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Abstract

Objective—Exaggerated cardiovascular (CV) reactivity to laboratory challenge has been shown 

to predict future CV morbidity and mortality. CV recovery, has been less studied, and has yielded 

inconsistent findings, possibly due to presence of moderators. Reviews on the relationship 

between CV recovery and CV outcomes have been limited to cross-sectional studies and have not 

considered methodological factors. We performed a comprehensive meta-analytic review of the 

prospective literature investigating CV recovery to physical and psychological challenge and 

adverse cardiovascular outcomes.

Methods—We searched PsycINFO and PubMed for prospective studies investigating the 

relationship between CV recovery and adverse CV outcomes. Studies were coded for variables of 

interest and for effect sizes (ES). We conducted a random effects weighted meta-analysis. 

Moderators were examined with ANOVA-analog and meta-regression analyses.

Results—Thirty seven studies met inclusion criteria (N=125386). Impaired recovery from 

challenge predicted adverse cardiovascular outcomes (summary effect, r = .17, p < .001). Physical 

challenge was associated with larger predictive effects than psychological challenge. Moderator 

analyses revealed that recovery measured at 1 minute post-exercise, passive recovery, use of 

mortality as an outcome measure, and older sample age were associated with larger effects.

Conclusions—Poor recovery from laboratory challenges predicts adverse CV outcomes, with 

recovery from exercise serving as a particularly strong predictor of CV outcomes. The overall ES 

for recovery and CV outcomes is similar to that observed for CV reactivity and suggests that the 

study of recovery may have incremental value for understanding adverse CV outcomes.
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INTRODUCTION

Cardiovascular diseases (CVDs) are the foremost cause for mortality worldwide, responsible 

for nearly 30% of all deaths (1). Their high prevalence, mortality rate, and economic burden 

highlight the importance of better understanding mechanisms leading to CVDs. This aligns 

with the American Heart Association’s 2020 strategic plan to improve CV health and 

diminish death from CVD by 20% through primordial and secondary prevention, 

respectively (2). To this end, CV reactivity has received considerable attention and empirical 

support as one potent CVD risk indicator. Reactivity is often conceptualized as the 

magnitude of change in one or more CV parameters (3) in response to demanding 

conditions. Complementary to CV reactivity, CV recovery is usually defined as the response 

to the cessation of a challenging stimulus, generally involving a return to pre-challenge 

resting levels, although definitions for and methodologies to capture recovery vary greatly. 

Despite the interdependence between CV recovery and CV reactivity, recovery is typically 

investigated separately from reactivity or not assessed (4). This oversight is unfortunate as 

the duration of challenge-related CV activation may better predict CVD risk than the 

absolute magnitude of activation. As such, aberrant CV recovery patterns may also 

contribute to CVD. In fact, CV recovery patterns have been found to independently predict 

variance in CV health indices beyond those predicted by reactivity (5,6,7).

CV reactivity and recovery and their relationship to development of CVD have been 

commonly measured in the context of physiological (e.g., exercise) and psychological (e.g., 

anger recall) laboratory challenges (8). These practices are rooted in convincing evidence 

that psychological factors, such as hostility, have tight links to CVD formation (9) through 

cardiovascular mechanisms (10) and exercise electrocardiography, focusing on reactivity to 

physical exercise, is routinely used in clinical work as a diagnostic tool for detecting CVD 

(11,12). Recovery from exercise has received less clinical focus (13,14) despite evidence 

that recovery from exercise predicts future CV and all-cause mortality (13). Similarly, Chida 

and Steptoe’s meta-analysis (5) of studies of psychological challenges, found that 

heightened CV reactivity and slow CV recovery were associated with prospective CVD risk 

(r = 0.13, p < 0.001; r = 0.08, p < 0.01, respectively).

