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ABSTRACT
Background: The well-documented benefits of physical activity (PA) are still poorly character-
ized in long-term kidney transplant outcome. This study analyzed the impact over a 10-year fol-
low-up of PA on graft function in Italian kidney transplant recipients (KTRs).
Methods: Since 2002, the Italian Transplant-Information-System collected donor and recipient
baseline and transplant-related parameters in KTRs. In 2015, ‘penchant for PA’ (PA � 30-min, 5
times/week) was added. Stable patients aged �18 years at the time of first-transplantation were
eligible. KTRs with at least 10-year follow-up were also analyzed. Mixed-effect regression models
were used to compare eGFR changes over time in active versus non-active patients.
Results: PA information was available for 6,055 KTRs (active 51.6%, non-active 48.4%). Lower
penchant for PA was found in overweight and obese patients (OR ¼ 0.84; OR ¼ 0.48, respect-
ively), in those with longer dialysis vintage (OR ¼ 0.98 every year of dialysis), and older age at
transplant. Male subjects showed greater penchant for PA (OR ¼ 1.25). A slower decline of eGFR
over time was observed in active KTRs compared to non-active, and this finding was confirmed
in the subgroup with at least 10-year follow-up (n¼ 2,060). After applying the propensity score
matching to reduce confounding factors, mixed-effect regression models corroborated such bet-
ter long-term trend of graft function preservation in active KTRs.
Conclusions: Penchant for PA is more frequent among male and younger KTRs. Moreover, in
our group of Italian KTRs, active patients revealed higher eGFR values and preserved kidney func-
tion over time, up to 10-years of follow-up.
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Introduction

Kidney transplantation is the gold standard renal
replacement therapy for patients with end stage renal
disease (ESRD). Long-term graft function is the result of
multiple factors, such as immune-modulation, organ
donation features, cardiovascular complications, meta-
bolic disorders and adherence to treatments (regular
intake of drugs, lifestyle). Cardiovascular disease (CVD)
remains the leading cause of graft loss, morbidity and
mortality in kidney transplant recipients (KTRs). Among
the main modifiable cardiovascular risk factors, physical
inactivity might substantially benefit from appropriate
post-transplant interventions [1]. In the general popula-
tion, sedentary subjects appear to be more susceptible

to renal disease (up to an OR ¼ 57%) [2–5], whereas
physically active lifestyle in the elderly (�65 years) has
been associated with a reduction by 28% of the risk of
renal function deterioration [6,7]. Similarly, low physical
activity (PA) and sedentary behavior in KTRs have been
proven to negatively affect cardiovascular risk and
all-cause mortality [8–14]. On the other hand, regular
exercise training commonly results in more favorable
clinical outcomes in chronic kidney disease (CKD), as
well as after renal transplantation [2,9]. Previous evi-
dence has shown that exercise provides benefits on
metabolic profile, overweight and hypertension, factors
closely related with clinical, functional and quality of
life aspects in transplanted patients [4]. Indeed, PA
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represents a promising intervention tool for long-term
preservation of renal function [3,5,10], although the cur-
rently available studies are based on small size popula-
tions and short follow-up periods [11,15]. In KTRs,
estimated glomerular filtration rate (eGFR) decline over
time is an important surrogate marker of death and
graft failure [12]. Percentage decrease in eGFR between
the first and third year post-transplant is also signifi-
cantly predictive of patient survival, and a drop in eGFR
� 30% has been associated with a 2.2-fold increased
mortality in KTRs [13]. Besides the positive effects on
graft function preservation [16], PA has been shown to
reduce the risk of CVD [17], metabolic disease and dia-
betes [9,18], and to facilitate a better control of weight
gain following successful kidney transplant [19]. To
date, there is no evidence of a harmful impact of exer-
cise on renal function, thus, PA can be performed safely
during the different stages of CKD and after transplant-
ation [20,21]. Although some studies suggested that
intense exercise might increase proteinuria, this is a
transient event without enduring adverse rebounds on
organ function [22–24].

To the best of our knowledge, the association
between PA and renal function has been poorly investi-
gated in the long-term. The aim of this retrospective
study was to evaluate the Italian KTR population habits
in terms of regular exercise (active and non-active) and
to assess whether an association exists between the

penchant for PA and the changes in graft function in
long-term followed-up KTRs (over 10 years).

Methods

The Italian National Transplant Center
(CNT) database

The CNT coordinates all the activities related to dona-
tion and transplantation of organs, tissues and cells.
Through the National Transplant Information System
(SIT), the CNT contributes to the management and stor-
age of data, analysis, interpretation of results and dis-
semination of products. Since 2002, the information
related to the entire donation–transplant–follow-up
process are compulsorily registered by the Transplant
Centers of the National Transplant Network in the
SIT [25].

