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Abstract: Background: Diabetes and physical inactivity are prevalent worldwide. Risk of diabetes
is known to be related with insufficient physical activity (PA), but associations with the respective
dimensions of PA is unclear. Objective: To describe the patterns of physical activity among Chinese
middle- and older-aged individuals and figure out their associations with diabetes risk in different
dimensions. Methods: Extracting self-reported data from China Health and Retirement Longitudinal
Study (CHARLS, 2015), this study included 6196 participants. Multivariate logistic regression was
conducted to determine the association between diabetes risk and PA dimensions such as intensity,
frequency, duration, and volume. Results: Concerning frequency, lower diabetes risk was associated
with performing vigorous PA at any frequency overall. For duration, smaller odds of diabetes
were observed in performing vigorous PA 2–4 h/day (OR 0.46, 95%CI 0.30 to 0.71), moderate PA
≥4 h/day (OR 0.59, 95%CI 0.42 to 0.82) and light PA ≥4 h/day (OR 0.59, 95%CI 0.41 to 0.85) overall.
For volume, lower diabetes risk was associated with performing moderate-to-vigorous PA (MVPA)
≥2250 METs/week (OR 0.58, 95%CI 0.42 to 0.81) in middle-aged group (45–64 years), whereas no
significant associations between MVPA and diabetes risk were found in older aged group (≥65 years).
Conclusions: Our results revealed that physical inactivity is prevalent in China, with a greater
proportion in the diabetes group. Lower risk of diabetes was associated with higher frequency,
longer duration and longer volume of PA at higher intensity in middle-aged respondents and similar
associations at lower intensity for the older adults. Additionally, further well-designed prospective
studies are needed to confirm our findings.

Keywords: diabetes risk; physical activity; middle- and older-aged individuals

1. Introduction

Diabetes is one of the leading causes of death worldwide, resulting in an estimated 4.2 million
deaths in 2019 [1]. Globally, it is estimated there wil be 578 million diagnosed diabetes cases in 2030,
rising to 700 million by 2045 [2]. Due to the changing lifestyles and an aging population, China has
become a major area of the rapidly emerging epidemic of diabetes with the largest number of older
residents with diabetes [3,4]. Policies to control population levels of diabetes risk are projected to be
prioritized urgently.

It is well established that physical activity (PA) is closely related to fitness and beneficial to lower
the risks of type 2 diabetes mellitus (T2DM) and other chronic diseases [5]. Type 2 diabetes accounts for
90% of diabetes cases and is largely the result of excess body weight and physical inactivity [6]. Regular
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physical activity, including aerobic activity and muscle-strengthening activity, is essential for healthy
aging. A recent systematic review of 53 studies that evaluated 66 lifestyle intervention programs
reported that diet and physical activity promotion programs reduced type 2 diabetes incidence and
other health-related outcomes compared with usual care [7]. Nonetheless, a population-based study [8]
declared that more than a quarter of global adults were not getting enough physical activity in 2016.
Although the prevalence of leisure-time physical activity (LTPA) and the proportion of residents to
reach the vigorous-intensity level had been increasing among adults aged 18 years and above, they were
still at a low level according to China Health and Nutrition Survey. [9] Limited by comorbidity and
aging factors, a greater number of middle and older aged adults failed to achieve the goal of keeping
physically active.

Physical activity mainly includes four dimensions: intensity, frequency, duration and mode.
The American Heart Association has defined intensity as rate of energy expenditure which is an
indicator of the metabolic demand of PA. Frequency is defined as number of sessions per day or per
week and is usually qualified as number of bouts ≥10 min in duration. Duration is interpreted as time
(minutes or hours) of PA bout during a specified time scale (e.g., day, week, year or past month) [10].
In terms of domain, physical activity is composed of occupational, transportation, leisure-time and
household physical activity [10]. A considerable amount of research has consistently manifested that
higher levels of LTPA showed apparent protective effects on the risk of diabetes compared with inactive
individuals [11], and extended LTPA reduced diabetes risk furthermore [12]. In contrast, the association
between physical activity with other domains and diabetes risk remains unclear [13]. The 2018 Physical
Activity Guidelines for Americans recommend that older individuals perform at least 150–300 min of
moderate-intensity or 75–150 min of vigorous-intensity aerobic physical activity per week in account
of any domain. Even though compelling evidence supports a causal relationship between physical
inactivity and the increasing risk of diabetes, excessive total physical activity being harmful to diabetes
risk is understudied among middle- and older-aged adults in China and the respective PA dimensions’
influence on the risk of diabetes awaits statistical validation.

On the basis of these results, this study aims to describe the status of physical activity among
Chinese middle- and older-aged individuals and evaluate the association of PA and its various
dimensions (intensity, frequency, duration and volume) with the risk of diabetes.

2. Materials and Methods

2.1. Study Population

The China Health and Retirement Longitudinal Study (CHARLS) is a longitudinal study assessing
the health, social and economic status of nationally representative samples which cover 450 villages
and 150 counties in 28 provinces. The baseline survey was performed in 2011–2012 and follow-up
surveys were conducted every other year. The survey objects are Chinese community-dwelling adults
aged 45 or older and their spouse. A detailed description of the survey design and methods has been
published previously [14]. This current cross-sectional study adopts the most recent survey (Wave 4)
data available. The Biomedical Ethics Review Committee of Peking University approved CHARLS,
and the ethical approval number was IRB00001052-11015. All participants were requested to provide
written informed consent.

To be included in this study, participants (age ≥45 years) should have complete data on gender,
educational level, marital status, smoking status, drinking status, body mass index (BMI), physical
activity record, diabetes record and case weight. Then we excluded the samples with abnormal value
(BMI > 100) or logic errors. Finally, 6196 participants were included in the current study.

2.2. Outcome Variable

The definition of diabetes is as follows: self-reported diabetes mellitus diagnosed by doctors
(Questionnaire item: “Have you been diagnosed with diabetes or high blood sugar?”, and further
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information on diabetes medication history), fasting glucose ≥126 mg /dL or glycosylated hemoglobin
≥6.5% found in a blood test [15], and meeting any of the criteria is deemed as having diabetes.

2.3. Assessment of Physical Activity

Respondents completed a questionnaire where they reported weekly PA in three predefined
categories followed by quintessential examples: (1) vigorous physical activity (VPA): activities that
force you to breathe much faster or deeper than usual and may include heavy lifting, fast bicycling,
digging or aerobics; (2) moderate physical activity (MPA): activities that compel you to breathe
somehow harder than normal and may include carrying light loads, mopping the floor, Tai Chi or
brisk walk; (3) light physical activity (LPA): activities that includes walking at home and at work.
The questionnaire started with “did you do any VPA for at least 10 min continuously?”, more details
would be asked if the answer is yes while skip to PA of lower intensity if the answer for no.

