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Sichuan University, Chengdu, China, 3Centre of Kidney Transplantation, West China Hospital, Sichuan
University/West China School of Nursing, Sichuan University, Chengdu, China

Objective: To retrospectively investigate the preoperative physical activity (PA)
level in kidney transplant recipients (KTRs) and its impact on early postoperative
recovery.
Methods: A total of 113 patients who received kidney transplantation at West
China Hospital of Sichuan University were enrolled in this retrospective
cohort study. According to the PA level measured by the Chinese version of
the International Physical Activity Questionnaire—Long Version, the patients
were allocated into the low PA level group (Group L, n= 55) and medium to
high PA level group (Group MH, n= 58). The kidney function recovery
indicators, including estimated glomerular filtration rate (eGFR), postoperative
complications, postoperative length of stay (LOS), and unscheduled
readmission within three months of discharge, were evaluated and
documented. A association analysis was applied to analyze and compare the
association between indicators.
Results: The median PA levels of the KTRs were 1701.0 MTEs * min/week.
Regarding the postoperative recovery indicators, the KTRs spent a mean time
of 19.63 h to achieve transfer out of bed after the operation (Group L:
19.67 h; Group MH: 19.53 h; P= 0.952) and reached a mean distance of
183.10 m as the best ambulatory training score within two days after the
operation (Group L: 134.91 m; Group MH: 228.79 m; P < 0.001). The
preoperative PA level showed a moderate positive association with early
postoperative ambulation distance (ρ= 0.497, P < 0.001). However, no
significant between-group difference in eGFR on postoperative days 1, 3, and
5 (P= 0.913, 0.335, and 0.524) or postoperative complications, including DGF
(P= 0.436), infection (P= 0.479), postoperative LOS (P= 0.103), and
unscheduled readmission (P= 0.698), was found.
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Conclusions: The preoperative PA level of KTRs is lower than that of the general
population. KTRs with moderate or high preoperative PA levels showed higher
ambulatory function in the early postoperative period than those with low
preoperative PA levels, but no between-group differences in other early recovery
indicators were observed.

KEYWORDS

kidney transplantation, recipient, physical activity, early mobilization, early postoperative recovery
Introduction

Kidney transplantation is the optimal choice for patients

with end-stage renal disease (ESRD) to improve their

physiological function and quality of life (QoL). However, due

to the limited source of donated kidneys and other barriers,

only a few patients are lucky enough to receive kidney

transplantation. More than 10,000 kidney transplantations

occur in China annually, while over 300,000 patients are still

on the waiting list with a very high ratio of 30:1 (1). When

waiting for transplantation, patients may face increasing risks

of mortality and morbidity caused by frailty and loss of

physiological function (2). Even in the posttransplant period,

kidney transplant recipients (KTRs) still face increased risks of

dysfunction, prolonged hospital stays, unscheduled

readmission, low levels of QoL, and graft morbidity caused by

the abovementioned reasons (3, 4). A low physical activity

(PA) level is an important symbol of frailty and dysfunction,

while physical activity is also globally recommended for

people across different countries, environments, communities,

and populations (5, 6). Therefore, in patients with chronic

kidney disease (CKD) during dialysis or posttransplantation, it

is suggested that they participate in feasible exercise programs

to achieve a higher PA level and reduce health risks (7).

The PA level is considered amodifiable risk factor amongKTRs

to reduce the incidence of cardiovascular disease (CVD),which is the

leading cause of graft loss, morbidity, and mortality. Prolonged low

PA levels have been suggest to be a risk factor for complications

among ESRD patients (8), such as CVD, diabetes, and sarcopenia.

In addition, previous studies have reported that KTRs generally

suffer from low PA levels both during the preoperative dialysis

phase and after transplantation, which may result in decreased

QoL and have huge burdens on patients. Promoting ideal PA

levels among these patients may be a potential approach to

improve their physiological function and QoL.

