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Aims To estimate the relation between physical exercise volume, type, and intensity with all-cause mortality and recurrent vas
cular events in patients with cardiovascular disease (CVD) and to quantify to what extent traditional cardiovascular risk fac
tors mediate these relations.

Methods 
and results

In the prospective UCC-SMART cohort (N = 8660), the associations of clinical endpoints and physical exercise volume 
(metabolic equivalent of task hours per week, METh/wk), type (endurance vs. endurance + resistance), and intensity (mod
erate vs. vigorous) were estimated using multivariable-adjusted Cox models. The proportion mediated effect (PME) through 
body mass index, systolic blood pressure, low-density lipoprotein cholesterol, insulin sensitivity, and systemic inflammation 
was assessed using structural equation models. Sixty-one percent of patients (73% male, age 61 ± 10 years, >70% receiving 
lipid-lowering and blood pressure–lowering medications) reported that they did not exercise. Over a median follow-up of 
9.5 years [interquartile range (IQR) 5.1–14.0], 2256 deaths and 1828 recurrent vascular events occurred. The association 
between exercise volume had a reverse J-shape with a nadir at 29 (95% CI 24–29) METh/wk, corresponding with a HR 0.56 
(95% CI 0.48–0.64) for all-cause mortality and HR 0.63 (95% CI 0.55–0.73) for recurrent vascular events compared with no 
exercise. Up to 38% (95% CI 24–61) of the association was mediated through the assessed risk factors of which insulin sen
sitivity (PME up to 12%, 95% CI 5–25) and systemic inflammation (PME up to 18%, 95% CI 9–37) were the most important.

Conclusion Regular physical exercise is significantly related with reduced risks of all-cause mortality and recurrent vascular events in 
patients with CVD. In this population with high rates of lipid-lowering and blood pressure–lowering medication use, exercise 
benefits were mainly mediated through systemic inflammation and insulin resistance.
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Lay summary
• People that have previously experienced cardiovascular events, like a heart attack or stroke, are at lower risk of a recurrent event or mortality when they 

regularly perform physical exercise because exercise beneficially affects cardiovascular risk factors.
• Time spent on exercise is the most important determinant of exercise benefits; similar cardiovascular benefits can be achieved with different exercise types 

and intensities. It is important to choose an exercise modality that suits personal preferences and abilities, as any level of exercise is better than no exercise.
• In the context of well-treated CVD patients, exercise benefits come about through beneficial modification of cardiovascular risk factors, most importantly 

inflammation and insulin sensitivity.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Graphical Abstract

Keywords Physical exercise • Cardiovascular disease • Resistance training • Endurance training • Low-grade inflammation • 
Mediation analysis

Introduction
Physical exercise is a key component of a healthy lifestyle and has con
sistently been associated with reduced rates of all-cause mortality and 
cardiovascular disease (CVD).1–3 Performing regular exercise is a cen
tral recommendation in international guidelines for CVD management, 
which distinguish between exercise type, e.g. resistance or endurance 
training, and intensity.4,5 Resistance training predominantly has muscu
loskeletal benefits and reduces risk of CVD and some types of cancer; it 
is specifically recommended for improving physical functioning and gly
caemic control.6–8 Endurance exercise effectively improves cardio
respiratory fitness, reduces subcutaneous fat mass, and lowers CVD 
risk.9,10 However, the optimal exercise volume, type, and intensity 
are unknown for patients with CVD.11

Exercise has been shown to attenuate traditional CVD risk fac
tors,12–15 reduce systemic inflammation,16,17 increase insulin sensitiv
ity,18,19 and improve cardiorespiratory fitness.20 However, the 
relative contributions of these mediating pathways are unclear and it 
is unknown if mediators differ across exercise types and intensities. 
Better understanding of the causal pathway between exercise and car
diovascular events may help inform patients with CVD about the most 
beneficial way to exercise.

We aimed to quantify the relation between exercise volume, type, and 
intensity and risk of all-cause mortality and recurrent vascular events in 
patients with a history of CVD. Furthermore, we aimed to quantify to 
which extent the effects of exercise are mediated through body mass in
dex (BMI), insulin resistance, systemic inflammation, systolic blood pres
sure (SBP), and low-density lipoprotein cholesterol (LDL-C).
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Methods
Study population
The Utrecht Cardiovascular Cohort—Second Manifestations of ARTerial 
disease (UCC-SMART) study is a single-centre prospective cohort study 
that comprises patients at high risk of or with established CVD. Details 
on study design have been published previously.21 The local Medical 
Ethics Review Committee approved the study, and all participants gave 
written informed consent.

For the present study, data were used from 8660 participants with estab
lished CVD at inclusion in the cohort. Participants were included between 
1996 and 2019, and history of CVD was defined as either coronary artery 
disease, cerebrovascular disease, peripheral artery disease, or abdominal 
aortic aneurysm (see Supplementary material online, Figure S1). 

Baseline measurements and determination of 
exercise volume, intensity, and type
All participants completed a baseline health questionnaire and underwent a 
physical examination and laboratory testing. Physical activity was self- 
reported and assessed using the validated EPIC physical activity question
naire with additional questions on type and duration of exercise.22 The 
EPIC questionnaire showed moderate–high agreement with 3-day activity 
diaries especially in men (Spearman correlation coefficients between 0.32 
and 0.81).22 Detailed information on exercise was available, i.e. the exact 
sports activity that a participant participated in and the number of hours 
spent on that activity each week. Metabolic equivalent of task (MET) values 
for the reported exercise activities were calculated according to the 
Compendium of Physical Activity.23 Exercise is commonly defined as a 
planned, structured, and goal-oriented activity, which best translates to 
sport-related physical activity in the UCC-SMART study.24 For this analysis, 
exercise was assessed in three ways: exercise volume, exercise type, and ex
ercise intensity. 

(1) Exercise volume was defined as the average intensity of exercise 
(the MET value) times weekly hours spent on exercise and was mea
sured in METh/wk. It was analysed both continuously and categoric
ally in three groups: (i) no exercise, (ii) > 0 and <7.5 METh/wk, 
and (iii) ≥ 7.5 METh/wk. This 7.5 METh/wk cut-off was based 
on guideline-recommended exercise volume and corresponds to 
150 min/week of moderate-intensity exercise or 75 min/week of vig
orous exercise.4,5

(2) Exercise intensity was based on the MET value of the exercise and was 
assessed categorically in three groups: (i) no exercise, (ii) light– 

moderate-intensity exercise with a MET value between 0 and 6, and, 
(iii) vigorous intensity with a MET value ≥6.

