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ABSTRACT

Background: The association between time spent walking and risk of diabetes was investigated in a Japanese
population-based cohort.
Methods: Data from the Japan Public Health Center-based Prospective Diabetes cohort were analyzed. The surveys
of diabetes were performed at baseline and at the 5-year follow-up. Time spent walking per day was assessed using a
self-reported questionnaire (<30 minutes, 30 minutes to <1 hour, 1 to <2 hours, or ≥2 hours). A cross-sectional
analysis was performed among 26 488 adults in the baseline survey. Logistic regression was used to examine the
association between time spent walking and the presence of unrecognized diabetes. We then performed a longitudinal
analysis that was restricted to 11 101 non-diabetic adults who participated in both the baseline and 5-year surveys.
The association between time spent walking and the incidence of diabetes during the 5 years was examined.
Results: In the cross-sectional analysis, 1058 participants had unrecognized diabetes. Those with time spent
walking of <30 minutes per day had increased odds of having diabetes in relation to those with time spent walking of
≥2 hours (adjusted odds ratio [OR] 1.23; 95% CI, 1.02–1.48). In the longitudinal analysis, 612 participants developed
diabetes during the 5 years of follow-up. However, a significant association between time spent walking and the
incidence of diabetes was not observed.
Conclusions: Increased risk of diabetes was implied in those with time spent walking of <30 minutes per day,
although the longitudinal analysis failed to show a significant result.
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INTRODUCTION

Physical activity (PA) is an important modifiable risk factor
for diabetes.1 A number of observational studies2–7 have
reported that sedentary lifestyles are associated with increased
risk of diabetes. The protective effect of increases in levels
of PA on the incidence of diabetes has been supported by
randomized controlled studies.8–10 Even if the intensity of

exercise is moderate, the preventive effect of greater fitness on
risk of diabetes has been demonstrated.11,12

Walking is a low- to moderate-intensity PA that is simple
and practical for most people. A meta-analysis13 of four cohort
studies6,7,14,15 in Western countries reported that the relative
risk (RR) of developing diabetes was 0.83 (95% confidence
interval [CI], 0.75–0.91) for people with regular walking
compared to those with almost no walking. Evidence has been
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scarce in Asian populations, although one Japanese study16

reported that longer time spent walking is associated with
decreased incidence of type 2 diabetes in middle-aged men.

In the present study, we investigated the association
between time spent walking and risk of diabetes in the
Japan Public Health Center-based Prospective (JPHC)
Diabetes cohort, which consists of registered inhabitants in
10 public health center (PHC) areas across Japan.

MATERIALS AND METHODS

Study population and study design
Data from the JPHC Study, which was a large longitudinal
cohort study in Japan investigating cancer, cardiovascular
disease, and other lifestyle-related diseases, were used in the
present study. The details of the JPHC Study have been
described elsewhere.17 In brief, the JPHC Study was initiated
in 1990 for Cohort I, and Cohort II was added in 1993. The
study population consists of all registered Japanese inhabitants
in 11 PHC areas who were aged 40–59 years in Cohort I and
40–69 years in Cohort II at the start of each survey. The
diabetes study (the JPHC Diabetes study) was performed in
10 of the PHC areas. The initial survey was performed in
1998–1999 for Cohort II and in 2000 for Cohort I. Among the
registered inhabitants of the PHC areas, those who received
annual health checkups were recruited. A self-reported
questionnaire specific to diabetes research and measurement
of hemoglobin A1c (HbA1c) were added to their routine
health checkup examinations. The 5-year follow-up survey
was performed in the same way in 2003–2004 for Cohort II

and in 2005 for Cohort I. The participants provided written
informed consent to participate in this study. This study was
approved by an ethics committee of the International Medical
Center of Japan, which was a former name of the National
Center for Global Health and Medicine.
We first performed a cross-sectional analysis using the data

of the baseline survey to examine the association of time
spent walking with the presence of unrecognized diabetes. We
focused only on the association with unrecognized diabetes
in the cross-sectional analysis because those with recognized
diabetes might have altered their levels of physical activity
due to their disease conditions. Then, we longitudinally
investigated the association of time spent walking with the
incidence of diabetes between the baseline and 5-year surveys.
A total of 28 363 adults participated in the baseline survey.

Of the 28 363 adults who completed the baseline survey,
12 215 participated in the 5-year follow-up survey.
Subjects included in the cross-sectional analysis
Of the 28 363 adults at baseline, 393 were excluded
because of missing data on anthropometric or laboratory
measurements, and 315 were excluded because of missing
data on time spent walking. In addition, 1167 participants who
reported that they either presently or previously had diabetes
in the questionnaire (self-reported diabetes) were excluded.
Ultimately, a total of 26 488 adults were included in the cross-
sectional analysis (Figure).
Subjects included in the longitudinal analysis
The longitudinal analysis was restricted to those who
participated in both the baseline and 5-year surveys. Of the
12 215 participants who completed both surveys, 120 were

Respondents to the baseline survey 
(n=28,363)

Excluded par cipants with:
Missing anthropometric data or 

laboratory measurements (n=393)
Missing informa on on walking 

me (n=315)

Eligible par cipants (n=26,488)
(Unrecognized diabetes: yes, n=1,058; no, n=25,430)

Respondents to both the baseline and 
5-year surveys (n=12,215)

Eligible par cipants (n=11,101)
(Incident diabetes cases during the 5 years of follow-up,
n=612)

Excluded par cipants with:
Missing anthropometric data or 

laboratory measurements (n=120)
Missing informa on on walking me 

(n=150)

Excluded par cipants who had diabetes 
in the baseline survey  (n=844)

Cross-sec onal analysis 
in the baseline survey

Longitudinal analysis 
between the baseline and 5-year surveys

Excluded par cipants who had self-
reported diabetes (n=1,167)

Figure. Flow chart of the study participants.
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excluded because of missing data on anthropometric or
laboratory measurements, and 150 were excluded because of
missing data on time spent walking. Furthermore, 844 who
had diabetes at the time of the baseline survey were excluded.
Ultimately, a total of 11 101 adults without diabetes were
included in the longitudinal analysis (Figure).