Despite these important early indications, the field has lacked in-depth analyses of recovery 

and CVD outcomes. For example, no work has contrasted the predictive power of 

psychological and physiological challenges for health outcomes or considered the presence 

of moderating variables. Indeed, several authors have speculated on the idea that robust 

effects of CV recovery and CVD might be masked by the presence of moderating variables 

or methodological factors (15). The background and rationale for our meta-analysis is 

explained in the following sections.

During challenge the sympathetic and parasympathetic systems are engaged and lead to 

robust CV activation during challenge and recovery post challenge. For this reason, timing 

of CV recovery measurement has implications for observed activation of these two systems 

(3) and potentially for sensitivity to predict CV outcomes. For example, initial HR decay 

during recovery from exercise may result from vagal reactivation (3,16) while longer 

recovery times would include involvement of the relatively-slower sympathetic nervous 
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system (17). Impaired vagal reactivation leading to delayed recovery during the initial 

recovery minute has been consistently linked to CV mortality (18), warranting an 

investigation of other CV risk outcomes such as CVD. Similarly, delayed recovery after 

psychological challenges has been linked to low vagal tone which can lead to vascular 

(versus cardiac) control of blood pressure (BP) resulting in high BP variability. Over the 

short term, such changes lead to adaptive responses, however chronic slow recovery from 

psychological challenges, such as anger, can lead to CV pathological changes and ultimately 

CVD development.

One obstacle to interpreting existing data on recovery is the heterogeneity of studies, which 

also may speak to presence of moderators. For example, recovery protocols are highly 

variable (19) in duration, and in the demands placed on participants (e.g., active versus 

passive recovery), as well as in what CV outcomes are assessed. One possibility, then, is that 

in-depth investigation of potential moderators will help to clarify the relationship between 

CV recovery and CV health.

Time of assessment of CV recovery (e.g. 1, 2, or more minutes post challenge) is also 

potentially important given differences in the speed of recovery in different CV parameters. 

This is particularly relevant to CV recovery from exercise: vagal reactivation takes place 

during the first 30 seconds post exercise and pre-challenge levels can occur within 1–2 

minutes post exercise, even after more intense bouts of exercise, making long assessments of 

CV recovery after exercise potentially futile (20). Conversely, psychological challenges 

(e.g., frustration; anger) may have longer activation and deactivation periods, making 

measurement of recovery over short periods of time ineffective.

One distinction in the recovery literature concerns demands placed on participants. Some 

studies use active recovery periods, including lower intensity demands (e.g., walking, 

reading), while others use passive recovery periods which typically involve quiet sitting. 

The impact of this variability on the prognostic or diagnostic value of CV recovery from 

exercise, in particular, is not well understood. Upon cessation of strenuous exercise, the 

cardiovascular system goes through rapid changes, such as vagal rebound (21,22), and the 

potential for post-exercise incidents such as arrhythmias, hypotension, and syncope 

increases (23,24). Active or supine recovery, however, tends to facilitate venous blood flow 

to the heart and diminish such incidents (25–28). In trying to further disentangle effects of 

active versus passive recovery from exercise, Crisafulli and colleagues (29) found passive 

recovery caused lower cardiac output relative to active recovery. While this could indicate 

CV impairment, such differences are merely due to decreased muscular engagement during 

passive recovery and hence faster recovery after exercise (29). Similarly, low intensity tasks 

after psychological challenge may shorten recovery periods; convincing evidence stems 

from an investigation of the role of distracters versus passive waiting on recovery from 

psychological challenge (30). In sum, extant findings suggest it would be useful to examine 

whether type of recovery (active versus passive) moderates CV outcomes.

Finally, the literature also suggests that the strength of the relationship between CV recovery 

and CV outcomes may depend on the type of CV outcome studied. Outcomes range from 

established risk factors for CVD (i.e., hypertension) to mortality. Prior studies have reported 
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inconsistent relationships between CV recovery and hypertension (15), but more consistent 

relationships with mortality (13). Severity of disease and medication use (31) likely affect 

the relationship between recovery and CV outcomes. However, despite the apparent 

variation in strength of the relationship between CV recovery and CV adverse outcomes, 

systematic quantitative analyses have ignored CV outcome as a moderator.