Then two more questions were raised to assess physical activity in self-reported questionnaire.
First, participants were asked “During a usual week, on how many days did you do VPA/MPA/LPA
for at least 10 min?” with the answer ranged from 1 to 7. The frequency was calculated by multiplying
the days conducting VPA/MPA/LPA at least 10 min in a usual week and categorized into four groups
(no activity, 1–2 days per week, 3–5 days per week, 6–7 days per week). Second, participants were
asked “How much time did you usually spend doing VPA/MPA/LPA on one of those days?” So the
duration of VPA/MPA/LPA was defined as the length of PA conducted in one day, and classified
in accordance with CHARLS by five levels (no activity, 10–29 min per time, 30–119 min per time,
120–239 min per time, ≥240 min per time). Last, the volume was generated by frequency and duration
(i.e., volume = frequency × duration). Given that the questionnaire didn’t refer to concrete duration of
each time, average value was applied to produce the volume of VPA/MPA/LPA instead. According to
the 2018Physical Activity Guidelines for Americans, the volume of VPA was divided into four scales
(no activity, 10–74 min per week, 75–299 min per week, ≥300 min per week) and the volume of MPA
was divided into four levels (no activity, 10–149 min per week, 150–299 min per week, ≥300 min per
week). Regrettably, we used quartile as cut-offs in view of no authoritative volume classification for
LPA (no activity, 10–105 min per week, 106–525 min per week, 526–1260 min per week, >1260 min
per week).

Metabolic equivalent of task (MET) was cited to calculate the volume of moderate-to-vigorous-
intensity physical activity (MVPA) with considerations of intensity. One MET represents the resting
energy expenditure during quiet sitting. In our study, one minute of VPA is equivalent to 7.5 METs,
and 4.5 METs for MPA [9]. The volume of MVPA was classified by the minimum and maximum of the
recommendation in the guideline (no activity, 45–675 METs, 676–2250 METs, >2250 METs).

2.4. Covariates

A set of covariates were included: (1) demographic variables: gender (1. male, 2. female), age,
educational level (1. junior high school or below, 2. senior high school and vocational school, 3. college
or higher), marital status (1. married or partnered, 2. separated, divorced or widowed, 3. never married)
(2) health behaviors: drinking (1. never drinks, 2. quit drinking 3. still drinks), smoking (1. never
smokes, 2. quit smoking, 3. still smokes) (3) health-status related variables: BMI (1. underweight,
2. normal, 3. overweight, 4. obese). Age was treated as continuous variables, while gender, marital
status, education, drinking, smoking and BMI were treated as categorical variables.

2.5. Data Analysis

Frequency and case weighted percentage were calculated to describe sociodemographic parameters
and level distributions of physical activity among participants. A logistic regression analysis was used
to determine the associations between various dimension of PA and diabetes. Key outcomes were
presented by Odds Ratio and 95% Confidence Interval (OR and 95% CI) adjusted for seven potential
confounders. In sensitivity analysis, we conducted the same analysis for the whole sample excluding
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participants with disability (2.80%) to reduce influences of restricted movement. Additional E-value
was calculated to measure an association’s robustness to potential uncontrolled confounders. A larger
E-value implies that considerable unmeasured confounding would be needed to explain away an
effect estimate [16]. All statistical analyses were performed in Stata version 15.0 (Stata Corp, College
Station, TX, USA). Case weights were offered by CHARLS and statistical significance was set at p < 0.05
(two-tailed) for all analyses.

3. Results

3.1. Demographic Characteristics

Table 1 presented the parameters for demographics, health behaviors and health-related variable.
Application of the inclusion and exclusion criteria resulted in 6196 respondents from CHARLS (2015)
being enrolled in this study, of which greater proportion were female, in middle-aged group, with 9th
grade education or less, married or living with a partner, non-smokers, non-drinkers, in normal weight
and involved in physical activities. Particularly, 687 diabetes cases (11.54%) and 5509 non-diabetes
cases (88.46%) yield similar results.

Table 1. Participants characteristics stratified by diabetes.

Variables Total (n = 6196) Diabetes (n = 687) Non-Diabetes (n = 5509)

Gender
female 3290(52.62) 404(58.62) 2886(51.84)
male 2906(47.38) 283(41.38) 2623(48.16)

Age
45–64 4121(66.06) 430(61.70) 3691(66.63)
65–93 2075(33.94) 257(38.30) 1818(33.37)

Educational level
junior high school or less 4231(65.61) 464(64.27) 3767(65.78)
senior high school and vocational school 1870(32.06) 206(31.42) 1664(32.14)
college or higher 95(2.34) 17(4.30) 78(2.08)

Marital status
married or cohabiting 5427(87.19) 597(86.23) 4830(87.31)
separated, divorced or widowed 741(12.29) 88(13.53) 653(12.13)
never married 28(0.52) 2(0.24) 26(0.56)

Drinking
never drinks 3375(53.33) 390(54.43) 3070(53.19)
quit drinking 687(10.99) 106(17.10) 837(10.20)
still drinks 2134(35.67) 191(28.47) 1602(36.61)

Smoking
never smokes 3483(55.98) 413(59.02) 2985(55.58)
quit smoking 981(16.36) 144(20.49) 581(15.82)
still smokes 1732(27.66) 130(20.49) 1943(28.60)

BMI
underweight 369(5.88) 24(3.58) 345(6.18)
normal 3594(57.80) 308(45.51) 3286(59.41)
overweight 1896(31.28) 288(42.63) 1608(29.79)
obese 337(5.04) 67(8.27) 270(4.62)

PA-performing
no 669(9.91) 96(13.12) 573(9.49)
yes 5527(90.09) 591(86.88) 4936(90.51)

3.2. Volume of PA

The distributions of VPA and MPA were heavily bipolarized, which a larger proportion of
respondents was inactive or belonged to highest level. The proportion of each level was relatively
evenly distributed with regard to LPA and MVPA. People were predominantly engaged in physical
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activity for 105–525 min per week at low intensity (39.19%), and individuals not being enrolled in
MVPA took up the greatest proportion (Figure 1a–d).
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Figure 1. Volume of VPA (a), MPA (b), LPA (c) and MVPA (d) in diabetic and non-diabetic participants.

The prevalence of diabetes was 36% lower in participants with a physical activity level of over
300 min/week for VPA overall (OR 0.64, 95%CI 0.50 to 0.83) and 47% lower in middle age (OR 0.53,
95%CI 0.39 to 0.72). Similarly, the prevalence of diabetes was 44% lower in subjects with a level over
1260 min/week in reference to MPA (OR 0.56, 95%CI 0.34 to 0.91) and 56% lower in middle age (OR 0.44,
95%CI 0.22 to 0.87).

