
International  Journal  of

Environmental Research

and Public Health

Article

Associations between Intensity, Frequency, Duration,
and Volume of Physical Activity and the Risk of
Stroke in Middle- and Older-Aged Chinese People:
A Cross-Sectional Study

Donghui Yang 1, Yuqian Bian 2, Zixin Zeng 1, Yiran Cui 1, Yafeng Wang 1 and Chuanhua Yu 1,*
1 Department of Epidemiology and Biostatistics, School of Health Sciences, Wuhan University, Wuhan 430071,

China; yangdh@whu.edu.cn (D.Y.); zzx7021@whu.edu.cn (Z.Z.); 2019283050055@whu.edu.cn (Y.C.);
wonyhfon@whu.edu.cn (Y.W.)

2 Information Management and Information System, School of Medical and Health Management,
Huazhong University of Science and Technology, Wuhan 430030, China; byq847660458@163.com

* Correspondence: yuchua@whu.edu.cn

Received: 7 October 2020; Accepted: 18 November 2020; Published: 20 November 2020
����������
�������

Abstract: Context: Persuasive evidence has shown the inverse associations between physical activity
(PA) and the risk of stroke. However, few studies have investigated the associations between
different dimensions (intensity, frequency, duration, volume) of PA and the risk of stroke. Objective:
To investigate the associations between different dimensions of PA and the risk of stroke in total
participants and subgroups. Method: This study included 6250 individuals aged 45 years old and
above from the China Health and Retirement Longitudinal Study (CHARLS). PA was divided into
vigorous PA (VPA), moderate PA (MPA), and light PA (LPA), and described in different dimensions
(intensity, frequency, duration, volume). Stroke was defined on the basis of self-reported diagnosis
and related treatments. Binary logistic regression models were established to assess the associations
between different dimensions of PA and the risk of stroke in total participants and subgroups stratified
by sex. Results: Individuals taking VPA with a frequency of 3–5 d/w, duration of ≥240 min/d, volume
of ≥300 min/w had lower risks of strokes in total participants (Odds ratio (OR) = 0.32, 95% confidence
interval (CI): 0.13, 0.75; OR = 0.60, 95% CI: 0.38, 0.94; OR = 0.68, 95% CI: 0.46, 0.99, respectively).
However, significant associations of VPA with the risk of stroke in men were only observed in the
duration of ≥240 min/d and volume of ≥300 min/w (OR = 0.53, 95% CI: 0.30, 0.93; OR = 0.61, 95% CI:
0.38, 0.99, respectively) whereas no significance in women. Compared with individuals taking no
MPA, inverse significant associations between the risk of stroke and any level of frequency, duration
and volume in MPA were observed in total sample (OR ranging from 0.16–0.40, all p < 0.05), whereas
significant associations between the risk of stroke and MPA were found in men except the duration of
10–29 min/d and volume of 150–299 min/w (OR ranging from 0.26–0.35, all p < 0.05), and in women
except the frequency of 1–2 d/w and duration of ≥240 min/d (OR ranging from 0.14–0.49, all p < 0.05).
No significant associations could be observed in total participants and subgroups between LPA and
the risk of stroke. Conclusion: This study revealed some significant associations between different
dimensions of PA, especially MPA, and the risk of stroke. Furthermore, the difference of association
was observed in the groups with different sex. Further prospective study is needed to determine
deeper associations between PA and the risk of stroke.
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1. Introduction

Stroke was one of the leading causes of death, accounting for 10% of all deaths worldwide in
2016 [1]. Additionally, the age-standardized stroke prevalence rate increased by 3.1% from 1990 to
2017, up to 1300.6 per 100,000 in 2017 [2]. Globally, from 1990 to 2016, the estimated lifetime risk of
stroke increased from 22.8% to 24.9%, a relative increase of 8.9%, among the group aged 25 years old
and above [3]. In China, stroke ranked as the third-highest cause of death, resulting in 1.57 million
deaths in 2018 [4]. In addition, the prevalence of stroke has increased over the previous 30 years up to
1596.0 per 100,000 people in 2013 [5]. It was estimated that China had the highest estimated lifetime
risk of stroke among the group aged 25 years old and above, up to 39.3% [3].

Many factors are related to the risk of stroke such as hypertension, diabetes, physical inactivity, etc.,
and around 80% of strokes were attributable to these modifiable risk factors [6]. Physical activity (PA)
was defined as any bodily movement produced by skeletal muscles that result in energy expenditure [7].
Some studies demonstrated mechanisms that PA could reduce the risk of cardiovascular events [8,9].
Up to now, many studies have found an inverse association of PA with the risk of stroke [10–12]. A study
showed that a high or moderate level of PA was protective against stroke in men not women [13].
In addition, a study found that vigorous physical activity (VPA) was associated with a lower chance of
having a stroke compared with light physical activity (LPA) [14], whereas other research has shown
that VPA did not decrease the risk of stroke [15]. Meanwhile, there were also some inconsistent results
in several studies about the associations between the frequency of PA and the risk of stroke [16,17].
A study found that PA frequency was not associated with the risk of coronary heart disease (CHD) [16],
whereas another study showed even a low frequency of PA could prevent stroke [17]. Although
many studies have estimated the association of PA with the risk of stroke, associations between
comprehensive dimensions of PA and the risk of stroke are rarely investigated.