CNT-SIT recorded all 22,099 kidney transplants
performed from 01/01/2002 to 31/12/2015. On the
data-extraction day (4 April 2017), 16,022 KTRs with a
functioning graft (currently defined as no graft failure
and no need for dialysis) were identified, with effective
annual follow-up (meaning that the patients underwent
regularly the follow-up visits until 2017). Among them,
15,239 were eligible for the present analysis: adult sub-
jects (age �18 years at transplant) receiving the first
kidney transplant (Figure 1).

Figure 1. Flow chart of analyzed data selection.
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At the last annual follow-up visit, an additional spe-
cific interview was conducted, in order to ascertain the
penchant for doing regular PA, defined according to
the indications of KDIGO Clinical Practice Guideline
2012 as ‘exercise program compatible with cardiovascu-
lar health and tolerance, aiming for at least 30min 5
times per week’ [26].

For the purpose of this retrospective pilot analysis,
we grouped the patients into active (the ones who
replied ‘Yes’ to the question about penchant for PA)
and non-active (those who replied ‘No’), based on the
answer to the question whether he/she was physically
active at the follow-up interviews.

Being aware that only alive and functioning allog-
rafts can be evaluated and to minimize biases poten-
tially affecting the comparison active versus non-active,
we selected a more homogeneous cohort with respect
to long-term survival, consisting of a subset of 2,060
KTRs with at least 10-year follow-up (patients trans-
planted between 2002 and 2007; Figure 1).

Outcomes and covariates

Primarily, to evaluate the penchant for PA, considered
as one of the two exposure variables of this study, the
investigation recorded the patients’ characteristics
related to the prognostic factors resulting from patient
and organ survival analyses as reported in the annual
CNT-SIT register publications [27]. The following demo-
graphic features were collected: donor age; recipient
gender and age at the transplant (18–40, 41–50, 51–60,
>60 years) and at the interview time (18–49, 50–59,
60–69, �70 years), grouped according to the quartile
distribution; body mass index (BMI; normal weight,
overweight, obese and underweight) [28]. The peri-
transplant parameters evaluated were the following:
diagnostic indication for transplant, Panel Reactive
Antibody (PRA; 0–20; 21–79; �80), type of kidney trans-
plant: single, double or combined with other organs
(multi-organ kidney transplantation). In addition, other
factors included in the analysis were: case-mix (the
severity index for patients registered for a renal trans-
plantdefined in terms of clinical complexity and comor-
bidities), divided into four groups (Standard, Weak,
Intermediate and High) and dialysis vintage. The post-
transplant factors analyzed were delayed graft function
(DGF), defined as need for dialysis in the first 10 days
after transplant, and follow-up duration (years) [29,30].

The variation in allograft kidney function, expressed
as eGFRwas calculated using the CKD-EPI formula (mL/
min/1.73 m2) [31]. The values were computed at the
time of discharge after transplant surgery (18–32 days

after transplant as baseline) and then yearly at the fol-
low-up visits.

Statistical analysis

As preliminary analysis, demographic and clinical fac-
tors possibly involved in the penchant for PA (outcome
variable: active versus non-active) were evaluated.
Categorical variables are presented as frequencies and
percentages, while continuous variables are given as
mean and standard deviations. Chi-square test and
adjusted for unequal variance independent sample t-
tests were performed, as appropriate. The univariate
logistic regression analysis for the mentioned factors
and the multivariable analysis were implemented.

A subset of patients with at least 10-year follow-up
were further evaluated with the aim of assessing the
longitudinal changes in graft function, using eGFR val-
ues at discharge after transplant (baseline) and at the
annual follow-up visits, in the whole group and in KTRs
stratified according to age ranges. A longitudinal multi-
variable linear regression model was applied to deter-
mine the relationship between the yearly change in
eGFR after transplantation and the performance related
to PA [32,33]. The analysis was conducted by fitting a
mixed-effect (random-and-fixed) linear-regression
model (for repeated measures), considering that the
model assumes that the determinations from a single
subject share a set of latent, unobserved, random
effects which are used to generate an association struc-
ture between the repeated measurements [34]. Some
other simple theoretical details are presented in supple-
mental digital content (SDC).

Considering the effect of time as a within-patient
factor [34], the model sought to identify the pattern of
changes in eGFR over time as post-transplant outcome.
For this analysis, the starting point of observation was
the eGFR value observed at 1-year from renal trans-
plant, excluding eGFR at discharge from the analysis, as
this parameter can present a great variability. Therefore,
to avoid the inter-individual differences frequently
found in graft function recovery after transplant, the
model was targeted on eGFR values at one year after
renal transplant. The mixed model finally fitted included
in addition to the fixed baseline factors, a random inter-
cept corresponding to the single KTR together with its
random slopes consisting of recipient’s age at follow-up
visit and the (ordinal) number of follow-up visits.