Physical activity interventions pre- or post- surgery have been

suggested to optimize the outcomes following abdominal

operations (9, 10). Continuous exercise interventions have also

been shown to improve physical function and health-related

QoL in dialysis patients with an increased PA level (11). In the

early postoperative period, physiotherapy protocols also

contribute to better muscle strength, aerobic capacity, and QoL

in KTRs (12). As an important part of multimodal surgical
02
rehabilitation management, matching the concept of

prerehabilitation and enhancing physical activity and function

before the operation, has been recognized worldwide (13). Thus,

we assume that the PA level of KTRs during pretransplant

phase may be inadequate, and KTRs with a higher PA level may

perform a better postoperative mobilization and therapeutic

efficacy. This study aims to investigate the preoperative PA level

of KTRs and analyze the effect of different preoperative PA

levels on early postoperative recovery to provide guidance for

prehabilitation expansion during KTRs.
Materials and methods

Setting and participants

The retrospective study was performed in West China

Hospital, Sichuan University. Ethics approval for the study

was obtained from the West China Hospital Clinical Trials

and Biomedical Ethics Committee of Sichuan University

[approval number: 2020 (771)]. Our study was conducted in

conformity with the Declaration of Helsinki, and each patient

provided written consent before entry.

The inclusion criteria included age between 18 and 65 years;

receiving dialysis for more than three months, conforming to the

criteria of kidney transplantation; and hospitalized and received

kidney transplantation. The exclusion criteria included receiving

kidney retransplantation or combined multiple organ

transplantation; having limited motor function caused by

neuromuscular disease or trauma before the operation; and

being unable to complete the assessment or the early

rehabilitation due to various reasons, such as cognition,

language, etc. Regarding the sample size, we have referred to

other relevant studies that investigated PA levels in patients with

diseases such as CKD (14) and hemodialysis (15) owing to the

lack of similar studies in this research field, and we finally

collected 113 patients’ records from August to November 2021.
Allocation criterion

All patients were assessed by the Chinese version of the

International Physical Activity Questionnaire-Long Version
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(IPAQ-LV) (16). PA levels related to work, transportation,

household duties, and leisure time in the week before

admission were investigated independently by a professional

physical therapists(with more than 5 years experience of early

rehabilitation post surgery) after the patients completed the

admission procedure and before operation. In addition, the

duration time of each intensity in the four types of PA was

recorded, and the PA level was converted to the MET value

based on the calculation formula specified in the previous criterion.

Based on the preoperative PA level, the patients were

allocated into two groups:

– Patients with moderate or high PA levels (Group MH), patients

who reported vigorous PA levels (e.g., running for more than

30 min) in the past three days or more, or moderate PA levels

(e.g., walking for at least 30 min) for more than five days

during the last week before admission. In addition, patients

who reported walking in moderation and who had vigorous

PA levels for five days or more and PA≥ 600 METs * min/

week were also included in Group MH.

– Patients with low PA levels (Group L), who reported no PA,

or whose PA level during the last week before admission did

not reach the criterion of Group MH.

Outcome measures

Early mobilization after the operation
As an essential aspect of enhanced recovery after surgery

(ERAS) pathways (17), early mobilization, especially

postoperative ambulation activity, has been proven to be a

practical approach for reducing respiratory, thromboembolic,

and other postoperative complications associated with bed rest

(18, 19).

In this study, all patients received a standard postoperative

rehabilitation session based on the 2018 Chinese guideline of

enhanced recovery management in the perioperative period of

kidney transplantation (20) and consists of position shifts,

exercise in bed, transfer, and ambulatory training. All

rehabilitation sessions were performed in the ward with the

possible assistance of professional physical therapists. The

results of early postoperative mobilization were recorded as

the time patients spent transferring out of bed and the

distance patients could reach during ambulatory training on

the second postoperative day. These two early mobilization

indicators from the patients’ data were used as the primary

outcomes.
Estimated glomerular filtration rate (eGFR) and
delayed graft function (DGF)

The eGFR is a widely accepted symbolic indicator for

assessing postoperative kidney function in clinical practice and

research. Considering its clinical significance, the eGFR of

patients from laboratory examination results on postoperative
Frontiers in Surgery 03
days 1, 3, and 5 was recorded as a secondary outcome. DGF,

another secondary outcome and one of the most common

early postoperative complications, is associated with poor graft

outcomes and high rejection rates (21). This study defines

DGF as the need for at least one dialysis treatment or a serum

creatinine level that is sustained ≥400 µmol/L within the first

postoperative week.
Infection and thrombosis
Both respiratory and urinary tract infections are common

postoperative complications among KTRs and are related to

poor clinical prognosis. Modified perioperative management,

such as breathing exercises, early mobilization, and early

extubation, has been proven to reduce infections in patients

after surgery. However, KTRs still face a high risk of infection,

especially in the early postoperative period (22, 23). In

addition, thrombosis, especially deep vein thrombosis (DVT),

is a severe postoperative complication associated with

immobility and may lead to fatal adverse events. The

incidence of thrombosis after surgery is also considered an

important indicator of patient management in the hospital.