3.3. Frequency of PA

In the overwhelming majority of participants had no activities or conducted frequent physical
activities (6–7 days/week) in all intensities, and two subgroups were both more likely to choose PA of
lower intensity. Proportion distributions in diabetes group and non-diabetes group were similar in any
single intensity. In diabetes group, respondents conducted VPA, MPA and LPA accounted for 22.31%,
52.07% and 80.4% while the percentage of conducting VPA, MPA and LPA in the normal group was
34.18%, 55.74% and 80.74%, respectively (Figure 2a–c).

Compared with inactive respondents, the risks of diabetes in the whole sample who conducted
VPA 1–2 days/week, 3–5 days/week and 6–7 days/week were reduced by 36% (OR 0.64, 95%CI 0.41
to 0.99), 50% (OR 0.50, 95%CI 0.32 to 0.79) and 24% (OR 0.76, 95%CI 0.58 to 0.99), respectively.
No significant relations between frequency of MPA/LPA and diabetes were observed. Similar patterns
were discovered in middle-aged group but only conducting VPA 3–5days/week was associated with
risk reduction of diabetes in old-aged group (Table 2).
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Figure 2. Frequency of VPA (a), MPA (b) and LPA (c) in diabetic and non-diabetic participants.

Table 2. Associations between diabetes risk and PA frequency, duration and volume.

Model 1 Model 2 Middle Age Model 3 Old Age

OR 95%CI OR 95%CI OR 95%CI

Frequency
VPA

No activity 0.00 0.00 0.00
1–2 d/w 0.64 * 0.41, 0.99 0.54 * 0.32, 0.93 0.91 0.43, 1.93
3–5 d/w 0.50 ** 0.32, 0.79 0.53 * 0.31, 0.92 0.35 ** 0.16, 0.77
6–7 d/w 0.76 * 0.58, 0.99 0.60 ** 0.43, 0.84 1.16 0.75, 1.81

MPA
No activity 0.00 0.00 0.00

1–2 d/w 0.88 0.61, 1.26 0.76 0.47, 1.22 1.13 0.62, 2.06
3–5 d/w 0.82 0.60, 1.12 0.74 0.50, 1.11 0.94 0.57, 1.54
6–7 d/w 0.94 0.73, 1.20 0.94 0.68, 1.30 0.91 0.64, 1.29

LPA
No activity 0.00 0.00 0.00

1–2 d/w 0.78 0.49, 1.26 1.00 0.57, 1.77 0.53 0.23, 1.22
3–5 d/w 1.38 0.85, 2.22 1.61 0.86, 3.03 0.83 0.55, 1.98
6–7 d/w 0.93 0.73, 1.17 0.98 0.73, 1.31 0.83 0.57, 1.22
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Table 2. Cont.

Model 1 Model 2 Middle Age Model 3 Old Age

OR 95%CI OR 95%CI OR 95%CI

Duration
VPA

No activity 0.00 0.00 0.00
10–29 min/d 0.59 0.26, 1.34 0.48 0.19, 1.24 1.30 0.29, 5.89
30–119 min/d 0.97 0.62, 1.53 1.10 0.65, 1.88 0.74 0.31, 1.78

120–239 min/d 0.46 *** 0.30, 0.71 0.42 ** 0.24, 0.71 0.57 0.29, 1.12
≥240 min/d 0.67 ** 0.51, 0.89 0.52 *** 0.37, 0.73 1.14 0.73, 1.80

MPA
No activity 0.00 0.00 0.00
10–29 min/d 1.10 0.78, 1.55 1.05 0.68, 1.63 1.25 0.71, 2.21
30–119 min/d 0.99 0.72, 1.36 0.99 0.64, 1.53 0.96 0.64, 1.44

120–239 min/d 0.98 0.73, 1.32 0.92 0.64, 1.34 1.06 0.66, 1.69
≥240 min/d 0.59 ** 0.42, 0.82 0.58 ** 0.39, 0.87 0.56 0.31, 1.00

LPA
No activity 0.00 0.00 0.00
10–29 min/d 0.82 0.59, 1.14 0.93 0.61, 1.40 0.70 0.40, 1.23
30–119 min/d 1.12 0.86, 1.47 1.29 0.91, 1.84 0.87 0.58, 1.32

120–239 min/d 0.94 0.70, 1.27 0.80 0.54, 1.18 1.13 0.71, 1.80
≥240 min/d 0.59 ** 0.41, 0.85 0.75 0.49, 1.14 0.33 ** 0.15, 0.69

Volume
VPA

No activity 0.00 0.00 0.00
10–74 min/w 0.44 0.13, 1.46 0.58 0.17, 1.93 N/A

75–299 min/w 0.88 0.49, 1.57 0.90 0.46, 1.79 0.74 0.25, 2.24
≥300 min/w 0.64 ** 0.50, 0.83 0.53 *** 0.3, 0.72 0.92 0.63, 1.35

MPA
No activity 0.00 0.00 0.00

10–149 min/w 1.11 0.80, 1.54 1.11 0.73, 1.67 1.11 0.64, 1.93
150–299 min/w 0.56 * 0.34, 0.91 0.44 * 0.22, 0.87 0.74 0.31, 1.73
≥300 min/w 0.91 0.71, 1.15 0.88 0.64, 1.21 0.93 0.67, 1.29

LPA
No activity 0.00 0.00 0.00

10–105 min/w 0.83 0.60, 1.14 0.97 0.65, 1.45 0.66 0.38, 1.15
106–525 min/w 1.12 0.85, 1.47 1.27 0.89, 1.81 0.89 0.59, 1.35
526–1260 min/w 0.97 0.73, 1.30 0.84 0.57, 1.24 1.12 0.71, 1.79

>1260 min/w 0.56 ** 0.38, 0.81 0.70 0.46, 1.09 0.32 ** 0.15, 0.69
MVPA

No activity 0.00 0.00 0.00
45–675 METs 0.99 0.69, 1.42 0.95 0.60, 1.51 1.01 0.54, 1.87

676–2250 METs 0.85 0.58, 1.24 0.78 0.47, 1.31 0.98 0.63, 1.52
≥2250 METs 0.67 ** 0.52, 0.87 0.58 ** 0.42, 0.81 0.82 0.56, 1.18

Note: ORs were adjusted for age, gender, marital status, education, drinking, smoking and BMI level. N/A means
no applicable value is observed in the calculation. * p < 0.05; ** p < 0.01; *** p < 0.001.