(3) Exercise type was determined by classifying the reported exercise ac
tivity as either (i) no exercise, (ii) resistance training, or (iii) combined 
endurance–resistance training, based on the classification proposed 
by the Dutch National Institute of Public Health and the Environment.25

Outcome measurement
The primary outcomes were all-cause mortality and recurrent vascular 
events, a composite of non-fatal myocardial infarction, non-fatal stroke, 
and cardiovascular mortality. These components were assessed as second
ary outcomes. Outcomes were assessed in biannual follow-up question
naires and requesting additional information from the treating physician 
for all reported events. Three independent physicians made the final end
point adjudication based on pre-published definitions.21

Statistical analysis
Baseline characteristics were presented as frequencies with percentages for 
categorical variables and as means with standard deviation or median with 
interquartile range (IQR) for continuous variables. Cox proportional hazard 
models with time-on study as the time scale were used to estimate the re
lations of exercise volume, intensity, and type with the outcomes. Model 1 
adjusted for age and sex. Model 2, the main model, additionally adjusted for 
smoking status, pack years, alcohol consumption, and education level. 
Model 3 further adjusted for covariates that could be either intermediates 
or confounders: SBP, LDL-C, type 2 diabetes (T2D), and BMI. To model the 
association with exercise volume as a continuous variable, Cox models with 
restricted cubic splines with three knots were selected based on Akaike in
formation criterion (AIC). The nadir exercise volume and corresponding 
95% confidence intervals (95% CIs) were obtained in 1000 bootstrap 
samples.

Mediation analysis was performed with marginal structural models in a 
counterfactual framework.26–28 Potential mediators were selected based 
on previous etiologic research: BMI, SBP, systemic inflammation, insulin re
sistance, and LDL-C (Figure 1). To ensure stability of the models, the expos
ure was dichotomized and mediators were categorized into sex-specific 
quintiles. A weighted Cox regression model was used to estimate the total, 
direct and indirect effect, and the proportion mediated effect (PME). The 
95% CIs for these estimates were obtained in 1000 bootstrap samples. A 
detailed methodology is provided in see Supplementary material online, 
Supplemental appendix 1.

The mediation analysis was repeated in subgroups based on sex, meta
bolic syndrome (MetS), and a low-grade inflammatory state (defined as 
CRP level between 2 and 10 mg/L). In a subgroup of people without type 

Physical 
exercise

CV events/ 
mortality

Direct effect
- not explained by mediators -

Potential mediators
Body mass index 
Insulin sensitivity 

Systolic blood pressure 
LDL-cholesterol 

Inflammation 

Indirect effect
- explained by mediators -

Confounders
Age, sex, education, 

smoking, alcohol 

Figure 1 Path diagram of the relation between physical exercise and cardiovascular events and all-cause mortality. Legend: Causal path diagram of the 
relation between physical exercise and cardiovascular events and all-cause mortality. CV, cardiovascular; LDL, low-density lipoprotein.

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjopen/article/3/3/oead057/7194785 by W

ageningen U
niversity and R

esearch – Library user on 31 August 2023

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oead057#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oead057#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oead057#supplementary-data


4                                                                                                                                                                                           N. Bonekamp et al.

2 diabetes, the mediation analysis was repeated using HOMA-IR for insulin 
resistance. To check robustness of the total effect estimates from these me
diation analyses, subgroup analyses were repeated using traditional Cox 
proportion hazard models adjusted for age, sex, education, smoking, num
ber of pack years, and alcohol consumption. To assess independence of the 
mediating pathways, PMEs were estimated in models including one medi
ator at a time. To assess the impact of reverse confounding, the analyses 
were repeated in subsets with follow-up commencing after 1, 3, and 5 
year after inclusion.

Missing data on education (22.7%), SBP (0.1%), smoking status and pack 
years (0.1%), alcohol consumption (0.3%), BMI (0.1%), serum triglycerides 
(0.1%), and C-reactive protein (2.3%) were imputed with single imputation 
using predictive mean matching. All statistical analyses were performed 
using R statistical software, version 4.0.3 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results
Baseline characteristics
A total of 8660 patients with established CVD were included. Mean age 
was 61 ± 10 years and 73% were men. Over 70% of the cohort was 
treated with lipid-lowering and blood pressure–lowering medications. 
The majority (61%) of participants reported that they did not exercise 
(Table 1). Compared with these non-exercisers, people who exercised 
more frequently had higher levels of education (38% vs. 19%), were less 
frequently smokers (20% vs. 36%), and less frequently had T2D (12% vs. 
20%).

Baseline characteristics were similar for resistance and endurance 
exercise (Table 1). Participants who engaged in vigorous intensity exer
cise were younger (58 vs. 60 years) and more frequently male (78% vs. 
74%) compared with those who engaged in light–moderate intensity 
(Table 1). Moreover, T2D and MetS were less prevalent among vigor
ous exercisers (7% vs. 14% and 39% vs. 46%, respectively).

Exercise volume
Compared with no exercise, any exercise volume (>0 METh/wk) was 
related with risk reductions for all-cause mortality and recurrent 
events. Reverse J-shaped relations were observed for both outcomes, 
with nadir exercise volume at 29 METh/wk (95% CI 24–90) which re
lated with HR 0.56 (95% CI 0.48–0.64) for all-cause mortality and HR 
0.63 (95% CI 0.55–0.73) for recurrent vascular events (Figure 2). The 
relation with recurrent vascular events was driven by reductions in car
diovascular mortality and non-fatal stroke risk, while no relation with 
non-fatal myocardial infarction was found (see Supplementary 
material online, Figure S2). Compared with no exercise, exercise vo
lumes >0 and ≤7.5 METh/wk were related with HR 0.67 (95% CI 
0.50–0.72) for all-cause mortality and HR 0.76 (95% CI 0.63–0.91) 
for recurrent events and >7.5 METh/wk with HR 0.68 (95% CI 0.61– 
0.76) and HR 0.73 (95% CI 0.64–0.82), respectively (Table 2).

Together, BMI, insulin resistance, SBP, systemic inflammation, and 
LDL-C mediated 29% (95% CI 21–42) of the relation between exercise 
volume and all-cause mortality and 32% (95% CI 22–48) for recurrent 
cardiovascular events. Systemic inflammation and insulin resistance 
were the most important mediators for both endpoints. 
Inflammation accounted for 16% (95% CI 12–24) of the relation with 
all-cause mortality and 17% (95% CI 11–26) with recurrent vascular 
events, and insulin resistance accounted for 5% (95% CI 2–9) and 8% 
(95% CI 5–14), respectively.

