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Abstract 

Background: At present, there is a lack of direct evidence to confirm whether the recommendations of the World 
Health Organization can play a role in fitness and disease prevention in the Chinese population. Therefore, we aimed 
to analyse 7-year longitudinal survey data to explore whether the physical activity volume recommended by the 
World Health Organization can help Chinese middle-aged and elderly people reduce the risk of heart disease.

Methods: Data for the 8327 participants who were finally included in this study were derived from the 7-year data 
of the China Health and Retirement Longitudinal Study (CHARLS) from 2011 to 2018. The physical activity volume 
is expressed by the product of physical frequency and duration, and heart disease is screened according to self-
reported diagnosis and related treatment. The relationship between different physical activity volume groups and the 
incidence rate of heart disease was determined by a multivariate Cox proportional hazards regression model.

Results: After adjusting for all covariates, participants meeting the WHO’s recommendations had a 20% lower risk 
of heart disease than those who did not meet the WHO’s recommendations (HR = 0.80, 95% = 0.68–0.96). Subgroup 
analysis showed that among the participants meeting the WHO’s recommendations, men (HR = 0.71) had a lower risk 
of heart disease than women (HR = 0.74); in addition, the risk of heart disease was significantly reduced in participants 
who were middle-aged (26%), had a normal BMI range (49%), did not have hypertension (24%), did not have hyper-
lipidaemia (21%) and did not have lung disease (21%). It should be noted that the risk of heart disease was reduced 
by 72 and 67% in participants with untreated hyperlipidaemia and untreated lung disease, respectively.

Conclusions: This study revealed that meeting the WHO’s recommendations for physical activity volume can reduce 
the risk of heart disease in middle-aged and older people in China and can also effectively prevent heart disease for 
people with some common chronic diseases, such as hyperlipidaemia and lung disease. The results showed that 
physical activity for leisure and exercise had a lower preventive effect on heart disease than physical activity for a job, 
which may be related to the inappropriate leisure and exercise methods of the participants.
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Background
Heart disease, including coronary heart disease, heart 
attack, congestive heart failure and angina pectoris, is 
a chronic disease with high morbidity and mortality 
worldwide [1, 2]. In recent years, the prevalence of heart 
disease has continued to rise, especially in developing 
countries [3]. According to statistics, nearly 9 million 
people died of heart disease worldwide in 2019, account-
ing for approximately 16% of all deaths. It is estimated 
that the number of patients dying of heart disease will 
rise to 23 million by 2030 [4]. Heart disease accounts for 
approximately 40% of disease-related deaths in China [5]. 
The serious harm caused by heart disease has led to great 
economic, political, and social burdens on society and 
has become a major public health problem [4]. Although 
significant progress has been made in the detection and 
treatment of heart disease, little is known about its devel-
opmental mechanism and characteristics [2]. Therefore, 
it is very important to strengthen the research on the 
prevention of and treatment strategies for heart disease 
[6].

Previous studies have identified a series of unhealthy 
individual or social factors related to heart disease (such 
as smoking) [7, 8]. Studies have shown that smoking 
induces heart disease through the following pathogen-
esis: (1) endothelial dysfunction, (2) a prothrombotic 
effect, (3) inflammation, (4) altered lipid metabolism, (5) 
an increased demand for myocardial oxygen and blood, 
and (6) a decreased supply of myocardial blood and oxy-
gen [9]. It should be noted that unhealthy lifestyles such 
as insufficient physical activity (PA) can lead to metabolic 
abnormalities such as hypertension, hyperlipidaemia, 
and hyperglycaemia, which lead to heart disease [10]. 
Epidemiological studies in recent decades have shown 
that PA is closely related to the incidence rate of cardio-
vascular diseases [11], and sedentary people are more 
likely to develop acute cardiovascular events than those 
who regularly participate in PA [12]. Therefore, some 
scholars have identified insufficient PA as a risk factor for 
heart disease [13].

Many clinical and laboratory studies have confirmed 
that PA, especially exercise, is a safe and effective inter-
vention to prevent the occurrence and development of 
heart disease. Short-term exercise can increase heart 
rate, stroke output and cardiac contractility and improve 
sympathetic function [14, 15]; regular PA or long-term 
aerobic exercise can produce physiological hypertrophy 
of the heart, that is, adaptive remodelling of the heart, 

which is beneficial to cardiovascular health and is of 
great significance to the prevention and control of heart 
disease [14, 16, 17].