Measurement of time spent walking
Information on time spent walking per day was collected from
the questionnaire administered at baseline. The question about
time spent walking was as follows: ‘Regarding your PA level
during the last 1 month, how long do you walk each day?’ The
question had four possible answers: ‘less than 30 minutes’,
‘30 minutes to less than 1 hour’, ‘1 hour to less than 2 hours’
or ‘2 hours or more’. Participants were categorized into four
groups according to their answers.

Although the present study did not perform a validation
study, the validation of a similar questionnaire has been
already reported in a Japanese population-based cohort
study.18 In the validation study, the questionnaire asked
‘How long do you walk a day on average?’ The question
had three answers: ‘less than 30 minutes’, ‘30 minutes to
1 hour’ or ‘1 hour or more’. The study reported the numbers
of walking steps measured by pedometers showed linear
associations with the questionnaire measurements.

Case ascertainment of diabetes
In the cross-sectional analysis, unrecognized diabetes was
diagnosed if a participant did not report having diabetes in the
questionnaire (absence of self-reported diabetes) and met any
of the following criteria at baseline: a fasting plasma glucose
(FPG) value of 126mg/dL or more, a casual plasma glucose
value of 200mg/dL or more, or an HbA1c value of 6.5% or
more. In the longitudinal analysis, incident diabetes cases
were diagnosed when a participant met any of the following
criteria at the 5-year follow-up: they reported having diabetes
in the questionnaire (presence of self-reported diabetes), or
they had an FPG value of 126mg/dL or more, a casual plasma
glucose value of 200mg/dL or more, or an HbA1c value of
6.5% or more. A fasting blood sample, which was defined as
a sample collected ≥8 hours after the last caloric intake, was
collected from 11 118 adults in the cross-sectional analysis
and 3931 adults in the baseline of the longitudinal analysis.
Otherwise, a blood sample was collected as a casual blood
sample.

Standardization of plasma glucose and HbA1c levels
Efforts to standardize plasma glucose levels measured at
the laboratories in the PHC areas were made by the
standardization committee of the JPHC study. The
standardization method has been reported elsewhere.19

Briefly, the laboratories participated in the External Quality
Control Survey by the Japan Medical Association (JMA). In
the survey, four samples were sent to each laboratory. The

laboratories measured samples and reported the results to
the JMA. The results were evaluated in terms of the accuracy
of the measurement, and the evaluation was disclosed to
each laboratory. The survey revealed that the accuracy of
the measurement was satisfactory.19 As for the HbA1c
measurement, details regarding the procedure used for
standardization have been also described previously.20

Briefly, standard samples were provided to each PHC at the
time of the initial survey and the 5-year follow-up survey.
The calibration procedure was conducted using the standard
samples. The original standard samples were examined and
approved by the Japan Diabetes Society (JDS). The procedure
for HbA1c calibration used by the JDS has been described
elsewhere.21 The averages for these standard samples were
used to compute a linear regression equation using the least
squares method, and the actual values were calibrated
according to the regression equation. The HbA1c data
were converted to equivalent values of the National
Glycohemoglobin Standardization Program according to a
statement made by the JDS.22

Other characteristics of the study participants
Body mass index (BMI) and family history of diabetes at
baseline were obtained from the questionnaire. BMI was
estimated as weight (kilogram) divided by height (m) squared,
the values of which were reported in the questionnaire. The
validity of self-reported BMI in the JPHC Study has been
examined and published previously.23 The self-reported
BMIs were slightly lower than the measured BMIs, and the
Spearman correlation coefficients were 0.89 in men and 0.91
in women. Blood pressure was measured in the right arm
by trained nurses using mercury sphygmomanometers.24 The
measurement was performed in a sitting position after at least
5 minutes rest. Family history of diabetes was defined as the
presence of at least one first-degree relative with diabetes.

Statistical analysis
We performed two analyses to investigate the relationship
between daily time spent walking and risk of diabetes: 1) a
cross-sectional analysis to examine the association of time
spent walking with the presence of unrecognized diabetes in
the baseline survey, and 2) a longitudinal analysis to examine
the association of time spent walking with the incidence of
diabetes between the baseline and 5-year surveys. Participants
were categorized according to daily time spent walking
reported in the questionnaire. For the comparison of variables
among the four groups, a nonparametric test for trend across
ordered groups was performed.
In the cross-sectional analysis, logistic regression was

performed to calculate the odds ratios (ORs) of having
unrecognized diabetes across different categories of time spent
walking. The analysis was adjusted for PHC area, age, sex,
BMI, family history of diabetes, and systolic blood pressure
(BP). ORs were also calculated in subgroups stratified by age,
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sex, BMI, and family history of diabetes. To evaluate possible
interactions between time spent walking and these variables,
we compared models with and without the interaction term
and calculated P values using likelihood ratio tests.