The current meta-analytic review investigated the predictive value of CV recovery on 

adverse CV outcomes for both physical challenges (exercise) and psychological challenges. 

Since neglect of moderators in previous reviews and meta-analyses may account for weak or 

inconsistent relations between impaired recovery and adverse CV outcomes (5,15), we 

conducted systematic moderator analyses on the larger exercise literature, including analysis 

of the length of recovery assessment, passive versus active recovery, and CV health 

outcome. Finally, although studies used a variety of CV indicators, exercise studies often 

exclusively examine HR. Thus, for direct comparison on a single measure across all studies 

we report secondary findings specifically on HR recovery as a predictor, a measure that 

reflects the concurrent actions of the sympathetic and parasympathetic nervous systems.

METHODS

Literature Search

To obtain relevant published articles, the first and third authors conducted an electronic 

literature search for English language studies using the PsycINFO and PubMed online 

databases using various keywords: cardiovascular recovery AND (longitudinal OR 

prospective). Searches were not restricted by year of publication. In searching for 

psychological challenge studies, we also used the terms proposed by Chida and Steptoe (5). 

Furthermore, the reference sections of retrieved articles were examined to identify additional 

candidate studies. Altogether, this literature search generated 2521 articles. Most of these 

studies could be easily excluded on the basis of reading the titles and abstracts from a lack of 

appropriate predictors, design, and/or outcome. Sixty two studies were retrieved for a closer 

inspection. Of these: 12 used a cross-sectional design, 8 investigated reactivity only, and 5 

did not have a relevant predictor. Finally, 37 articles were deemed adequate for the current 

meta-analysis and met full inclusion criteria described below. Notably, our list of studies of 

psychological challenge as a predictor of CV outcomes replicated that of Chida and Steptoe 

(5).

Study Inclusion Criteria

Inclusion criteria required that studies:

a. included participants ≥ 12 years mean age;

b. used one or more physical (e.g., exercise) or psychological challenges (e.g., anger 

recall) known to activate the CV system;

c. reported CV recovery with acceptable cardiovascular indices (HR, BP) and defined 

CV recovery as the time in minutes to attain BP/HR levels at or below CV baseline 

levels following a challenge, rate of decrease from peak HR, or rate of decrease 
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during a predetermined time post task (% decrease during the first 1 or 2 minutes or 

to attainment of baseline CV levels);

d. evaluated and reported the association between CV recovery from challenge and 

CV health status (e.g., changes in CV functioning, clinical changes in CV 

functioning and development of a CVD, or CV and all cause mortality).

Study Coding

Studies included in the final meta-analysis were coded by two independent raters for the 

above inclusion criteria and potential moderators, as well as descriptive characteristics. 

Coding discrepancies were double-checked by each coder and any remaining disagreements 

were resolve through discussion and consensus. As seen in Table 1, variables extracted from 

the studies were: author, mean age, sample gender composition, type of exercise, length of 

recovery measurement, passive (i.e., sitting) vs. active recovery (i.e., walking slowly after 

maximal exercise), follow-up period, CV predictor, CV outcome, and the computed mean 

ES. Gender was coded to indicate whether a female, male or mixed sample was used. The 

first and third author coded all articles to ensure that studies used physical and/or 

psychological challenges only and to identify the CV challenge protocol: since all physical 

challenge studies used exercise, we were interested to identify the strength of the challenge 

(e.g., use of maximal exercise) given the potential impact it has on recovery speed. 

Additionally, recovery protocol, length of the recovery measurement period, and whether 

authors had controlled for reactivity levels were all recorded. Finally, studies were likewise 

coded to represent the type of baseline CV predictor and CV outcome that was prospectively 

assessed: non-clinical CV changes, clinical CV changes, and development of CVD, and 

mortality.