Exercise type
Compared with non-exercisers, resistance exercise had a lower risk of 
all-cause mortality, HR 0.66 (95% CI 0.57–0.77), and recurrent vascular 
events, HR 0.76 (95% CI 0.65–0.89). Combined endurance–resistance 
activities were similarly related to lower risk for all-cause mortality (HR 

0.66, 95% CI 0.58–0.74) and recurrent vascular events (HR 0.75, 95% 
CI 0.66–0.85, Table 3). These relations were driven by reduced risk 
of cardiovascular mortality and non-fatal stroke (see Supplementary 
material online, Table S2).

The five mediators accounted for 21% (95% CI 14.2–33.9) of the re
lation between resistance training and all-cause mortality and 27% (95% 
CI 13.9–61.0) of the relation with recurrent vascular events (Table 3). 
Systemic inflammation was the most important mediator, with PMEs 
11% (95% CI 7–20) and 14% (95% CI 9–34), respectively. Insulin resist
ance mediated 5% (95% CI 2–9) of the relation with all-cause mortality 
and 9% (95% CI 4–21) of the relation with recurrent vascular events.

For combined endurance–resistance exercise, the total PMEs were 
27% (95% CI 20–42) and 38% (95% CI 24–61) for all-cause mortality 
and recurrent vascular events, respectively. Insulin resistance and in
flammation were the most important mediators. Compared with re
sistance exercise, LDL-C was a more important mediator, accounting 
for PME 4% (95% CI 2–7) and PME 5% (95% CI 2–11), respectively.

Exercise intensity
Compared with non-exercisers, light–moderate exercise was related 
to lower risk of all-cause mortality, HR 0.65 (95% CI 0.58–0.73), and 
recurrent vascular events, HR 0.75 (95% CI 0.66–0.84). These relations 
were similar for vigorous exercise, HR 0.65 (95% CI 0.55–0.78) and HR 
0.74 (95% CI 0.61–0.89), respectively (Table 2).

The five mediators accounted for 24% (95% CI 18–34) of the rela
tion between light–moderate exercise and all-cause mortality and 
33% (95% CI 26–51) with recurrent vascular (Table 3). For vigorous ex
ercise, total PMEs of 31% (95% CI 20–54) for all-cause mortality and 
36% for recurrent events were observed (see Supplementary 
material online, Table S5). For both intensities, systemic inflammation 
was the most important mediator, but the PME for insulin resistance 
was higher for vigorous exercise than light–moderate exercise: 8% 
(95% CI 4–16) vs. 3% (95% CI 1–6) for all-cause mortality.

Subgroup and sensitivity analyses
Subgroup analyses
The effects of exercise volume, type, and intensity were similar for men 
and women (all P-values for interaction >0.40, Supplementary material 
online, Table S3). The total PME through the included mediators was 
lower in females (e.g. 23% for vigorous exercise and all-cause mortality 
vs. 31% in the full analysis). Specifically, the PME for systemic inflamma
tion was smaller in females, while a larger PME was found for insulin re
sistance (see Supplementary material online, Table S3).

In patients with low-grade inflammation (N = 3557), the protective 
effect of exercise volume, type, and intensity with all-cause mortality 
and recurrent events was smaller compared with that of the main ana
lysis (P for interaction <0.01, Supplementary material online, Table S3). 
A smaller PME through inflammation was observed, e.g. a total PME of 
7% (95% CI −2; 12%) in the association between exercise volume and 
all-cause mortality vs. a PME of 29% (95% CI 21–42) in the main 
analysis.

In patients with MetS (n = 4547), the total PME was lower, e.g. the 
total PME for exercise volume and recurrent vascular events was 
19% (95% CI 5–34) compared with 32% (95% CI 21–51) in the main 
analysis mainly due to a lower PME through insulin resistance (see 
Supplementary material online, Table S3). Across subgroups with differ
ing BMI, the associations of exercise volume, type, and intensity with all- 
cause mortality and recurrent cardiovascular events were stronger in 
people with BMI <25 kg/m2 or ≥30 kg/m2 (all P-values for interaction 
<0.02, see Supplementary material online, Tables S3e-g). Body mass in
dex remained an unimportant mediator in these subgroups. In patients 
without T2D, the HOMA-IR formula was used instead of the triglycer
ide–glucose ratio and findings were similar to the primary analysis (see 
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Supplementary material online, Table S3h). In a sensitivity analysis, using 
traditional Cox regression to estimate the relationship between exer
cise volume, type, and intensity across these subgroups, HRs were com
parable with the main analyses (see Supplementary material online, 
Table S4a/b).

Sensitivity analyses
When the mediators were assessed individually to assess independence 
of the causal paths, a similar PME was found compared with the main 
analysis (see Supplementary material online, Table S1). In analyses ex
cluding patients that experienced an event in the first 1, 3, and 5 years 
after inclusion, the exercise volume, type, and intensity relations were 
similar in direction to the main analysis, but the HRs were slightly closer 
to 1 (see Supplementary material online, Figure S5A–C).

Discussion
This study shows that the majority of patients with established CVD re
port that they do not regularly perform physical exercise. Moreover, 
we show that exercise is strongly related with reduced risk of recurrent 
cardiovascular events and all-cause mortality in patients with estab
lished CVD, even at a low volume. The associations are reverse 
J-shaped, with a nadir at 29 METh/wk. METh/wk captures both exercise 
quantity and intensity, and therefore, more METh/wk can be achieved 
through either a longer time doing mild intensity exercise or a short 
time spent on vigorous intensity exercise. The present study found simi
lar relations for different exercise types (muscle strengthening vs. endur
ance) and intensities (light–moderate vs. vigorous). Over a third of the 

relations was mediated through changes in BMI, insulin resistance, SBP, 
systemic inflammation, and LDL-C. Systemic inflammation was the 
most important mediator and accounted for over 15% of the total effect.