In the longitudinal analysis, the analysis was restricted to
those who participated in both the baseline and 5-year
surveys. The age-adjusted cumulative incidences of diabetes
between the baseline survey and the 5-year survey were
calculated according to the time spent walking. The age-
standardization was conducted using the direct method.
Incidences were standardized to a Japanese model
population in 1985. Then, logistic regression analysis was
performed to calculate ORs of developing diabetes across
different categories of time spent walking, which was adjusted
for PHC area, age, sex, BMI, HbA1c levels, family history of
diabetes, and systolic BP.

Furthermore, in both the cross-sectional and longitudinal
analyses, additional analyses were performed that were
restricted to participants who were evaluated under fasting
conditions, since the diagnosis of diabetes using casual blood
samples could affect the accuracy of the case ascertainment.

Goodness of fit of the models was examined using the
Hosmer-Lemeshow goodness of fit test. All analyses were
performed using Stata version 11 for Windows (Stata Corp.,
College Station, TX, USA).

RESULTS

Cross-sectional analysis
Table 1 shows baseline characteristics of study participants by
time spent walking per day. Details of the participants by PHC
area are described in eTable 1. In the baseline survey, 1058
participants (4.0%) had unrecognized diabetes. Of the 26 488
adults, 10 807 (40.8%) reported their time spent walking was
2 hours or more a day, while 4005 (15.1%) reported less than
30 minutes. Across the walking time categories, significant
trends were observed in sex ratio, the proportion of

participants with family history of diabetes, BMI, systolic
BP, diastolic BP, FPG levels, and HbA1c levels. The trend test
in the proportion of participants with unrecognized diabetes
had borderline significance. The proportion of participants
with unrecognized diabetes was 4.7% in those with time spent
walking of <30 minutes and 3.8% in those with time spent
walking of 2 hours or more.
Table 2 shows the number of participants with unrecognized

diabetes by time spent walking and the corresponding ORs.
After adjustment for PHC area, age, sex, and family history
of diabetes (model 1), the OR of having diabetes for those
with time spent walking of <30 minutes was 1.30 (95% CI,
1.08–1.56) compared to those with time spent walking of 2
hours or more. The observed association was not influenced by
further adjustment for systolic BP. In contrast, the association
became attenuated slightly after additional adjustment
for BMI, although the association remained statistically
significant. After additional adjustment for both systolic BP
and BMI, those with time spent walking of <30 minutes still
had significantly increased odds of having diabetes compared
to those with time spent walking of 2 hours or more (OR
1.23; 95% CI, 1.02–1.48). The odds of having unrecognized
diabetes appeared to increase as time spent walking decreased.
However, the trend test became non-significant after
adjustment for multiple variables, including BMI. When the
analysis was restricted to the participants who were evaluated
under fasting conditions in the baseline survey, the effect
size of the association between time spent walking and
unrecognized diabetes did not change substantially (eTable 2).
Table 3 shows subgroup analyses in terms of age, sex, BMI,
and family history of diabetes that were performed to detect
a difference in the association. However, no significant
interaction was observed among the subgroups.

Longitudinal analysis
The longitudinal analysis was restricted to 11 101 participants
who did not have diabetes at baseline and participated in both

Table 1. Characteristics of study participants according to time spent walking per day (cross-sectional analysis)

Total
Time spent walking per day

P for trend
<30min 30min–<1hr 1hr–<2hrs ≥2hrs

Number of subjects 26 488 4005 6197 5479 10807
Age, years 62.0 (7.0) 61.9 (7.3) 62.0 (7.1) 62.1 (7.1) 61.9 (6.8) 0.401
Sex, male (%) 9492 (35.8) 1460 (36.5) 2149 (34.7) 1822 (33.3) 4061 (37.6) 0.015
Family history of diabetes, yes (%) 3194 (12.1) 543 (13.6) 812 (13.1) 695 (12.7) 1144 (10.6) <0.001
BMI, kg/m2 23.7 (3.2) 23.9 (3.3) 23.7 (3.2) 23.7 (3.1) 23.5 (3.1) <0.001
Systolic BP, mmHg 130.8 (17.8) 130.7 (17.9) 131.9 (18.1) 131.2 (17.8) 130.0 (17.5) <0.001
Diastolic BP, mmHg 77.6 (10.5) 78.3 (10.7) 78.3 (10.6) 77.8 (10.5) 77.0 (10.3) <0.001
PG, mg/dL 103.8 (23.7) 104.0 (24.4) 103.5 (23.6) 103.9 (23.0) 103.8 (23.8) 0.885
PG (fasting)a, mg/dL 97.3 (14.0) 98.7 (17.3) 97.1 (13.4) 97.4 (12.6) 96.8 (13.5) <0.001
HbA1c, % 5.51 (0.54) 5.49 (0.60) 5.49 (0.52) 5.52 (0.51) 5.53 (0.53) <0.001
Unrecognized diabetes, yes (%) 1058 (4.0) 190 (4.7) 238 (3.8) 216 (3.9) 414 (3.8) 0.054

BMI, body mass index; BP, blood pressure; HbA1c, hemoglobin A1c; PG, plasma glucose.
Values are the mean (standard deviation) unless otherwise noted.
aA total of 11 118 participants were evaluated under fasting conditions.
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the baseline and 5-year surveys. Details of the cohort by
PHC area are reported in eTable 3. Cohort characteristics in
the baseline survey are shown in Table 4. Of the 11 101
participants, 4902 (44.2%) reported time spent walking of 2
hours or more a day, while 1444 (13.0%) reported less than 30
minutes of walking a day. As with the characteristics of
participants in the cross-sectional analysis, significant trends
were observed in sex ratio, the proportion of participants with
family history of diabetes, BMI, systolic BP, diastolic BP, and
HbA1c levels.