Estimation of the parameters is based on restricted
maximum likelihood (REML). A test for factor interaction
was also performed (Wald test, as appropriate). The test
statistic of the Likelihood-Ratio test [LR ¼ �2(L1–L0),
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approximately v2 distributed] was performed after the
model estimation, to select the best fit.

The mixed-effect regression models were fitted to
this longitudinal panel after propensity score matching
(PSM) being implemented to take into account and
limit selection biases between the two groups (active
and non-active). By applying PSM that is the probability
of receiving a ‘treatment’ conditional on observed cova-
riates, we adjusted for differences of background (base-
line) factors [35] (see SDC). Provided that the included
variables were thought to be related to both penchant
for PA and clinical outcome (eGFR trend over time),
PSM was used to reduce confounding factors.

In the automated algorithm used for one-to-one
PSM between groups, the variables to be included in
the analysis were firstly chosen by running the multi-
variable logistic regression analysis, allowing the sample
divided into balanced quintiles. The patients were eval-
uated with the caliper set at a 1/4 of standard deviation
of the propensity scores. Covariates used to calculate
the propensity index, based on previous literature evi-
dence, were: donor age, year of the transplant, patients’
gender, patient age at transplant, PRA groups, dialysis
vintage and DGF.

The amount of missing eGFR data (average about
15% from the first annual follow-up) was randomly
missing and, therefore, we considered their impact
irrelevant on the results, then no imputation method
was applied also in consideration of the statistical tech-
nique applied (mixed regression analysis) [36].

The 95% confidence intervals are detailed, along
with the point estimations; a p value equal or below
0.05 was considered statistically significant. The
strengthening the reporting of retrospective observa-
tional studies in epidemiology (STROBE Statement) was
followed in the manuscript reporting. The analyses
were performed using Stata Software, Release 13 (Stata
Corp LP, College Station, TX).

Compliance with ethical standards

This retrospective study was conducted on already
available data collected on the basis of written
informed consents obtained from all participants in the
study. The subjects were completely anonymized and
cannot be identified through the article. The CNT is
authorized to collect and analyze data by law (law n.91/
1999). Furthermore, with the Ministerial Decree n. 130/
2019 (DM 20 August 2019, n.130, art. 6, 3), the CNT is
authorized to use pseudo-anonymous routine follow-up
and transplant center activity data with the aim a

deeper knowledge of the patient’s response to trans-
plant also over long time of follow up.

The study follows the principles of the Declaration
of Helsinki.

Results

Figure 1 shows the algorithm used for patients’ selec-
tion: out of 22,099 deceased-donor kidney transplants
performed in 14 years (2002–2015), 15,239 patients met
the eligibility criteria (first kidney transplant at age
above 18 years with regular annual follow-up visits) and
were interviewed about their PA during the yearly fol-
low-up visits: 6055 (39.7%) KTRs provided their answers,
revealing that 3122 (51.6%) were active, and 2933
(48.4%) were non-active. Among them, male were 3122
out of 6055 patients (51.6%), age at transplant was
49.5 ± 12.2 years, the length of follow up period was
6.3 ± 3.9 years, and eGFR value was 60.3 ± 22.4mL/min/
1.73 m2.

The penchant for doing physical activity

Table 1 describes the habits in terms of regular exercise,
the baseline clinical and demographic characteristics of
the 6055 KTRs, comparing active versus non-active
groups. Physically active patients were younger (OR ¼
0.98 per increasing year, p< 0.001), considering both
age at the transplant and current age, and that male
gender was associated with higher penchant for doing
PA (OR ¼ 1.25, 95%CI 1.2–1.4; p< 0.001). About the
other factors analyzed, normal weight KTRs were the
most represented group with the largest proportion of
active subjects (1843; 59.0% active versus 1544; 52.6%
non-active, respectively), whereas overweight (OR ¼
0.8, 95%CI 0.7–0.9; p< 0.001) and obese patients (OR ¼
0.5, 95%CI 0.4–0.6; p< 0.001) showed a minor penchant
for PA. In total, 3.6% of KTRs underwent a multi-organ
transplant and this group resulted less prone for per-
forming PA (0.7, 95%CI 1.2–1.4; p¼ 0.002). The subjects
with lower dialysis vintage prior to transplantation
appeared to be weakly more active, although this find-
ing did not reach statistical significance (OR ¼ 1.2,
p¼ 0.3 in the group with 1–2 years of dialysis vintage).
Based on the severity index at transplant (case-mix),
KTRs with Weak and Intermediate levels presented
greater penchant for PA (OR ¼ 1.2, p¼ 0.07, and OR ¼
1.3, p¼ 0.002, respectively) than those with the
Standard level (used as reference group). According to
the multivariable logistic regression analysis, the associ-
ation of annual increase in donors and recipients’ age,
as well as the years of follow-up, with lower for the
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penchant for PA (adjusted-OR of penchant for PA) was
confirmed. Likewise, males showed increased penchant
for doing PA (OR ¼ 1.3). Overweight or obese patients
(OR ¼ 0.84 and OR ¼ 0.48, respectively) and those with
longer dialysis vintage (OR ¼ 0.98 every year of dialysis)
also showed a link with lower penchant for PA (Table 2).

