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Abstract 

Background and objectives  
Low levels of physical activity (PA) in renal transplant recipients (RTR) are strongly 
associated with an increased risk of cardiovascular and all-cause mortality. Potentially, these 
associations are partly explained by pre-existing cardiac damage. We investigated whether 
the associations are influenced by markers of ventricular wall strain and cardiac ischemia.  

Design, setting, participants, and measurements  
This study is a post-hoc analysis of data from 540 RTR (age 51 ± 12 years, 54% male) who 
were included between 2001 and 2003. PA was assessed with questionnaires resulting in 
metabolic equivalents of task minutes per day (MET-min/d). Cardiac markers mid-
regional pro-atrial natriuretic peptide (MR-proANP), N-terminal-pro brain natriuretic 
peptide (NT-proBNP), and high sensitive troponin T (Hs-TnT) were determined. 
Mortality was recorded until May 2009. 

Results 
The average MET-min/d was 117.1[26.5; 294.3], and 52% of RTR complied with PA 
guidelines. Cardiac markers were inversely associated with PA level. During follow-up after 
6.9[6.2-7.2] years, 117 (22%) patients had deceased with 63 deaths being cardiovascular in 
origin. In Cox regression analyses, MR-proANP (HR=1.62[1.42; 1.83]), NT-proBNP 
(HR=1.51[1.36; 1.68]), and Hs-TnT (HR=1.36[1.21; 1.53]) were associated with 
cardiovascular mortality. Similar associations were ascertained for all-cause mortality. 
Lower PA levels were strongly associated with cardiovascular and all-cause mortality and 
the associations were independent of potential confounders including cardiac markers 
(HR=0.87[0.79; 0.95] and 0.92[0.86; 0.98], respectively). The markers were significant 
mediators of the association between PA and cardiovascular mortality with proportions 
mediated ranging from 21% to 33%. 

Conclusion 

In RTR, low PA and high levels of MR-proANP, NT-proBNP, and Hs-TnT are strongly 
associated with increased mortality. The cardiac markers had a significant mediation effect 
on the association between PA and outcome, implicating pre-existing cardiac damage as 
intermediate step of the causal pathway. RTR with high levels of PA had lower levels of 
cardiac markers and a lower mortality risk. 

Introduction 
Renal transplantation is the optimal treatment for end-stage renal disease.1 However, rates 
of mortality in renal transplant recipients (RTR) remain much higher than in the general 
population.2 Cardiovascular disease (CVD) is an important driver of this difference in 
survival rates with the incidence of the disease being three to five times higher in RTR 
than in the age-matched general population.3,4 At least half of the deaths following a 
transplantation are directly attributable to CVD.5,6 Therefore, the reduction of 
cardiovascular (CV) risk in RTR is of primary importance.  
 Both CV and all-cause mortality in RTR are strongly associated with low levels of 
physical activity (PA).7 As the level of PA in RTR is significantly lower than in healthy 
subjects, many RTR do not meet the recommended levels of PA.7–9 These associations in 
combination with the known benefits of PA in the general population suggest that survival 
in RTR could be improved by the promotion of PA. However, it is plausible that these 
associations are partially explained by pre-existing CVD. Heart failure (HF) and coronary 
artery disease (CAD) are highly prevalent in RTR, and both are inextricably linked to 
exercise intolerance.10–13 It is currently unknown whether comorbidities such as HF and 
CAD influence the association between PA and mortality in RTR.  
 Cardiac biomarkers may contribute to establishing the presence and severity of HF 
and CAD.14 HF severity can be identified with markers of ventricular wall strain such as 
mid-regional pro-atrial natriuretic peptide (MR-proANP) and N-terminal-pro brain 
natriuretic peptide (NT-proBNP).15,16 High sensitive troponin T (Hs-TnT), a marker of 
cardiac ischemia, is closely related to the severity of CAD.17,18 These markers are highly 
predictive of mortality in the general population19–21 and offer a practical method for 
assessing the relationships between PA, mortality, and pre-existent HF and CAD. 
Unfortunately, the number of studies validating the predictive value of these cardiac 
markers in RTR is limited.2,22  
 This post-hoc study aims to (i) substantiate the association between MR-proANP, 
NT-proBNP, Hs-TnT and CV- and all-cause mortality in RTR, and (ii) use these cardiac 
markers to investigate the potential role of antecedent heart failure and ischemia in the 
association between PA and CV and all-cause mortality.  