Table 5 shows the number of incident diabetes cases during
the 5 years of follow-up according to time spent walking and
the corresponding ORs. During the 5 years of follow-up, 612
participants developed diabetes, which accounted for 5.5% of
the participants. The age-standardized cumulative incidence of
diabetes during the 5 years of follow-up was 7.0% in those
with time spent walking of <30 minutes, while it was 4.6% in
those with time spent walking of 2 hours or more. Although
the odds of developing diabetes appeared to increase as time
spent walking decreased, the association was modest and

non-significant. After adjustment for PHC area, age, sex,
HbA1c levels, and family history of diabetes, the association
became attenuated. The observed association became further
attenuated after additional adjustment for BMI and systolic
BP. When the analysis was restricted to the participants who
were evaluated under fasting conditions in the 5-year survey,
the modest and non-significant association did not change
substantially (eTable 4).

DISCUSSION

The present study investigated the association between time
spent walking and risk of diabetes in the JPHC Diabetes
cohort. The cross-sectional analysis demonstrated that time
spent walking of <30 minutes per day was significantly
associated with increased odds of having unrecognized
diabetes in relation to time spent walking of 2 hours or
more per day. However, the longitudinal analysis did not show
a protective effect of long walking time on the incidence of
diabetes.

Table 3. Subgroup analyses of the association between time spent walking per day and unrecognized diabetes in terms of age,
sex, BMI, and family history of diabetes (cross-sectional analysis)

Variable
Number of
subjects

Time spent walking per day, odds ratioa (95% CI) P for
trend

P for
interaction<30min 30min–<1hr 1 hr–<2hrs ≥2hrs

Male 9492 1.15 (0.88–1.50) 1.07 (0.85–1.36) 1.07 (0.84–1.36) 1.00 0.301
Female 16996 1.27 (0.97–1.66) 0.89 (0.69–1.14) 1.00 (0.78–1.29) 1.00 0.327 0.626

Age <65 years 15349 1.20 (0.93–1.55) 0.97 (0.76–1.22) 0.99 (0.78–1.26) 1.00 0.308
Age ≥65 years 11139 1.26 (0.95–1.67) 1.01 (0.78–1.30) 1.08 (0.84–1.38) 1.00 0.221 0.901

BMI <25 18244 1.32 (1.03–1.70) 0.99 (0.79–1.25) 1.26 (1.01–1.56) 1.00 0.130
BMI ≥25 8244 1.16 (0.87–1.54) 0.99 (0.76–1.28) 0.79 (0.60–1.05) 1.00 0.323 0.052

Family history of diabetes, Yes 3194 1.60 (1.10–2.33) 1.01 (0.70–1.45) 1.06 (0.73–1.54) 1.00 0.046
Family history of diabetes, No 23294 1.12 (0.90–1.40) 0.99 (0.81–1.20) 1.03 (0.85–1.26) 1.00 0.466 0.399

BMI, body mass index; CI, confidence interval.
aOdds ratios were adjusted for public health center area, age, sex, family history of diabetes, systolic blood pressure, and BMI except the stratifying
variables.

Table 2. Time spent walking per day and unrecognized diabetes (cross-sectional analysis)

Time spent walking per day
P for trend

<30min 30min–<1hr 1hr–<2hrs ≥2hrs

Unrecognized diabetes Yes 190 238 216 414
No 3815 5959 5263 10393

Odds ratio (95% confidence interval)
Crude odds ratio 1.25 (1.05–1.49) 1.00 (0.85–1.18) 1.03 (0.87–1.22) 1.00 0.054
Model 1 1.30 (1.08–1.56) 1.04 (0.87–1.23) 1.08 (0.91–1.28) 1.00 0.024
Model 2a 1.29 (1.07–1.56) 1.02 (0.86–1.20) 1.06 (0.89–1.26) 1.00 0.033
Model 2b 1.22 (1.01–1.47) 1.00 (0.84–1.18) 1.05 (0.88–1.25) 1.00 0.113
Model 3 1.23 (1.02–1.48) 0.99 (0.83–1.17) 1.04 (0.87–1.23) 1.00 0.113

BMI, body mass index; BP, blood pressure.
Model 1: Adjusted for public health center area, age, sex and family history of diabetes.
Model 2a: Model 1 + systolic BP.
Model 2b: Model 1 + BMI.
Model 3: Model 1 + BMI + systolic BP.
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Evidence has been accumulating on the association
between walking and risk of diabetes.6,7,14–16,25–29 Most
cross-sectional studies25–29 have reported a non-significant
inverse association between walking and odds of having
diabetes. One study28 examining 3759 men in France, which
compared the proportion of people who walk for 1 hour or
more across different glycemic statuses, reported that the
proportion decreased as the severity of hyperglycemia
progressed, although the results of this study did not
achieve statistical significance (normoglycemia, 63.7%;
impaired fasting glucose, 60.7%, diabetic, 59.0%). Another
study29 examining 5586 adults in Australia reported that the
ORs for the association between walking or moderate PA for
2.5 hours or more per week and the presence of abnormal
glucose metabolism was 0.96 (95% CI, 0.66–1.40) in men and
0.73 (95% CI, 0.53–1.01) in women. In contrast to these non-
significant results, the present study, which examined 26 488
adults in Japan, reported a significant association between