Therefore, the aim of this study was to estimate associations of the risk of stroke with different
dimensions of PA and compare whether there are differences in association of the stroke and PA
between men and women.

2. Materials and Methods

2.1. Study Population

In this study, we used the data from the China Health and Retirement Longitudinal Study
(CHARLS) conducted in 2015. CHARLS is a nationally representative longitudinal cohort study of
individuals aged 45 years old and above in China. Its baseline survey was conducted in 2011–2012 and
further follow-up survey was conducted every two years. In order to estimate the social, economic,
and health status, and to establish a high qualitative database, CHARLS selected participants in
450 communities of 150 county-level units from 28 provinces chosen in China based on a four-stage
stratified cluster sampling method. The ethics committee of Peking University Health Science Center
has approved the CHARLS. The ethical approval number was IRB00001052-11015. More detailed
contents of CHARLS have been previously documented [18].

Among 20,967 participants in 2015, we excluded 1277 participants under 45 years old or missing
age data, 2855 participants missing a diagnosis of stroke, and 9132 individuals missing information on
frequency and/or duration of VPA/moderate physical activity (MPA)/LPA. Meanwhile, we removed
1453 participants lacking data on sex, educational status, marital status, drinking, smoking, Body Mass
Index (BMI), case weights, and abnormal values of BMI (>100 kg/m2). Finally, 6250 participants were
included in this cross-sectional study.

2.2. Stroke Measurements

Stroke was defined through the question “Have you been diagnosed with a stroke by a doctor?”
and “Are you now taking any of the following treatments because of your stroke?”. We considered
that the individual had had a stroke when the response was “yes” to either or both of the questions.
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2.3. Assessment of PA

Each subject was asked, “Do you conduct PA for at least 10 min continuously in a usual week?”
for each category: (1) Doing VPA that makes breathing much harder than normal; (2) Doing MPA that
makes breathing somewhat harder than normal; (3) Doing LPA such as walking. If the response was
“no”, they would be considered as taking no VPA/MPA/LPA. If the answer was “yes”, they would be
further inquired “How many days do you normally take VPA/MPA/LPA in a week?” and “How long
do you spend on VPA/MPA/LPA each time?”.

Frequency of PA ranged from 0–7 d/w in all three intensities of PA and was separated into 4 levels:
no activity (0 d/w); 1–2 d/w; 3–5 d/w; and 6–7 d/w. Duration of PA was categorized into 5 levels in
accordance with CHARLS: no activity; 10–29 min/d; 30–119 min/d; 120–239 min/d; and ≥240 min/d,
considering some participants taking no PA or spending too long each time. It was suggested that if the
elderly do VPA at least 75 min/w, or MPA at least 150 min/w and VPA/MPA over 300 min/w, this may
cause harm to the senior individuals [7]. Therefore, we calculated the total volume of VPA/MPA/LPA
in a week by multiplying frequency and duration of VPA/MPA/LPA. In this study, referring to the
WHO guideline [7], volume of VPA was divided into 4 levels: no activity; 10–74 min/w; 75–299 min/w;
and ≥300 min/w, whereas volume of MPA was separated into 4 levels; no activity; 10–149 min/w;
150–299 min/w; and ≥300 min/w. Despite no guidelines on LPA, we divided volume of LPA into
4 levels like MPA: no activity; 10–149 min/w; 150–299 min/w; and ≥300 min/w.

2.4. Assessment of Covariables

Information of individuals on social-demographic factors, health behaviors and health related
status was collected via questionnaire-based interviews in 2015. Social-demographic factors included
age (continuous variable), sex (male, female), educational status (junior high school or below; senior
high school or vocational school; college or above), marital status (married or partnered; separated,
divorced or widowed; never married). Health behaviors included: drinking (never; former; current),
smoking (never; former; current). Health related status included BMI (continuous variable).