Materials and methods 

Design and study population 
This study is a post-hoc analysis of a prospective cohort study (TransplantLines Insulin 
resistance and Inflammation Biobank and Cohort study) of which the study design23 and 
the primary outcomes have been previously published.7 All adult RTR with a functional 
graft (>1year) who visited the outpatient clinic of the University Medical Center 
Groningen (UMCG) between August 2001 and July 2003 were invited to participate. 
Recipients with overt congestive heart failure or who had been diagnosed with cancer 
(other than cured skin cancer) were not considered eligible. Data on PA was available for 
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547 recipients. Seven recipients with an amputation were excluded. The Institutional 
Review Board approved the study protocol (METc 2001/039), and the reported clinical 
and research activities are consistent with the Principles of the Declaration of Istanbul as 
outlined in the Declaration of Istanbul on Organ Trafficking and Transplant Tourism. 
Recipient characteristics 
A pre-existing database containing information on all RTR treated at the UMCG since 
1968 was used to obtain relevant transplant characteristics. CVD history (myocardial 
infarction, transient ischemic attack, or cerebrovascular accident) and smoking status were 
obtained using a self-report questionnaire. Standard immunosuppressive treatment was 
previously described.23 

Physical Activity 
The level of PA of the participants during the 12 months prior to the study was estimated 
using the validated Tecumseh Occupational Activity Questionnaire (TOAQ) and the 
Minnesota Leisure Time Physical Activity Questionnaire (MLTPAQ).24–26 Trained 
research assistants administered these questionnaires face-to-face. The TOAQ measures 
frequency, intensity, and duration of three occupational related activities including 
commuting. The MLTPAQ measures leisure time PA including household activities, stair 
climbing, and conditioning activities. The results of both questionnaires were combined by 
employing the metabolic equivalents of tasks (MET), a measure of energy expenditure 
using the equivalent of the energy expended by an individual while seated at rest.25 
Consequently, an activity with a MET value of 5 requires five times the energy that is 
expended at rest. To account for differences in duration, PA was reported as MET-minutes 
per day (MET-min/d). A score of 0 MET-min/day indicates that no notable PA was 
performed over resting energy expenditure. The PA assessment has been previously 
described in further detail.7 In addition, it was assessed how many RTRs fulfilled the PA 
guideline.27 According to this guideline, adults should perform 30 minutes of moderate-to-
vigorous PA per day at least five days per week, resulting in 150 MET-min/day.  

Measurements 
Upon inclusion in the study, blood was drawn after an overnight fasting period (8-12 
hours) and before any medication was taken. In these samples, MR-proANP (pmol/l) was 
measured with a sandwich immunoassay (MR-proANP LIA; B.R.A.H.M.S). NT-
proBNP (pg/ml) levels were determined by immunoassay on an ELECSYS 2010 
instrument (ELECSYS pro-BNP, Roche Diagnostics, Germany). Hs-TnT was measured 
on a Roche Modular E170 (Roche Diagnostics, Mannheim, Germany) with a lower 
detection limit of 0.003 µg/l. The estimated glomerular filtration rate (eGFR) was 
calculated with the Chronic Kidney Disease epidemiology collaboration (CKD-EPI) 
formula. Creatinine clearance was calculated using 24-hour urinary creatinine excretion 
and serum creatinine. 

Endpoints 
Cardiovascular and all-cause mortality were the primary endpoints of this study. With a 
continuous surveillance system, an adequate and up-to-date collection of patients’ data for 
events and mortality could be ensured. CV and all-cause mortality were recorded until May 
2009 without loss of follow-up. Cardiovascular death was defined as deaths in which the 
principal cause of death was cardiovascular in nature (ICD-410-447). 

Statistical analysis 
Data are presented as means and standard deviations (SD) or median and interquartile 
ranges (IQR) for skewed distributed variables. Proportions are shown for categorical data. 
The levels of cardiac markers were initially analyzed per tertile of PA level (stratified for 
gender). A linear trend analysis was performed on the differences in cardiac markers 
between groups. Log-transformation was applied for variables with a skewed distribution, 
and hazard ratios are reported with 95% confidence intervals (CI).  
 To investigate whether the cardiac markers were independently associated with CV 
and the all-cause mortality multivariable, Cox-regression analyses were performed and 
adjusted for potential confounders (age, gender, eGFR, and physical activity). For these 
analyses, cardiac markers were transformed into z-scores. Potential interaction effects 
between the cardiac markers and PA were tested in both crude and adjusted models.  
 Cox proportional hazards regression models were applied to study the association 
between PA and CV- and all-cause mortality. Assumptions for survival analyses were 
tested by interactions with a time covariate. Multivariate Cox regression analyses were 
adjusted for age, gender (Model 2), history of cardiovascular events (Model 3), eGFR, 
urinary protein excretion (Model 4), and MR-pro-ANP, NT-pro BNP, and Hs-TnT 
(Model 5). 
 Additional analyses were performed to examine the potential mediation effect of 
cardiac ischemia and heart failure on the association between PA and CV-mortality. The 
pathways by which cardiac markers could potentially mediate the effect of the level of PA 
on cardiovascular mortality are shown in Figure 1. The pathways were assessed with 
mediation analysis utilizing the Preacher and Hayes method.28,29 The total effect of PA on 
CV-mortality was estimated using regression analysis. The indirect effect of PA on CV-
mortality, through cardiac damage, was calculated by computing the product of two 
coefficients obtained with a regression analysis of the cardiac marker with PA and with 
CV-mortality, respectively. The significance of the indirect effect was tested with bias 
corrected bootstrap confidence intervals with 2000 repetitions. Finally, the proportion 
mediated was calculated by dividing the coefficient of the indirect effect by the total effect. 
The mediation analyses were additionally adjusted for gender, age, and eGFR. The 
significance of mediation was considered present with p<0.05 if zero was not between the 
lower and upper bound of the 95% confidence interval of the indirect effect. Two-sided 
significance tests were used (alpha <0.05), and analyses were performed with IBM SPSS 
statistical software version 23.0 (IBM SPSS, NY, USA) and STATA/SE 14.0 (StataCorp, 
TX, USA). 
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Figure 1. Mediation models of physical activity and cardiovascular mortality through cardiac ischemia (A) 
and heart failure (B). The indirect effect is quantified as path a times path b. The total effect is calculated as 
a*b+c’. 