3.4. Duration of PA

Most of the participants didn’t conduct VPA or MPA (67.19% for VPA, 44.68% for MPA), but they
preferred performing LPA for 30–119 min per day (39.53%). Among subjects active in VPA, proportion
increased with the length of duration raised except a marginal rebound in the level of “120–239 min/day”
in diabetes group. Regarding MPA and LPA, participants were more likely to perform physical activities
during 30–119 min/day. Distribution discrepancies were also observed in MPA and LPA between two
groups. The active respondents with diabetes conducting physical activities over 240 min per day took
the smallest account (7.75% for MPA, 6.62 for LPA) but that less than 30 min per day took the smallest
account (7.02 for MPA, 11.42 for LPA) in normal respondents (Figure 3 a–c).
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middle-aged group but not in old-aged group. Spending over 4 h on MPA each time was correlated
with smaller odds of diabetes (OR 0.59, 95%CI 0.42 to 0.82) and two age-stratified subgroups were in
consistence. Participants performing 4 h LPA each time had lower risk of diabetes (OR 0.59, 95%CI 0.41
to 0.85). Reverse associations with long duration of diabetes were strong in elder-aged group while it
was not statistically significant in the other subgroup (Table 2).

3.5. Sensitivity and Subgroup Analysis

Appendix A Table A1 presents similar results when respondents with disability were excluded.
Frequency of VPA and diabetes risk had ORs of at least 2.50, 3.41 and 1.96 beyond the measured
confounders, which indicated that the observed OR of 0.64, 0.50 and 0.76 could be explained by an
unmeasured confounder that was correlated with both frequency-level vigorous physical activity and
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lower diabetes risk by an OR of 2.50, 3.41 and 1.96 each, over and above the measured confounder.
More E-value results for the point estimate were listed in Appendix A Table A2. In the gender-stratified
analyses, a similar inverse relationship was observed in females and the results in males are less
significant in Appendix A Table A3.

4. Discussion

In total, the majority of participants with or without diabetes do not reach the recommended
frequency or length of physical activity. More frequent PA (>0 day/week) are associated with
lower diabetes risk at vigorous intensity only, while inverse associations between duration and
volume and diabetes risk are significant in all intensities. Lower diabetes risk seems to be associated
with long-duration and high-volume of VPA/MPA in middle-aged individuals (45–64 years),
and long-duration and high-volume of MPA/LPA for the older adults (≥65 years).

A cross-sectional survey by He et al. [17] indicates that nearly 50% of diabetes subjects didn’t meet
minimum PA recommendations, whereas the number raised to almost 60% in our study. He’s survey
was carried out in 12 hospitals and targeted outpatient populations with higher attention to lifestyle
interventions compared to community-dwelling participants, which may partly explain the numerical
discrepancy. The guidelines [5] recommend that all older adults including those with chronic diseases
perform activities on at least 3 days a week to produce substantial health benefits and 150 cumulative
minutes of moderate aerobic PA, or at least 75 min of vigorous aerobic PA, or an equivalent combination
of moderate- and vigorous-intensity aerobic activity per week are essential as well. In the present
study, most of participants did not reach the recommended frequency or volume of PA with or
without diabetes. A cross-sectional study [18] conducted in Shenzhen, a city in southern China,
affirmed that 63.1% community residents aged more than 40 years were physical inactive with a
higher proportion in the older age group. A systematic review [19] targeted to older adults showed
certain pivotal barriers for PA. On the one hand, internal factors may account for low-level of PA,
including physical limitations (e.g., pain or discomfort and lack of strength, balance or flexibility),
negative perception (e.g., apathy and fear of injury) and existing sedentary habits. On the other
hand, external factors may also influence physical activity behaviors, including lack of social support
(e.g., little interaction with peers, social awkwardness and lack of encouragement), access difficulties
(e.g., extreme environments and high costs) and absence of professional instruction. Due to the reasons
mentioned above, the majority of middle and older aged adults are performing insufficient physical
activity without plans or monitors [20,21].

In the current study, both the descriptive and regression analyses revealed that the higher
engagement in all dimensions indicated a positive relationship with diabetes risk. All older adults
experience a loss of physical functional capacity, while some are in better condition with lifelong
physically activity [22]. It is biologically plausible that physical activity is correlated with lower
diabetes risk since it reduces insulin-mediated and non–insulin-mediated glucose disposal [23,24].
In the present study, participants who are involved in VPA at least one day a week have smaller odds
ratio of diabetes risk. A recent population-based survey [25] showed that participants who perform
physical activity at any frequency had significant lower risk of all-cause mortality. The guideline stress
particular emphasize on benefits of conducting physical activity 3–7 days per week for older individuals.
Another recent research [26] also reports that frequency of ≥3 times in weekly leisure-time running is
correlated with lower diabetes risk, which is similar to our results. As for duration, our results indicate
that being involved in at least 120-min VPA, 240-min MPA or 240-min LPA each day is associated
with attenuated risk of diabetes for the whole sample. Among the limited number of studies without
conversion to volume, a randomized controlled trial (RCT) demonstrates that at least 3 h per day for
LPA improved glucose control in older adults [27]. Furthermore, another RCT [28] conducted among
diabetic individuals reveals that HbA1c decreased ~1% on average when respondents were engaged in
additional LPA >55.2 min/day or MVPA >7.33 min/day than normal. Despite the different definitions
and cutoff points of duration, higher level of duration is inversely associated with diabetes risk.
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Regarding volume, a meta-analysis determines that achieving recommended volume of PA is
associated with a 26% reduction in risks for diabetes mellitus incidence [29]. In this study, performing
over 2250 METs of MVPA (equivalent to 300 min of VPA) weekly has protective associations with
diabetes risk. Recent studies show that increasing length of MVPA is associated with a reduction
in diabetes mellitus risk indicators such as HbA1c, particularly in subjects with dysglycemia [30].
In addition, our study finds that sufficient volume of MPA (150–300 min per week according to
recommendations) shows significantly positive associations with the risk of diabetes, but not for
sufficient VPA. Inconsistent with our results, a cohort study [31] controlling the dose of physical activity
suggests that VPA alone or VPA combined with MPA yield stronger health profits in terms of diabetes
risk reduction compared with MPA alone. Instead of total physical activity, the cohort study includes
only the effects of leisure-time exercise on diabetes risk, which may attributes to the differential effects
of VPA and MPA [13]. However, engaging in vigorous physical activity up to 300 min a week attained
profits in the present study, which shows higher threshold for physical activity profits compared
with recommendations. In our study, lower risk of diabetes is associated with higher PA level even
at low intensity, which is consistent with previous studies [32]. Subgroup differences exist in every
PA dimension, PA tends to be related with diabetes risk at lower intensity in the older aged group.
A National Health and Nutrition Examination Survey study [33] assessing the effects of leisure-time
physical activity on undetected prediabetes, suggests that high level of physical activity at higher
intensity have protective effects on prediabetes among 45 to 65 age group, which yield similar results
with ours.