2.5. Data Analysis

Categorical variables were expressed as frequencies and percentages. Continuous variables were
described as a mean value ± standard deviation (SD). Associations of different dimensions of PA with
the risk of stroke were estimated by binary logistic regression. Odds Ratios (ORs) and 95% confidence
intervals (CIs) were calculated to measure the effects of different dimensions of PA. Model 1 presented
the key potential confounding covariables—age, sex, educational status, marital status, drinking,
smoking, BMI—and case weights adjusted results in total participants. Case weights were used to
adjust for the stratified sampling method and patterns caused by non-response individuals in this
study. Model 2 and model 3 presented key covariables and case weight-adjusted results in men and
women, respectively. In order to reduce the selection bias, we excluded 502 participants with PA
disability and established model 4 to reduce the influence of movement restrictions. Furthermore,
to evaluate the robustness of the results in this study, we calculated the E-value [19]. Assessed E-value
indicated the minimum strength of association between unmeasured confounders, PA, and the risk of
stroke. Data were analyzed with Stata IC 15 (StataCorp, College Station, TX, USA). If p-value < 0.05,
it was considered statistically significant in all analyses.

3. Results

3.1. Characteristics of the Participants

Our study included 6250 participants, which consisted of 228 stroke patients and 6022 individuals
without a stroke. Compared with individuals without a stroke, stroke patients were older and a
higher percentage were men. Participants with a stroke diagnosis had a higher BMI and a greater
proportion were separated, divorced, widowed, or had never married, and were junior high school or
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below in educational status. Additionally, the proportion of former alcohol consumption, and former
and current smoker was higher in participants with stroke than those without stroke. The basic
characteristics of the participants are shown in Table 1.

Table 1. Basic characteristics of participants.

Variables Total (n = 6250) Non-Stroke (n = 6022) Stroke (n = 228)

Age, year (mean ± SD) 61.0 ± 9.2 60.9 ± 9.2 63.9 ± 9.4
BMI, kg/m2 (mean ± SD) 23.9 ± 3.9 23.9 ± 3.9 24.1 ± 3.8

Sex (%)

Male 47.0 46.6 57.9
Female 53.0 53.4 42.1

Educational status (%)

Junior high school or below 88.9 88.9 91.2
Senior high school or vocational school 10.6 10.7 7.9
College or above 0.5 0.5 0.9

Marital status (%)

Married or partnered 87.5 87.7 80.7
Separated, divorced, or widowed 12.1 11.8 18.4
Never married 0.5 0.4 0.9

Drinking (%)

Never 54.5 54.7 50.9
Former 11.0 10.7 20.6
Current 34.5 34.7 28.5

Smoking (%)

Never 56.1 56.6 45.2
Former 15.9 15.5 26.3
Current 28.0 28.0 28.5

Abbreviation: SD, standard deviation; BMI, Body Mass Index.

3.2. Frequency of PA and the Risk of Stroke

Regarding the frequency of PA, the majority of individuals took no PA or frequent PA (6–7 d/w) in
all three intensities of PA. With the intensity decreasing, the proportion of active individuals increased
in participants both with and without stroke (35.40% for VPA, 56.41% for MPA, 79.18% for LPA in
participants with stroke; 28.07% for VPA, 34.21% for MPA, 77.19% for LPA in participants without
stroke). Participants with a stroke were more inactive in VPA and MPA, whereas individuals at different
levels of frequency in LPA occupied a similar proportion in total participants with and without a stroke.
Frequency of PA in participants with and without stroke a is shown in Figure 1.

Compared with inactive participants, individuals taking VPA 3–5 d/w had a lower chance of
suffering from a stroke (Odds ratio (OR) = 0.32, 95% confidence interval (CI): 0.13, 0.75), whereas a
significant association was not observed in the subgroups. Concerning MPA, lower risks of stroke
were associated with MPA in all levels of frequency in the whole sample (OR = 0.35, 95% CI: 0.18, 0.72
for 1–2 d/w, OR = 0.23, 95% CI: 0.12, 0.46 for 3–5 d/w, OR = 0.40, 95% CI: 0.27, 0.58 for 6–7 d/w) and
men (OR = 0.26, 95% CI: 0.09, 0.78 for 1–2 d/w, OR = 0.28, 95% CI: 0.12, 0.63 for 3–5 d/w, OR = 0.34,
95% CI: 0.20, 0.60 for 6–7 d/w). However, the inverse significant associations were only observed in the
women taking MPA with a frequency of 3–5 d/w and 6–7 d/w (OR = 0.14, 95% CI: 0.04, 0.46 for 3–5 d/w,
OR = 0.46, 95% CI: 0.28, 0.78 for 6–7 d/w). There was no statistically significant association between the
frequency of LPA and the risk of stroke in total participants and subgroups. Associations between the
frequency of PA and the risk of stroke are shown in Table 2.
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Table 2. Associations between PA and the risk of stroke.