Statistical Methods

To estimate our omnibus, secondary, and moderator effects we used the SAS statistical 

software package Version 9.4. We used Comprehensive Meta-Analysis Version 2.2.064 to 

generate plots and figures.

Primary Meta-Analysis—Our omnibus analyses included one summary ES per 

independent sample to minimize bias due to over representation of samples. Specifically, 

when a study reported multiple ESs for various outcomes, the main meta-analysis included 

the mean of all the ESs reported for one sample. If studies reported ESs for separate and 

independent samples (i.e., gender), independent ESs were included in the main analysis for 

the given study (32,33) to increase number of independent ESs in the analysis, and hence 

increase power. The overall ES computed for each study was r, which represents the 

correlation between predictor and outcome. Most studies reported correlations or t-tests and 

regression coefficients that were transformed into rs. For articles reporting either 

cardiovascular mortality or all-cause mortality, odds ratios and hazard risk ratios were 

transformed into r to ensure a common ES metric. Fixed-effects and random-effects models 

are both commonly used in meta-analysis. The more conservative random effects model was 

preferred for all analyses, given the probability that studies were drawn from different 
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populations (e.g. healthy vs. at risk). We also tested for heterogeneity of the ESs using the 

heterogeneity statistic Q.

Secondary Meta-Analysis—We performed a secondary meta-analysis of HR as the main 

predictor of CV outcomes. This was possible because nearly all exercise studies (36 out of 

39) reported HR. Similarly to the main meta-analysis, a random effects model was preferred 

for this analysis and heterogeneity of the ESs was tested using the heterogeneity statistic Q.

Moderator Analyses—Previous empirical findings guided selection of key moderators: 

length of the recovery measurement, whether the protocol used passive or active recovery, 

and CV outcome. We also conducted descriptive exploratory analyses of other potential 

moderators: gender composition, mean age of the sample, health status of the sample at the 

time of the testing, and duration of follow-up period. Given the much smaller number of 

psychological challenge studies, which constrained power, our moderator analyses focused 

on exercise challenge studies. However, we did perform a moderator analysis on the 

predictive strength of the type of challenge (physical versus psychological) for CV 

outcomes. Categorical moderators were tested using procedures analogous to analysis of 

variance (ANOVA) to test moderating effects. To test whether the difference between 

groups was statistically significant, we computed the between-groups homogeneity statistic 

(Qb). Continuous moderators were tested using an analog to regression analysis. When a 

study reported multiple ESs within a moderator, a separate ES was entered for each group 

represented by the moderator; however, to reduce overrepresentation of a study, the total 

sample of the study was divided by the number of ESs included in the analysis.

RESULTS

Summary of Study Characteristics

Thirty seven studies qualified for the current meta-analysis. Over half the studies (73%) 

included males and females. Two studies reported separate results for men and women and 

results for these two samples were entered separately, resulting in 39 entries for the main 

analysis (total sample size N = 125386). Sample sizes ranged from 44 to 29244 participants 

(see Table 1). Sample mean ages ranged from 19 to 69 years with a mean age of 50.1 (SD = 

11.7). Given the large age range, we explored whether age group (≤45 versus >45) 

moderated the recovery-CV outcome relationship. Indeed, we found that studies with a 

mean age over 45 showed a stronger relationship between recovery and CV outcomes (Qb = 

96.11, p < .001; r (>45) = .20) than studies with a mean age below 45 (r (<45) = .12).

The sampled studies were diverse in health status at baseline. Of the 39 study entries, 19 

were composed of individuals with a known history of CV conditions (HX), 3 studies had 

samples of individuals at high familial risk for CVD (FHX) and, finally, 17 studies recruited 

healthy individuals only (H). When we explored health status as a potential moderator of the 

relationship between CV recovery and development of CVD we found that status of the 

sample was a significant moderator. Healthy individuals showed the strongest relationship 

between recovery and CV outcomes (Qb = 26.79, p < .001; r (H) = .21), followed by those 

