate’ was
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muting or leisure-time physical activity, respectively
(Table 1). In general, older persons were less likely to
walk or cycle to and from work or to be engaged in
higher level of occupational or leisure-time physical
activity. After adjustment for age and study year, both
commuting and leisure-time physical activity were
significantly and inversely associated with the mean
values of BMI, blood pressure, and the prevalence of
obesity and current smoking in both sexes. For occu-
pational activity, however, women who were physical-
ly active had the highest mean values of BMI, systolic
blood pressure, and prevalence of obesity than women
with light or moderate occupational activity.

We assessed the interaction between study year and
occupation, commuting and leisure-time physical ac-
tivity on the risk of Type 2 diabetes. Because no sig-
nificant interaction between study year and physical
activity was found, we pooled the data for all three
study years for further analysis. We also evaluated
whether the effect of physical activity on the risk of
Type 2 diabetes was different between men and wom-
en. Since the interaction between sex and physical ac-
tivity on the risk of Type 2 diabetes was not statistical-
ly significant, men and women were combined in
some analyses.

Table 1. Adjusted risk indicators for diabetes according to occupational, commuting, and leisure-time physical activity levels by
sex in Finlanda

Physical Participants, Age at Body Systolic Diastolic Education, Obesity, Current 
activity n baseline, mass blood blood y %b smoking,

y index, pressure, pressure, %
kg/m2 mm Hg mm Hg

Men
Occupational physical activity
Light 2688 50.9±8.8 27.0±3.9 143.1±19.4 88.2±11.6 10.2±4.5 20.3 31.8
Moderate 1563 46.5±7.9 26.9±3.7 142.5±18.4 87.6±11.8 10.1±3.7 18.1 23.6
Active 2647 47.5±8.0 26.9±3.6 143.4±18.2 87.2±11.6 7.8±2.2 17.8 33.6
p value for trend <0.001 >0.2 >0.2 0.012 <0.001 0.056 <0.001

Walking or cycling to and from work
0 min/day 3839 49.4±8.8 27.1±3.9 144.0±19.0 88.0±11.6 9.0±3.6 20.1 32.6
1–29 min/day 2070 46.7±7.8 26.8±3.5 141.8±18.0 87.3±11.5 9.6±4.0 18.1 28.0
≥30 min/day 989 49.4±8.1 26.4±3.6 142.4±18.8 87.0±11.8 9.5±3.7 15.6 28.6
p value for trend <0.001 <0.001 <0.001 0.016 <0.001 0.004 <0.001

Leisure-time physical activity
Low 1992 49.2±8.5 27.3±4.1 143.6±19.3 88.7±12.2 8.9±3.7 23.9 41.4
Moderate 3618 49.3±8.5 27.1±3.7 143.4±18.9 87.8±11.5 9.1±3.5 18.8 30.1
High 1288 46.0±8.0 26.1±3.1 141.4±17.0 85.9±10.8 10.4±4.0 11.1 15.4
p value for trend <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001

Women
Occupational physical activity
Light 3255 51.0±9.2 26.5±5.1 139.4±22.4 83.4±11.2 9.8±3.9 21.6 13.6
Moderate 2357 47.2±8.0 26.1±4.2 139.0±20.0 83.2±11.0 10.1±3.8 16.0 12.9
Active 1780 47.9±7.9 27.0±4.7 141.0±20.7 83.3±11.1 8.4±2.6 24.2 12.9
p value for trend <0.001 <0.001 0.002 >0.2 <0.001 <0.001 >0.2

Walking or cycling to and from work
0 min/day 3170 51.2±9.2 27.1±5.1 140.9±22.1 83.6±11.1 9.1±3.6 25.2 13.1
1–29 min/day 2430 47.0±7.8 26.2±4.4 138.8±20.2 83.3±11.2 10.0±3.7 17.6 14.1
≥30 min/day 1792 48.1±8.1 26.0±4.3 138.6±20.5 83.0±11.0 9.8±3.5 15.8 12.4
p value for trend <0.001 <0.001 <0.001 0.144 <0.001 <0.001 >0.2