time spent walking and the presence of diabetes. Although the
difference was modest, the larger sample size with sufficient
diabetes cases made it possible to detect a significant
association.
Some cohort studies have reported protective effects of

walking on risk of diabetes. Data from the Nurses’ Health
Study,6 which examined 70 102 female nurses in the US,
showed that higher levels of metabolic equivalent (MET)
score for walking were associated with a significant risk
reduction in the incidence of diabetes (RR = 0.74, 95%
CI = 0.59–0.93 [highest vs lowest quintile]). The similar
inverse association was also reported in the study examining
37 918 male health professionals.7 An increase in energy
expenditures of 10 METs-hours per week for walking was
associated with 0.89-fold RR of the incidence of diabetes
(95% CI = 0.82–0.96). As for Asian evidence, one study,
which investigated 11 073 middle-aged Japanese men,
reported that men who walked to work for more than 20

Table 4. Baseline characteristics of study participants according to time spent walking per day (longitudinal analysis)

Total
Time spent walking per day

P for trend
<30min 30min–<1hr 1 hr–<2hrs ≥2hrs

Number of subjects 11101 1444 2373 2382 4902
Age, years 62.1 (6.8) 61.9 (7.0) 62.3 (6.7) 62.4 (6.8) 62.0 (6.7) 0.509
Sex, male (%) 3691 (33.3) 449 (31.1) 744 (31.4) 735 (30.9) 1763 (36.0) <0.001
Family history of diabetes, yes (%) 1263 (11.4) 184 (12.7) 300 (12.6) 290 (12.2) 489 (10.0) 0.001
BMI, kg/m2 23.7 (3.1) 23.9 (3.3) 23.7 (3.1) 23.8 (3.0) 23.5 (3.0) 0.001
Systolic BP, mmHg 130.3 (17.4) 130.2 (17.3) 131.3 (17.6) 131.1 (17.6) 129.5 (17.1) 0.002
Diastolic BP, mmHg 77.6 (10.3) 78.2 (10.9) 78.4 (10.6) 77.9 (10.3) 76.9 (9.9) <0.001
PG, mg/dL 102.1 (18.5) 102.8 (18.7) 102.4 (19.2) 102.2 (18.4) 101.8 (18.2) 0.066
PG (fasting)a, mg/dL 94.6 (9.4) 95.1 (9.5) 94.3 (9.5) 94.7 (9.3) 94.6 (9.4) 0.723
HbA1c, % 5.44 (0.40) 5.39 (0.41) 5.42 (0.41) 5.44 (0.40) 5.45 (0.39) <0.001

BMI, body mass index; BP, blood pressure; HbA1c, hemoglobin A1c; PG, plasma glucose.
Values are the mean (standard deviation) unless otherwise noted.
aA total of 3931 participants were evaluated under fasting conditions.

Table 5. Time spent walking per day and the incidence of diabetes (longitudinal analysis)

Time spent walking per day
P for trend

<30min 30min–<1hr 1 hr–<2hrs ≥2hrs

Number of subjects 1444 2373 2382 4902
Incident cases of diabetes 87 139 141 245

Incidence of diabetes during the 5 years
of follow-upa, %

7.0 5.8 6.4 4.6

Odds ratios (95% confidence interval)
Crude odds ratio 1.22 (0.95–1.57) 1.18 (0.95–1.47) 1.20 (0.97–1.48) 1.00 0.065
Model 1 1.20 (0.90–1.61) 1.17 (0.91–1.49) 1.14 (0.89–1.45) 1.00 0.149
Model 2a 1.19 (0.89–1.60) 1.14 (0.89–1.47) 1.12 (0.88–1.43) 1.00 0.177
Model 2b 1.10 (0.82–1.48) 1.13 (0.88–1.45) 1.11 (0.87–1.42) 1.00 0.374
Model 3 1.10 (0.82–1.48) 1.12 (0.88–1.44) 1.10 (0.87–1.41) 1.00 0.384

BMI, body mass index; BP, blood pressure; HbA1c, hemoglobin A1c.
aStandardized to Japanese model population 1985.
Model 1: Adjusted for public health center area, age, sex, HbA1c levels and family history of diabetes.
Model 2a: Model 1 + systolic BP.
Model 2b: Model 1 + BMI.
Model 3: Model 1 + BMI + systolic BP.
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minutes were less likely to develop diabetes than those
who did so for less than 10 minutes, with an OR of 0.73
(95% CI, 0.58–0.92).16 Contrary to these positive results, the
longitudinal analysis in the present study, which included
11 101 Japanese adults, failed to report a significant
association. In Table 5, the ORs of developing diabetes
appeared higher in those with short walking time per day.
However, the association became attenuated after adjustment
for PHC area, age, sex, HbA1c levels, BMI, systolic BP, and
family history of diabetes, suggesting that the apparent
association could be confounded by these factors.