To help support populations to achieve the target lev-
els and maintain healthy levels of physical activity and 
to enable people of all ages and abilities to be physically 
active and improve their health, the World Health Organ-
ization (WHO) recommends that middle-aged and older 
people should perform 150–300 min of moderate-inten-
sity PA, 75–150 min of vigorous-intensity PA, or some 
equivalent combination of moderate-intensity and vigor-
ous-intensity aerobic PA per week [18]. At present, stud-
ies have verified that using the guide to perform PA can 
prevent the occurrence of heart disease; however, most 
of these findings come from European and American 
populations. Compared with developed countries, devel-
oping societies face a hostile cardiovascular environment 
characterized by changes in diet, exercise, the effects of 
tobacco, socioeconomic stressors, economic constraints 
at the national and individual levels, and potential risk 
exposure to new risk factors [19]. In this regard, it needs 
to be further verified whether the WHO’s recommenda-
tions for PA can offset these risk factors and reduce the 
risk of heart disease among middle-aged and older peo-
ple in China.

The main purpose of this study was to explore whether 
the WHO recommendations for PA can reduce the risk 
of heart disease among middle-aged and older people in 
China. We assumed that the PA levels recommended by 
the WHO can reduce the incidence of heart disease in 
middle-aged and older people in China.

Methods
Data source and generation
The data used in the study come from the China Health 
and Retirement Longitudinal Survey (CHARLS), a major 
project hosted by the National Development Research 
Institute of Peking University, which aims to collect a set 
of high-quality micro data representing Chinese families 
and middle-aged and elderly individuals to analyse the 
problem of population ageing in China. The CHARLS 
national baseline survey was conducted in 2011, cover-
ing 17,000 people in approximately 10,000 households in 
150 county-level units and 450 village-level units. These 
samples are tracked every two or 3 years. The CHARLS 
questionnaire includes basic personal information, fam-
ily structure and financial support, health status and 
function, physical measurements, utilization of medical 

Trial registration: IRB00001052–11015.
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services and medical insurance, work status, retirement 
and pension status, income status, consumption status, 
assets, and the basic situation of the community, among 
which the health status and function part includes per-
sonal PA, chronic diseases, physical function and so on, 
which could provide corresponding research variables for 
this study.

There were 17,596 and 19,752 participants in the 2011 
wave and 2018 wave, respectively. The health status 
and function data from the 2011 and 2018 waves were 
merged according to ID. After the merger, data for 13,348 
matching participants were obtained. According to the 
results of the 2011 questionnaire, 1490 participants had 
existing heart problems and 473 had stroke and physi-
cal disability; these participants were excluded, leaving 
11,385 participants. After excluding the participants with 
any missing variables, such as age, sex, height, weight, 
drinking status, smoking status, chronic diseases, educa-
tion level, and PA level, 8327 participants were included 
in the final analysis.

Assessment of physical activity
In the questionnaire, the participants were asked three 
questions (Table  1): first, the participants were asked 
whether they performed the following activities for at 
least 10 minutes a week: (1) high-intensity PA (HPA), 
such as carrying heavy objects, digging, farming, aero-
bics, and fast cycling; (2) moderate-intensity physical 
activity (MPA), such as carrying light loads, cycling at 
normal speed, mopping the floor, doing Taijiquan, and 
fast walking; and (3) low-intensity physical activity (LPA), 
such as walking, leisure activities, and sports. Second, the 
participants were asked “During a usual week, on how 
many days did you perform HPA/MPA/LPA for at least 
10 min?” (range 1–7 days). Third, the participants were 
asked “How much time did you usually spend performed 
HPA/MPA/LPA on one of those days?” (< 30 minutes, 
≥30 minutes, < 2 hours, ≥2 hours, < 4 hours, ≥4 hours).