with a known CV diagnosis (r(HX) = .18) and those at familial risk (r (FHX) = .16).
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From a methodological stand point, time-to-follow-up (TTF) period was recorded for 

descriptive purposes. Within this sample of studies, participants were followed-up for 1–20 

years, with a mean TTF period of 7.7 years (median = 6.7, SD = 5). Given the high 

variability in the TTF period, we explored TTF period as a potential moderator. Since TTF 

is a continuous variable, we examined the moderating effect of TTF using meta-regression 

procedure, under the random-effects model via method of moments; there was a negative 

relationship between TTF length and CV outcome (Qmodel = 9.92, p < .001), with longer 

TTFs generally showing smaller ESs, possibly due to other risks possibly developing over 

longer periods of time.

Recovery protocols varied considerably; for example, twenty reported recovery at 1 minute, 

eleven at 2 minutes post peak HR, three at 3 minutes, five at 5 minutes, and three at 6.8. and 

45 minutes. The context of recovery varied among studies as well, with two thirds (n = 21) 

using passive recovery and 16 employing an active recovery protocol. Finally, CV outcomes 

were disparate. More than half the studies (n = 21, 54%) examined all-cause mortality and 

nine reported findings specifically for CV mortality. Eight studies examined clinical CV 

changes and disease (i.e. development of hypertension) and four studies reported non-

clinical CV changes in functioning (i.e. changes in BP or HR). Despite large differences in 

recovery protocols, some characteristics were common across studies. The majority of 

studies (n = 29) used maximal exercise as CV activator (i.e., 85–90% age adjusted HR per 

AHA guidelines). More importantly, given the role of reactivity on subsequent recovery 

patters, nearly all studies (with the exception of three) controlled for CV reactivity either by 

looking at change from maximal HR or by statistically controlling for reactivity. Finally, the 

majority of the studies controlled for age, gender, BMI, smoking; however, covariates (with 

the exception of reactivity) were not always specified (i.e., authors merely provided a verbal 

statement that analyses controlled for attributes that differed among groups).

For the main analyses one mean ES was reported for each study. For moderator analyses, 

some studies reported two separate ESs that mapped onto our established moderators. The 

rest of the studies had one representation in each moderator analysis.

Omnibus Analysis

An overall test examining the predictive relationship between CV recovery from exercise 

and adverse cardiovascular outcomes revealed a significant summary effect: r = .17 with a 

95% confidence interval of .12 – .20 (see Figure 1). The confidence interval for the 

summary effect did not include 0 and p < .001, which indicates that CV recovery from 

exercise was related to adverse CV outcomes. A positive r indicates that impaired recovery 

is predictive of increased risk for adverse CV events. A heterogeneity test revealed a 

significant Q statistic, (Q = 1725.71, p < .001), which indicates considerable variability in 

the ESs. Given that the meta-analysis included 37 studies (39 entries) with a total sample 

size of 125386 participants, power was more than adequate to detect heterogeneity among 

the ESs (29). The I2 statistic was 97.79, which indicates that 97.79% of the total variance 

may be due to differences in the ESs. Also, the estimate of between-studies variance was T2 

= .01. Overall, there was strong evidence for heterogeneity among ESs. The omnibus effect 
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remained unchanged when analyses were repeated with the sample of studies only using HR 

as a CV predictor for our secondary meta-analysis.

Moderator Analyses

Recovery Protocol: Time of Assessment—One moderator analysis tested the length 

of time allotted for recovery. The between-groups homogeneity statistic was significant (Qb 

= 97.99, p < .001) indicating that the length of recovery period had a moderating effect. The 

mean ES for studies examining recovery at 1 minute (r = .22) was significantly larger than 

recovery at 2 minutes (r = .15).

Recovery Protocol: Active vs. Passive Recovery—In analyses of the moderating 

effect of recovery protocol (active versus passive), the between-groups homogeneity statistic 

was significant, (Qb = 127.92, p < .001) indicating that recovery activity after exercise had a 

moderating effect. The mean ES for studies examining active recovery (r = .15) was smaller 

than passive recovery (r = .22).