eGFR: graft function in the whole population

We recorded eGFR the values observed starting from
the day of discharge after transplant and then at the
annual follow-up visits in 6055 KTRs. The means and

95% CI of eGFR active and non-active patient groups,
along with their comparisons, are illustrated for each
follow-up measurement in Figure 2. In our study, graft
function at the discharge time day was lower compared
to the values of the first year, and then eGFR values
showed a steady decrease in the following years.

In the comparison between the groups, starting
from the second year of follow-up, active patients
showed significantly higher eGFR values (see table in
Figure 2). Figure 2 represents the results of the eGFR-
mean comparisons between active and non-active KTRs
over 10-years of observation for the whole study

Table 1. Penchant for doing Physical Activity in relation to the clinical and demographic characteristics of the Italian
KTR population.

Penchant for doing physical activity

Yes No Total

3122 51.6% 2933 48.4% 6055 100% p-value(1) OR 95% IC P>jzj(2)
Donor age Mean ± SD 47.1 ± 16.8 51.3 ± 17.2 49.1 ± 17.1 <0.001 0.986 0.983–0.989 <0.001
Patient age

at transplant
Mean ± SD 47.8 ± 12.4 51.4 ± 11.8 48.5 ± 12.2 <0.001 0.9759 0.9172–0.9879 <0.001

Age group N % N % N %
18–40 885 28.3 570 19.4 1455 24.0 <0.001 1
41–50 878 28.1 706 24.1 1584 26.2 0.80 0.69–0.93 0.003
51–60 859 27.5 947 32.3 1806 29.8 0.58 0.51–0.67 <0.001

500 16.0 710 24.2 1210 20.0 0.45 0.39–0.53 <0.001
Patient age at Mean ± SD 55.0 ± 12.2 58.6 ± 11.8 56.8 ± 12.1 <0.001 0.98 0.97–0.99 <0.001
extraction Age group N % N % N %

18–49 986 31.6 631 21.5 1617 26.7 <0.001 1
50–59 896 28.7 758 25.8 1654 27.3 0.76 0.66–0.87 <0.001
60–69 842 27.0 971 33.1 1813 29.9 0-55 0.48–0.64 <0.001

>¼70 398 12.7 573 19.5 971 16.0 0.44 0.38–0.52 <0.001
Years of

follow up
Mean ± SD 6.4 ± 4 6.2 ± 3.8 6.3 ± 3.9 0.04 1.014 1.0006–1.027 0.04

N % N % N %
Gender F 1054 33.8 1143 39.0 2197 36.3 <0.001 1

M 2068 66.2 1790 61.0 3858 63.7 1.25 1.2–1.4 <0.001
Type of
kidney
transplant

Single 2874 92.1 2629 89.6 5503 90.9 <0.001 1
Double 156 5.0 175 6.0 331 5.5 0.8 0.6–1.0 0.07
Combined 92 2.9 129 4.4 221 3.6 0.7 0.5–0.9 0.002

BMI Normal weight 1843 59.0 1544 52.6 3387 55.9 <0.01 1
Overweight 906 29.0 946 32.3 1852 30.6 0.8 0.7–0.9 <0.001
Obese 149 4.8 260 8.9 409 6.8 0.5 0.4–0.6 <0.001
Underweight 170 5.4 135 4.6 305 5.0 1.1 0.8–1.3 0.7
MD 54 1.7 48 1.6 102 1.7

PRA 0-20 2837 90.9 2647 90.2 5484 90.6 0.8 1
21-79 176 5.6 173 5.9 349 5.8 0.9 0.8–1.1 0.6
>¼80 61 2.0 62 2.1 123 2.0 0.9 0.7–1.2 0.4
MD 48 1.5 51 1.7 99 1.6

Diagnosis Glomerular nephropathies 1196 38.3 1108 37.8 2304 38.1 <0.001 1
Diabetic nephropathy 92 2.9 172 5.9 264 4.4 0.5 0.4–0.6 0.001
Cystic nephropathies
Congenital nephropathies
Uropathies

522 16.7 554 18.9 1076 17.8 0.873 0.76–1.009 0.07

Hypertensive
nephrosclerosis &
Nephrovasculopathy

128 4.1 168 5.7 296 4.9 0.8 0.6–0.97 0.012

Other kidney diseases (3) 1184 37.9 931 31.7 2115 34.9 1.2 1.0–1.4 0.007
Dialysis
vintage (years)