These meaningful data of patients can be obtained from the

hospital medical records database.
Postoperative length of stay (LOS) and
unscheduled readmission

In this study, the LOS from operation to hospital discharge

or referral to the medical ward was recorded as the

postoperative LOS. The unscheduled readmission of patients

within three months after discharge was also recorded as a

secondary outcome.
Statistical analysis

Statistical analysis was performed by using SPSS 25.0

statistical software by a blinded researcher. Quantitative

variables are presented as the mean ± standard deviation

(M ± SD) or the median and interquartile range (M ± IQR)

depending on the normal distribution results measured by the

Kolmogorov–Smirnov test. Categorical variables are presented

as the number (n) or percentage (%). Spearman association

analysis was applied to analyze the association among

preoperative PA level, early mobilization, and other

postoperative recovery indicators. To compare quantitative

variables between Group MH and Group L, Student’s t test

was performed for the data with a normal distribution, and a

Mann–Whitney U test was conducted for the variables with a

nonnormal distribution. To compare the difference in

categorical variables between the two groups, a chi-square test

was used. Statistically significant differences were considered if

the error probability was less than 5% (P < 0.05).
frontiersin.org
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Results

Baseline characteristics and the PA level

As a result of IPAQ-LV, the preoperative PA levels of the

113 KTRs are shown in Figure 1. The median PA level was

1701.0 MTEs * min/week (0 MTEs * min/week for work and

transportation, 180.0 MTEs * min/week for household duties,

and 594.0 MTEs * min/week for leisure time). As shown in

Figure 2, 55 KTRs were categorized into Group L, while 58

KTRs were allocated into Group MH (35 moderate PA level
FIGURE 1

Preoperative PA level of 113 KTRs.

FIGURE 2

Distribution of PA levels among 113 patients.
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and 23 high) according to their preoperative PA level. There

was no significant between-group difference in the baseline

characteristics, including age, sex, dialysis age, and types of

donors, as shown in Table 1.
Early postoperative mobilization

As shown in Table 2, 113 KTRs spent a mean time of

19.63 h transferring out of bed after surgery, while the KTRs

in Group L and Group MH spent a mean time of 19.63 h and

19.53 h, respectively. The difference between the two groups

was not significant (P = 0.952). Regarding the distance the

patients could reach during ambulatory training on the

second postoperative day, all 113 patients reached a mean

distance of 183.1 m, while the KTRs in Group L and Group

MH reached a mean distance of 228.79 m and 134.91 m,

respectively. The between-group analysis showed a significant

difference between the two groups (P < 0.001).
Postoperative complications, eGFR,
postoperative LOS, and unscheduled
readmission

As shown in Table 3, the results revealed a significant

between-group difference in postoperative complications. Nine

KTR patients were diagnosed with DGF: six were in Group L,

and three were in Group MH (P = 0.436). Twelve KTR

patients who were included were found to have postoperative
TABLE 1 Descriptive characteristics of KTRs (n = 113).

Group L
(n = 55)

Group
MH

(n = 58)

χ2/t P
value

Age, years (mean ± SD) 34.44 ±
11.38

34.85 ± 9.84 0.204 0.838

Gender, n (%) 0.030 0.863

Male 35 (63.6) 36 (62.1)

Female 20 (36.4) 22 (37.9)

BMI (mean ± SD) 20.62 ± 2.84 20.92 ± 2.89 0.551 0.583

Stature, cm (mean ± SD) 166.22 ±
6.79

165.28 ± 7.24 0.713 0.477

Body mass, kg (mean ± SD) 57.21 ±
10.03

57.25 ± 9.22 0.023 0.982

Dialysis age, months [median
(IQR)]

24 (11,40) 19 (12,39) 0.095 0.924

Donor type, n (%) 0.178 0.673

Living donor 39 (70.1) 39 (67.2)

deceased kidney donor 16 (29.1) 19 (32.8)

KTRs, kidney transplant recipients; Group L, low PA level group; Group MH,

medium to high PA level group; SD, standard deviation; BMI, body mass

index; IQR, interquartile range.
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TABLE 2 Postoperative mobilization of KTRs (n = 113).