CV Outcome—In moderator analyses on CV outcome, the between-groups homogeneity 

statistic was significant (Qb = 311.49, p < .001) indicating that the type of CV outcome had 

a moderating effect. CV recovery was a more robust predictor of all-cause mortality (r = .

21) and CV mortality (r = .15) than of clinical changes and CVD (r = .08) and non-clinical 

CV changes (r = .01).

Type of Challenge—Finally, type of challenge (exercise versus psychological challenge) 

was examined as a potential moderator in predicting adverse CV outcomes. The between-

groups homogeneity statistic of this meta-analysis was significant (Qb = 7.67, p = .006), 

with both exercise (r = .19) and psychological challenge (r = .09) exhibiting significant 

individual effect sizes (ps < .05). Therefore, type of challenge had a moderating effect, and 

recovery from exercise was a more robust predictor of adverse CV outcomes than recovery 

from psychological challenge.

File Drawer Analyses

Since our review considered only published sources, we conducted file-drawer analyses to 

assess the reliability of the omnibus effects in the face of additional unpublished null results. 

For the probability for the omnibus analysis to become non-significant (p>.05), there would 

have to be over 706.6 unpublished studies with non-significant results for each of the 

observed studies (N = 23317). To reinforce the trustworthiness of our omnibus analysis, our 

funnel plot in Figure 2 shows that overall, studies are relatively well distributed around the 

combined ES.

DISCUSSION

This meta-analysis was a comprehensive investigation of the relationship between impaired 

CV recovery and adverse CV outcomes. We obtained two main results. First, in omnibus 

tests, we found a reliable relationship between impaired recovery and adverse CV outcomes, 
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including CVD risk at follow-up and mortality. Second, we also found evidence for several 

moderating factors. We discuss each group of results in turn.

There has been longstanding interest in the role of CV responses to laboratory challenge as a 

risk factor for CVD but most of this work has concentrated on exaggerated CV reactivity 

(4). Our overall ES for CV recovery (r = .17) was comparable to that for CV reactivity (r = .

13; (5)), and accounted for a similar amount of variance in adverse CV outcomes as other 

established risk factors, such as BMI, smoking, cholesterol or diabetes (rs = .14–.30; (35)). 

Since virtually all of our studies controlled for CV reactivity, our overall results reinforce 

the position that CV recovery is an important aspect of CV functioning (4) that provides 

incremental data over CV reactivity in predicting CVD.

Though our moderator analyses of exercise recovery cannot directly identify responsible 

mechanisms, they pointed out specific contexts in which recovery has a stronger relation to 

negative CV outcomes. Moderators have been relatively neglected (5,15) so the current 

meta-analysis investigated several substantive and methodological moderators in studies 

using exercise as a CV challenge. For instance, within exercise physiology, timing of CV 

recovery measurement has implications for observed activation of the sympathetic and 

parasympathetic systems (3). Our moderator analyses showed that CV recovery at 1 minute 

post exercise was a stronger predictor of adverse CV outcomes than CV recovery at 2 

minutes post exercise, suggesting faster vagal control of recovery may be more important 

than slower sympathetic mechanisms for CVD risk. Thus, our results would seem to counter 

the more recent proposition that CV recovery is better understood as a coordination of 

parasympathetic reactivation and sympathetic withdrawal (36).

Importantly, we found that passive recovery was a better context to determine prospective 

CV risk than active recovery, at least for exercise protocols. Others have been interested in 

better understanding the importance of recovery context (29). Passive recovery generally 

results in a faster decrease of cardiac output in healthy individuals. Therefore, impairment in 

CV recovery in a context that would support faster recovery (i.e., passive recovery) may 

indicate higher CV impairment, hence leading to stronger relationships to prospective CV 

outcomes (37). Although we were not able to test this hypothesis for recovery from 

psychological challenges, Neumann and colleagues (30) have shown that distraction leads to 

faster CV recovery after an anger recall by limiting development of ruminative cognitions. 