The strengths of this study include the use of a nationwide representative sample covering 28
provinces in mainland China and the CHARLS database has been adopted in a large number of
high-quality studies to prove its validity and reliability [14]. This study also has certain limitations. First,
cross-sectional study can’t explain the causal association between PA and diabetes. Second, recall bias
is avoidable in self-reported questionnaires. A Canadian survey stated that self-reported physical
activity is overestimated on average compared to the volume accumulated on an accelerometer [34],
therefore objective measurements are needed beyond self-reported questionnaires for more accurate
physical activity data [35]. Third, LPA only includes walking in the current study while more PA items
under 3 MET should be added to ensure variable accuracy [36,37].

5. Conclusions

Our results revealed that both diabetic and non-diabetic individuals were performing lower
level of physical activity than recommendation, and participants with diabetes were conducting more
insufficient PA. Concerning frequency, only VPA is associated with lower diabetes risk. For duration
and volume, the inverse associations between diabetes and total PA were strong in middle-aged group
in VPA/MPA, and that were significant in MPA/LPA for the older-aged group. The findings from this
study extend previous cross-sectional evidence and further well-designed prospective studies using a
more accurate assessment of physical activity such as the accelerometer are warranted to evaluate the
association of physical activity dimensions with risk of diabetes.
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Appendix A

Table A1. Associations between diabetes risk and PA frequency, duration and volume (exluding disability).

Model1

OR 95%CI

Frequency
VPA

No activity 0.00
1–2 d/w 0.68 0.44, 1.07
3–5 d/w 0.51 ** 0.31, 0.84
6–7 d/w 0.73 * 0.54, 0.98

MPA
No activity 0.00

1–2 d/w 0.86 0.58, 1.26
3–5 d/w 0.85 0.61, 1.19
6–7 d/w 0.97 0.74, 1.26

LPA
No activity 0.00

1–2 d/w 0.82 0.50, 1.34
3–5 d/w 1.45 0.88, 2.39
6–7 d/w 0.90 0.70, 1.15

Duration
VPA

No activity 0.00
10–29 min/d 0.67 0.30, 1.53

30–119 min/d 1.06 0.66, 1.71
120–239 min/d 0.44 ** 0.28, 0.71
≥240 min/d 0.64 ** 0.48, 0.87

MPA
No activity 0.00
10–29 min/d 1.06 0.73, 1.54

30–119 min/d 1.02 0.73, 1.43
120–239 min/d 1.02 0.74, 1.41
≥240 min/d 0.61 ** 0.43, 0.86

LPA
No activity 0.00
10–29 min/d 0.84 0.59, 1.18

30–119 min/d 1.12 0.84, 1.49
120–239 min/d 0.91 0.66, 1.24
≥240 min/d 0.55 ** 0.37, 0.82

Volume
VPA

No activity 0.00
10–74 min/w 0.48 0.14, 1.63

75–299 min/w 0.91 0.50, 1.66
≥300 min/w 0.59 *** 0.46, 0.75

MPA
No activity 0.00

10–149 min/w 0.97 0.69, 1.38
150–299 min/w 0.57 * 0.35, 0.94
≥300 min/w 0.88 0.69, 1.14

LPA
No activity 0.00

10–105 min/w 0.86 0.62, 1.21
106–525 min/w 1.12 0.84, 1.49

526–1260 min/w 0.94 0.69, 1.29
>1260 min/w 0.50 ** 0.33, 0.75

MVPA
No activity 0.00

45–675 METs 0.85 0.58, 1.26
676–2250 METs 0.84 0.57, 1.24
≥2250 METs 0.61 *** 0.48, 0.79

Note: ORs were adjusted for age, gender, marital status, education, drinking, smoking and BMI level. * p < 0.05;
**: p < 0.01; ***: p < 0.001.
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Table A2. The E-value for the point estimate.

Model 1 e-Value

OR 95%CI Point Estimate CI

Frequency
VPA

No activity 0.00
1–2 d/w 0.64 * 0.41, 0.99 2.500 1.111
3–5 d/w 0.50 ** 0.32, 0.79 3.414 1.846
6–7 d/w 0.76 * 0.58, 0.99 1.960 1.111

MPA
No activity 0.00

1–2 d/w 0.88 0.61, 1.26 —— ——
3–5 d/w 0.82 0.60, 1.12 —— ——
6–7 d/w 0.94 0.73, 1.20 —— ——

LPA
No activity 0.00

1–2 d/w 0.78 0.49, 1.26 —— ——
3–5 d/w 1.38 0.85, 2.22 —— ——
6–7 d/w 0.93 0.73,1.17 —— ——

Duration
VPA

No activity 0.00
10–29 min/d 0.59 0.26, 1.34 —— ——
30–119 min/d 0.97 0.62, 1.53 —— ——

120–239 min/d 0.46 *** 0.30, 0.71 3.771 2.167
≥240 min/d 0.67 ** 0.51, 0.89 2.350 1.496

MPA
No activity 0.00
10–29 min/d 1.10 0.78, 1.55 —— ——
30–119 min/d 0.99 0.72, 1.36 —— ——

120–239 min/d 0.98 0.73, 1.32 —— ——
≥240 min/d 0.59 ** 0.42, 0.82 2.780 1.737

LPA
No activity 0.00 0.59, 1.14
10–29 min/d 0.82 —— ——
30–119 min/d 1.12 0.86, 1.47 —— ——

120–239 min/d 0.94 0.70, 1.27 —— ——
≥240 min/d 0.59 ** 0.41, 0.85 2.780 1.632

Volume
VPA

No activity 0.00
10–74 min/w 0.44 0.13, 1.46 —— ——

75–299 min/w 0.88 0.49, 1.57 —— ——
≥300 min/w 0.64 ** 0.50, 0.83 2.500 1.702

MPA
No activity 0.00

10–149 min/w 1.11 0.80, 1.54 —— ——
150–299 min/w 0.56 * 0.34, 0.91 2.970 1.429
≥300 min/w 0.91 0.71, 1.15 —— ——

LPA
No activity 0.00

10–105 min/w 0.83 0.60, 1.14 —— ——
106–525 min/w 1.12 0.85, 1.47 —— ——
526–1260 min/w 0.97 0.73, 1.30 —— ——

>1260 min/w 0.56 ** 0.38, 0.81 2.970 1.429
MVPA

No activity 0.00
45–675 METs 0.99 0.69, 1.42 —— ——

676–2250 METs 0.85 0.58, 1.24 —— ——
≥2250 METs 0.67 ** 0.52, 0.87 2.350 1.564

Note: ORs were adjusted for age, gender, marital status, education, drinking, smoking and BMI level. *: p < 0.05.;
**: p < 0.01.; ***: p < 0.001.
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Table A3. Associations between diabetes risk and PA frequency, duration and volume.