Preemptive(4) or <1 553 17.7 504 17.2 1057 17.5 <0.009 1
1–2 525 16.8 452 15.4 977 16.1 1.2 0.9–1.5 0.3
2–3 499 16.0 460 15.7 959 15.8 1.1 0.7–1.1 0.2
3–4 466 14.9 402 13.7 868 14.3 1.0 0.8–1.2 0.6
>4 1079 34.6 1115 38.0 2194 36.2 0.942 0.786–1.13 0.5

Case mix
severity index
at transplant

Standard 659 21.1 685 23.4 1344 22.2 <0.0001 1
Weak 860 27.5 711 24.2 1571 25.9 1.2 1.0–1.3 0.07
Intermediate 787 25.2 714 24.3 1501 24.8 1.3 1.1–1.5 0.002
High 813 26.0 821 28.0 1634 27.0 1.0 0.9–1.2 0.7
MD 3 2 5

DGF NO 2319 74.3 2080 70.9 4399 72.7 <0.002 1
YES 801 25.7 850 29.0 1651 27.3 0.846 0.755–0.9471 0.004

OR: odds ratio; MD: missing data, not included in the univariate logistic regression analysis; BMI: body mass index according to the WHO classification. (1)
p-value for Pearson v2 test or t-test, as appropriate; (2) OR p-value in the univariate logistic regression; (3) other kidney diseases include: 371
Tubulointerstitial nephropathies; 13 renal cancers; 193 acute renal failures and 1426 other kidney diseases; (4) preemptive: no dialysis treatment
before transplant.
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population. At the time of discharge after transplant
active subjects showed lower eGFR values; however, in
the successive years, these patients displayed a better
long-term preservation of their graft function. After
stratifying recipients by age groups (18–30, 31–50,
51–70, over 70 years), eGFR of non-active KTRs was
found to be lower compared to that of active patients
(Figure 3), particularly in the patients aged more
than 50 years.

Penchant for PA and eGFR levels in the subset of
patients with at least 10-year follow-up

The eGFR values of the subset of the 2060 KTRs with at
least 10-year follow-up were then analyzed to assess
the possible association between the penchant for PA
and graft function changes in the long-term. This sub-
group of patients presented similar characteristics to
those in the whole population of 6055 KTRs, although
DGF and dialysis vintage lost statistical significance (see
univariate analysis in Table S2.1). In the multivariable
analysis, male subjects showed higher OR of penchant
for doing PA than women (adjusted-OR ¼ 1.28; 95%CI
1.07–1.54). With increasing donors and recipients’ age,
a reduced penchant for doing PA was observed
(adjusted-OR decreased by 1% with the increase of
each year of age in the donors and 2% in KTRs, respect-
ively). Compared to the lower PRA value (reference cat-
egory), intermediate levels (between 20 and 79)
showed a lower penchant for doing PA (adjusted-OR ¼
0.69; 95%CI 0.49–1.05; p¼ 0.08). Patients with mild or
intermediate case mix severity index displayed a higher
tendency for performing PA (adjusted-OR ¼ 1.42 and
adjusted-OR ¼ 1.45, respectively) compared to those
with standard case mix (Table 3).

The eGFR trajectories over time in the subset
of patients

To analyze the changes of eGFR values over time, start-
ing from 1-year after kidney transplant (when the
recovery of allograft function can be considered com-
plete), given that multiple eGFR measures from the
same KTR are more similar than those from other KTRs,
a mixed-effect linear regression model which contained
the eGFR values on the follow-up visit as random effect
was fit to the data in a step-wise procedure. Beginning
from the simple (random intercept-only) model which
allows for KTR (considered as cluster) effects on eGFR
values over time and without explanatory variables, the
between-KTR variance in eGFR values was estimated as
s2 ¼ 336.1, and the within-KTR variance was estimated
as se