To calculate the physical activity volume (PAV), refer-
ring to the treatment methods of other scholars [20], we 
converted the time range to an intermediate value: “ ≥ 
10 minutes and < 30 minutes” was converted to 20 min-
utes, “ ≥ 30 minutes and < 2 hours” to 75 min, “≥ 2 hours 
and < 4 hours” to 180 min, and “ ≥ 4 hours” to 240 min. 
The result of the PAV is expressed by the product of the 
PA frequency (how many days per week) and the dura-
tion (how much time per day): Physical activity volume 
(PAV) = PA frequency × duration.

The World Health Organization (WHO) recommends 
that, for middle-aged and elderly individuals, moderate-
intensity and high-intensity activities should be no less 
than 150 min and 75 min per week, respectively. In addi-
tion, the WHO also proposed that an HPAV is twice as 
effective as an MPAV [18]; according to this principle, we 
converted the HPAV of the participants in this study into 
twice the MPAV to facilitate the calculation of the PAV. 
The participants were divided into two groups based on 
their calculated PAV: The insufficient PAV group: the par-
ticipants in this group had only LPA or less than 150 min-
utes of weekly MPA or LPA and less than 150 minutes 
of weekly MPA; and the PAV group meeting the WHO’s 
recommendations: the participants in this group had 
weekly MPA that was greater than or equal to 150 min-
utes. In addition, we divided the participants who met the 
WHO recommendations for PAV into the following three 
groups according to the purpose of physical activity: job 
demands (JDs); entertainment or exercise (EE); and job 
demands and entertainment or exercise (JDs&EE).

Outcome variable
Identification of heart disease
The participants who suffered from heart disease were 
determined by self-report or were diagnosed by a doc-
tor. The question on the questionnaire was “Have you 
been diagnosed with heart attack, coronary heart disease, 
angina, congestive heart failure, or other heart problems 
by a doctor?” In addition, the time when the participant 

Table 1 Assessment of Physical Activity

Intensity Low-intensity physical activity (LPA) Moderate-intensity physical activity 
(MPA)

High-intensity
physical activity 
(HPA)

Walking, leisure, sports, and so on Carrying light loads, cycling at normal 
speed, mopping the floor, doing 
Taijiquan, fast walking, etc.

Carrying heavy 
objects, digging, 
farming, aerobics, 
fast cycling, etc.

Frequency (days/
week)

1 2 3 4 5 6 7

Duration <10 mins ≥10 mins,
<30 mins

≥30 mins,
<2 hours

≥2 hours,
<4 hours

≥4 hours
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was diagnosed with heart disease was obtained through 
self-report, and the question on the questionnaire was 
“When was the condition first diagnosed or known by 
yourself? “.

Covariates
Several covariates were included as confounders in the 
study. The individual variables included age, sex (male 
or female), and education (senior high school and below, 
college or higher). Body mass index (BMI) was included 
as a variable related to health status (lean: BMI < 18.5; 
normal: 18.5 ≤ BMI < 25; overweight: 25 ≤ BMI < 30; 
obese: BMI ≥ 30). Life behaviour variables included 
smoking (current smoking, former smoking, never smok-
ing), and drinking (current drinking, former drinking, 
never drinking); chronic disease status included hyper-
tension, hyperlipidaemia, diabetes, and lung disease, 
and the participants with chronic diseases were divided 
into untreated and treated groups according to their 
self-reports.

Data analysis
The baseline characteristics of the study participants 
are reported by using percentages for categorical vari-
ables and the mean ± SE for continuous variables. In 
addition, we tested for differences among participant 
characteristics between the 2 PAV groups by using an 
analysis of variance model for continuous variables and 
the chi-square test for categorical variables. The hazard 
ratios and 95% confidence intervals (HRs and 95% CIs) 
were calculated by Cox proportional hazards models to 
determine the relationship between the different PAV 
groups and the incidence rate of heart disease. To evalu-
ate the different potential confounding effects of different 
covariates on the association between PAV and the inci-
dence rate of heart disease, we established three mod-
els. We adjusted for age and sex in Model 1, adjusted for 
age, sex, smoking status, drinking status, education level, 
and BMI in Model 2 and adjusted for all the covariates 
in Model 3. The interaction of potential covariates (age, 
sex, education level, BMI, smoking status, drinking sta-
tus, and chronic diseases) with the PAV on the incidence 
rate of heart disease was tested, and we conducted sub-
group analysis. In addition, according to the above, there 
were 3058 participants with missing data, accounting for 
38% of the total data. Therefore, to test the stability of the 
results, we performed a sensitivity analysis with 11,385 
participants after multiple imputations for variables with 
missing values. We used the Markov chain Monte Carlo 
imputation method and assumed that all the variables 
in the imputation model show a multivariate normal 
distribution of joint effects. All statistical analyses were 

performed in STATA 14 and SPSS 23, and statistical sig-
nificance was accepted at P < 0.05.