The disparity in the results between the cross-sectional
analysis and the longitudinal analysis might be explained
by several reasons. The possible association of time spent
walking and incidence of diabetes could be too modest to be
detected with the current sample size and the short follow-up
period. Of the 28 363 participants in the baseline survey, only
12 215 participated in the 5-year follow-up (Figure), resulting
in a large reduction in the sample size of the longitudinal
analysis compared to the cross-sectional analysis. In addition,
individuals included in the longitudinal analysis seemed to be
healthier than those who were included in the cross-sectional
analysis. Table 6 compares the baseline characteristics
between those who participated in both surveys and those
who participated only in the baseline survey. Those who
participated in both surveys had lower levels of HbA1c, lower
prevalence of diabetes, and were more active in terms of time
spent walking than those who participated only in the baseline
survey. Therefore, the selection of healthier individuals in the
longitudinal analysis might have led to the reduction in the
magnitude of the association between time spent walking and
risk of diabetes. Furthermore, the baseline characteristics of

participants in the longitudinal analysis (Table 4) revealed that
HbA1c levels slightly increased with time spent walking per
day, suggesting that participants with elevated HbA1c levels
might have increased their PA levels to improve their health
conditions. Such behavior could also lead to the null result
in the longitudinal analysis. Meanwhile, the significant
association in the cross-sectional analysis may have been
superficially observed because of reverse causation. Although
we excluded those with recognized diabetes from the cross-
sectional analysis to minimize the reverse causation, it is still
possible that individuals with diabetes spent less time walking
since they were more likely to have health problems, such
as heart diseases, foot problems, or impaired visual acuity.
Studies with larger sample sizes or more accurate walking
time measures may be required to confirm this association.
In Japan, “National Health Promotion Movement in the

21st Century 2nd edition” was implemented in 2013 by the
Ministry of Health, Labour and Welfare.30 One of the targets is
to increase the number of daily steps taken by Japanese people.
The Ministry of Health, Labour and Welfare also published the
“Physical Activity Reference 2013 for health promotion,”31

in which moderate-intensity PA, such as walking every day
for more than 60 minutes, was recommended for people aged
18 to 64 years, and low-intensity PA for 40 minutes was
recommended for people aged 65 years or more. Although the
present study did not find a cut-off point consistent with this
public health advice, the observed increased risk of diabetes
in those with time spent walking of <30 minutes may support
the current public health advice.
The present study had limitations. First, as mentioned

above, we did not perform a validation study on the time spent
walking, which was self-reported in the present study. In the

Table 6. Baseline characteristics of study participants who participated in the 5-year survey and those who did not

Participants in the baseline survey

P for differencea

Total
Participants in the baseline

survey only
Participants in the two

surveys

Number of subjects 28 363 16148 12215
Number of subjects after excluding participants
with missing data

27655 15710 11945

Age, years 62.0 (7.0) 61.9 (7.2) 62.2 (6.8) <0.001
Sex, male (%) 10077 (36.4) 5983 (38.1) 4094 (34.3) <0.001
Family history of diabetes, yes (%) 3602 (13.0) 2085 (13.3) 1517 (12.7) 0.162
BMI, kg/m2 23.7 (3.2) 23.7 (3.2) 23.7 (3.1) 0.055
SBP, mmHg 131.0 (17.8) 131.2 (18.1) 130.7 (17.4) 0.018
DBP, mmHg 77.6 (10.5) 77.6 (10.6) 77.7 (10.3) 0.771
PG, mg/dL 106.3 (29.2) 106.4 (30.1) 106.2 (28.1) 0.530
HbA1c, % 5.59 (0.70) 5.62 (0.74) 5.54 (0.65) <0.001
Diabetes, yes (%) 2225 (8.1) 1381 (8.8) 844 (7.1) <0.001
Unrecognized diabetes, yes (%) 1058 (3.8) 642 (4.1) 416 (3.5) 0.009
Time spent walking per day, n (%)
<30min 4202 (15.2) 2631 (16.8) 1571 (13.2) <0.001
30min–<1hr 6525 (23.6) 3954 (25.2) 2571 (21.5)
1 hr–<2hrs 5720 (20.7) 3163 (20.1) 2557 (21.4)
≥2hrs 11208 (40.5) 5962 (38.0) 5246 (43.9)

Values are the mean (standard deviation) unless otherwise noted.
aDifferences were tested using an unpaired t-test for continuous variables and a chi-square test for categorical variables.
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questionnaire, we asked participants about their approximate
time spent walking per day over the last month. Although a
similar type of a self-reported questionnaire has been found
to rank the respondents satisfactorily,18 a questionnaire-based
measurement might be limited in the ability to estimate actual
time spent walking, since daily activity levels varies from day
to day and the question we adopted was not specific to a
certain situation (eg, leisure-time, working time, holiday, or
working day). Misclassification and measurement errors could
be involved in the measurement, which could dilute the
association. Second, since the questionnaire used in the JPHC
Diabetes study included a single-item question on time spent
walking, variables related to walking intensity were not
measured. In general, walking speed is higher in men than
in women, and it declines with aging.32 Those with slower
walking speed might have had a lower magnitude of
association between time spent walking and risk of diabetes,
since the contribution of walking to total PA might be minimal.
However, the stratified analyses by age, sex, BMI, or family
history of diabetes did not find a difference in the association
(Table 3). Third, diabetes could be underdiagnosed in the
participants who were evaluated with casual plasma glucose
levels. However, additional analyses, which were restricted to
those who were evaluated under fasting conditions, suggested
that this issue did not substantially affect the risk estimates of
the association (eTable 2 and eTable 4). Fourth, as mentioned
above, selection bias could be involved in the longitudinal
analysis, which weakened the generalizability of the study and
could bias the results. Finally, because the data available in
the present study were limited, we were not able to adjust
the association for variables such as smoking status, alcohol
consumption, or socioeconomic status, which could be related
to both time spent walking and diabetes. The association
observed in the present study could be affected by residual
confounding of these factors.