Results 
A total of 540 RTR (mean ± SD age: 51.3 ± 12.2, 54% male) were studied. The baseline 
characteristics, transplantation history, and cardiac markers are presented in Table 1. The 
median (IQR) MET-min/day in the entire cohort was 117.1 (26.5; 294.3). RTR in the 
inactive tertile performed a median (IQR) of 3.7 MET-min/day (0.1; 28.5), and the 
moderate active and active tertile performed a median (IQR) of 117.1 MET-min/day 
(74.6; 226.1) and 381.8 MET-min/day (234.0; 541.5), respectively. A total of 52% of the 
participants complied to the PA guidelines. MR-proANP (r= -0.20, p<0.001), NT-
proBNP (r= -0.30, p<0.001), and Hs-TnT (r= -0.24, p<0.001) were all significantly 
correlated with the PA level. Concentrations of cardiac markers showed a significant and 
decreasing trend (p=<0.001) according to increasing tertiles of PA (Figure 2).  

Figure 2. Cardiac markers per physical activity group (inactive/ moderate active/ active). Data presented as 
median and interquartile range. MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T. Tertiles of PA are stratified for 
gender. The dotted line represents the upper range of the normal value of the concerning marker. Data on 
MR-proANP was available in n=176, 168 and 169 per physical activity tertile, respectively. 

Cardiac markers and mortality 
In total, 117 RTR deceased (22%) of which 63 (54%) were due to CV causes. Univariate 
Cox regression analyses showed that MR-proANP, NT-proBNP, and Hs-TnT were all 
significantly associated with both CV- and all-cause mortality (Table 2). These associations 
remained significant in multivariable Cox regression models adjusted for age, gender, and 
eGFR. Further adjustment for PA level had only minimal influence on the association 
between cardiac biomarker levels and mortality. 

Physical activity and mortality 
Low levels of PA were significantly associated with both CV- and all-cause mortality in 
RTR independent of age and gender (Model 2), history of CV events (Model 3), and 

Table 1. Baseline characteristics (n=540)
min. max. range

General characteristics
   Age (yrs) 51.3 ± 12.2 21 80 59
   Gender male, n (%) 294 (54)
   Smoking, n (%) 217 (40)
Physical activity level [IQR]
   MET-min/day 117.1 [26.5; 294.3] 0.1 2139.4 2139.3
   Inactive tertile MET-min/day 3.7 [0.1; 28.5] 0.1 94.1 94.0
   Moderate active tertile MET-min/day 117.1 [74.6; 226.1] 23.7 330.0 306.3
   Active tertile MET-min/day 381.8 [234.0; 541.5] 124.5 2139.4 2015.0
   Compliant to PA guideline, n (%) 281 (52)
Cardiovascular disease
   Myocardial infarction, n (%) 43 (8)
   TIA / CVA, n (%) 29 (5)
Cardiac markers
   MR-pro-ANP (pmol/L) 162.0 [103.0; 268.0] 31.0 1440.0 1409.0
   NT-proBNP (pg/ml) 293.8 [131.4; 651.0] 19.4 15392.0 15372.6
   Hs-TnT (µg/L) 0.014 [0.007; 0.024] 3 206 203
Renal function
   eGFR 44.5 [33.4; 58.9] 8.1 126.7 118.6
   Creatinine clearance (ml/min) 61 [47; 77] 8 166 158
   Urinary protein excretion (g/24h) 0.2 [0.0; 0.5] 0.0 13.8 13.8
Dialysis time, months [IQR] 27 [14; 49] 0 398 398
Re-transplantation, n (%) 56 (10)
MET, metabolic equivalent of tasks; PA, physical activity; TIA/CVA, Transient Ischemic Attack/ 
Cerebro Vascular Accident; MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated glomerular 
filtration rate.
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   MET-min/day 117.1 [26.5; 294.3] 0.1 2139.4 2139.3
   Inactive tertile MET-min/day 3.7 [0.1; 28.5] 0.1 94.1 94.0
   Moderate active tertile MET-min/day 117.1 [74.6; 226.1] 23.7 330.0 306.3
   Active tertile MET-min/day 381.8 [234.0; 541.5] 124.5 2139.4 2015.0
   Compliant to PA guideline, n (%) 281 (52)
Cardiovascular disease
   Myocardial infarction, n (%) 43 (8)
   TIA / CVA, n (%) 29 (5)
Cardiac markers
   MR-pro-ANP (pmol/L) 162.0 [103.0; 268.0] 31.0 1440.0 1409.0
   NT-proBNP (pg/ml) 293.8 [131.4; 651.0] 19.4 15392.0 15372.6
   Hs-TnT (µg/L) 0.014 [0.007; 0.024] 3 206 203
Renal function
   eGFR 44.5 [33.4; 58.9] 8.1 126.7 118.6
   Creatinine clearance (ml/min) 61 [47; 77] 8 166 158
   Urinary protein excretion (g/24h) 0.2 [0.0; 0.5] 0.0 13.8 13.8
Dialysis time, months [IQR] 27 [14; 49] 0 398 398
Re-transplantation, n (%) 56 (10)
MET, metabolic equivalent of tasks; PA, physical activity; TIA/CVA, Transient Ischemic Attack/ 
Cerebro Vascular Accident; MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated glomerular 
filtration rate.
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kidney function (Model 4). Additional adjustment for MR-proANP, NT-proBNP, and Hs-
TnT levels did not materially change the association between PA and CV-mortality nor 
the association between PA and all-cause mortality (Table 3). PA was significantly 
associated with non-cardiovascular mortality in the crude model, however, it was no longer 
significant after adjustment for confounders (Table 3). Potential interaction effects between 
the three cardiac markers and the level of PA were tested but were not significant in 
univariable or multivariable analyses. The fully adjusted model of the association between 
PA and CV mortality indicates a hazard ratio of 0.87 (95% CI 0.80; 0.96, p=0.004) per 
log(base-2)-MET-min/day.  