Model 1: Male Model 2: Female

OR 95%CI OR 95%CI

Frequency
VPA
No activity 0.00 0.00
1–2 d/w 0.67 0.36, 1.23 0.61 0.33, 1.14
3–5 d/w 0.40 * 0.17, 0.94 0.60 * 0.37, 0.99
6–7 d/w 0.91 0.61, 1.35 0.62 * 0.42, 0.90
MPA
No activity 0.00 0.00
1–2 d/w 0.88 0.47, 1.63 0.87 0.56, 1.36
3–5 d/w 0.94 0.58, 1.54 0.72 0.48, 1.08
6–7 d/w 1.13 0.77, 1.66 0.83 0.60, 1.13
LPA
No activity 0.00 0.00
1–2 d/w 0.63 0.28, 1.45 0.87 0.48, 1.58
3–5 d/w 1.88 0.92, 3.85 0.97 0.59, 1.59
6–7 d/w 0.84 0.59, 1.20 1.00 0.73, 1.35

Duration
VPA
No activity 0.00 0.00
10–29 min/d 0.36 0.08, 1.64 0.85 0.32, 2.26
30–119 min/d 1.26 0.67, 2.39 0.75 0.41, 1.38
120–239 min/d 0.40 * 0.20, 0.78 0.51 * 0.30, 0.89
≥240 min/d 0.75 0.49, 1.15 0.60 * 0.41, 0.88
MPA
No activity 0.00 0.00
10–29 min/d 1.14 0.62, 2.08 1.06 0.70, 1.62
30–119 min/d 1.06 0.67, 1.68 0.93 0.62, 1.41
120–239 min/d 1.31 0.83, 2.07 0.78 0.53, 1.14
≥240 min/d 0.76 0.46, 1.24 0.46 *** 0.30, 0.73
LPA
No activity 0.00 0.00
10–29 min/d 0.91 0.55, 1.50 0.77 0.49, 1.19
30–119 min/d 1.15 0.76, 1.76 1.11 0.78, 1.58
120–239 min/d 0.73 0.47, 1.14 1.10 0.75, 1.62
≥240 min/d 0.52 * 0.29, 0.91 0.64 0.40, 1.03

Volume
VPA
No activity 0.00 0.00
10–74 min/w 0.26 0.03, 2.10 0.60 0.13, 2.72
75–299 min/w 1.06 0.44, 2.55 0.74 0.37, 1.49
≥300 min/w 0.69 0.47, 1.01 0.60 ** 0.43, 0.83
MPA
No activity 0.00 0.00
10–149 min/w 1.20 0.68, 2.14 1.04 0.70, 1.55
150–299 min/w 0.69 0.30, 1.57 0.47 * 0.25, 0.88
≥300 min/w 1.07 0.74, 1.55 0.80 0.59, 1.08

LPA
No activity 0.00 0.00
10–105 min/w 0.95 0.84, 1.55 0.76 0.49, 1.17
106–525 min/w 1.14 0.75, 1.75 1.11 0.78, 1.58
526–1260 min/w 0.73 0.47, 1.14 1.15 0.79, 1.68
>1260 min/w 0.51* 0.29, 0.91 0.59 * 0.36, 0.97
MVPA
No activity 0.00 0.00
45–675 METs 0.80 0.39, 1.61 1.06 0.69, 1.64
676–2250 METs 0.75 0.44, 1.28 0.90 0.56, 1.45
≥2250 METs 0.83 0.53, 1.30 0.56 *** 0.42, 0.75

Note: ORs were adjusted for age, gender, marital status, education, drinking, smoking and BMI level. *: p < 0.05;
**: p < 0.01.; ***: p < 0.001.



Int. J. Environ. Res. Public Health 2020, 17, 7803 15 of 17

References

1. Saeedi, P.; Salpea, P.; Karuranga, S.; Petersohn, I.; Malanda, B.; Gregg, E.W.; Unwin, N.; Wild, S.H.; Williams, R.
Mortality attributable to diabetes in 20–79 years old adults, 2019 estimates: Results from the International
Diabetes Federation Diabetes Atlas, 9(th) edition. Diabetes Res. Clin. Pract. 2020, 162, 108086. [CrossRef]
[PubMed]

2. Saeedi, P.; Petersohn, I.; Salpea, P.; Malanda, B.; Karuranga, S.; Unwin, N.; Colagiuri, S.; Guariguata, L.;
Motala, A.A.; Ogurtsova, K.; et al. Global and regional diabetes prevalence estimates for 2019 and projections
for 2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9(th) edition. Diabetes
Res. Clin. Pract. 2019, 157, 107843. [CrossRef] [PubMed]

3. Sinclair, A.; Saeedi, P.; Kaundal, A.; Karuranga, S.; Malanda, B.; Williams, R. Diabetes and global ageing
among 65–99-year-old adults: Findings from the International Diabetes Federation Diabetes Atlas, 9(th)
edition. Diabetes Res. Clin. Pract. 2020, 162, 108078. [CrossRef] [PubMed]

4. Nanditha, A.; Ma, R.C.; Ramachandran, A.; Snehalatha, C.; Chan, J.C.; Chia, K.S.; Shaw, J.E.; Zimmet, P.Z.
Diabetes in Asia and the Pacific: Implications for the Global Epidemic. Diabetes care 2016, 39, 472–485.
[CrossRef] [PubMed]

5. Piercy, K.L.; Troiano, R.P.; Ballard, R.M.; Carlson, S.A.; Fulton, J.E.; Galuska, D.A.; George, S.M.; Olson, R.D.
The Physical Activity Guidelines for Americans. JAMA 2018, 320, 2020–2028. [CrossRef]

6. Zheng, Y.; Ley, S.H.; Hu, F.B. Global aetiology and epidemiology of type 2 diabetes mellitus and its
complications. Nat. Rev. Endocrinol. 2018, 14, 88–98. [CrossRef]

7. Balk, E.M.; Earley, A.; Raman, G.; Avendano, E.A.; Pittas, A.G.; Remington, P.L. Combined Diet and Physical
Activity Promotion Programs to Prevent Type 2 Diabetes Among Persons at Increased Risk: A Systematic
Review for the Community Preventive Services Task Force. Ann Intern Med. 2015, 163, 437–451. [CrossRef]

8. Guthold, R.; Stevens, G.A.; Riley, L.M.; Bull, F.C. Worldwide trends in insufficient physical activity from 2001
to 2016: A pooled analysis of 358 population-based surveys with 1·9 million participants. Lancet Glob. Health
2018, 6, e1077–e1086. [CrossRef]

9. Zou, Q.; Wang, H.; Du, W.; So, C.; Ouyang, Y.; Wang, Z.; Ding, G.; Zhang, B. Trends in Leisure-Time Physical
Activity Among Chinese Adults-China, 2000–2015. China CDC Wkly. 2020, 2, 135–139. [CrossRef]

10. Strath, S.J.; Kaminsky, L.A.; Ainsworth, B.E.; Ekelund, U.; Freedson, P.S.; Gary, R.A.; Richardson, C.R.;
Smith, D.T.; Swartz, A.M. American Heart Association Physical Activity Committee of the Council on
Lifestyle and Cardiometabolic Health and Cardiovascular, Exercise, Cardiac Rehabilitation and Prevention
Committee of the Council on Clinical Cardiology, and Council. Guide to the assessment of physical activity:
Clinical and research applications: A scientific statement from the American Heart Association. Circulation
2013, 128, 2259–2279.