Results
Population characteristics
Among the 8237 eligible participants, 43% (n = 3541) of 
the participants’ PAVs were less than 150 min of MPAV 
per week, and 57% (n = 4696) of the participants met the 
WHO recommendations for PAV per week. Compared 
with the participants who did not meet the WHO’s rec-
ommendations, those who met the WHO’s recommenda-
tions were more likely to be middle-aged (< 65), be male, 
have a normal BMI (≥18.5 and < 25), have a high school 
education or below, be former drinkers, never have 
smoked, and have no chronic diseases. Table 2 shows the 
baseline characteristics of the study participants. There 
were statistically significant differences in each baseline 
characteristic between the two groups (all<0.05). Figure 1 
shows the age distribution of the participants with dif-
ferent levels of PAV. Elderly individuals accounted for a 
high proportion of the population with insufficient PA 
levels. Middle-aged people accounted for a high propor-
tion of people who met the WHO recommendations; 
however, the proportion of elderly people who performed 
PA for entertainment and exercise purposes was higher 
than that of elderly people who performed PA for job 
purposes.

Physical activity and heart disease incidence rate
During the seven-year follow-up from 2011 to 2018 
(n = 8237), 6.5% (n = 534) of the participants suf-
fered from heart disease. Table  3 shows the correlation 
between different PAVs and the risk of heart disease. In 
Model 1 and Model 2, compared with the participants 
who did not meet the WHO’s recommended PAV, those 
who did meet the WHO’s recommended PAV reduced 
their risk of heart disease by 21% (Model 1: HR = 0.79, 
95% CI 0.66 to 0.93; Model 2: HR = 0.79, 95% CI 0.67 to 
0.94). In the fully adjusted model (Model 3), compared 
with the participants who did not meet the WHO’s rec-
ommended PAV, those who did meet the WHO’s recom-
mended PAV reduced their risk of heart disease by 20% 
(HR = 0.80, 95% CI 0.68 to 0.96).

Subgroup analysis
All potential covariates (age, sex, education level, BMI, 
smoking status, drinking status, and chronic diseases) 
with the PAV had no significant interactive effects on 
the incidence rate of heart disease. Figure  2 shows the 
results of the subgroup analysis. Male participants who 
met the WHO’s recommendations for PAV had a lower 
risk of heart disease (HR = 0.71) than female partici-
pants (HR = 0.74). In addition, when the participants met 
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the WHO’s recommendations for PAV, the risk of heart 
disease in middle-aged people decreased by 26%; the 
risk in those in the normal BMI range (≥18.5 and < 25) 
decreased by 49%; the risk in participants without hyper-
tension decreased by 24%; the risk in participants with-
out hyperlipidaemia decreased by 21%; and the risk in 
participants without lung disease decreased by 21%. It is 
worth noting that when the participants met the WHO’s 

recommendations for PAV, the risk of heart disease 
among untreated participants with hyperlipidaemia or 
lung disease was significantly reduced, with HRs of 0.28 
and 0.33, respectively.