Variables
Model 1 (n = 6250) Model 2 (n = 2936) Model 3 (n = 3314)

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

Frequency

VPA

No activity 1.00 1.00 1.00
1–2 d/w 0.92 0.46 1.81 0.68 0.29 1.6 1.56 0.54 4.54
3–5 d/w 0.32 * 0.14 0.75 0.43 0.18 1.05 N/A
6–7 d/w 0.74 0.49 1.11 0.61 0.36 1.02 1.06 0.59 1.90

MPA

No activity 1.00 1.00 1.00
1–2 d/w 0.35 * 0.18 0.72 0.26 * 0.09 0.78 0.53 0.21 1.32
3–5 d/w 0.23 * 0.12 0.46 0.28 * 0.12 0.63 0.14 * 0.04 0.46
6–7 d/w 0.40 * 0.27 0.58 0.34 * 0.20 0.60 0.46 * 0.28 0.78

LPA

No activity 1.00 1.00 1.00
1–2 d/w 0.74 0.29 1.90 0.49 0.10 2.45 1.30 0.44 3.81
3–5 d/w 0.89 0.49 1.60 0.89 0.43 1.84 0.76 0.27 2.18
6–7 d/w 0.92 0.61 1.39 0.79 0.45 1.38 1.13 0.63 2.03

Duration

VPA

No activity 1.00 1.00 1.00
10–29 min/d 0.60 0.14 2.55 0.82 0.18 3.64 N/A
30–119 min/d 0.60 0.26 1.37 0.46 0.18 1.21 1.06 0.26 4.26
120–239 min/d 0.82 0.46 1.45 0.71 0.34 1.51 1.05 0.46 2.4
≥240 min/d 0.60 * 0.38 0.94 0.53 * 0.30 0.93 0.80 0.40 1.57

MPA

No activity 1.00 1.00 1.00
10–29 min/d 0.31 * 0.14 0.65 0.35 0.12 1.03 0.27 * 0.10 0.75
30–119 min/d 0.32 * 0.20 0.53 0.27 * 0.13 0.56 0.38 * 0.19 0.75
120–239 min/d 0.40 * 0.24 0.67 0.35 * 0.17 0.72 0.49 * 0.25 0.99
≥240 min/d 0.40 * 0.23 0.68 0.34 * 0.17 0.68 0.51 0.23 1.15

LPA

No activity 1.00 1.00 1.00
10–29 min/d 0.68 0.39 1.20 0.50 0.23 1.07 1.03 0.45 2.34
30–119 min/d 1.05 0.66 1.66 0.92 0.49 1.75 1.25 0.68 2.31
120–239 min/d 0.84 0.51 1.39 0.78 0.41 1.50 0.91 0.42 1.95
≥240 min/d 0.75 0.43 1.32 0.61 0.29 1.26 1.02 0.42 2.44

Volume

VPA

No activity 1.00 1.00 1.00
10–74 min/w 1.30 0.30 5.58 1.86 0.40 8.62 N/A
75–299 min/w 0.40 0.10 1.56 0.14 0.02 1.08 1.34 0.26 6.95
≥300 min/w 0.68 * 0.46 0.99 0.61 * 0.38 0.99 0.84 0.49 1.44

MPA

No activity 1.00 1.00 1.00
10–149 min/w 0.34 * 0.18 0.66 0.34 * 0.12 0.92 0.35 * 0.15 0.84
150–299 min/w 0.16 * 0.04 0.69 0.26 0.06 1.17 N/A
≥300 min/w 0.38 * 0.26 0.55 0.32 * 0.19 0.54 0.47 * 0.29 0.78

LPA

No activity 1.00 1.00 1.00
<150 min/w 0.70 0.41 1.21 0.47 0.22 1.01 1.15 0.53 2.50
150–299 min/w 0.54 0.15 1.99 0.63 0.13 3.15 0.37 0.05 2.85
≥300 min/w 0.97 0.64 1.45 0.86 0.50 1.48 1.13 0.63 2.03

Abbreviations: OR, odds ratio; CI, confidence interval; PA, physical activity; VPA, vigorous physical activity; MPA,
moderate physical activity; LPA, light physical activity; OR was adjusted for age, sex, educational status, marital status,
drinking, smoking, BMI, and case weights; Model 1 was established for the total participants; Model 2 and model 3
were established for men and women, respectively; N/A denoted that no applicable value was observed; *: p < 0.05.
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Figure 1. Frequency of vigorous physical activity (VPA) (A), moderate physical activity (MPA) (B),
and light physical activity (LPA) (C) in participants with and without stroke. The height of the column
represents the proportion of individuals at this level of frequency in total participants with and without
a stroke, respectively. Corresponding proportion is shown above the column.

3.3. Duration of PA and the Risk of Stroke

Regarding the duration of PA, the majority of active participants took VPA with a duration of
≥240 min/d, and MPA and LPA with a duration of 30–119 min/d. With the length of duration increasing,
the proportion of individuals taking PA increased in VPA whereas it decreased in MPA and LPA,
except for the duration of 10–29 min/d. The duration of PA in participants with and without stroke is
shown in Figure 2.