2¼108.9 (with Likelihood-Ratio test, LR test, versus
linear regression: 18,734.11; v2-p< 0.001). The individ-
ual trajectories of the eGFR values occurred during the
years of follow-up were then analyzed introducing the
random slope factor identified as the follow-up-visit-
number along with the KTR at the visit (being likewise
included as fixed variables): the values of the random
coefficient variance were s2time ¼ 3.76 and s2KTRage ¼
0.22 (for a detail note, we specify that both LR tests
assessed in the random slopes step-wise models with
firstly the inclusion of the follow-up-visit-number and
subsequently also of KTR age determined v2(3)-
p< 0.001, allowing the choice in favor of the more
complete model). By including the statistically signifi-
cant fixed-factors, the final minimal adequate model
performed significantly better to an intercept-random-
only base-line model (LR test – v2(1), p< 0.0001).
Results are shown in Table 4. Both the occurrence of
DGF (b=-5.5; 95%CI �6.96; �4.0; p¼ 0.004) and female
gender (b¼�1.76; 95%CI �3.1; �0.39; p¼ 0.012) pre-
sented very strong negative coefficients. The other
coefficients were patient at the follow-up visit (b¼�0.1
per year; 95%CI �0.18; -0.93 p¼ 0.007), donor age
(b¼�0.50 per year; 95%CI �0.56; �0.45; p< 0.001), and
the (ordinal) number of the follow-up visit (b¼�0.62;
95%CI �0.77; �0.46; p< 0.001) (Table 4). Surprisingly,
diabetic nephropathy diagnosis before kidney trans-
plant was associated with a better transplant outcome
(coefficient b¼ 5.1; 95%CI 1.6; 8.7; p< 0.001) (Table 4),
but this population has a very limited size (3.8% KTRs,
Table S2.1).

Finally, the PA (considered in interaction with the fol-
low-up time, p< 0.001 in the Wald-test for interaction),
in the comparison with the non-PA (reference group)
resulted positively associated with the eGFR trend
(adjusted coefficient b¼ 0.31; 95%CI 0.16; 0.48;
p< 0.001), revealing a contrasting effect against the

Table 2. Penchant for doing physical activity (factors at the
baseline). Multivariable logistic analysis.

OR p-value 95%IC

Donor age (years) 0.99 0.01 [0.989–0.997]
Patient age at the transplant (years) 0.98 0.001 [0.972–0.984]
Male versus female 1.30 0.001 [1.167–1.449]
Case mix severity index at transplant
Weak versus Standard 1.44 0.001 [1.239–1.675]
Intermediate versus Standard 1.61 0.001 [1.373–1.884]
High versus Standard 1.40 0.001 [1.198–1.636]

BMI
Overweight (25–30) versus Normal weight 0.84 0.01 [0.746–0.940]
Obese (30–70) versus Normal weight 0.48 0.001 [0.387–0.596]

Dialysis vintage
>4 years versus <¼1 year 0.81 0.001 [0.726–0.909]

Follow up from transplant (year) 0.98 0.01 [0.964–0.991]
Observations 6,055

OR >1: Penchant for perform Physical Activity.
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eGFR decline over years (Table 4). In the table, variance
and covariances of the factors in the model are
also presented.

This mixed model was therefore performed also
using Propensity-Score-Match (PSM) approach: the PSM
algorithm was obtained from the balancing process by
grouping based on the confounding factors associated

to the penchant to PA resulting from the preliminary
matching analysis.

The factors selected (dummy variables) were: gender,
diagnostic indications for transplant (diabetic nephrop-
athy), BMI (obese), patients’ groups of age (35–50,
51–60 and over 60 years), donor groups of age (51–60
and over 60 years), PRA (21–79), time on dialysis prior

Figure 2. eGFR mean values on kidney transplant discharge and yearly follow-up visit.
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to transplantation (more than 4 years). At the end of
the process, the PSM-algorithm succeeded in satisfying
the property of balancing the one-to-one matching for
2052 records, while 8 cases (one active and seven non-
active, respectively) were dropped due to impossibility
of matching. The 4 balanced blocks resulted homoge-
neous according to the (propensity) score and con-
firmed that the mean propensity score was not
different for active and non-active subjects in each
block, thus, allowing a stratified mixed regres-
sion analysis.

The results of the final PSM-adjusted analysis kept
pointing an analogous coefficient value of the activity
(b¼ 0.39; 95%CI 0.21; 0.56, p< 0.001; non-active refer-
ence; bottom of Table 4).

Lastly, based on the after PSM adjusted coefficients
from the mixed regression model, the adjusted predict-
ive plot (Figure 4), showing the appropriateness of the
model fit, further confirms the effects of PA on e-GFR
trend: the active KTRs, also after adjustment for the sig-
nificant factors, confirmed the slower decline of their
graft function.

Discussion

To the best of our knowledge, this is the first large
retrospective observational study that investigates the
penchant for regular PA in KTR population and its asso-
ciation with renal function in the long-term. Our ana-
lysis collected and processed all the compulsorily
records for all patients in the Italian registry (SIT), and
therefore, it is representative of the entire Italian KTR
population; these data are not reported in any other
national register.

In the study cohort related to available lifestyle infor-
mation (active, non-active), a mere 51.6% reaches the
levels of PA recommended by the WHO international
guidelines, in line with previous data from other
authors for CKD patients and transplant recipi-
ents [16,19,37,38].