Sensitivity analysis
We conducted a sensitivity analysis of the data to confirm 
the results of the study. The risk of heart disease in those 

Table 2 Baseline characteristics

Characteristics Insufficient PA
(n = 3541)

PA meeting the WHO’s recommendations 
(n = 4696)

P value

Age (years):

 45–64(4365) 1531(43.2) 2834(60.3) P < 0.001

  ≥ 65(3872) 2010(56.8) 1862(39.7)

Sex:

 Women (4443) 1634(46.1) 2160(46.0) P < 0.05

 Man(3794) 1907(53.9) 2536(54.0)

BMI:

 <18.5(514) 271(7.7) 243(5.2) P < 0.01

 18. ≤ and<25(5274) 2216(62.6) 3058(65.1)

 25 ≤ and < 30(2093) 880(24.9) 1213(25.8)

  ≥ 30(356) 174(4.9) 182(3.9)

Education:

  ≤ Highschool(7917) 3381(95.5) 4536(96.6) P < 0.01

  ≥ College(320) 160(4.5) 160(3.4)

Drinking status:

 Current(2124) 861(24.3) 1263(26.9) P < 0.001

 Former(694) 273(7.7) 421(9.0)

 Never(5419) 2407(68.0) 3012(64.1)

Smoking status:

 Current(2562) 1116(31.5) 1446(30.8) P < 0.001

 Former(594) 271(7.7) 323(6.9)

 Never(5081) 2154(60.8) 2927(62.3)

Other chronic conditions:

 Hypertension:

  Untreated(395) 170(4.8) 225(4.8) P < 0.001

  Treated(1074) 562(15.9) 512(10.9)

  None(6768) 2809(79.3) 3959(84.3)

 Hyperlipidaemia:

  Untreated(257) 115(3.2) 142(3.0) P < 0.01

  Treated(273) 150(4.2) 123(2.6)

  None(7707) 3276(92.5) 4431(94.4)

 Diabetes:

  Untreated(109) 50(1.4) 59(1.3) P < 0.001

  Treated(216) 133(3.8) 83(1.8)

  None(7912) 3358(94.8) 4554(97.0)

 Lung disease:

  Untreated(275) 130(3.7) 145(3.1) P < 0.01

  Treated(338) 161(4.5) 177(3.8)

  None(7624) 3250(91.8) 4374(93.1)
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who met the WHO’s recommendations decreased by 19% 
(HR = 0.81, 95% CI 0.73 to 0.91) compared with those 
who did not meet the recommendations, which was sim-
ilar to the results of the previous study that deleted the 
missing data.

Discussion
The results of this study show that the WHO’s recom-
mendations for PAV can help Chinese middle-aged and 
older people reduce their risk of heart disease. Among 

the people meeting the WHO recommendations for 
PAV, men had a lower risk of heart disease than women 
and the risk of heart disease was reduced in middle-
aged people and participants with normal BMI. In 
addition, participants without hyperlipidaemia and 
lung disease had a lower risk of heart disease. It should 
be noted that the participants with untreated hyper-
lipidaemia and untreated lung disease also showed a 
decrease in the risk of heart disease.

Compared with the decline in heart disease morbidity 
in the United States, the United Kingdom and Central 

Fig. 1 Distribution of participants with different physical activity levels, purposes, and ages. Part A: Distribution of participants with different 
physical activity levels and ages: Insufficient PAV: the physical activity volume does not meet the WHO’s recommendations; PAVMW: the physical 
activity volume meets the WHO’s recommendations. Part B: Distribution of participants meeting the WHO’s recommendations with different 
physical activity purposes and ages; JDs: job demands; EE: entertainment or exercise; JDs&EE: job demands and entertainment or exercise

Table 3 Association between study participants engaging in physical activities according to the WHO physical activity 
recommendations and heart disease morbidity

PA Physical activity, HD Heart disease. Values are hazard ratios (95% confidence intervals)

Model 1: Adjusted for sex and age

Model 2: Model 1 + education level, body mass index, smoking status, and drinking status

Model 3: Model 2 + chronic conditions

Variables Model 1 Model 2 Model 3

Insufficient PA ref ref ref

PA meeting the WHO’s recommendations 0.79(0.66–0.93) 0.79(0.67–0.94) 0.80(0.68–0.96)

 For work 0.75 (0.61–0.92)** 0.77 (0.63–0.95)* 0.79 (0.65–0.97)*

 For leisure 0.92 (0.73–1.16) 0.90 (0.72–1.13) 0.90(0.72–1.13)