11. Wen, C.P.; Wai, J.P.; Tsai, M.K.; Yang, Y.C.; Cheng, T.Y.; Lee, M.C.; Chan, H.T.; Tsao, C.K.; Tsai, S.P.; Wu, X.
Minimum amount of physical activity for reduced mortality and extended life expectancy: A prospective
cohort study. Lancet 2011, 378, 1244–1253. [CrossRef]

12. Lao, X.Q.; Deng, H.B.; Liu, X.; Chan, T.C.; Zhang, Z.; Chang, L.Y.; Yeoh, E.K.; Tam, T.; Wong, M.; Thomas, G.N.
Increased leisure-time physical activity associated with lower onset of diabetes in 44 828 adults with impaired
fasting glucose: A population-based prospective cohort study. Br. J. Sports Med. 2019, 53, 895–900. [CrossRef]

13. Divney, A.A.; Murillo, R.; Rodrigue, F.; Mirzayi, C.A.; Tsui, E.K.; Echeverria, S.E. Diabetes Prevalence by
Leisure-, Transportation-, and Occupation-Based Physical Activity Among Racially/Ethnically Diverse, U.S.
Adults. Diabetes Care 2019, 42, 1241–1247. [CrossRef]

14. Zhao, Y.; Hu, Y.; Smith, J.P.; Strauss, J.; Yang, G. Cohort profile: The China Health and Retirement Longitudinal
Study (CHARLS). Int. J. Epidemiol. 2014, 43, 61–68. [CrossRef] [PubMed]

15. American Diabetes Association. Standards of medical care in diabetes-2011. Diabetes Care 2011, 34 (Suppl. 1),
S11–S61. [CrossRef] [PubMed]

16. VanderWeele, T.J.; Ding, P. Sensitivity Analysis in Observational Research: Introducing the E-Value.
Ann. Intern. Med. 2017, 167, 268–274. [CrossRef]

17. He, X.; Pan, J.; Pan, M.; Wang, J.; Dong, J.; Yuan, H.; Zhou, L.; Chen, M.; Chen, Y.; Lu, Y.; et al. Dietary and
physical activity of adult patients with type 2 diabetes in Zhejiang province of eastern China: Data from a
cross-sectional study. J. Diabetes Investig. 2016, 7, 529–538. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.diabres.2020.108086
http://www.ncbi.nlm.nih.gov/pubmed/32068099
http://dx.doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/pubmed/31518657
http://dx.doi.org/10.1016/j.diabres.2020.108078
http://www.ncbi.nlm.nih.gov/pubmed/32068097
http://dx.doi.org/10.2337/dc15-1536
http://www.ncbi.nlm.nih.gov/pubmed/26908931
http://dx.doi.org/10.1001/jama.2018.14854
http://dx.doi.org/10.1038/nrendo.2017.151
http://dx.doi.org/10.7326/M15-0452
http://dx.doi.org/10.1016/S2214-109X(18)30357-7
http://dx.doi.org/10.46234/ccdcw2020.037
http://dx.doi.org/10.1016/S0140-6736(11)60749-6
http://dx.doi.org/10.1136/bjsports-2017-098199
http://dx.doi.org/10.2337/dc18-2432
http://dx.doi.org/10.1093/ije/dys203
http://www.ncbi.nlm.nih.gov/pubmed/23243115
http://dx.doi.org/10.2337/dc11-S011
http://www.ncbi.nlm.nih.gov/pubmed/21193625
http://dx.doi.org/10.7326/M16-2607
http://dx.doi.org/10.1111/jdi.12458
http://www.ncbi.nlm.nih.gov/pubmed/27180625


Int. J. Environ. Res. Public Health 2020, 17, 7803 16 of 17

18. Zhou, Y.; Wu, J.; Zhang, S.; Yan, S.; He, L.; Mkandawire, N.; Song, X.; Gan, Y.; Li, W.; Yang, T.; et al. Prevalence
and risk factors of physical inactivity among middle-aged and older Chinese in Shenzhen: A cross-sectional
study. BMJ 2018, 8, e019775. [CrossRef]

19. Franco, M.R.; Tong, A.; Howard, K.; Sherrington, C.; Ferreira, P.H.; Pinto, R.Z.; Ferreira, M.L. Older people’s
perspectives on participation in physical activity: A systematic review and thematic synthesis of qualitative
literature. Br. J. Sports Med. 2015, 49, 268–276. [CrossRef]

20. Samra, P.K.; Rebar, A.L.; Parkinson, L.; van Uffelen, J.; Schoeppe, S.; Power, D.; Schneiders, A.; Vandelanotte, C.;
Alley, S. Physical Activity Attitudes, Preferences, and Experiences of Regionally-Based Australia Adults
Aged 65 Years and Older. J. Aging Phys. Act. 2019, 27, 446–451. [CrossRef]

21. McPhee, J.S.; French, D.P.; Jackson, D.; Nazroo, J.; Pendleton, N.; Degens, H. Physical activity in older age:
Perspectives for healthy ageing and frailty. Biogerontology 2016, 17, 567–580. [CrossRef] [PubMed]

22. Bangsbo, J.; Bangsbo, J.; Blackwell, J.; Boraxbekk, C.J.; Caserotti, P.; Dela, F.; Evans, A.B.; Jespersen, A.P.;
Gliemann, L.; Kramer, A.F.; et al. Copenhagen Consensus statement 2019: Physical activity and ageing. Br. J.
Sports Med. 2019, 53, 856–858. [CrossRef] [PubMed]

23. Sylow, L.; Kleinert, M.; Richter, E.A.; Jensen, T. Exercise-stimulated glucose uptake—Regulation and
implications for glycaemic control. Nat. Rev. Endocrinol. 2017, 13, 133–148. [CrossRef] [PubMed]

24. Kang, J.; Fealy, C.E.; Foucher, J.A.; Scelsi, A.R.; Malin, S.K.; Pagadala, M.; Rocco, M.; Burguera, B.; Kirwan, J.P.
Effect of exercise intensity on glucose and insulin metabolism in obese individuals and obese NIDDM
patients. Diabetes Care 1996, 19, 341–349. [CrossRef]