Leisure-time physical activity
Low 2539 49.8±8.7 27.5±5.5 140.1±21.7 84.1±11.4 9.3±3.7 27.3 18.2
Moderate 3912 49.3±8.6 26.2±4.4 140.0±21.5 83.3±10.9 9.6±3.5 18.1 11.2
High 941 46.4±8.4 25.5±3.6 137.1±18.9 81.3±10.5 10.2±3.9 11.4 8.4
p value for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

a Age and study year were adjusted; the values are means ± SD or percentages
b Obesity was defined as BMI ≥30.0 kg/m2
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Occupational physical activity and risk of Type 2 dia-
betes. Table 2 shows the adjusted Cox hazards models
of the risk of Type 2 diabetes for different levels of
occupational physical activity for men, women and
both sexes combined. Multivariate-adjusted (age,
study year, systolic blood pressure, smoking, and edu-
cation) relative risks of Type 2 diabetes decreased sig-
nificantly with increasing occupational activity for
both sexes. The hazard ratios associated with light,
moderate and active work for risk of diabetes were
1.00, 0.63, 0.64 for men (p=0.012 for trend), and 1.00,
0.59, 0.77 for women (p=0.045 for trend), respective-
ly. After further adjustment for commuting and lei-
sure-time physical activity, this inverse association
was still significant among men (p=0.033 for trend)
but no longer significant among women. When both
men and women were combined, occupational activity
remained significantly and inversely associated with
diabetes incidence after adjustment for sex and multi-
variate risk factors (p<0.001 for trend), additional ad-
justment for commuting and leisure-time physical ac-
tivity (p=0.008), and further adjustment for BMI (the
hazard ratios associated with light, moderate and ac-
tive work were 1.00, 0.70 and 0.74, respectively,
p=0.020 for trend).

Commuting physical activity and risk of Type 2 diabe-
tes. An increase in daily time spent on walking or cy-
cling to and from work was significantly and inversely
associated with multivariate-adjusted relative risk of

Type 2 diabetes in both sexes (p=0.052 for trend in
men, p=0.003 for trend in women) (Table 3). The in-
verse relation did not appreciably change after adjust-
ment for both occupational and leisure-time physical
activity among women (p=0.025 for trend) but was no
longer significant among men. When both sexes were
combined, the inverse association also remained sig-
nificant after adjustment for sex, multivariate risk fac-
tors, occupational and leisure-time physical activity,
and BMI. The adjusted relative risks with 0, 1 to 29,
and more than 30 min of walking or cycling to and
from work were 1.00, 0.96, and 0.64, respectively
(p=0.048 for trend). The risk of diabetes was the low-
est among men and women who walked or cycled to
and from work over 30 min daily.

Leisure-time physical activity and risk of Type 2 
diabetes. The multivariate-adjusted relative risk of 
Type 2 diabetes decreased progressively with increas-
ing levels of leisure-time physical activity among men
(p=0.048 for trend) and women (p=0.006 for trend)
(Table 4). This inverse association was also significant
after further adjustment for occupational and commut-
ing physical activity, but became non-significant after
additional adjustment for BMI.

All three types of physical activity and risk of Type 2
diabetes. In multivariate analyses, we estimated inde-
pendent and joint effects of all three types of physical
activity on the risk of Type 2 diabetes (Fig. 1). We

Table 2. Relative risk of Type 2 diabetes according to different levels of occupational physical activity, with various forms of ad-
justmenta

Occupational No. of Person- Adjusted hazards ratios (95% confidence intervals)
physical activity new years

cases A B C D

Men
Light 97 29216 1.00 1.00 1.00 1.00
Moderate 32 18874 0.60 (0.40–0.91) 0.63 (0.42–0.96) 0.67 (0.44–1.02) 0.67 (0.44–1.01)
Active 71 32955 0.71 (0.52–0.97) 0.64 (0.46–0.89) 0.66 (0.47–0.93) 0.73 (0.52–1.02)
p value for trend 0.019 0.012 0.033 0.075