Int. J. Environ. Res. Public Health 2020, 17, x 6 of 14 

 

VPA 
No activity 1.00   1.00   1.00   
10–74 min/w 1.30 0.30 5.58 1.86 0.40 8.62 N/A   
75–299 min/w 0.40 0.10 1.56 0.14 0.02 1.08 1.34 0.26 6.95 
≥300 min/w 0.68 * 0.46 0.99 0.61 * 0.38 0.99 0.84 0.49 1.44 
MPA 
No activity 1.00   1.00   1.00   
10–149 min/w 0.34 * 0.18 0.66 0.34 * 0.12 0.92 0.35 * 0.15 0.84 
150–299 min/w 0.16 * 0.04 0.69 0.26 0.06 1.17 N/A   
≥300 min/w 0.38 * 0.26 0.55 0.32 * 0.19 0.54 0.47 * 0.29 0.78 
LPA 
No activity 1.00   1.00   1.00   
<150 min/w 0.70  0.41  1.21  0.47  0.22  1.01  1.15  0.53  2.50  
150–299 min/w 0.54  0.15  1.99  0.63  0.13  3.15  0.37  0.05  2.85  
≥300 min/w 0.97  0.64  1.45  0.86  0.50  1.48  1.13  0.63  2.03  

Abbreviations: OR, odds ratio; CI, confidence interval; PA, physical activity; VPA, vigorous physical 
activity; MPA, moderate physical activity; LPA, light physical activity; OR was adjusted for age, sex, 
educational status, marital status, drinking, smoking, BMI, and case weights; Model 1 was established 
for the total participants; Model 2 and model 3 were established for men and women, respectively; 
N/A denoted that no applicable value was observed; *: p < 0.05. 

3.3. Duration of PA and the Risk of Stroke 

Regarding the duration of PA, the majority of active participants took VPA with a duration of 
≥240 min/d, and MPA and LPA with a duration of 30–119 min/d. With the length of duration 
increasing, the proportion of individuals taking PA increased in VPA whereas it decreased in MPA 
and LPA, except for the duration of 10–29 min/d. The duration of PA in participants with and without 
stroke is shown in Figure 2. 

 
Figure 2. Duration of VPA (A), MPA (B), and LPA (C) in participants with and without a stroke. The 
height of the column represents the proportion of individuals at this level of duration in total 
participants with and without a stroke, respectively. Corresponding proportion is shown above the 
column. 

Spending ≥240 min/w of VPA resulted in a lower risk of stroke in total participants (OR = 0.60, 
95% CI: 0.38, 0.94) and men (OR = 0.53, 95% CI: 0.30, 0.93) whereas no significance was observed in 
women. Meanwhile, total individuals had significantly lower odds of suffering from a stroke when 
taking any level of MPA (OR = 0.31, 95% CI: 0.14, 0.65 for 10–29 min/d, OR = 0.32, 95% CI: 0.20, 0.53 
for 30–119 min/d, OR = 0.40, 95% CI: 0.24, 0.67 for 120–239 min/d, OR = 0.40, 95% CI: 0.23, 0.68 for 
≥240 min/d). In the analysis stratified by sex, significant associations were observed in all MPA 
categories except 10–29 min/d in the group of men (OR = 0. 27, 95% CI: 0.13, 0.56 for 30–119 min/d, 
OR = 0.35, 95% CI: 0.17, 0.72 for 120–239 min/d, OR = 0.34, 95% CI: 0.17, 0.68 for ≥240 min/d), whereas 
significant associations were observed in all MPA categories except ≥240 min/d in the group of 
women (OR = 0.27, 95% CI: 0.10, 0.75 for 10–29 min/d, OR = 0.38, 95% CI: 0.19, 0.75 for 30–119 min/d, 
OR = 0.49, 95% CI: 0.25, 0.99 for 120–239 min/d). No significant association of duration of LPA with 

Figure 2. Duration of VPA (A), MPA (B), and LPA (C) in participants with and without a stroke.
The height of the column represents the proportion of individuals at this level of duration in total
participants with and without a stroke, respectively. Corresponding proportion is shown above
the column.

Spending ≥240 min/w of VPA resulted in a lower risk of stroke in total participants (OR = 0.60,
95% CI: 0.38, 0.94) and men (OR = 0.53, 95% CI: 0.30, 0.93) whereas no significance was observed in
women. Meanwhile, total individuals had significantly lower odds of suffering from a stroke when
taking any level of MPA (OR = 0.31, 95% CI: 0.14, 0.65 for 10–29 min/d, OR = 0.32, 95% CI: 0.20,
0.53 for 30–119 min/d, OR = 0.40, 95% CI: 0.24, 0.67 for 120–239 min/d, OR = 0.40, 95% CI: 0.23, 0.68
for ≥240 min/d). In the analysis stratified by sex, significant associations were observed in all MPA
categories except 10–29 min/d in the group of men (OR = 0. 27, 95% CI: 0.13, 0.56 for 30–119 min/d,
OR = 0.35, 95% CI: 0.17, 0.72 for 120–239 min/d, OR = 0.34, 95% CI: 0.17, 0.68 for ≥240 min/d), whereas
significant associations were observed in all MPA categories except ≥240 min/d in the group of women
(OR = 0.27, 95% CI: 0.10, 0.75 for 10–29 min/d, OR = 0.38, 95% CI: 0.19, 0.75 for 30–119 min/d, OR = 0.49,
95% CI: 0.25, 0.99 for 120–239 min/d). No significant association of duration of LPA with the risk of
stroke was observed in total participants and subgroups. Associations between duration of PA and the
risk of stroke are shown in Table 2.