In the Italian KTR population, as expected, there is a
relative greater penchant for PA in younger patients;

Figure 3. Mean eGFR values trend starting from kidney transplant discharge and 10-annual follow-up visits. Active versus non-
active KTRs in all age groups (18–30, 31–50, 51–70, over 70 years).

Table 3. Multivariable analysis to detect the penchant for
doing physical activity factors in the subset of 2060 KTRs with
10-years of follow up or more.
Outcome: physical activity y/n OR P> z 95 %Conf Interval

Donor age (year) 0.99 0.001 0.98 1.00
Age patient (at the KT time) 0.98 <0.001 0.97 0.99
Sex: male VERSUS female 1.28 0.01 1.07 1.54
Case mix:
Weak VERSUs Standard 1.42 0.001 1.15 1.75
Intermediate VERSUS Standard 1.45 0.001 1.15 1.82

PRA: 21–79 VERSUS 0–20 0.69 0.08 0.46 1.05
Observations 2,060
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and this tendency decreases progressively with increas-
ing age (after 50-years the sedentary behavior prevails).
Our data on the habits of the Italian general population
are consistent with the few currently available studies
focused on PA and age in transplanted patients [39,40].
Moreover, as the duration of the dialysis prior to kidney

transplantation increases, the penchant for doing PA
reduces progressively. The population on dialysis treat-
ment shows a high prevalence of sedentary behaviors
[41], and this is particularly true for the elderly patients.
Progressive fitness decay, development of cardiovascu-
lar and osteoarticular comorbidities [42] with negative

Table 4. Multivariate mixed regression analysis for the eGFR trend and Propensity Score Match adjustment.

Mixed regression analysis
Coefficient

(b)
Robust

standard error p>jZj 95%Conf. Interval

Fixed effect parameters
Physical activity� follow up-visit 0.32 0.081 <0.001 0.16 0.48
Follow up-visit �0.62 0.077 <0.001 �0.77 �046
Donor age (years) �0.50 0.027 <0.001 �0.56 �0.45
Patient age at follow up (years) �0.1 0.038 0.007 �0.18 �0.03
Female versus male �1.76 0.07 0.012 �3.1 �0.39
Diabetic nephropathy 5.1 1.8 0.004 1.6 8.7
Delayed graft function: yes versus no �5.5 0.74 <0.001 �6.96 �4.00

Intercept 85.4 1.03 <0.001 82.9 88.1
Random-effects parametersa

Variance of random-slopes
Var (follow up-visit)b 3.89 0.24 3.44 4.39
Var (KTR’s age) 0.05 0.06 0.01 0.43
Variance of random-intercept
Var (between-KTRs) 268.88 12.72 245.07 295.01
Covariance:
Cov (follow up-visit. KTR age) �0.26 0.08 �0.42 �0.09
Cov (follow up-visit. KTR) �11.67 1.25 �14.12 �9.23
Cov (KTR age. KTR) �0.99 0.42 �1.81 �0.18
Var (within-KTR) 61.57 2.02 57.75 65.65

After Propensity Score match
Physical Activity� time 0.39 0.09 <0.001 0.21 0.56
Time �0.75 0.06 0.039 �0.88 �0.63

Var: variance; Cov: covariance. Note: for active and non-active coefficients we present values of coefficients� visit. Estimation of the
parameters is based on restricted maximum likelihood (REML).
aVariances and covariances of the random effects (intercept and random slopes) have been reported for additional information on the
model fit and to provide detailed technical specifications.
bFollow up visit is the ordinal number of visits occurred in the considered study period till no more 10 years, therefore the values
come from 1 to 10 (baseline visit excluded).

Figure 4. eGFR trend predicted by multivariable regression mixed model versus observed mean values.
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impact on psychological aspects contribute to explain
the results. Furthermore, overweight and obese
patients are less prone to perform PA. Our results are in
line with the study of Kang et al. who recorded a more
intense PA among younger male subjects, with a small
proportion of overweight or obese subjects [43]. In our
study, women demonstrated a lower inclination for
physical exercise. However, this finding may be affected
by social context and educational level [39,44] of the
Italian population and further investigations are neces-
sary to highlight the detailed reasons underlying this
trend. Overall, the results show a population needing a
stronger motivation to maintain good adherence to
correct lifestyles while getting older, maybe due to the
increased fragility.

This retrospective study contributes to confirm the
positive long-term role of PA on graft function preser-
vation in the transplanted population on a large scale,
as it has been already reported in the general popula-
tion and for chronic diseases [45]. Possible mechanisms
include: reduction of blood pressure, improvement of
glycemic control, an increase in nitric oxide production,
upregulation of endothelial nitric oxide production,
reduction of inflammatory status. Indeed, with regard
to renal function, active KTRs showed higher eGFR than
non-active KTRs. In particular, in the group within the
age range 51–70 years, graft function revealed the high-
est benefits from PA: at this age, chronic degenerative
diseases arise more frequently and, on the other hand,
the positive effect of the exercise is well docu-
mented [46–48].