Women
Light 102 38034 1.00 1.00 1.00 1.00
Moderate 31 29310 0.56 (0.37–0.84) 0.59 (0.39–0.91) 0.67 (0.43–1.03) 0.72 (0.46–1.12)
Active 40 22740 0.88 (0.60–1.28) 0.77 (0.52–1.14) 0.85 (0.56–1.28) 0.78 (0.52–1.18)
p value for trend 0.021 0.045 0.191 0.267

Men and women combinedb

Light 199 67250 1.00 1.00 1.00 1.00
Moderate 63 48184 0.57 (0.43–0.76) 0.60 (0.45–0.81) 0.66 (0.49–0.90) 0.70 (0.52–0.96)
Active 111 55695 0.76 (0.60–0.97) 0.68 (0.53–0.87) 0.73 (0.56–0.94) 0.74 (0.57–0.95)
p value for trend 0.000 0.000 0.008 0.020

a A, adjusted for age, and study year; B, adjusted for age, study
year, systolic blood pressure, smoking status, and education; 
C, adjusted for age, study year, systolic blood pressure, smoking
status, education, and other two physical activity; D, adjusted

for age, study year, systolic blood pressure, smoking status, 
education, other two physical activity and BMI
b Adjusted also for sex
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Table 3. Relative risk of Type 2 diabetes according to different levels of walking or cycling to and from work (min/day), with vari-
ous forms of adjustmenta

Commuting physical No. of Person- Adjusted hazards ratios (95% confidence intervals)
activity new years

cases A B C D

Men
0 min 128 43923 1.00 1.00 1.00 1.00
1–29 min 52 24828 0.83 (0.60–1.15) 0.86 (0.61–1.21) 0.95 (0.67–1.34) 1.00 (0.71–1.42)
≥30 min 20 12294 0.55 (0.34–0.88) 0.56 (0.34–0.90) 0.65 (0.40–1.07) 0.75 (0.46–1.23)
p value for trend 0.036 0.052 0.232 0.501

Women
0 min 114 37633 1.00 1.00 1.00 1.00
1–29 min 41 29748 0.71 (0.49–1.02) 0.77 (0.52–1.14) 0.85 (0.56–1.28) 0.94 (0.63–1.42)
≥30 min 18 22704 0.35 (0.21–0.58) 0.42 (0.25–0.70) 0.49 (0.29–0.82) 0.57 (0.34–0.96)
p value for trend 0.000 0.003 0.025 0.105

Men and women combinedb

0 min 242 81556 1.00 1.00 1.00 1.00
1–29 min 93 54576 0.75 (0.59–0.96) 0.80 (0.62–1.03) 0.88 (0.68–1.15) 0.96 (0.74–1.25)
≥30 min 38 34998 0.42 (0.30–0.59) 0.47 (0.33–0.66) 0.54 (0.38–0.77) 0.64 (0.45–0.92)
p value for trend 0.000 0.000 0.003 0.048

Table 4. Relative risk of Type 2 diabetes according to different levels of leisure-time physical activity, with various forms of 
adjustmenta

Leisure-time No. of Person- Adjusted hazards ratios (95% confidence intervals)
physical activity new years

cases A B C D

Men
Low 80 23791 1.00 1.00 1.00 1.00
Moderate 97 42001 0.69 (0.51–0.93) 0.72 (0.53–0.98) 0.71 (0.53–0.97) 0.78 (0.57–1.06)
High 23 15254 0.53 (0.33–0.85) 0.62 (0.38–1.00) 0.62 (0.38–1.00) 0.84 (0.52–1.37)
p value for trend 0.008 0.048 0.047 0.282

Women
Low 93 32596 1.00 1.00 1.00 1.00
Moderate 69 46349 0.57 (0.42–0.79) 0.60 (0.43–0.84) 0.64 (0.46–0.89) 0.81 (0.58–1.15)
High 11 11138 0.49 (0.26–0.91) 0.54 (0.28–1.05) 0.58 (0.30–1.12) 0.85 (0.43–1.66)
p value for trend 0.001 0.006 0.016 0.49