The present study also has several strengths. It was based
on a multi-center population-based cohort from throughout
Japan. The diagnosis of diabetes was confirmed via
standardized questionnaire and laboratory measurements
with strict standardization.

In conclusion, we investigated the association between time
spent walking and risk of diabetes in a population-based
cohort in Japan. The cross-sectional analysis showed that time
spent walking was significantly associated with risk of having
unrecognized diabetes. On the other hand, the longitudinal
analysis did not find a significant association between time
spent walking and the incidence of diabetes. The results of
the cross-sectional analysis might support the importance
of increased walking time. However, the public health
implications based on the modest association in the cross-
sectional analysis and the non-significant results in the
longitudinal analysis might be limited. Further research is
required to confirm the protective effect of walking on the risk
of diabetes.

ONLINE ONLY MATERIALS

eTable 1. Description of the JPHC diabetes cohort in the
cross-sectional analysis.
eTable 2. Cross-sectional analysis restricted to the partici-
pants who were evaluated under fasting conditions in the
baseline survey.
eTable 3. Description of the JPHC diabetes cohort in the
longitudinal analysis.
eTable 4. Longitudinal analysis restricted to the participants
who were evaluated under fasting conditions in the 5-year
survey.
Abstract in Japanese.

ACKNOWLEDGMENT

This study was supported by Health Sciences Research Grants
(Research on Health Services H10-074, Medical Frontier
Strategy Research H13-008, Clinical Research for Evidence-
based Medicine H14-008 and H15-006, and Comprehen-
sive Research on Life-Style Related Diseases including
Cardiovascular Diseases and Diabetes Mellitus H16-019,
H17-019, H18-028, H19-016, and H25-016) and a grant-in-
aid for Cancer Research and a grant-in-aid for the Third Term
Comprehensive Ten-Year Strategy for Cancer Control from
the Ministry of Health, Labour and Welfare of Japan.
Conflicts of interest: None declared.

REFERENCES

1. Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ,
Rubin RR, et al. Exercise and type 2 diabetes: the American
College of Sports Medicine and the American Diabetes
Association: joint position statement executive summary.
Diabetes Care. 2010;33:2692–6.

2. Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS Jr.
Physical activity and reduced occurrence of non-insulin-
dependent diabetes mellitus. N Engl J Med. 1991;325:147–52.

3. Manson JE, Rimm EB, Stampfer MJ, Colditz GA, Willett WC,
Krolewski AS, et al. Physical activity and incidence of non-
insulin-dependent diabetes mellitus in women. Lancet. 1991;
338:774–8.

4. Perry IJ, Wannamethee SG, Walker MK, Thomson AG,
Whincup PH, Shaper AG. Prospective study of risk factors for
development of non-insulin dependent diabetes in middle aged
British men. BMJ. 1995;310:560–4.

5. Burchfiel CM, Sharp DS, Curb JD, Rodriguez BL, Hwang LJ,
Marcus EB, et al. Physical activity and incidence of diabetes: the
Honolulu Heart Program. Am J Epidemiol. 1995;141:360–8.

6. Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA, Solomon CG,
Willett WC, et al. Walking compared with vigorous physical
activity and risk of type 2 diabetes in women: a prospective
study. JAMA. 1999;282:1433–9.

7. Hu FB, Leitzmann MF, Stampfer MJ, Colditz GA, Willett WC,
Rimm EB. Physical activity and television watching in relation
to risk for type 2 diabetes mellitus in men. Arch Intern Med.

Kabeya Y, et al. 231

J Epidemiol 2016;26(4):224-232

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21115771&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=2052059&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=1681160&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=1681160&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7888929&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7840114&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10535433&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11427103&dopt=Abstract


2001;161:1542–8.
8. Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, et al.

Effects of diet and exercise in preventing NIDDM in people with
impaired glucose tolerance. The Da Qing IGT and Diabetes
Study. Diabetes Care. 1997;20:537–44.

9. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF,
Lachin JM, Walker EA, et al. Reduction in the incidence of type
2 diabetes with lifestyle intervention or metformin. N Engl J
Med. 2002;346:393–403.

10. Tuomilehto J, Lindström J, Eriksson JG, Valle TT, Hämäläinen
H, Ilanne-Parikka P, et al. Prevention of type 2 diabetes mellitus
by changes in lifestyle among subjects with impaired glucose
tolerance. N Engl J Med. 2001;344:1343–50.

11. Wei M, Gibbons LW, Mitchell TL, Kampert JB, Lee CD, Blair
SN. The association between cardiorespiratory fitness and
impaired fasting glucose and type 2 diabetes mellitus in men.
Ann Intern Med. 1999;130:89–96.

12. Sui X, Hooker SP, Lee IM, Church TS, Colabianchi N, Lee CD,
et al. A prospective study of cardiorespiratory fitness and risk of
type 2 diabetes in women. Diabetes Care. 2008;31:550–5.

13. Jeon CY, Lokken RP, Hu FB, van Dam RM. Physical activity of
moderate intensity and risk of type 2 diabetes: a systematic
review. Diabetes Care. 2007;30:744–52.

14. Weinstein AR, Sesso HD, Lee IM, Cook NR, Manson JE,
Buring JE, et al. Relationship of physical activity vs body mass
index with type 2 diabetes in women. JAMA. 2004;292:
1188–94.