More generally, one way in which exercise may differ from psychological challenges is that 

psychological challenge recovery periods may be longer due to involvement of emotional 

and cognitive systems that prolong recovery via processes, such as rumination (10). Future 

work should test the idea that slower active recovery after psychological challenges is a 

stronger predictor of CVD.

Type of outcome moderated the relationship between recovery and adverse CV outcomes; 

CV recovery was a more robust predictor of all-cause and CV mortality compared to clinical 

CV incidence, which in turn was a more potent predictor than non-clinical CV changes. 

Although seemingly counterintuitive, this may be because the non-clinical CV changes 

typically measured (BP, HR) focus on only one of the pathways to CVD and mortality. 

Impaired recovery may signal not only changes in hemodynamic CV function, but changes 
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in other unmeasured disease processes such as endothelial function, coagulation factors, and 

even immune processes. Also, the stability of the measures may be an issue, with more 

stable changes showing more reliable associations with CV recovery than changes in BP or 

HR. For example, while IMT was shown to be reversible in children (38), if untreated, CV 

changes become more durable and more likely to lead to fatal outcomes (39). Although the 

present results are in line with previous findings suggesting a robust relationship linking CV 

recovery and mortality (13,40), the best explanation for this finding remains unclear. 

However, on a related note, one exploratory analysis in the current study uncovered a 

stronger relationship between CV recovery and adverse CV outcomes in samples with a 

mean age over 45. Taken together, these results possibly indicate that CV recovery from 

exercise is a stronger predictor among more impaired individuals.

Although the number of independent study samples using recovery after psychological 

challenge as a predictor of CV outcomes was too modest to allow for an investigation of 

moderators, we did examine the type of challenge (physical versus psychological) in a 

moderator analysis. Here we found that while CV recovery from exercise and psychological 

challenges both significantly predicted CV outcomes, the strength of the relationship was 

stronger for exercise recovery than that for recovery from psychological challenges. These 

results, at first glance, point to the conclusion that recovery from exercise is a “better” 

predictor of adverse CV outcomes. We believe such a sweeping conclusion is unwarranted 

at this time, however, because of the many differences between the physical and 

psychological challenge studies. These differences include the studies not matched on 

factors such as the degree of challenge intensity, the type of activity during active recovery, 

or the time allowed for recovery. Indeed, it is clear that it is much easier to control the 

“dose” of the physical challenge intensity (3) than the intensity of a psychological challenge, 

a factor which makes physical challenge studies more precise. Generally, while both types 

of challenges have been linked to development of disease, identifying the active ingredients 

of psychological challenges is more difficult. This is not only because the body of 

psychological challenges is too small for a sound moderator analysis, but because 

psychological challenges invoke a greater number of complex regulatory processes than 

exercise challenges. Relatedly, mechanisms involved in psychological challenges may be 

subject to more delayed and uneven recovery than physical processes alone (4). More 

specifically, it is likely that psychological challenges are likely subject to a wider number of 

individual differences (anger (10); worry (41); anxiety (42) and depressed affect (43), 

perseverative cognition (44) and hostility (10), that may contribute both to slower recovery 

from challenge and to greater variability in recovery. All of these factors should temper our 

interpretations of observed differences between physical and psychological challenge 

studies.

Limitations and Future Directions

Although this was the first comprehensive meta-analysis of the association between CV 

recovery and development of future CV adverse outcomes, results should be interpreted in 

light of limitations. First, a relatively modest number of articles met all inclusion criteria. 

This was particularly true for psychological challenge studies, where there were too few to 

allow an adequately powered moderator analyses. The paucity of studies may reflect the 
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(understandably) slow development of longitudinal work in this area. Longitudinal studies 

are relatively expensive and time consuming, and as we report, often require long periods of 

follow-up for reliable adverse CV changes to develop. Even so, this meta-analytic review 

was still the largest to date. Second, outcomes varied in severity and reliability in predicting 

future development of a CVD and very few studies represented non-clinical CV changes. 