Mediation by cardiac markers 
Mediation analyses indicated that all cardiac markers were significant mediators of the 
association between PA and CV-mortality (Table 4). The mediating effect of all cardiac 
markers remained significant after adjustment for gender, age, and eGFR. MR-proANP, 
NT-proBNP, Hs-TnT were indicated to explain 20.9%, 32.7%, and 21.7% of the 
association of PA with CV-mortality, respectively. The RTR with higher levels of PA had 
lower levels of cardiac markers and lower levels of mortality.  

Table 2. Hazard ratios for cardiovascular and all-cause mortality by cardiac marker
Cardiovascular mortality All-cause mortality

Model HR [95% CI] p-value HR [95% CI] p-value
MR-proANP
   1 1.62 [1.42; 1.83] <0.001 1.53 [1.38; 1.70] <0.001
   2 1.41 [1.18; 1.69] <0.001 1.31 [1.13; 1.51] <0.001
   3 1.38 [1.15; 1.65] 0.001 1.29 [1.12; 1.49] 0.001
NT-proBNP
   1 1.51 [1.36; 1.68] <0.001 1.45 [1.33; 1.58] <0.001
   2 1.32 [1.15; 1.51] <0.001 1.25 [1.12; 1.40] <0.001
   3 1.24 [1.08; 1.42] 0.002 1.20 [1.08; 1.35] 0.001
Hs-TnT
   1 1.36 [1.21; 1.53] <0.001 1.34 [1.22; 1.47] <0.001
   2 1.31 [1.11; 1.56] 0.002 1.29 [1.13; 1.47] <0.001
   3 1.29 [1.08; 1.55] 0.006 1.28 [1.11; 1.46] <0.001
Model 1: Crude model of cardiac markers as z-scores. Model 2: Model 1 + adjusted for age, gender, and 
eGFR. Model 3: Model 2 + adjusted for physical activity level (log2- MET-min/day). HR, Hazard 
Ratio; CI, Confidence Interval. MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, 
N-terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated 
glomerular filtration rate.

Discussion 
This post-hoc study substantiates that there is a significant association between the cardiac 
biomarkers MR-proANP, NT-proBNP, and Hs-TnT, as well as CV- and all-cause 
mortality in RTR. The levels of each of these markers are significantly lower in RTR with 
higher levels of PA. Interestingly, the link between PA and both CV- as well as all-cause 
mortality is independent of all studied cardiac markers. The cardiac markers, however, do 
significantly mediate the association between PA and CV-mortality with proportions 
mediated ranging from 21% to 33%.  
 The associations between MR-proANP, NT-proBNP, Hs-TnT and mortality in our 
cohort are comparable with findings in the general population19–21 and are in accordance 
with previous findings in RTR cohorts.2,22 The association between the cardiac markers 
and mortality tend to be even more pronounced in RTR, comparable levels lead to higher 
mortality in RTR when compared to the general population.2 The value of cardiac markers 
as a prognostic marker in a population with renal failure is debated because of the (partial) 
clearance of the markers from circulation by the kidney and with a detectable level in 
almost all patients and ‘elevated’ levels in the majority of patients with chronic kidney 
disease.30–32 However, as each of the markers remained significantly associated with 
mortality after adjustment for age, gender, and eGFR within the population of RTR, the 
use of MR-proANP, NT-proBNP, and Hs-TnT as markers for risk stratification within the 
RTR population is substantiated. 
  

  

Table 3. Hazard ratios and adjusted hazard ratios for cardiovascular and all-cause 
mortality by physical activity as a log2-transformed continuous variable.