25. Shin, W.Y.; Lee, T.; Jeon, D.H.; Kim, H.C. Diabetes, Frequency of Exercise, and Mortality Over 12 Years:
Analysis of the National Health Insurance Service-Health Screening (NHIS-HEALS) Database. J. Korean
Med. Sci. 2018, 8, e60. [CrossRef]

26. Wang, Y.; Lee, D.C.; Brellenthin, A.G.; Eijsvogels, T.; Sui, X.; Church, T.S.; Lavie, C.J.; Blair, S.N. Leisure-Time
Running Reduces the Risk of Incident Type 2 Diabetes. Am. J. Med. 2019, 132, 1225–1232. [CrossRef]

27. Welch, W.A.; Strath, S.J.; Brondino, M.; Walker, R.; Swartz, A.M. Duration-Response of Light-Intensity
Physical Activity and Glucose Dynamics in Older Adults. J. Phys. Act. Health 2019, 16, 37–42. [CrossRef]

28. Balducci, S.; D’Errico, V.; Haxhi, J.; Sacchetti, M.; Orlando, G.; Cardelli, P.; Vitale, M.; Bollanti, L.; Conti, F.;
Zanuso, S.; et al. Effect of a Behavioral Intervention Strategy for Adoption and Maintenance of a Physically
Active Lifestyle: The Italian Diabetes and Exercise Study 2 (IDES_2): A Randomized Controlled Trial.
Diabetes Care 2017, 40, 1444–1452. [CrossRef]

29. Wahid, A.; Manek, N.; Nichols, M.; Kelly, P.; Foster, C.; Webster, P.; Kaur, A.; Friedemann Smith, C.; Wilkins, E.;
Rayner, M.; et al. Quantifying the Association Between Physical Activity and Cardiovascular Disease and
Diabetes: A Systematic Review and Meta-Analysis. J. Am. Heart Assoc. 2016, 5, e002495. [CrossRef]

30. McCarthy, M.; Edwardson, C.L.; Davies, M.J.; Henson, J.; Gray, L.; Khunti, K.; Yates, T. Change in Sedentary
Time, Physical Activity, Bodyweight, and HbA1c in High-Risk Adults. Med. Sci. Sports Exerc. 2017, 49,
1120–1125. [CrossRef]

31. Honda, T.; Kuwahara, K.; Nakagawa, T.; Yamamoto, S.; Hayashi, T.; Mizoue, T. Leisure-time, occupational,
and commuting physical activity and risk of type 2 diabetes in Japanese workers: A cohort study. BMC Public
Health 2015, 15, 1004. [CrossRef] [PubMed]

32. Ikehara, S.; Iso, H.; Maruyama, K.; Ukawa, S.; Tamakoshi, A. Japan Collaborative Cohort Study. Television
viewing time, walking time, and risk of type 2 diabetes in Japanese men and women: The Japan Collaborative
Cohort Study. Prev. Med. 2019, 118, 220–225. [CrossRef] [PubMed]

33. Wang, J.; Wu, Y.; Ning, F.; Zhang, C.; Zhang, D. The Association between Leisure-Time Physical Activity and
Risk of Undetected Prediabetes. J. Diabetes Res. 2017, 2017, 4845108. [CrossRef] [PubMed]

34. Colley, R.C.; Butler, G.; Garriguet, D.; Prince, S.A.; Roberts, K.C. Comparison of self-reported and
accelerometer-measured physical activity in Canadian adults. Health Rep. 2018, 29, 3–15.

35. Skender, S.; Ose, J.; Chang-Claude, J.; Paskow, M.; Brühmann, B.; Siegel, E.M.; Steindorf, K.; Ulrich, C.M.
Accelerometry and physical activity questionnaires - a systematic review. BMC Public Health 2016, 16, 515.
[CrossRef]

36. Izawa, K.P.; Shibata, A.; Ishii, K.; Miyawaki, R.; Oka, K. Associations of low-intensity light physical activity
with physical performance in community-dwelling elderly Japanese: A cross-sectional study. PLoS ONE
2017, 12, e0178654. [CrossRef] [PubMed]

http://dx.doi.org/10.1136/bmjopen-2017-019775
http://dx.doi.org/10.1136/bjsports-2014-094015
http://dx.doi.org/10.1123/japa.2017-0426
http://dx.doi.org/10.1007/s10522-016-9641-0
http://www.ncbi.nlm.nih.gov/pubmed/26936444
http://dx.doi.org/10.1136/bjsports-2018-100451
http://www.ncbi.nlm.nih.gov/pubmed/30792257
http://dx.doi.org/10.1038/nrendo.2016.162
http://www.ncbi.nlm.nih.gov/pubmed/27739515
http://dx.doi.org/10.2337/diacare.19.4.341
http://dx.doi.org/10.3346/jkms.2018.33.e60
http://dx.doi.org/10.1016/j.amjmed.2019.04.035
http://dx.doi.org/10.1123/jpah.2017-0557
http://dx.doi.org/10.2337/dc17-0594
http://dx.doi.org/10.1161/JAHA.115.002495
http://dx.doi.org/10.1249/MSS.0000000000001218
http://dx.doi.org/10.1186/s12889-015-2362-5
http://www.ncbi.nlm.nih.gov/pubmed/26431831
http://dx.doi.org/10.1016/j.ypmed.2018.11.006
http://www.ncbi.nlm.nih.gov/pubmed/30408447
http://dx.doi.org/10.1155/2017/4845108
http://www.ncbi.nlm.nih.gov/pubmed/28367452
http://dx.doi.org/10.1186/s12889-016-3172-0
http://dx.doi.org/10.1371/journal.pone.0178654
http://www.ncbi.nlm.nih.gov/pubmed/28598993


Int. J. Environ. Res. Public Health 2020, 17, 7803 17 of 17

37. Ainsworth, B.E.; Haskell, W.L.; Herrmann, S.D.; Meckes, N.; Bassett, D.R., Jr.; Tudor-Locke, C.; Greer, J.L.;
Vezina, J.; Whitt-Glover, M.C.; Leon, A.S. 2011 Compendium of Physical Activities: A second update of
codes and MET values. Med. Sci. Sports Exerc. 2011, 43, 1575–1581. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1249/MSS.0b013e31821ece12
http://www.ncbi.nlm.nih.gov/pubmed/21681120
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Outcome Variable 
	Assessment of Physical Activity 
	Covariates 
	Data Analysis 

	Results 
	Demographic Characteristics 
	Volume of PA 
	Frequency of PA 
	Duration of PA 
	Sensitivity and Subgroup Analysis 

	Discussion 
	Conclusions 
	
	References