15. Hsia J, Wu L, Allen C, Oberman A, Lawson WE, Torréns J, et al.
Physical activity and diabetes risk in postmenopausal women.
Am J Prev Med. 2005;28:19–25.

16. Sato KK, Hayashi T, Kambe H, Nakamura Y, Harita N, Endo G,
et al. Walking to work is an independent predictor of incidence
of type 2 diabetes in Japanese men: the Kansai Healthcare Study.
Diabetes Care. 2007;30:2296–8.

17. Tsugane S, Sobue T. Baseline survey of JPHC study—design
and participation rate. Japan Public Health Center-based
Prospective Study on Cancer and Cardiovascular Diseases.
J Epidemiol. 2001;11(6 Suppl):S24–9.

18. Tsubono Y, Tsuji I, Fujita K, Nakaya N, Hozawa A, Ohkubo T,
et al. Validation of walking questionnaire for population-based
prospective studies in Japan: comparison with pedometer.
J Epidemiol. 2002;12:305–9.

19. Iida M, Sato S, Nakamura M. Standardization of laboratory test
in the JPHC study. Japan Public Health Center-based Prospective
Study on Cancer and Cardiovascular Diseases. J Epidemiol.
2001;11(6 Suppl):S81–6.

20. Noda M, Kato M, Takahashi Y, Matsushita Y, Mizoue T, Inoue
M, et al. Fasting plasma glucose and 5-year incidence of diabetes
in the JPHC diabetes study—suggestion for the threshold
for impaired fasting glucose among Japanese. Endocr J.

2010;57:629–37.
21. Takahashi Y, Noda M, Tsugane S, Kuzuya T, Ito C, Kadowaki

T. Prevalence of diabetes estimated by plasma glucose criteria
combined with standardized measurement of HbA1c among
health checkup participants on Miyako Island, Japan. Diabetes
Care. 2000;23:1092–6.

22. Kashiwagi A, Kasuga M, Araki E, Oka Y, Hanafusa T, Ito H,
et al. International clinical harmonization of glycated
hemoglobin in Japan: From Japan Diabetes Society to National
Glycohemoglobin Standardization Program values. J Diabetes
Investig. 2012;3:39–40.

23. Tsugane S, Sasaki S, Tsubono Y. Under- and overweight impact
on mortality among middle-aged Japanese men and women: a
10-y follow-up of JPHC study cohort I. Int J Obes Relat Metab
Disord. 2002;26:529–37.

24. Kirkendall WM, Feinleib M, Freis ED, Mark AL.
Recommendations for human blood pressure determination by
sphygmomanometers. Subcommittee of the AHA Postgraduate
Education Committee. Circulation. 1980;62:1146A–55A.

25. James SA, Jamjoum L, Raghunathan TE, Strogatz DS, Furth ED,
Khazanie PG. Physical activity and NIDDM in African-
Americans. The Pitt County Study. Diabetes Care. 1998;21:
555–62.

26. Baan CA, Stolk RP, Grobbee DE, Witteman JC, Feskens EJ.
Physical activity in elderly subjects with impaired glucose
tolerance and newly diagnosed diabetes mellitus. Am J
Epidemiol. 1999;149:219–27.

27. Van Dam RM, Schuit AJ, Feskens EJ, Seidell JC, Kromhout D.
Physical activity and glucose tolerance in elderly men: the
Zutphen Elderly study. Med Sci Sports Exerc. 2002;34:1132–6.

28. Combe H, Vol S, Thévenot A, Lasfargues G, Cacès E, Tichet J,
et al. Comparison of men with impaired fasting glycaemia to
controls and to diabetic subjects with fasting glycaemia from 7.0
to 7.7mmol/l: clinical, nutritional and biological status. Diabetes
Metab. 2004;30:167–74.

29. Dunstan DW, Salmon J, Owen N, Armstrong T, Zimmet PZ,
Welborn TA, et al. Physical activity and television viewing in
relation to risk of undiagnosed abnormal glucose metabolism in
adults. Diabetes Care. 2004;27:2603–9.

30. National Health Promotion Movement in the 21st Century 2nd
edition [homepage on the Internet]. Tokyo; c2012. Available
from: http://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_
iryou/kenkou/kenkounippon21.html.

31. Physical Activity Reference 2013 for health promotion
[homepage on the Internet]. Tokyo; c2013. Available
from: http://www.mhlw.go.jp/stf/houdou/2r9852000002xple-att/
2r9852000002xpqt.pdf.

32. Himann JE, Cunningham DA, Rechnitzer PA, Paterson DH.
Age-related changes in speed of walking. Med Sci Sports Exerc.
1988;20:161–6.

Time Spent Walking and Diabetes232

J Epidemiol 2016;26(4):224-232

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11427103&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9096977&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11832527&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11832527&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11333990&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10068380&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18070999&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17327354&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15353531&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15353531&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15626551&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17536075&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11763136&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12395870&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11763143&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11763143&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20508383&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20508383&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10937503&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10937503&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24843544&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24843544&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12075580&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12075580&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7418174&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9571342&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9571342&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9927216&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9927216&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12131253&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15223989&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15223989&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15504993&dopt=Abstract
http://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/kenkounippon21.html
http://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/kenkounippon21.html
http://www.mhlw.go.jp/stf/houdou/2r9852000002xple-att/2r9852000002xpqt.pdf
http://www.mhlw.go.jp/stf/houdou/2r9852000002xple-att/2r9852000002xpqt.pdf
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=3367751&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=3367751&dopt=Abstract