 For both work and leisure 0.44 (0.25–0.79)** 0.45 (0.25,0.81)** 0.46 (0.26–0.83)*
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and Eastern Europe in the past 30 years [21–23], rapid 
urbanization in the past few decades [24] has led to a 
continuous increase in the morbidity of heart disease in 
China (for example, the morbidity increased by approx-
imately 15% from 1990 to 2016), which is expected to 
continue to rise in the next few decades [25]. At the 
same time, the cost of hospitalization caused by heart 
disease is also increasing rapidly [5], which may further 
expand China’s social and economic burdens. In this 
study, only 57% of the participants met the WHO’s rec-
ommendations for PA, which reflects that more mid-
dle-aged and older people in China still lack physical 
activity. Therefore, the Chinese government and admin-
istrative departments should formulate corresponding 
measures as soon as possible to enable middle-aged and 
older people to meet the WHO’s recommendations for 
PA to reduce the incidence rate of heart disease and to 
reduce the damage to society and the economy that is 
caused by heart disease.

This study found that the risk of heart disease 
decreased significantly in participants who performed 
physical activity for the purpose of work, but there was 

no change in the risk of heart disease among participants 
who performed physical activity for leisure purposes. 
This is different from the previous view of the benefits 
of physical activity at work and for leisure purposes, 
but some of the physical activity benefits may be work-
related [26] basically consistent. However, some scholars 
believe that higher leisure physical activity can reduce the 
risk of all-cause death, and higher professional physical 
activity will increase the risk of heart disease and other 
diseases [27–30]. This is not consistent with our results, 
and we suspect that the reasons for the above differ-
ences may be as follows: First, China is still a developing 
country, and many jobs are still dominated by physical 
activities, while in developed countries, many employ-
ees are engaged in mental work, and the proportion of 
light physical activities is higher [31, 32]. Therefore, com-
pared with developed countries, China’s middle-aged and 
elderly population groups can better meet the physical 
activity standards recommended by the WHO. Second, 
there is a lack of professional leisure sports instructors 
in China, so the methods of exercise in leisure activities 
for the elderly population cannot achieve the best results 

Fig. 2 Subgroup analyses of the association between study participants engaging in physical activities according to the WHO physical activity 
recommendations and heart disease incidence rate. PMWR: PAV meeting the WHO’s recommendations
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because of the lack of guidance. This may reduce the role 
of physical activities with leisure as the main purpose in 
preventing heart disease. Third, the education level of the 
groups we included was low. The research shows that the 
lack of leisure sports activities is more common among 
people with a low education level. The main reason is that 
a low understanding of the importance of leisure sports 
leads to a lack of participation in leisure sports activi-
ties [33–35]. Therefore, for the middle-aged and elderly 
groups in China, the contribution of occupational physi-
cal activity to total physical activity is higher than that 
of leisure physical activity. This may lead to a significant 
reduction in the risk of heart disease among participants 
performing occupational physical activity, but there is no 
change in the risk of heart disease among participants 
performing leisure sports activities. However, the above 
explanation still needs to be further verified in future 
high-quality research.

Relevant studies have explained that there may be 
significant differences between men and women in the 
correlation between physical activity and heart disease 
and the benefits of physical activity in reducing the risk 
of coronary heart disease due to sex-specific factors 
(including hormones) [36]. In addition, many women 
with heart disease are not diagnosed because many 
of their symptoms (such as jaw pain, fatigue, nausea 
and indigestion) are not detected or are misdiagnosed 
[37]. We also found that in the participants who met 
the WHO’s recommendations for PA, the risk of heart 
disease in those who were middle-aged was reduced, 
which is consistent with the previous finding that the 
physical activity of middle-aged people is negatively 
correlated with heart disease [38]. This study did not 
find that the WHO’s recommendations for PA had a 
significant benefit in reducing the risk of heart disease 
in the elderly population, which may be because elderly 
individuals are mostly retired; as we mentioned, their 
modes of physical activity are mostly leisure exercises 
without correct guidance. This study found that the 
participants who met the WHO’s recommendations for 
PA and had a normal BMI had a lower risk of heart dis-
ease, but this was not observed for obese or overweight 
participants. At present, overweight and obesity have 
become a global epidemic. According to the National 
Physique Monitoring Report in 2014, the prevalence 
rates of overweight and obesity among the elderly pop-
ulation in China in 2014 were 41.6 and 13.9%, respec-
tively, which was 1.8 and 0.9% higher than those in 
2010 [39]. Previous studies have shown that an increase 
in BMI leads to a significant increase in the prevalence 
of heart disease [40], which may offset the benefits of 
PA, even if the WHO’s recommendations are met. In 
addition, studies have shown that there is a complex 