Men and women combinedb

Low 173 56387 1.00 1.00 1.00 1.00
Moderate 166 88350 0.63 (0.50–0.78) 0.65 (0.52–0.82) 0.67 (0.53–0.84) 0.81 (0.64–1.02)
High 34 26392 0.52 (0.36–0.75) 0.59 (0.40–0.87) 0.61 (0.41–0.90) 0.84 (0.57–1.25)
p value for trend 0.000 0.000 0.001 0.186

a A, adjusted for age, and study year; B, adjusted for age, study
year, systolic blood pressure, smoking status, and education; 
C, adjusted for age, study year, systolic blood pressure, smoking
status, education, and other two physical activity; D, adjusted

for age, study year, systolic blood pressure, smoking status, 
education, other two physical activity and BMI
b Adjusted also for sex

a A, adjusted for age, and study year; B, adjusted for age, study
year, systolic blood pressure, smoking status, and education; 
C, adjusted for age, study year, systolic blood pressure, smoking
status, education, and other two physical activity; D, adjusted

for age, study year, systolic blood pressure, smoking status, 
education, other two physical activity and BMI
b Adjusted also for sex

dichotomized all three types of physical activity at
light versus moderate to high levels for occupational
and leisure-time physical activity, and at a threshold
of 30 min for commuting physical activity. In com-

parison with persons who reported light levels of oc-
cupational, commuting (<30 min) and leisure-time
physical activity, subjects who reported all three
types of moderate to high physical activity were at a
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62% decreased risk for developing Type 2 diabetes
(p<0.001 for trend). Using the same reference group,
subjects who reported two types of moderate to high
physical activity had 30% to 57% decreased risk and
subjects who reported only one type of moderate to
high physical activity had 22% to 27% decreased
risk. The group with light occupational and leisure-
time physical activity but over 30 minutes of com-
muting activity had a 85% reduced risk for diabetes,
which could be due to the small sample size in this
stratum (200 subjects) and only one case of incident
Type 2 diabetes.

Discussion

Our analysis addressed the association of physical ac-
tivity with the risk of Type 2 diabetes. Moderate or
vigorous activity at work, and moderate or high levels
of leisure-time physical activity were associated with
a reduced risk for Type 2 diabetes. Daily walking or
cycling to and from work for more than 30 min was
also significantly and inversely associated with risk of
Type 2 diabetes. These associations were independent
of age, systolic blood pressure, smoking, education,

the other two types of physical activity and BMI. Si-
multaneously doing two or three types of moderate or
high levels of occupational, commuting, and leisure-
time physical activity was independently and signifi-
cantly associated with lower risk of Type 2 diabetes
than doing only one type of moderate or high physical
activity.

We reported that moderate or vigorous occupation-
al activity was separately and significantly associated
with lower risk of diabetes among men and women af-
ter adjustment for commuting, leisure-time physical
activity and other known risk factors. If this finding
represents a causal relation, it is relevant to the pre-
vention of Type 2 diabetes among working people, be-
cause the increase in computerization and mechaniza-
tion has caused ever-increasing numbers of people to
be sedentary for most of their working time during the
last decades [29].

The association between walking or cycling to
work and diabetes risk was greatest in people doing
more than 30 min of the above activity, which sup-
ports the recommendation from Centers for Disease
Control and Prevention and the American College of
Sports Medicine [30]. This finding is important be-
cause daily activity of walking or cycling to work is a
major source of total physical activity in some popula-
tions. In the Health Behavior Finnish Survey in 2000,
41% of people walked or cycled to and from work
daily [14]. In urban China, more than 90% of people
walk or cycle to and from work daily [15]. Several
studies including the present analysis have shown that
daily walking or cycling to and from work is inversely
associated with BMI, waist-to-hip ratio, blood pres-

Fig. 1. Relative risk of Type 2 diabetes according to different
levels of occupational, commuting, and leisure-time physical
activity. Adjusted for age, sex, study year, systolic blood pres-
sure, smoking status, education, and BMI. The table below the
figure gives the number of new cases of Type 2 diabetes and
the sample sizes among the different physical activity group



sure, serum total cholesterol, low-density lipoprotein
cholesterol and triglyceride concentrations and posi-
tively associated with high-density lipoprotein choles-
terol concentrations [16, 17, 18, 19, 20, 21]. One 
Danish study indicated that cycling to work was asso-
ciated with lower all-cause mortality [13]. In many
Western studies, commuting physical activity was in-
directly measured by asking the participants the fre-
quency and duration of their walking or bicycling.
Our results emphasize the importance of separating
physical activity during commuting as a single physi-
cal activity component from overall physical activity
for the prevention of chronic diseases.