Few long-term studies on exercise have been performed in patients 
with established CVD, but the available studies report similar risk re
ductions.2,3,29,30 One previous study in coronary artery disease patients 
also found a reverse J-shaped association with mortality risk that plat
eaued around 20 METh/wk.29

In general population studies, muscle strengthening activities have been 
associated with reductions in risk of mortality and cardiovascular events 
compared with no exercise, albeit not as strongly as the associations found 
in the present study.31 Endurance and resistance training have previously 
been directly compared in clinical trials, in populations at high CVD 
risk.9,32,33 Some found that endurance exercise was more effective in low
ering BMI and subcutaneous fat mass than resistance training, but overall, 
resistance exercise and endurance exercise were similarly beneficial for 
CVD risk factors.9,32,33 We add to this existing literature that, in patients 
with established CVD, there is no great difference in the associations of dif
ferent exercise types and intensities. Moreover, to our knowledge, we are 
the first to quantify the contribution of different mediating factors of phys
ical exercise benefits in patients with CVD.

Multiple studies have investigated the physiological effects of exer
cise, but the relative contributions of these mediators in the association 
with clinical endpoints remain unknown. For the first time, our study 
identifies systemic inflammation and insulin resistance as the main med
iators for cardiovascular risk reduction with exercise.

Exercise results in the release of anti-inflammatory myokines and adi
pokines.34,35 Myokine release is stronger in vigorous and endurance ex
ercise, which could explain why inflammation was a more important 
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Figure 2 Continuous relation between exercise volume and all-cause mortality and recurrent vascular events. Legend: This figure shows the best 
fitting restricted cubic splines (with three knots at the 10th, 50th and 90th percentile) for the continuous association between sports-related physical 
activity level and risk of all-cause mortality (A) and recurrent vascular events (B). The nadir and corresponding 95% CI for sports-related physical activity 
are provided in the plots. All splines are adjusted for age, sex, smoking status, number of pack years, alcohol consumption, and education. The histo
grams in the plots show the number of participants at a specific physical activity level. Non-exercisers (N = 5266) are not included in the histogram. 
METh/wk, metabolic equivalent of task hours per week.
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mediator in these associations. In our study, the beneficial effects of ex
ercise on mortality and recurrent event risk through reduced inflamma
tion were attenuated in patients with low-grade inflammation, possibly 
because the underlying cause for the low-grade inflammation negates 
the effects of exercise.

Exercise-induced release of adipokines, like IL-6 and adiponectin, ac
celerates lipolysis, inhibits gluconeogenesis, and increases insulin sensi
tivity.34,36,37 Moreover, exercise stimulates GLUT-4 expression, which 
results in increased glucose uptake during exercise and improved glyco
gen storage in rest.38

Although the mediators included in this analysis explain about a quar
ter to a third of the associations with exercise, the lion’s share remains 
unexplained. Previous research has indicated that the benefits of phys
ical exercise exceed the effect that could be expected based on result
ing changes in traditional cardiovascular risk factors alone.39 A potential 
alternative mediator is cardiorespiratory fitness, which is a strong inde
pendent predictor of CVD and all-cause mortality.40 Additionally, regu
lar exercise induces angioneogenesis and vasodilatation and reduces 
endothelial dysfunction, ultimately leading to better oxygen deliv
ery.20,39,41 Theoretically, part of the relation between exercise and 
health outcomes could also be effectuated through placebo effect. 
For some patients with established CVD, exercise constitutes an active 
intervention targeted at reducing health risks and as such it is subject to 
placebo effect.42 Placebo effect has been shown to significantly and 
beneficially affect functional and quality of life measures and may reduce 
(cardiovascular) event risk.42,43 Furthermore, in patients with a history 
of CVD, it has been hypothesized that exercise increases atheroscler
otic plaque stability and improves vascular function and coronary circu
lation, thus limiting ischaemic damage from a next vascular event.44–46

This is a potential explanation for our findings that higher exercise in
tensity primarily reduces the mortality rate and has little effects on non- 
fatal myocardial infarction.

Our study shows that clinically relevant reductions in all-cause mortality 
and cardiovascular event risk can be achieved through compliance with 

international exercise guidelines for CVD management. Generally, the ob
served benefits were similar across exercise types and intensities. We rec
ommend that healthcare professionals focus on motivating their patients 
to perform any type of exercise that is in line with their capabilities and per
sonal preferences. We identified some subgroups in which the relations of 
exercise and clinical outcomes were weaker (e.g. patients with MetS or 
low-grade inflammation), possibly because underlying conditions negate 
exercise effects mediated through inflammation and insulin sensitivity. 
However, in these subgroups, a protective association of exercise volume, 
type, and intensity was still found, and therefore, it remains important to 
motivate these patients to exercise.

Strengths and limitations
Strengths of the current study include its large sample size, prospective 
data collection, endpoint adjudication based on medical records, and 
low rate of loss to follow-up. Study limitations include the need for cat
egorization of exposure and mediator variables and unavailability of data 
on other potential mediators. Exercise type was not directly assessed in 
the baseline questionnaire, but approximated based on national guide
lines, possibly resulting in misclassification. Moreover, exercise was self- 
reported, and this should be taken into account when interpreting the 
results of this study. Although the EPIC physical activity questionnaire 
was validated against 3-day activity diaries, it was not validated for meas
uring absolute values of exercise volume. It is however possible to use the 
results to rank people based on their physical activity. Furthermore, the 
effect estimates found in this study were similar to those found in studies 
based on accelerometer-measured exercise levels.2 The analyses on ex
ercise type were not subject to this limitation, as detailed information on 
exercise type was available, and this was classified based on standards 
specifically designed for the Dutch population.25

Residual confounding is an important limitation in lifestyle-related re
search and may arise from difficult-to-measure confounders like social– 
economic status, frailty, or diet. The majority of the study population 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Relation between exercise volume, type, and intensity with risk of all-cause mortality and recurrent vascular 
events

Exercise volume HR (95% CI) Exercise type HR (95% CI) Exercise intensity HR (95% CI)a

Model No 
exercise

>0–7.5 METh/ 
wk

>7.5 METh/ 
wk

Resistance Resistance– 
endurance

Light to 
moderate

Vigorous

All-cause mortality
Events (n) 1725 134 397 187 344 386 133

Follow-up (persyr) 52 855 7298 24 252 9587 21 963 22 853 8426
Crude Reference 0.52 (0.43–0.63) 0.52 (0.47–0.58) 0.61 (0.53–0.71) 0.49 (0.44–0.55) 0.54 (0.48–0.6) 0.49 (0.41–0.58)

Model 1 Reference 0.56 (0.47–0.68) 0.58 (0.52–0.65) 0.59 (0.51–0.69) 0.59 (0.52–0.66) 0.58 (0.52–0.65) 0.58 (0.49–0.69)