3.4. Volume of PA and the Risk of Stroke

Regarding the volume of PA, stroke patients took less VPA/MPA, whereas the proportion
distribution of LPA volume was similar in the group with and without a stroke. Of the individuals
without a stroke, 34.62% had reached the threshold of 75 min/w of VPA and 48.34% had reached
the threshold of 150 min/w of MPA, whereas 27.1% reached the threshold of 75 min/w of VPA and
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28.95% had reached the threshold of 150 min/w of MPA among stroke patients. The volume of PA in
participants with and without stroke is shown in Figure 3.
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Taking VPA with the volume of ≥300 min/w was associated with lower odds of having a stroke
in total participants (OR = 0.68, 95% CI: 0.46, 0.99) and men (OR = 0.61, 95% CI: 0.38, 0.99). Among
the participants taking MPA, any level of volume of MPA was associated with a lower risk of stroke
for all participants (OR = 0.34, 95% CI: 0.18, 0.66 for 10–149 min/w, OR = 0.16, 95% CI: 0.04, 0.69 for
150–299 min/w, OR = 0.38, 95% CI: 0.26, 0.55 for ≥300 min/w). Performing MPA for 10–149 min/w and
≥300 min/w resulted in both men and women having a lower risk of stroke (men: OR = 0.34, 95%: 0.12,
0.92 for 10–149 min/w, OR = 0.32, 95%: 0.19, 0.54 for ≥300 min/w; women: OR = 0.35, 95% CI: 0.15, 0.84
for 10–149 min/w, OR = 0.47, 95% CI: 0.29, 0.78 for ≥ 300 min/w). There was no significant association
between the volume of LPA and the risk of stroke in total participants and subgroups. The associations
between the volume of PA and the risk of stroke are shown in Table 2.

3.5. Sensitivity Analysis

Excluding those with PA disability, we extracted 5748 participants from 6250 individuals.
Compared with the results in participants without exclusions, significant associations were not
observed in the duration of ≥240 min/d and the volume of ≥300 min/w of VPA. Appendix A Table A1
presented results after excluding respondents with disability. Robustness to the association was
estimated using the E-value. The observed significant ORs of 0.32, 0.35, 0.23, 0.40, 0.60, 0.31, 0.32, 0.40,
0.40, 0.68, 0.34, 0.16 and 0.38 could be explained by unmeasured confounders, respectively. Moreover,
different dimensions of PA and the risk of stroke had an OR of at least 5.70, 5.16, 8.16, 4.44, 2.72, 5.91,
5.70, 4.4, 4.44, 2.30, 5.33, 11.98 and 4.70, respectively, beyond the measured confounders. The CI of the
E-value was calculated to obtain the null by an unmeasured confounder associated with both PA and
the risk of stroke by OR of at least 2.00, 2.12, 3.77, 2.84, 1.32, 2.45, 3.18, 2.35, 2.30, 1.11, 2.40, 2.26 and
3.04. The results of the E-values are shown in Appendix A Table A2.

4. Discussion

Although participants with a stroke were more inactive in terms of VPA and MPA, participants
with and without a stroke had similar proportions in different levels of LPA. Inverse associations
between PA and the risk of stroke were observed for a moderate frequency, high duration and volume
of VPA in total participants and men, not women. Nearly any level of frequency, duration, and volume
of MPA was associated with a lower risk of stroke, whereas no significant association was observed in
those only taking LPA.