Cardiovascular mortality Non cardiovascular mortality All-cause mortality

Model HR [95% CI] p-value HR [95% CI] p-value HR [95% CI] p-value
   1 0.82 [0.76; 0.88] <0.001 0.87 [0.80; 0.95] 0.001 0.85 [0.80; 0.89] <0.001
   2 0.86 [0.79; 0.93] <0.001 0.94 [0.85; 1.03] 0.182 0.89 [0.84; 0.95] <0.001
   3 0.86 [0.79; 0.94] <0.001 0.94 [0.86; 1.04] 0.214 0.89 [0.84; 0.95] <0.001
   4 0.87 [0.80; 0.95] 0.001 0.96 [0.87; 1.06] 0.390 0.91 [0.85; 0.97] 0.002
   5 0.87 [0.79; 0.95] 0.003 0.97 [0.87; 1.08] 0.578 0.92 [0.86; 0.98] 0.011
Model 1: Crude model of Physical Activity as a continuous variable (log2- MET-min/day), univariate. 
Model 2: Model 1 + adjustment for age and gender. Model 3: Model 2 + adjustment for history of 
cardiovascular events. Model 4: Model 3 + adjustments for eGFR and urinary protein excretion. Model 
5: Model 4 + adjustments for MR-pro-ANP, NT-pro BNP, and Hs-TnT. HR, Hazard Ratio; CI, 
Confidence Interval; MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated 
glomerular filtration rate.
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kidney function (Model 4). Additional adjustment for MR-proANP, NT-proBNP, and Hs-
TnT levels did not materially change the association between PA and CV-mortality nor 
the association between PA and all-cause mortality (Table 3). PA was significantly 
associated with non-cardiovascular mortality in the crude model, however, it was no longer 
significant after adjustment for confounders (Table 3). Potential interaction effects between 
the three cardiac markers and the level of PA were tested but were not significant in 
univariable or multivariable analyses. The fully adjusted model of the association between 
PA and CV mortality indicates a hazard ratio of 0.87 (95% CI 0.80; 0.96, p=0.004) per 
log(base-2)-MET-min/day.  

Mediation by cardiac markers 
Mediation analyses indicated that all cardiac markers were significant mediators of the 
association between PA and CV-mortality (Table 4). The mediating effect of all cardiac 
markers remained significant after adjustment for gender, age, and eGFR. MR-proANP, 
NT-proBNP, Hs-TnT were indicated to explain 20.9%, 32.7%, and 21.7% of the 
association of PA with CV-mortality, respectively. The RTR with higher levels of PA had 
lower levels of cardiac markers and lower levels of mortality.  

Table 2. Hazard ratios for cardiovascular and all-cause mortality by cardiac marker
Cardiovascular mortality All-cause mortality

Model HR [95% CI] p-value HR [95% CI] p-value
MR-proANP
   1 1.62 [1.42; 1.83] <0.001 1.53 [1.38; 1.70] <0.001
   2 1.41 [1.18; 1.69] <0.001 1.31 [1.13; 1.51] <0.001
   3 1.38 [1.15; 1.65] 0.001 1.29 [1.12; 1.49] 0.001
NT-proBNP
   1 1.51 [1.36; 1.68] <0.001 1.45 [1.33; 1.58] <0.001
   2 1.32 [1.15; 1.51] <0.001 1.25 [1.12; 1.40] <0.001
   3 1.24 [1.08; 1.42] 0.002 1.20 [1.08; 1.35] 0.001
Hs-TnT
   1 1.36 [1.21; 1.53] <0.001 1.34 [1.22; 1.47] <0.001
   2 1.31 [1.11; 1.56] 0.002 1.29 [1.13; 1.47] <0.001
   3 1.29 [1.08; 1.55] 0.006 1.28 [1.11; 1.46] <0.001
Model 1: Crude model of cardiac markers as z-scores. Model 2: Model 1 + adjusted for age, gender, and 
eGFR. Model 3: Model 2 + adjusted for physical activity level (log2- MET-min/day). HR, Hazard 
Ratio; CI, Confidence Interval. MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, 
N-terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated 
glomerular filtration rate.

Discussion 
This post-hoc study substantiates that there is a significant association between the cardiac 
biomarkers MR-proANP, NT-proBNP, and Hs-TnT, as well as CV- and all-cause 
mortality in RTR. The levels of each of these markers are significantly lower in RTR with 
higher levels of PA. Interestingly, the link between PA and both CV- as well as all-cause 
mortality is independent of all studied cardiac markers. The cardiac markers, however, do 
significantly mediate the association between PA and CV-mortality with proportions 
mediated ranging from 21% to 33%.  
 The associations between MR-proANP, NT-proBNP, Hs-TnT and mortality in our 
cohort are comparable with findings in the general population19–21 and are in accordance 
with previous findings in RTR cohorts.2,22 The association between the cardiac markers 
and mortality tend to be even more pronounced in RTR, comparable levels lead to higher 
mortality in RTR when compared to the general population.2 The value of cardiac markers 
as a prognostic marker in a population with renal failure is debated because of the (partial) 
clearance of the markers from circulation by the kidney and with a detectable level in 
almost all patients and ‘elevated’ levels in the majority of patients with chronic kidney 
disease.30–32 However, as each of the markers remained significantly associated with 
mortality after adjustment for age, gender, and eGFR within the population of RTR, the 
use of MR-proANP, NT-proBNP, and Hs-TnT as markers for risk stratification within the 
RTR population is substantiated. 
  