A number of prospective studies among specific
populations of college alumni [2], nurses [3, 9], and
male physicians [5, 11] in the United States, and
among residents of the United Kingdom [7, 10] and
Finland [8] have indicated that regular leisure-time
physical activity is associated with decreased risk of
Type 2 diabetes. Two of these studies among Ameri-
can nurses and male physicians also found that walk-
ing compared with vigorous leisure-time physical ac-
tivity had the similar inverse association with the risk
of Type 2 diabetes [9, 11]. Our study supports these
previous findings and also expands types of regular
physical activity including occupational activity and
activity from daily walking or cycling to and from
work. Simultaneously doing two or three types of
moderate or high occupational, commuting, and lei-
sure-time physical activity was associated with the
lowest risk of Type 2 diabetes.

In our study, age, education, systolic blood pres-
sure, sex, and BMI were associated with risk of 
Type 2 diabetes. When these confounding factors
were entered into the models, the inverse association
between physical activity and the risk of Type 2 dia-
betes was slightly attenuated. Overweight or obesity
has been shown to be an important risk factor for 
Type 2 diabetes [31, 32]. Occupational, commuting, or
leisure-time physical activity might reduce the risk of
Type 2 diabetes indirectly through decreased body
weight or improved body fat distribution. Overweight
or obese people are less active than people of normal
weight, and physical activity facilitates weight loss
and weight maintenance [33].

Regular physical activity improves insulin sensitiv-
ity and also reduces other components of insulin resis-
tance syndrome [10, 34]. A recent analysis from the
Insulin Resistance Atherosclerosis Study showed that
both vigorous and non-vigorous activities were associ-
ated with higher insulin sensitivity among 1467 men
and women of 40 to 69 years of age [34]. The British
Regional Study examined the role of serum insulin
concentration and components of the insulin resis-
tance syndrome in the relation between physical activ-
ity and the incidence of Type 2 diabetes among 5159
men of 40 to 59 years of age [10]. It showed that
physical activity (including light and moderate levels)

was significantly and inversely associated with serum
insulin concentrations and with many of its compo-
nents, and serum insulin concentrations and compo-
nents of the insulin-resistance syndrome was a medi-
ating factor in the relation between physical activity
and the incidence of Type 2 diabetes. Recent clinical
trials in China, Finland and the United States have
shown that lifestyle-intervention (dietary modification
and enhanced physical activity) reduced the risk of
progressing from impaired glucose tolerance to Type 2
diabetes and also improved several CVD risk factors
[35, 36, 37].

A limitation of our study was the self-report of
physical activity. Using a questionnaire to assess ha-
bitual physical activity is crude and imprecise. Mis-
classification is inevitable and usually results in a bi-
ased estimate of the association of physical activity
and risk of Type 2 diabetes. Another limitation was
that we did not carry out a glucose tolerance test in the
baseline and follow-up. Therefore, we could have
missed some cases of asymptomatic diabetes although
the clinical diagnosis of diabetes from the hospital dis-
charge register and diet treatment register for those
not using drugs avoided this potential under-diagno-
sis. This limitation of our study is likely to be inde-
pendent of the physical activity, and thus, does not
cause any bias for the outcome.

In conclusion, our study confirmed that moderate
and higher levels of physical activity were associated
with a lower risk of Type 2 diabetes. Moreover, we
have provided evidence that not only leisure-time
physical activity, but also occupational activity and
daily activity from walking or cycling to and from
work could be important especially for the prevention
of Type 2 diabetes.
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