The prevalence of individuals 45 years old and above in this study was much higher than that in
2013 (1596.0 per 100,000 in China) [5]. Meanwhile, previous studies have demonstrated that stroke
patients performed less VPA and MPA [20] and levels of PA were low in stroke patients [21], which
may be partly explained by the shortening of fascicles [22], accumulation of connective tissue [23],
and worse passive joint and muscle stiffness [22,24] caused by strokes.
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PA was associated with the risk of stroke, and difference of association could be observed in
subgroups stratified by sex. Compared with those taking no VPA, participants with a frequency of
3–5 d/w, duration of ≥240 min/d, volume of ≥300 min/w had a lower chance of suffering from a stroke.
However, significant associations of VPA with the risk of stroke in men were only observed for the
duration of ≥240 min/d and volume of ≥300 min/w, whereas we found no statistical significance in
women. These results were consistent with findings in previous studies; VPA was associated with
a lower risk of strokes in men not women [14,25,26]. A possible explanation for these results is that
men were more active in VPA whereas women were more active in MPA in this study. In addition,
a volume of ≥300 min/w, exceeding the recommendation of doing VPA for 75–150 min/w, produced
benefits for stroke prevention. However, there was no evidence available to identify whether volume
of PA greater than 300 min/w produced more benefits [7]. For one thing, the WHO recommended
value of movement was customized to healthy individuals, while most of the elderly in China were
suffering from chronic disease [27]. Moreover, stroke has many risk factors, such as hypertension
and diabetes mellitus [6]. The prevalence of hypertension and diabetes mellitus are quite high in
China [28,29]. Previous studies found that PA was associated with lower risks of hypertension and
diabetes mellitus [30–32]. Furthermore, older groups and men had higher population-attributable
risks of most risk factors of strokes [33]. Consequently, more PA was needed for men to offset the
harmful effects of other risk factors of strokes, such as hypertension and diabetes.

With regard to MPA, taking any level of MPA could lower the chance of having a stroke in total
participants and some previous studies have also found similar results [34,35]. However, there was
no clear association between the risk of stroke and MPA for a duration of 10–29 min and volume of
150–299 min/w in men, and MPA a the frequency of 1–2 d/w and duration of ≥240 min/d in women.
Duration of 10–29 min/d was not associated with a lower chance of having a stroke, which may be
partly explained by the fact that a small number of men exercised for a duration of 10–29 min/d, and did
not reach the recommendation of MPA for at least 30 min/d. Compared with men, given that women
were less likely to have a stroke overall [36], women who exercised for a duration of 10–29 min/d still
had a lower risk of strokes. Women spent much more time on housework than men [37]. Although
housework activities may produce health benefits, women sleeping for a short or long duration have a
higher possibility of poor health [38]. Additionally, women have many sleep problems in China [39,40].
Therefore, the association between MPA with a duration of ≥240 min/d and the risk of stroke in women
was not found.

With regard to LPA, compared with those taking no LPA, no significant association could be
observed in any level of frequency, duration, volume of LPA in total participants and subgroups.
Several previous studies have supported our results [12,41,42]. In contrast, some results in previous
studies found that LPA could produce health benefits [43]. For one thing, our study did not further
divide physical into occupational and leisure-time PA. For another, we do not further divide LPA into
a more detailed intensity of PA. Some results found that high LPA, not low LPA was discovered to
have a significant association with health [44].

Regarding the strengths in this study, as far as the authors are concerned, this study may be
the first study that explores the association between comprehensive dimensions of PA and the risk
of stroke. In addition, this study can reduce the influence of confounders after adjustment for
many covariables—age, sex, educational status, marital status, drinking, smoking, BMI. Furthermore,
we explored the association not only in total participants but also in subgroups with different sexes
to explore whether a difference of association could be observed in subgroups with a different sex.
Moreover, this study used a large representative sample from China, so these results can be generalized
to the Chinese population. Finally, a sensitivity analysis was used in this study to reduce the selection
bias and express the robustness of results, which can rarely be observed in similar studies. In this study,
we found some associations between different dimensions of PA and the risk of strokes. Nevertheless,
cross-sectional natures of the data limited the capability to determine the direction of association or
causal pathways. Future studies that use a longitudinal cohort would be utilized to estimated causality.
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Meanwhile, we used self-reported data about PA which may cause recall bias and produce deviation
in the results, therefore studies using accelerometry to examine PA for objective measurement are
needed for more accuracy in the future. Furthermore, we only compared the difference of association
between PA and the risk of stroke in men and women in this study, therefore more comparisons on the
association of PA with the risk of stroke could be conducted between subgroups with different age
or areas.

5. Conclusions

The findings of this study revealed associations between different dimensions of PA and the
risk of strokes. After adjustment for potential confounders, a high duration and volume of VPA was
associated with a lower risk of strokes in the total sample and men, whereas not in women. Compared
with individuals taking no MPA, nearly all dimensions of MPA could be associated with a lower risk
of strokes, except the duration of 10–29 min/d and volume of 150–299 min/w in men and a frequency
of 1–2 d/w and duration of ≥240 min/d in women. No significant association could be found in all
dimensions of LPA in the total sample and subgroups. These findings can supply more evidence on
the associations between PA and the risk of strokes, and a prospective design is needed to investigate
the association further deeply.
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Appendix A

Table A1. Associations between PA and the risk of PA (excluding participants with disability).