  

Table 3. Hazard ratios and adjusted hazard ratios for cardiovascular and all-cause 
mortality by physical activity as a log2-transformed continuous variable.

Cardiovascular mortality Non cardiovascular mortality All-cause mortality

Model HR [95% CI] p-value HR [95% CI] p-value HR [95% CI] p-value
   1 0.82 [0.76; 0.88] <0.001 0.87 [0.80; 0.95] 0.001 0.85 [0.80; 0.89] <0.001
   2 0.86 [0.79; 0.93] <0.001 0.94 [0.85; 1.03] 0.182 0.89 [0.84; 0.95] <0.001
   3 0.86 [0.79; 0.94] <0.001 0.94 [0.86; 1.04] 0.214 0.89 [0.84; 0.95] <0.001
   4 0.87 [0.80; 0.95] 0.001 0.96 [0.87; 1.06] 0.390 0.91 [0.85; 0.97] 0.002
   5 0.87 [0.79; 0.95] 0.003 0.97 [0.87; 1.08] 0.578 0.92 [0.86; 0.98] 0.011
Model 1: Crude model of Physical Activity as a continuous variable (log2- MET-min/day), univariate. 
Model 2: Model 1 + adjustment for age and gender. Model 3: Model 2 + adjustment for history of 
cardiovascular events. Model 4: Model 3 + adjustments for eGFR and urinary protein excretion. Model 
5: Model 4 + adjustments for MR-pro-ANP, NT-pro BNP, and Hs-TnT. HR, Hazard Ratio; CI, 
Confidence Interval; MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated 
glomerular filtration rate.
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 The levels of all cardiac markers were highest in the low PA group and lowest in the 
high PA group. Therefore, we expected the cardiac markers to have a confounding effect in 
the association between PA and mortality. Nevertheless, the association between PA and 
both CV and all-cause mortality remained prominent after adjustment for these cardiac 
markers. This observation discredits the notion that the amount of PA that is performed is 
merely a proxy for cardiovascular health. Instead, these associations show that a higher level 
of PA is linked to improved survival even in patients with notable cardiovascular 
comorbidity. These findings with the use of quantitative measures of cardiac damage accord 
with results of the previous analyses that used more surrogate measures of CV risk such as 
a history of CV-disease, components of the metabolic syndrome, and Framingham risk 
score factors.7 This emphasizes that PA is a potential method for modifying cardiovascular 

Table 4. Mediation effect of cardiac markers on the association between physical 
activity and cardiovascular mortality.

Cardiovascular mortality
Beta [95% CI, bias corrected] Proportion mediated

Unadjusted
MR-proANP
   Indirect effect -0.08 [-0.13; -0.05] 25%
   Total effect -0.34 [-0.46; -0.22]
NT-proBNP
   Indirect effect -0.13 [-0.18; -0.08] 41%
   Total effect -0.31 [-0.42; -0.19]
Hs-TnT
   Indirect effect -0.09 [-0.14; -0.06] 30%
   Total effect -0.31 [-0.42; -0.18]
Adjusted*

MR-proANP
   Indirect effect -0.05 [-0.10; -0.02] 21%
   Total effect -0.26 [-0.38; -0.11]
NT-proBNP
   Indirect effect -0.07 [-0.12; -0.04] 33%
   Total effect -0.22 [-0.34; -0.07]
Hs-TnT
   Indirect effect -0.05 [-0.09; -0.02] 22%
   Total effect -0.23 [-0.35; -0.09]
Physical activity level as log2 transformed MET-min/day, cardiac markers are log transformed as well. 
*Adjusted mediation models included gender, age, and eGFR. CI, Confidence Interval; MR-proANP, 
mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-terminal-pro brain natriuretic peptide; Hs-
TnT, high sensitive troponine T; eGFR, estimated glomerular filtration rate.