All KTRs
(n = 113)

Group L
(n = 55)

Group MH
(n = 58)

t d P value

Time spent to achieve transferring out of bed post operation, h (mean ± SD) 19.63 ± 7.54 19.67 ± 7.03 19.59 ± 8.05 0.061 0.011 0.952

Best distance during ambulatory training in the first two days post operation,
m (mean ± SD)

183.10 ± 102.55 134.91 ± 92.57 228.79 ± 90.44 5.453 1.026 <0.001

KTRs, kidney transplant recipients; Group L, low PA level group; Group MH, medium to high PA level group; SD, standard deviation.

TABLE 3 Postoperative recovery of KTRs (n = 113).

All KTRs (n = 113) Group L (n = 55) Group MH (n = 58) χ2/t d P value

Postoperative complications

DGF, n (%) 9 (8.0) 6 (10.9) 3 (5.2) 0.606 0.147 0.436

Infections, n (%) 12 (10.6) 7 (12.7) 5 (8.6) 0.502 0.134 0.479

Thrombosis, n (%) 1 (0.9) 1 (1.8) 0 – – –

Postoperative eGFR (ml/min/1.732 m2) (mean ± SD)

POD1 14.11 ± 9.07 14.02 ± 8.10 14.20 ± 9.99 0.110 0.021 0.913

POD3 46.69 ± 26.42 44.22 ± 24.68 49.04 ± 27.98 0.968 0.182 0.335

POD5 62.00 ± 29.01 60.20 ± 28.19 63.70 ± 29.90 0.640 0.120 0.524

Postoperative LOS, days (mean ± SD) 11.38 ± 4.62 12.11 ± 5.71 10.69 ± 3.19 1.643 0.309 0.103

Unscheduled readmission in three months
after discharge, n (%)

15 (13.3) 8 (14.5) 7 (12.1) 0.150 0.073 0.698

KTRs, kidney transplant recipients; Group L, low PA level group; Group MH, medium to high PA level group; DGF, delayed graft function; eGFR, estimated glomerular

filtration rate; SD, standard deviation; LOS, length of stay.

Li et al. 10.3389/fsurg.2022.1062652
infections: seven were in Group L, and five were in Group MH

(P = 0.479). Only one patient in Group L experienced

thrombosis of the right femoral vein.

The eGFR levels on postoperative days 1, 3, and 5 in both

groups were comparable with no significant difference (P =

0.913, 0.335, and 0.524). The mean postoperative LOS for all

KTRs included was 11.38 d, it was 12.11 d for Group L and it

was 10.69 d for Group MH. However, no obvious between-

group differences were found in the above indicator (P =

0.103). A total of 15 unscheduled readmissions in the three

months after discharge were recorded: eight for Group L and

seven for Group MH, with no significant difference between

the two groups (P = 0.698).
Associations between the preoperative PA
level and early mobilization and other
postoperative recovery indicators

According to the Spearman association analysis, the

preoperative PA level showed a moderate positive association

with early postoperative ambulation distance (ρ = 0.497,

P < 0.001). Moreover, no significant association was found

between the preoperative PA level and other postoperative
Frontiers in Surgery 05
recovery indicators(e.g., eGFR, infections, DGF, postoperative

LOS and unscheduled readmission). The time patients spent

transferring out of bed after the operation showed relatively

low negative associations with early postoperative ambulation

distance (ρ =−0.237, P = 0.011) and postoperative LOS (ρ =

−0.298, P = 0.001).
Discussion

In the present study, the median PA level of 113 KTRs

before the operation was 1701.0 METs * min/week with the

quartile spacing from 693.0 METs * min/week to 2689.5

METs * min/week. We noticed that patients with CKD during

the dialysis stage had a lower PA level than the general

population, but they still showed a higher PA level than

patients undergoing hemodialysis or peritoneal dialysis, as

reported by Liu Yanping (24) and Zhang Yue (25). We

suppose that KTRs need a relatively higher PA level during

the candidate phase may to maintain qualification for

transplantation indications because the low PA level is

associated with CVD, frailty, and infection. Some KTR

candidates might be disqualified due to contraindications

associated with low PA levels and were not included in this
frontiersin.org
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study, leading to the conclusion that KTRs show a relatively

higher PA level than patients undergoing hemodialysis or

peritoneal dialysis.