Model 2 Reference 0.60 (0.50–0.72) 0.67 (0.60–0.75) 0.66 (0.57–0.77) 0.66 (0.58–0.74) 0.65 (0.58–0.73) 0.65 (0.55–0.78)
Model 3 Reference 0.62 (0.51–0.74) 0.68 (0.61–0.77) 0.69 (0.59–0.80) 0.67 (0.59–0.75) 0.66 (0.59–0.74) 0.69 (0.58–0.83)

Recurrent vascular events
Events (n) 1329 128 371 166 333 363 126
Follow-up (persyr) 48 756 6740 22 791 9033 20 499 21 339 7938

Crude Reference 0.66 (0.55–0.79) 0.61 (0.54–0.68) 0.68 (0.58–0.80) 0.60 (0.54–0.68) 0.63 (0.56–0.71) 0.58 (0.49–0.7)

Model 1 Reference 0.70 (0.58–0.84) 0.64 (0.57–0.72) 0.67 (0.57–0.79) 0.66 (0.58–0.74) 0.66 (0.59–0.74) 0.64 (0.53–0.77)
Model 2 Reference 0.76 (0.63–0.91) 0.74 (0.65–0.83) 0.76 (0.65–0.89) 0.75 (0.66–0.85) 0.75 (0.66–0.84) 0.74 (0.61–0.89)

Model 3 Reference 0.78 (0.64–0.94) 0.76 (0.67–0.85) 0.79 (0.67–0.93) 0.77 (0.68–0.87) 0.76 (0.68–0.86) 0.78 (0.65–0.94)

Hazard ratios for guideline-compliant exercise volume, different exercise types, and exercise intensities, compared with people that do not exercise. Model 1 adjusted for age and sex. 
Model 2 adjusted for model 1 and smoking status, pack years, alcohol consumption, and education level. Model 3 adjusted for model 2 and SBP, LDL cholesterol, type 2 diabetes, and BMI. 
HR, hazard ratio; 95% CI, 95% confidence interval. 
aFor 27 participants, no MET value was available for the sports activity they reported. These participants were excluded from this analysis.
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was treated with blood pressure–lowering and lipid-lowering therapy, 
which may partly explain the small PMEs through SBP and LDL cholesterol. 
Evidence suggests that in patients using lipid-lowering therapies, the LDL 
cholesterol lowering effects of exercise are smaller,13 while add-on blood 
pressure–lowering effects are still observed for patients using blood pres
sure–lowering drugs.12 Blood pressure–lowering and lipid-lowering 
pharmacological therapies are standard of care in patients with established 
CVD, but caution is warranted in applying the current study’s findings to 
populations without blood pressure and LDL cholesterol medication. 
Mediation analysis with structural equation models assumes independence 
of the included causal pathway, which is difficult to assess. However, in a 
sensitivity analysis assessing mediators independently, the PME was similar 
compared with the main analysis. Finally, exercise and mediator levels were 
measured at the same time. This cross-sectional assessment means that it 
is impossible to establish the direction of the causal effect. However, the 
included mediators were selected because previous intervention studies 
showed that exercise influenced them (and not the other way around).

Conclusions
Physical exercise is associated with a reduced risk of all-cause mortal
ity and recurrent vascular events in patients with established CVD. 
When counselling CVD patients on lifestyle optimization, they should 
be advised to perform physical exercise in a manner that fits with their 
person abilities and preferences. Any level of exercise is associated 
with clinically relevant reduction in mortality and CVD risk reduc
tions, and health benefits are similar across different exercise types 
and intensities. In the context of standard pharmacological CVD pre
vention, up to a third of the effect of exercise is mediated through im
provement in traditional cardiovascular risk factors, of which systemic 
inflammation and insulin resistance are the most important. In popu
lations with lower usage of lipid-lowering and blood pressure–lower
ing medications, other factors may play a more significant role. This 
study reiterates the importance of physical exercise in patients with 
established CVD.
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Table 3 Mediation analysis of the effects of exercise volume, type, and intensity

Exercise volume Exercise type Exercise intensitya

PME (95% CI) PME (95% CI) PME (95% CI)

No 
exercise

>0–7.5 METh/ 
wk

>7.5 METh/wk Resistance Resistance– 
endurance

Light to 
moderate

Vigorous

All-cause mortality
Total effect, HR (95% CI) Reference 0.59 (0.52–0.66) 0.68 (0.61–0.76) 0.64 (0.54–0.72) 0.64 (0.58–0.72) 0.63 (0.57–0.69) 0.65 (0.55–0.80)

Direct effect, HR (95% CI) Reference 0.64 (0.56–0.69) 0.76 (0.68–0.85) 0.70 (0.61–0.79) 0.72 (0.65–0.82) 0.70 (0.64–0.78) 0.75 (0.62–0.90)
Indirect effect, HR (95% CI) Reference 0.92 (0.91–0.96) 0.89 (0.87–0.92) 0.91 (0.86–0.93) 0.88 (0.86–0.91) 0.89 (0.86–0.92) 0.88 (0.83–0.92)

Total PME (%) 14.8 (8.2–16.9) 28.5 (20.7–42) 21.4 (14.2–33.9) 27.4 (20.4–42.1) 24.0 (17.7–33.9) 31.1 (20.4–54.1)

Mediated through:
Body mass index (%) −0.4 (−1.8–0.9) 0.7 (−1.6–3.3) 1.0 (−1.5–4.4) −0.2 (−2.4–2.1) 0.7 (−1.0–2.3) −0.5 (−4.6–4.1)

Insulin resistance (%) 2.7 (1.1–5.5) 5.0 (2.1–8.8) 5.2 (2.1–8.7) 4.2 (1.9–7.1) 3.3 (1.0–5.5) 8.2 (3.8–16.3)

Systolic blood pressure (%) 1.8 (−0.9–3.7) 3.1 (1.3–3.8–5.8) 2.3 (0.3–4.5) 3.1 (1.2–5.9) 3.0 (1.3–5.8) 1.9 (−0.6–5.1)
Inflammation (%) 8.7 (2.1–10.1) 16.4 (11.4–24.7) 11.4 (6.8–20.0) 16.5 (12.3–24.2) 14.5 (10.4–19.6) 16.7 (10.7–28.0)

LDL cholesterol (%) 2.1 (0.7–3.7) 3.3 (1.2–6) 1.5 (−0.9–4.8) 3.8 (2.0–7.4) 2.5 (1.0–5.2) 4.8 (1.7–10.7)