Variables
Model 4 (n = 5748)

OR 95% CI

Frequency

VPA

No activity 1.00
1–2 d/w 1.30 0.65 2.63
3–5 d/w 0.29 * 0.10 0.80
6–7 d/w 0.80 0.49 1.31

MPA

No activity 1.00
1–2 d/w 0.35 * 0.15 0.82
3–5 d/w 0.26 * 0.12 0.57
6–7 d/w 0.43 * 0.27 0.66

LPA

No activity 1.00
1–2 d/w 0.92 0.33 2.55
3–5 d/w 1.00 0.52 1.92
6–7 d/w 0.94 0.59 1.49
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Table A1. Cont.

Variables
Model 4 (n = 5748)

OR 95% CI

Duration

VPA

No activity 1.00
10–29 min/d 0.88 0.21 3.81
30–119 min/d 0.57 0.20 1.57
120–239 min/d 1.03 0.54 1.94
≥240 min/d 0.66 0.39 1.11
MPA
No activity 1.00
10–29 min/d 0.41 * 0.19 0.88
30–119 min/d 0.31 * 0.17 0.55
120–239 min/d 0.42 * 0.23 0.76
≥240 min/d 0.47 * 0.26 0.85
LPA
No activity 1.00
10–29 min/d 0.78 0.42 1.44
30–119 min/d 1.07 0.63 1.80
120–239 min/d 0.87 0.49 1.54
≥240 min/d 0.78 0.41 1.48

Volume

VPA

No activity 1.00
10–74 min/w 2.00 0.45 8.87
75–299 min/w 0.57 0.15 2.26
≥300 min/w 0.74 0.47 1.18

MPA

No activity 1.00
10–149 min/w 0.38 * 0.18 0.80
150–299 min/w 0.20 * 0.05 0.88
≥300 min/w 0.40 * 0.26 0.62

LPA

No activity 1.00
10–149 min/w 0.78 0.42 1.43
150–299 min/w 0.74 0.20 2.79
≥300 min/w 0.98 0.62 1.55

Abbreviations: OR, odds ratio; CI, confidence interval; PA, physical activity; VPA, vigorous physical activity; MPA,
moderate physical activity; LPA, light physical activity. OR was adjusted for age, sex, educational status, marital
status, drinking, smoking, BMI and case weights. *: p < 0.05.
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Table A2. E-values for the point estimates.

Variables
Model 1 (n = 6250) E-value

OR 95% CI Point CI

Frequency

VPA

No activity 1.00
1–2 d/w 0.92 0.46 1.81 - -
3–5 d/w 0.32 * 0.14 0.75 5.70 2.00
6–7 d/w 0.74 0.49 1.11 - -

MPA

No activity 1.00
1–2 d/w 0.35 * 0.18 0.72 5.16 2.12
3–5 d/w 0.23 * 0.12 0.46 8.16 3.77
6–7 d/w 0.40 * 0.27 0.58 4.44 2.84

LPA

No activity 1.00
1–2 d/w 0.74 0.29 1.90 - -
3–5 d/w 0.89 0.49 1.60 - -
6–7 d/w 0.92 0.61 1.39 - -

Duration

VPA

No activity 1.00
10–29 min/d 0.60 0.14 2.55 - -
30–119 min/d 0.60 0.26 1.37 - -
120–239 min/d 0.82 0.46 1.45 - -
≥240 min/d 0.60 * 0.38 0.94 2.72 1.32

MPA

No activity 1.00
10–29 min/d 0.31 * 0.14 0.65 5.91 2.45
30–119 min/d 0.32 * 0.20 0.53 5.70 3.18
120–239 min/d 0.40 * 0.24 0.67 4.44 2.35
≥240 min/d 0.40 * 0.23 0.68 4.44 2.30

LPA

No activity 1.00
10–29 min/d 0.68 0.39 1.20 - -
30–119 min/d 1.05 0.66 1.66 - -
120–239 min/d 0.84 0.51 1.39 - -
≥240 min/d 0.75 0.43 1.32 - -

Volume

VPA

No activity 1.00
10–74 min/w 1.30 0.30 5.58 - -
75–299 min/w 0.40 0.10 1.56 - -
≥300 min/w 0.68 * 0.46 0.99 2.30 1.11

MPA

No activity 1.00
10–149 min/w 0.34 * 0.18 0.66 5.33 2.40
150–299 min/w 0.16 * 0.04 0.69 11.98 2.26
≥300 min/w 0.38 * 0.26 0.55 4.70 3.04

LPA

No activity 1.00
10–149 min/w 0.70 0.41 1.21 - -
150–299 min/w 0.54 0.15 1.99 - -
≥300 min/w 0.97 0.64 1.45 - -

Abbreviations: OR, odds ratio; CI, confidence interval; VPA, vigorous physical activity; MPA, moderate physical
activity; LPA, light physical activity. OR was adjusted for age, sex, educational status, marital status, drinking,
smoking, BMI and case weights. *: p < 0.05.
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