The overall results of our study are confirmed by the
analysis of a subset of patients with at least 10-year fol-
low-up observation: multivariable mixed regression dis-
played a tendency over time to a better preservation of
graft function in patients who declared to practice
regular PA. Since the CNT-SIT is a national registry, such
organized system collects a great amount of homoge-
neous data, to evaluate specific outcomes for a defined
population, with predetermined scientific-clinical-policy
purposes. Consequently, the methodological effort in
the development of data analysis was aimed at identify-
ing and counteracting potentially confounding factors
deriving from patients’ conditions and different
comorbidities.

Some authors describe better transplant outcomes
in active patients [16,49–52]; in several studies a differ-
ent trend is reported compared to non-active patients
[53–56]. The most recent reviews are not able to draw
firm conclusions about the efficacy of the PA on renal
function progress [10,57,59], although the available
studies do not reach long-term follow-up. The positive

effects of active lifestyle on graft function preservation
might have a better observable impact in the long-
term. It is well-assessed that the factors involved in the
progression of organ damage and in the general out-
come of the graft are manifold, thus research efforts
should be focused on the modifiable ones, such as life-
style. A recent review in non-dialysis CKD and renal
transplant recipients related to survival rates was corre-
lated with greater PA and physical function levels [58].

In our study, multivariable analysis highlights the
importance of the adherence to the active lifestyle for
the preservation of renal function, also KTRs. The results
confirm the experience gained so far in ‘Transplant…
and now it’s time for sport’, a program started in 2008
and sponsored by CNT which, with the collaboration of
the patients’ association ANED (National Association of
Dialysis Hemodialysis and Transplant), that has strongly
promoted the implementation of post-transplant
PA [59].

This study presents strengths and limitations.
Strengths include the large sample size of the entire
Italian kidney transplant population, the long-term
period of follow-up, and the application of analysis
techniques of repeated observations. Our investigation
was firstly addressed to identify potential relationships
between PA and renal function. To minimize the risk of
bias, the analysis relied on the entire population of
transplant recipients, and then applied specific statis-
tical analyses (mixed effects regression for repeated
measures along with propensity score adjustment) on a
restricted subset of long-term follow-up patients. The
main findings allow to confirm the positive effects of
PA practice in this fragile population, and also after
adjustment for many important confounding factors,
the comparison of active versus non-active groups
revealed a substantial difference in terms the functional
decline of the graft. However, some limits deserve to be
mentioned. First, only surviving KTRs and with function-
ing graft were analyzed: KTRs who dropped out of fol-
low-up due to acute events (death, graft loss) or
discontinued visits were not evaluated. Moreover, the
KTRs were interviewed only once (one-time-observa-
tion), independently from their having an active lifestyle
in another period of their lives, and no further informa-
tion was gathered on the details of the exercise per-
formed; no data were available about PA levels
previous to kidney transplant surgery. Lastly, data relat-
ing to the dysmetabolic changes in post-transplant
period are lacking.

For the transplant community, these findings can be
a spur to elaborate further interventions on sedentary
lifestyle before and after transplantation [51,52] and
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lead us to ponder about how to overcome barriers to
PA [31,53–56] in the most fragile patients (elderly, long-
term dialysis). The lack of specific counseling by physi-
cians about the benefits of PA could be a critical issue,
and recommendations alone may be not sufficient to
induce actual lifestyle changes [59–67]. Development of
regional and national networks with multidisciplinary
teams may constitute an important starting point to
promote the spread of territorial programs of PA
(supervised or unsupervised exercise) [20,60–67]; the
availability of the national registry represents an added
value for verify and monitor their efficacy.

In conclusion, this study suggests that in the Italian
KTR population, the prevalence of non-active subjects is
high; this tendency grows with age and with the dur-
ation of dialysis treatment prior to transplantation; a
lower PA is observed in overweight and obese patients.

Physical inactivity is a modifiable factor for preven-
tion of both cardiovascular risk and progression of a
graft damage. In our population of transplant recipi-
ents, eGFR values were found to be higher in active
than in sedentary patients, and this difference was
more pronounced in the elderly. Renal function data
were confirmed in the population with a follow-up of at
least 10 years, and better transplant outcomes were
observed in the active group. In a population with a
high cardiovascular risk, such as KTRs, it is advisable to
include PA as a non-pharmacological therapy to
improve long-term results in terms of morbidity, mor-
tality and graft survival.

Prospective and interventional studies would help to
confirm our results. Future strategies for further imple-
mentations of PA should get the attention of profes-
sional care providers and institutions that can assess
the impact and the sustainability of programs to pro-
mote and guide patients toward a healthier lifestyle.
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