Recurrent vascular events
Total effect, HR (95%CI) Reference 0.72 (0.65–0.86) 0.73 (0.64–0.82) 0.72 (0.62–0.85) 0.72 (0.63–0.79) 0.72 (0.65–0.80) 0.71 (0.59–0.86)

Direct effect, HR (95%CI) Reference 0.78 (0.69–0.92) 0.80 (0.72–0.90) 0.79 (0.70–0.93) 0.82 (0.71–0.91) 0.80 (0.73–0.90) 0.81 (0.65–0.95)

Indirect effect, HR (95%CI) Reference 0.92 (0.91–0.96) 0.90 (0.88–0.92) 0.91 (0.88–0.94) 0.88 (0.85–0.91) 0.90 (0.87–0.92) 0.88 (0.85–0.92)
Total PME 24.2 (10.9–48.7) 32.0 (21.1–50.9) 27.0 (19.3–61.0) 37.9 (23.9–60.8) 33.0 (25.6–51.3) 36.3 (19.6–68.2)

Mediated through:

Body mass index (%) −0.2 (−3.5–1.6) −0.5 (−2.9–1.2) −0.1 (−2.6–2.9) −0.4 (−3.0–1.9) 0.1 (−2.1–1.3) −1.5 (−7.1–2.2)
Insulin resistance (%) 6.7 (3.4–13.7) 8.0 (4.8–13.5) 8.8 (4.4–20.9) 8.3 (4.6–13.7) 7.2 (3.7–11.7) 12.2 (5.1–25.1)

Systolic blood pressure (%) 2.5 (−1.3–9.9) 3.6 (1.4–8.0) 3.2 (0.3–7.7) 4.5 (1.5–9.9) 4.2 (1.8–8.6) 2.7 (−0.4–6.9)

Inflammation (%) 12.1 (1.8–28.1) 17.1 (10.6–26.1) 13.7 (8.6–34.2) 20.2 (13.4–32.6) 18.2 (12.8–28.6) 18.0 (9.4–36.7)
LDL cholesterol (%) 3.2 (1.8–6) 3.7 (1.6–8.0) 1.4 (−1.3–6.1) 5.3 (2.4–11.3) 3.4 (1.4–8.5) 4.9 (1.4–12.4)

Mediation analysis of the associations between exercise volume, type, and intensity and all-cause mortality and recurrent vascular events. Total effect represents the full size of the 
association between the exposure and the health outcomes. The direct effect is the effect of the exposure that is effectuated through other paths than the included mediators. The 
indirect effect represents the effect size that is brought about through exercise-related changes in the included mediators. The PME indicates the proportion of the overall effect 
that is mediated through the included mediators. All models are adjusted for age, sex, smoking status, pack years, alcohol consumption, and education level. 
95% CI, 95% confidence interval; HR, hazard ratio; LDL, low-density lipoprotein; METh/wk, metabolic equivalent of task hours per week; PME, proportion mediated effect. 
aFor 27 participants, no MET value was available for the sports activity they reported. These participants were excluded from this analysis.

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjopen/article/3/3/oead057/7194785 by W

ageningen U
niversity and R

esearch – Library user on 31 August 2023



Mediation of the effects of exercise in CVD                                                                                                                                                         9

Lead author biography
Nadia Bonekamp is a medical doctor 
and PhD candidate at the Department 
of Vascular Medicine, University 
Medical Center Utrecht, The 
Netherlands. She has also obtained mas
ter’s degrees in health economics and 
clinical epidemiology. Her PhD research 
focuses on exploring the role of lifestyle 
behaviour, specifically physical activity 
and nutrition, in the management of pa
tients with established cardiovascular 
disease and type 2 diabetes using 
large-scale longitudinal patient cohorts.

Data availability
The data underlying this article will be shared on reasonable request to the 
corresponding author.

Supplementary material
Supplementary material is available at European Heart Journal Open 
online.

Acknowledgements
We gratefully acknowledge the members of the UCC-SMART study 
group: M.J. Cramer, M.G. van de Meer, and H.M. Nathoe, 
Department of Cardiology; G.J. de Borst, Department of Vascular 
Surgery; M.L. Bots and M.I. Geerlings, Julius Center for Health 
Sciences and Primary Care; M.H. Emmelot-Vonk, Department of 
Geriatrics; P.A. de Jong, Department of Radiology; A.T. Lely, 
Department of Gynaecology and Obstetrics; N.P. van der Kaaij, 
Department of Cardiothoracic Surgery; L.J. Kappelle and Y.M. 
Ruigrok, Department of Neurology; M.C. Verhaar, Department of 
Nephrology & Hypertension; and J.A.N. Dorresteijn and F.L.J. 
Visseren (chair), Department of Vascular Medicine, UMC Utrecht.

Funding
The UCC-SMART study was financially supported by a grant of the 
University Medical Center Utrecht, The Netherlands. The research pre
sented in this paper was supported by a grant from the Regio Deal 
Foodvalley (grant number 162135). The supporting sources had no involve
ment in study design, analysis, interpretation, writing of the results, or the 
decision to submit for publication.

Conflict of interest: None declared.

Author contributions
N.E.B. was responsible for designing the work, performing data ana
lyses, interpreting the results, and drafting and revising the manuscript. 
A.M.M., M.H., J.A.N.D., M.G.v.d.M., Y.M.R., G.J.d.B., and J.M.G. critically 
interpreted the results and revised the manuscript. F.L.J.V. was respon
sible for designing the work, interpreting the results, and revising the 
manuscript and is the manuscript’s guarantor. C.K. was responsible 
for designing the work, interpreting the results, and drafting and revising 
the manuscript.

References
1. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, Carty C, Chaput JP, 

Chastin S, Chou R, Dempsey PC, DiPietro L, Ekelund U, Firth J, Friedenreich CM, Garcia 

L, Gichu M, Jago R, Katzmarzyk PT, Lambert E, Leitzmann M, Milton K, Ortega FB, 
Ranasinghe C, Stamatakis E, Tiedemann A, Troiano RP, van der Ploeg HP, Wari V, 
Willumsen JF. World Health Organization 2020 guidelines on physical activity and sed
entary behaviour. Br J Sports Med 2020;54:1451–1462.

2. Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland MW, 
Whincup P, Diaz KM, Hooker SP, Chernofsky A, Larson MG, Spartano N, Vasan RS, 
Dohrn IM, Hagströmer M, Edwardson C, Yates T, Shiroma E, Anderssen SA, Lee IM. 
Dose-response associations between accelerometry measured physical activity and 
sedentary time and all cause mortality : systematic review and harmonised 
meta-analysis. Br Med J 2019;366:14570.

3. Geidl W, Schlesinger S, Mino E, Miranda L, Pfeifer K. Dose-response relationship be
tween physical activity and mortality in adults with noncommunicable diseases: a sys
tematic review and meta-analysis of prospective observational studies. Int J Behav 
Nutr Phys Act 2020;17:109.

4. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, 
Himmelfarb CD, Khera A, Lloyd-Jones D, McEvoy JW, Michos ED, Miedema MD, 
Muñoz D, Smith SC Jr, Virani SS, Williams KA Sr, Yeboah J, Ziaeian B. 2019 ACC/ 
AHA guideline on the primary prevention of cardiovascular disease: a report of the 
American College of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines. Circulation 2019;140:e596–e646.

5. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, Benetos A, Biffi A, 
Boavida JM, Capodanno D, Cosyns B, Crawford C, Davos CH, Desormais I, Di 
Angelantonio E, Franco OH, Halvorsen S, Hobbs FDR, Hollander M, Jankowska EA, 
Michal M, Sacco S, Sattar N, Tokgozoglu L, Tonstad S, Tsioufis KP, van Dis I, van 
Gelder IC, Wanner C, Williams B; ESC Scientific Document Group. 2021 ESC guide
lines on cardiovascular disease prevention in clinical practice. Eur Heart J 2021;42: 
3227-3337.

6. Ciolac EG, Rodrigues-da-Silva JM. Resistance training as a tool for preventing and treat
ing musculoskeletal disorders. Sports Med 2016;46:1239–1248.

7. Giovannucci EL, Rezende LFM, Lee DH. Muscle-strengthening activities and risk of car
diovascular disease, type 2 diabetes, cancer and mortality: a review of prospective co
hort studies. J Intern Med 2021;290:789–805.

8. Ashton RE, Tew GA, Aning JJ, Gilbert SE, Lewis L, Saxton JM. Effects of short-term, 
medium-term and long-term resistance exercise training on cardiometabolic health 
outcomes in adults: systematic review with meta-analysis. Br J Sports Med 2020;54: 
341–348.

9. Yarizadeh H, Eftekhar R, Anjom-Shoae J, Speakman JR, Djafarian K. The effect of aerobic 
and resistance training and combined exercise modalities on subcutaneous abdominal 
fat: a systematic review and meta-analysis of randomized clinical trials. Adv Nutr 2021; 
12:179–196.

10. Lin X, Zhang X, Guo J, Roberts CK, McKenzie S, Wu WC, Liu S, Song Y. Effects of ex
ercise training on cardiorespiratory fitness and biomarkers of cardiometabolic health: a 
systematic review and meta-analysis of randomized controlled trials. J Am Heart Assoc 
2015;4:1–28.

11. Thompson PD, Franklin BA, Balady GJ, Blair SN, Corrado D, Estes NA 3rd, Fulton JE, 
Gordon NF, Haskell WL, Link MS, Maron BJ, Mittleman MA, Pelliccia A, Wenger NK, 
Willich SN, Costa F; American Heart Association Council on Nutrition, Physical 
Activity, and Metabolism; American Heart Association Council on Clinical 
Cardiology; American College of Sports Medicine. Exercise and acute cardiovascular 
events. Circulation 2007;115:2358–2368.

12. Naci H, Salcher-Konrad M, Dias S, Blum MR, Sahoo SA, Nunan D, Ioannidis JPA. How 
does exercise treatment compare with antihypertensive medications? A network 
meta-analysis of 391 randomised controlled trials assessing exercise and medication ef
fects on systolic blood pressure. Br J Sports Med 2019;53:859–869.

13. Albarrati AM, Alghamdi MSM, Nazer RI, Alkorashy MM, Alshowier N, Gale N. 
Effectiveness of low to moderate physical exercise training on the level of low-density 
lipoproteins: a systematic review. Biomed Res Int 2018;2018:5982980.

14. Fiuza-Luces C, Santos-Lozano A, Joyner M, Carrera-Bastos P, Picazo O, Zugaza JL, 
Izquierdo M, Ruilope LM, Lucia A. Exercise benefits in cardiovascular disease: beyond 
attenuation of traditional risk factors. Nat Rev Cardiol 2018;15:731–743.

15. Ahmed HM, Blaha MJ, Nasir K, Rivera JJ, Blumenthal RS. Effects of physical activity on 
cardiovascular disease. Am J Cardiol 2012;109:288–295.

16. Zheng G, Qiu P, Xia R, Lin H, Ye B, Tao J, Chen L. Effect of aerobic exercise on inflam
matory markers in healthy middle-aged and older adults: a systematic review and 
meta-analysis of randomized controlled trials. Front Aging Neurosci 2019;11:98.

17. Cerqueira É, Colino M, Almeida R, Afonso C, Lopes T. Inflammatory effects of high and 
moderate intensity exercise—a systematic review. Front Physiol 2020;10:1–14.

18. Nystoriak MA, Bhatnagar A. Cardiovascular effects and benefits of exercise. Front 
Cardiovasc Med 2018;5:135.

19. Sampath Kumar A, Maiya AG, Shastry BA, Vaishali K, Ravishankar N, Hazari A, Gundmi 
S, Jadhav R. Exercise and insulin resistance in type 2 diabetes mellitus: a systematic re
view and meta-analysis. Ann Phys Rehabil Med 2019;62:98–103.

20. Pinckard K, Baskin KK, Stanford KI. Effects of exercise to improve cardiovascular health. 
Front Cardiovasc Med 2019;6:69.

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjopen/article/3/3/oead057/7194785 by W

ageningen U
niversity and R

esearch – Library user on 31 August 2023

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oead057#supplementary-data


10                                                                                                                                                                                         N. Bonekamp et al.

21. Simons PC, Algra A, van de Laak MF, Grobbee DE, van der Graaf Y. Second manifesta
tions of ARTerial disease (SMART) study: rationale and design. Eur J Epidemiol 1999;15: 
773–781.

22. Pols MA, Peeters PH, Ocké MC, Slimani N, Bueno-de-Mesquita HB, Collette HJ. 
Estimation of reproducibility and relative validity of the questions included in the 
EPIC physical activity questionnaire. Int J Epidemiol 1997;26:181S–1819.

23. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, O’Brien WL, 
Bassett DR Jr, Schmitz KH, Emplaincourt PO, Jacobs DR Jr, Leon AS. Compendium 
of physical activities: an update of activity codes and MET intensities. Med Sci Sports 
Exerc 2000:32(9 Suppl):S498–S504.

24. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fit
ness: definitions and distinctions for health-related research. Public Health Rep 1985; 
100:126–131.

25. Wendel-Vos W, van den Berg S, Duijvestijn M, de Hollander E. Beweegrichtlijnen en 
Wekelijks Sporter. RIVM-Briefrapport 2019–0237. 2019.

26. VanderWeele TJ. Marginal structural models for the estimation of direct and indirect 
effects. Epidemiology 2009;20:18–26.

27. Hong G. Ratio of mediator probability weighting for estimating natural direct and indir
ect effects. Proceedings of the American Statistical Association, Biometrics Section 
2010; 2401–2415.

28. Lange T, Vansteelandt S, Bekaert M. A simple unified approach for estimating natural 
direct and indirect effects. Am J Epidemiol 2012;176:190–195.

29. Stewart RAH, Held C, Hadziosmanovic N, Armstrong PW, Cannon CP, Granger CB, 
Hagström E, Hochman JS, Koenig W, Lonn E, Nicolau JC, Steg PG, Vedin O, 
Wallentin L, White HD; STABILITY Investigators. Physical activity and mortality in pa
tients with stable coronary heart disease. J Am Coll Cardiol 2017;70:1689–1700.

30. Barbiellini Amidei C, Trevisan C, Dotto M, Ferroni E, Noale M, Maggi S, Corti MC, 
Baggio G, Fedeli U, Sergi G. Association of physical activity trajectories with major car
diovascular diseases in elderly people. Heart 2022;108:360–366.

31. Momma H, Kawakami R, Honda T, Sawada SS. Muscle-strengthening activities are asso
ciated with lower risk and mortality in major non-communicable diseases: a systematic 
review and meta-analysis of cohort studies. Br J Sports Med 2022;56(13):755–763.

32. Schroeder EC, Franke WD, Sharp RL, Lee DC. Comparative effectiveness of aerobic, 
resistance, and combined training on cardiovascular disease risk factors: a randomized 
controlled trial. PLoS One 2019;14:e0210292.

33. Bateman LA, Slentz CA, Willis LH, Shields AT, Piner LW, Bales CW, Houmard JA, Kraus 
WE. Comparison of aerobic versus resistance exercise training effects on metabolic 

syndrome (from the studies of a targeted risk reduction intervention through defined 
exercise—STRRIDE-AT/RT). Am J Cardiol 2011;108:838–844.

34. Ertek S, Cicero A. State of the art paper impact of physical activity on inflammation: ef
fects on cardiovascular disease risk and other inflammatory conditions. Arch Med Sci 
2012;5:794–804.

35. Leal LG, Lopes MA, Batista ML. Physical exercise-induced myokines and muscle-adipose 
tissue crosstalk: a review of current knowledge and the implications for health and 
metabolic diseases. Front Physiol 2018;9:1–17.

36. Stanford KI, Goodyear LJ. Exercise regulation of adipose tissue. Adipocyte 2016;5: 
153–162.

37. Fisman EZ, Tenenbaum A. Adiponectin: a manifold therapeutic target for metabolic syn
drome, diabetes, and coronary disease? Cardiovasc Diabetol 2014;13:103–110.

38. Richter EA, Hargreaves M. Exercise, GLUT4, and skeletal muscle glucose uptake. Physiol 
Rev 2013;93:993–1017.

39. Green DJ, Smith KJ. Effects of exercise on vascular function, structure, and health in hu
mans. Cold Spring Harb Perspect Med 2018;8:a029819.

40. Kaminsky LA, Arena R, Ellingsen Ø, Harber MP, Myers J, Ozemek C, Ross R. 
Cardiorespiratory fitness and cardiovascular disease—the past, present, and future. 
Prog Cardiovasc Dis 2019;62:86–93.

41. Thyfault JP, Bergouignan A. Exercise and metabolic health: beyond skeletal muscle. 
Diabetologia 2020;63:1464–1474.

42. Price DD, Finniss DG, Benedetti F. A comprehensive review of the placebo effect: re
cent advances and current thought. Annu Rev Psychol 2008;59:565–590.

43. Gallone G, Baldetti L, Angelini F, Saglietto A, Bellettini M, Beneduce A, Ranotti V, 
Chiarito M, Leone PP, Pagnesi M, De Filippo O, Landra F, Bruno F, Marengo G, 
Collino M, Ferrante G, Stefanini GG, Colombo A, Al-Lamee R, Francis DP, Jolicoeur 
ME, Henry TD, Giannini F, D’Ascenzo F, De Ferrari GM. The placebo effect on symp
toms, quality of life, and functional outcomes in patients with angina pectoris: a 
meta-analysis of randomized placebo-controlled trials. Can J Cardiol 2022;38:113–122.

44. Winzer EB, Woitek F, Linke A. Physical activity in the prevention and treatment of cor
onary artery disease. J Am Heart Assoc 2018;7:e007725.

45. Hambrecht R, Wolf A, Gielen S, Linke A, Hofer J, Erbs S, Schoene N, Schuler G. Effect of 
exercise on coronary endothelial function in patients with coronary artery disease. N 
Engl J Med 2000;342:454–460.

46. Borges JP, da Silva Verdoorn K. Cardiac ischemia/reperfusion injury: the beneficial ef
fects of exercise. In: Advances in experimental medicine and biology. Singapore: 
Springer; 2017, pp. 155–179.

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjopen/article/3/3/oead057/7194785 by W

ageningen U
niversity and R

esearch – Library user on 31 August 2023


	Physical exercise volume, type, and intensity and risk of all-cause mortality and cardiovascular events in patients with cardiovascular disease: a mediation analysis
	Introduction
	Methods
	Study population
	Baseline measurements and determination of exercise volume, intensity, and type
	Outcome measurement
	Statistical analysis

	Results
	Baseline characteristics
	Exercise volume
	Exercise type
	Exercise intensity
	Subgroup and sensitivity analyses
	Subgroup analyses
	Sensitivity analyses


	Discussion
	Outline placeholder
	Strengths and limitations


	Conclusions
	Lead author biography
	Data availability
	Supplementary material
	Acknowledgements
	Funding
	Author contributions
	References