Therefore, the weak association between recovery and non-clinical CV changes should not 

be regarded as definitive. Third, the current analyses did not afford an investigation of the 

role of individual characteristics in the observed association between recovery and CV 

outcomes, as individual differences were largely controlled for in the analyzed studies. 

Fourth, although results suggest that CV recovery and CV reactivity are both important, we 

did directly examine variability explained by recovery adjusting for variance explained by 

reactivity. Our analyses only indirectly suggest incremental variance in CV outcomes, given 

that our sample of studies focused on and reported findings primarily for CV recovery and 

adjusted for CV reactivity. Fifth, reflecting continued debate about the meta-analytic 

practice of combining various effect sizes, one could argue against combining dichotomous 

and continuous measures that pertain to CV outcomes (i.e., CV changes (continuous) vs. 

mortality (dichotomous)) because these might be considered different constructs. 

Nevertheless, to enable investigation of moderators, given the overall size of the literature, 

we followed recommendations to transform various measures into r for simplicity of 

interpretation. Additionally, there are counter indications about meta-analyzing results of 

multivariate statistics due to frequent variation and inconsistency of covariates included in 

the analysis. However, we would argue that the current analyses were ultimately better 

served by multivariate results, given that these covariates represented clear established risks 

for CVD, such as age, gender, or smoking.

While this review does not speak directly to the mechanisms linking recovery and CVD, 

results are consistent with several possible mechanisms that could explain why poor CV 

recovery predicts adverse CV outcomes. Impaired vagal control after exercise is one 

possible mechanism linking recovery and CVD. Vagal reactivation is proposed to have a 

primary function in recovery from exercise (16) and inflexible vagal control was noted to 

link other health concerns, such as depression (47) or obesity (48). Other possible 

mechanisms include psychological processes that may delay CV recovery, such as poor 

emotion regulation (45) or negative cognitive styles, such as excessive worry (44). These 

processes may contribute to prolonged activation after challenge, such as increased blood 

pressure or inflammation, among others, which may contribute to artherosclerosis and CVD 

(46). The application of such mechanisms to exercise is uncertain, since studies have that 

exercise has variable affects on affect, which depend on individual differences (49). The 

dual mode theory proposes that intensity and duration will influence affect after exercise, 

with more intense bouts of exercise possibly triggering negative affect. Although the level of 

negative affect during exercise may not reach that triggered by psychological challenges, 

processes related to negative affect may nonetheless contribute to prolonged activation after 

challenge, as mentioned above (46). Overall, prolonged activation after exposure to a 

challenge may be an overarching theme among these proposed mechanisms.
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Clearly, the current meta-analytic review underscores the need for additional research to 

better understand mechanisms that impair CV recovery. Our review of the exercise literature 

possibly implicates vagal control in recovery from physical challenge. Studies investigating 

CV recovery from psychosocial challenge have identified perseverative cognition and other 

psychological characteristics to be implicated in risk for CVD. Despite findings linking 

vagal control to perseverative cognition, for example (10,41), research has yet to test models 

linking vagal control and perseverative cognition to prospective risk for CVD. Such an 

approach would help elucidate physiological and psychological mechanisms, and the 

identification of factors unique to CV recovery that could be targeted in prevention efforts.

Glossary

BMI body mass index

BP blood pressure

COG cognitive challenge (math exercise)

CV cardiovascular

CVD cardiovascular disease

CI confidence interval

DBP diastolic blood pressure

EMO emotional induction

EXS exercise stress test

HR heart rate

HTN hypertension

IMT intima-media thickness

PS public speaking

SBP systolic blood pressure

WHO World Health Organization
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Figure 1. 
Omnibus meta-analysis: ESs and 95% CI for the association between recovery and CV 

outcomes.
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Figure 2. 
Publication bias funnel plot.
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