association among smoking, alcohol consumption and 
cardiovascular disease; for example, excessive drink-
ing every day increases the risk of cardiovascular dis-
ease [41], and smoking only one cigarette per day also 
increases the risk of cardiovascular disease [42], which 
may offset the benefits of the amount of exercise rec-
ommended by the WHO. Therefore, while meeting the 
WHO’s recommendations for PA, Chinese middle-
aged and older people should reasonably control their 
weight, smoking and drinking, which may play an effec-
tive role in preventing heart disease.

In the participants who met the WHO’s recommenda-
tions for PA, we did not find that those with hyperten-
sion, hyperlipidaemia and lung disease had significant 
benefits in reducing the risk of heart disease. Hyperten-
sion is an important risk factor for heart disease, affect-
ing more than 1 billion people around the world [43, 44]. 
Globally, although there are guidelines for treatment, only 
one-third of adults reach the target blood pressure [45], 
and patients usually need to prevent sequelae such as 
heart disease through the use of antihypertensive drugs 
[46, 47]. Diabetes has become a worldwide epidemic dis-
ease that is characterized by sustained hyperglycaemia 
caused by the improper function or diminished secre-
tion of insulin [48]. Persistent hyperglycaemia can lead to 
serious complications, such as heart disease [49]. Hyper-
lipidaemia is one of the risk factors for cardiovascular 
disease and increases the risk of nonischaemic heart 
failure. In addition, hyperlipidaemia indirectly affects 
cardiac function by promoting the development of ath-
erosclerosis and directly affects cardiac systolic function 
and the cardiac electrophysiological response, which may 
be related to subsequent systemic oxidative stress along 
with the gradual accumulation of cardiac lipids, a pro-
inflammatory state, and mitochondrial dysfunction [37]. 
Some studies have pointed out that many lung diseases 
at onset or after treatment may induce the sequelae of 
increasing right ventricular afterload, and right ventricu-
lar contraction can be prolonged due to the increase in 
afterload, eventually leading to the occurrence of heart 
disease [50]. Regardless, the occurrence of hypertension, 
hyperlipidaemia and lung disease may offset the benefits 
of physical activity. Notably, our results showed that par-
ticipants with untreated hyperlipidaemia and untreated 
lung disease could have a significant reduction in the risk 
of heart disease when they met the WHO’s recommenda-
tions for PA. Although this result may be related to the 
inadequate sample size of the study, it can suggest that 
patients with hyperlipidaemia and lung disease still have 
the benefit of preventing heart disease by following the 
WHO’s recommendations for PA before receiving stand-
ard treatment or refusing drug treatment.
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The strengths of this study are as follows: first, this 
study was a cohort study with a sample that was followed 
up for 7 years; second, the data source database of this 
study has been referenced by many high-quality research 
institutes. This study used a large representative sample 
from China, so these results can be extended to the whole 
Chinese population. Finally, we considered and adjusted 
10 confounding factors, including personal variables, 
health-related variables, lifestyle variables and chronic 
diseases. The limitations of this study are as follows: first, 
there may be some deviation in the data because the 
research indicators were measured by self-report ques-
tionnaires. Second, although we dealt with the missing 
data, it may still have a certain impact on the results of 
this study. Third, there is a lack of questions regarding 
diet on the questionnaire, so there was no analysis of diet 
in our covariates, which may have a certain impact on the 
research results. Finally, the questions on the CHARLS 
questionnaire are not accurate enough; for example, the 
measurement span of PA duration is too wide.

Conclusions
This study revealed that meeting the WHO’s recommen-
dations for physical activity volume can reduce the risk of 
heart disease in middle-aged and older people in China 
and can also effectively prevent heart disease for people 
with some common chronic diseases, such as hyperlipi-
daemia and lung disease. The results showed that physi-
cal activity for leisure and exercise had a lower preventive 
effect on heart disease than physical activity for a job, 
which may be related to the inappropriate leisure and 
exercise methods of the participants.
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