risk in RTR. The non-significant results on the association between PA and non-
cardiovascular death indicated that the association between PA and all-cause mortality in 
this population is substantially driven by CV-mortality. 
 A two-fold difference in the level of PA (MET-min/day) resulted in a 13% 
reduction of CV-mortality risk (hazard ratio 0.87). For example, a person spending 150 
MET-min/day has 0.87 times the risk of CV-mortality compared to a person spending 75 
MET-min/day. The risk reduction of 13% is comparable to the change observed for the 
risk of CV-mortality in heavy smokers who had stopped smoking.33 Importantly, a two-
fold or greater change in PA is likely to be highly attainable in many high-risk patients due 
to their current low level of PA. Participants in the lowest tertile of this cohort performed 
the equivalent of five minutes or less of PA per day whereas the recommended amount is 
30 minutes of moderate to vigorous intensity PA per day (=150 MET-min/day).34 
Examples of activities of this type are washing the windows, mowing the lawn, playing golf, 
and brisk walking (>5 km/h).35  
 The hazard ratio for the association of PA with CV-mortality was only minimally 
influenced by controlling for the levels of the cardiac markers, and no significant 
interaction effects were detected between the cardiac markers and level of PA. These 
findings demonstrate that the cardiac markers are not confounding the indicated 
association. To facilitate a better understanding of the pathways through which the 
association between PA and CV-mortality could be explained, mediation analyses were 
performed. The generally accepted hypothesis that an increase in PA will result in a 
reduction in CV-risk was applied as a basis for the mediation model.1,36 These analyses 
showed that all markers significantly mediated the association between PA and CV-
mortality. There is a significant indirect effect of PA on CV-mortality through the cardiac 
markers. This indirect effect accounts for 21% to 33% of the total observed effect which is 
substantial and, therefore, indicates an important pathway.  
 The notable proportion of the indirect effect suggests pre-existent HF and CAD as 
possible intermediate steps in the causal pathway leading from PA to mortality reduction. 
If so, the mortality reduction associated with PA is likely to be related to general 
improvements in cardiovascular health. This hypothesis is supported by literature showing 
that physical exercise may lower cardiac biomarker levels in other populations. PA is known 
to lower Hs-TnT in elderly patients37 and, similarly, a systematic review and several 
intervention studies showed that NT-proBNP could be significantly lowered by exercise 
training in patients with heart failure.38–40 However, this position has been questioned in a 
recent randomized controlled trial of 928 patients with heart failure whereby exercise 
training did not induce a meaningful change in NT-pro-BNP or Hs-TnT.41 Longitudinal 
data, preferably from a controlled trial, is required to confirm the possible cardiovascular 
health benefits of PA in RTR. More insight should also be provided into the amount and 
intensity of PA that is required to generate cardiovascular health benefits in RTR. As is 
already known, aerobic exercise enhances endothelial-dependent vasodilatation in healthy 
adults, patients with hypertension, and patients with coronary artery disease and chronic 
heart failure.42,43 It is suggested that moderate-intensity PA augments endothelial-
dependent vasodilatation through increased production of nitric oxide where high intensity 
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 The levels of all cardiac markers were highest in the low PA group and lowest in the 
high PA group. Therefore, we expected the cardiac markers to have a confounding effect in 
the association between PA and mortality. Nevertheless, the association between PA and 
both CV and all-cause mortality remained prominent after adjustment for these cardiac 
markers. This observation discredits the notion that the amount of PA that is performed is 
merely a proxy for cardiovascular health. Instead, these associations show that a higher level 
of PA is linked to improved survival even in patients with notable cardiovascular 
comorbidity. These findings with the use of quantitative measures of cardiac damage accord 
with results of the previous analyses that used more surrogate measures of CV risk such as 
a history of CV-disease, components of the metabolic syndrome, and Framingham risk 
score factors.7 This emphasizes that PA is a potential method for modifying cardiovascular 

Table 4. Mediation effect of cardiac markers on the association between physical 
activity and cardiovascular mortality.

Cardiovascular mortality
Beta [95% CI, bias corrected] Proportion mediated

Unadjusted
MR-proANP
   Indirect effect -0.08 [-0.13; -0.05] 25%
   Total effect -0.34 [-0.46; -0.22]
NT-proBNP
   Indirect effect -0.13 [-0.18; -0.08] 41%
   Total effect -0.31 [-0.42; -0.19]
Hs-TnT
   Indirect effect -0.09 [-0.14; -0.06] 30%
   Total effect -0.31 [-0.42; -0.18]
Adjusted*

MR-proANP
   Indirect effect -0.05 [-0.10; -0.02] 21%
   Total effect -0.26 [-0.38; -0.11]
NT-proBNP
   Indirect effect -0.07 [-0.12; -0.04] 33%
   Total effect -0.22 [-0.34; -0.07]
Hs-TnT
   Indirect effect -0.05 [-0.09; -0.02] 22%
   Total effect -0.23 [-0.35; -0.09]
Physical activity level as log2 transformed MET-min/day, cardiac markers are log transformed as well. 
*Adjusted mediation models included gender, age, and eGFR. CI, Confidence Interval; MR-proANP, 
mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-terminal-pro brain natriuretic peptide; Hs-
TnT, high sensitive troponine T; eGFR, estimated glomerular filtration rate.

risk in RTR. The non-significant results on the association between PA and non-
cardiovascular death indicated that the association between PA and all-cause mortality in 
this population is substantially driven by CV-mortality. 
 A two-fold difference in the level of PA (MET-min/day) resulted in a 13% 
reduction of CV-mortality risk (hazard ratio 0.87). For example, a person spending 150 
MET-min/day has 0.87 times the risk of CV-mortality compared to a person spending 75 
MET-min/day. The risk reduction of 13% is comparable to the change observed for the 
risk of CV-mortality in heavy smokers who had stopped smoking.33 Importantly, a two-
fold or greater change in PA is likely to be highly attainable in many high-risk patients due 
to their current low level of PA. Participants in the lowest tertile of this cohort performed 
the equivalent of five minutes or less of PA per day whereas the recommended amount is 
30 minutes of moderate to vigorous intensity PA per day (=150 MET-min/day).34 
Examples of activities of this type are washing the windows, mowing the lawn, playing golf, 
and brisk walking (>5 km/h).35  
 The hazard ratio for the association of PA with CV-mortality was only minimally 
influenced by controlling for the levels of the cardiac markers, and no significant 
interaction effects were detected between the cardiac markers and level of PA. These 
findings demonstrate that the cardiac markers are not confounding the indicated 
association. To facilitate a better understanding of the pathways through which the 
association between PA and CV-mortality could be explained, mediation analyses were 
performed. The generally accepted hypothesis that an increase in PA will result in a 
reduction in CV-risk was applied as a basis for the mediation model.1,36 These analyses 
showed that all markers significantly mediated the association between PA and CV-
mortality. There is a significant indirect effect of PA on CV-mortality through the cardiac 
markers. This indirect effect accounts for 21% to 33% of the total observed effect which is 
substantial and, therefore, indicates an important pathway.  
 The notable proportion of the indirect effect suggests pre-existent HF and CAD as 
possible intermediate steps in the causal pathway leading from PA to mortality reduction. 
If so, the mortality reduction associated with PA is likely to be related to general 
improvements in cardiovascular health. This hypothesis is supported by literature showing 
that physical exercise may lower cardiac biomarker levels in other populations. PA is known 
to lower Hs-TnT in elderly patients37 and, similarly, a systematic review and several 
intervention studies showed that NT-proBNP could be significantly lowered by exercise 
training in patients with heart failure.38–40 However, this position has been questioned in a 
recent randomized controlled trial of 928 patients with heart failure whereby exercise 
training did not induce a meaningful change in NT-pro-BNP or Hs-TnT.41 Longitudinal 
data, preferably from a controlled trial, is required to confirm the possible cardiovascular 
health benefits of PA in RTR. More insight should also be provided into the amount and 
intensity of PA that is required to generate cardiovascular health benefits in RTR. As is 
already known, aerobic exercise enhances endothelial-dependent vasodilatation in healthy 
adults, patients with hypertension, and patients with coronary artery disease and chronic 
heart failure.42,43 It is suggested that moderate-intensity PA augments endothelial-
dependent vasodilatation through increased production of nitric oxide where high intensity 
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aerobic exercise potentially leads to oxidative stress. The optimal frequency and intensity of 
PA to generate the maximal positive effect in RTR is unknown. For the general population, 
it is stated that, in order to generate health benefits from PA, some PA is better than none, 
and more is better than some.44 This indicates that every improvement in PA results in a 
certain amount of benefit.  
 For the interpretation of the results of this study, a number of limitations should be 
taken into account. First, because of the observational design, this study cannot discern 
causality and can only provide direction for further studies. Second, measurements of PA 
and cardiac biomarkers were only available at baseline. Therefore, changes over time in 
either of the variables could not be accounted for. Third, the exclusion of patients with 
overt heart failure from the original study may limit the extrapolation of these data to the 
entire population of RTR. Lastly, although the questionnaires employed to assess PA are 
validated and used extensively, bias towards socially desirable answers may still have led to 
an overestimation of PA. Major strengths of this study are the availability of data on PA, 
cardiac markers to assess cardiovascular health, mortality in a large sample of RTR, and it 
is the first study to link data on PA, cardiac markers, and mortality in a population of RTR.  
In conclusion, the cardiac biomarkers MR-proANP, NT-proBNP, and Hs-TnT are 
strongly associated with both CV- and all-cause mortality in RTR. Nevertheless, the 
association between PA and CV and all-cause mortality was independent of these markers. 
Pre-existent cardiac damage, as measured by cardiac markers, did have a significant 
mediation effect on the association, implicating cardiac damage as intermediate step of the 
causal pathway. Increasing PA levels or maintaining high levels of PA, therefore, appear to 
be of the utmost importance in all RTR.  
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aerobic exercise potentially leads to oxidative stress. The optimal frequency and intensity of 
PA to generate the maximal positive effect in RTR is unknown. For the general population, 
it is stated that, in order to generate health benefits from PA, some PA is better than none, 
and more is better than some.44 This indicates that every improvement in PA results in a 
certain amount of benefit.  
 For the interpretation of the results of this study, a number of limitations should be 
taken into account. First, because of the observational design, this study cannot discern 
causality and can only provide direction for further studies. Second, measurements of PA 
and cardiac biomarkers were only available at baseline. Therefore, changes over time in 
either of the variables could not be accounted for. Third, the exclusion of patients with 
overt heart failure from the original study may limit the extrapolation of these data to the 
entire population of RTR. Lastly, although the questionnaires employed to assess PA are 
validated and used extensively, bias towards socially desirable answers may still have led to 
an overestimation of PA. Major strengths of this study are the availability of data on PA, 
cardiac markers to assess cardiovascular health, mortality in a large sample of RTR, and it 
is the first study to link data on PA, cardiac markers, and mortality in a population of RTR.  
In conclusion, the cardiac biomarkers MR-proANP, NT-proBNP, and Hs-TnT are 
strongly associated with both CV- and all-cause mortality in RTR. Nevertheless, the 
association between PA and CV and all-cause mortality was independent of these markers. 
Pre-existent cardiac damage, as measured by cardiac markers, did have a significant 
mediation effect on the association, implicating cardiac damage as intermediate step of the 
causal pathway. Increasing PA levels or maintaining high levels of PA, therefore, appear to 
be of the utmost importance in all RTR.  
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