In terms of the composition of preoperative PA levels in the

113 KTRs, only a few patients (n = 29, 25.7%) reported PA levels

related to work, which corresponded to the low employment

rate of dialysis patients. Kirkeskov L (26) reported that the

employment rate among dialysis patients is 26.3% for the

weighted mean ranging from 10.5% to 59.7%. In the United

States, the employment rate among patients on dialysis is

23%–24%, and 38% of all these patients stop working after

dialysis initiation (27). In China, the employment rate is

50.65% before dialysis and quickly declines to 22.2% in the

first dialysis year with no reemployment. The reasons for

patients quitting their jobs during dialysis include physical

status, time spent on dialysis, lack of support or acceptance

from employers and family, and resistance from family, as

reported by Huang B (28). Thus, improving the employment

status during the candidate phase before transplantation may

be a potential way to improve the socioeconomic status and

multiple dimensions of QoL in KTRs before the operation.

Early mobilization, a vital part of ERAS pathways, has been

widely applied in postoperative patients. As Zhu Q (29)

reported, an early mobilization intervention led to a 1.6-day

shorter duration of the indwelling drainage tube and a 3.4-day

reduced LOS after kidney transplantation. From a

retrospective study of Dias BH (30), an early postoperative

mobilization protocol for KTRs is feasible, cost-saving, and

two days shorter in LOS. In this study, the time spent by

patients to achieve transfer out of bed was associated with a

short postoperative LOS. Nevertheless, this value was

approximate in both groups with no significant difference.

The distance during the postoperative ambulatory training

showed a relatively low negative association with time spent

transferring out of bed and a positive association with

preoperative PA level. The distance the KTRs in Group MH

reached in the postoperative ambulatory training was nearly

1.7 times that of the KTRs in Group L, with a significant

difference. Transferring may be a relatively lower intensity

exercise during the early postoperative rehabilitation session.

With available assistance offered by physical therapists, most

KTRs can transfer out of bed. However, ambulation may be

relatively more challenging than transferring exercise; KTRs

may need more physical fitness restoration and more clinical

conditions to deal with postoperative ambulation under the

acquired assistance. KTRs with higher PA levels before the

operation may have more surgical tolerance, physical fitness

storage, and a stronger willingness to exercise. Thus, they

need to be advised to perform early postoperative

mobilization, especially in energy-consuming activities such as

ambulatory training.

As a systematic review of Hijazi (31) shows, prehabilitation

programs including physical exercise improves patient`s
Frontiers in Surgery 06
exercise capacity and health-related quality of life but

postoperative complications after abdominal cancer surgery.

From a post hoc analysis of two randomized trials by Rivas E

(32), better early mobilization after the abdominal operation

was associated with lower pain scores and fewer

complications. Meanwhile, in a randomized controlled trial

performed by de Almeida EPM (33), patients receiving major

abdominal cancer surgery with an early mobilization program

showed better functional capacity and QoL, but no between-

group difference regarding postoperative complications

assessed by the Clavien–Dindo classification was found. In

this study, the between-group analysis showed no significant

difference in the clinical outcomes, including eGFR,

postoperative complications (e.g., DGF, respiratory and

urinary tract infections), postoperative LOS, and unscheduled

readmission within three months after discharge. Improved

postoperative clinical outcomes, such as reduced

complications, shortened LOS, and less readmissions, may

result from a multidimensional modification, which includes

the operation skill, nursing, medicine, and management

concept in the perioperative period. With the cooperation of a

multidisciplinary medical team, KTRs might achieve better

postoperative recovery and overcome some obstacles by

themselves. Thus, the PA level before the operation might not

be associated with some clinical outcomes to a certain extent.

This study is limited to a single-center retrospective study

with a small sample size over a short period. Due to a lack of

similar literature, our sample size can only refer to other

similar studies, which may also lead to some bias. The

majority of the results in this study were collected from the

digital electronic medical record system, and some established

postoperative outcome measures, e.g., comprehensive

complications index for postoperative complications was not

applied, and only the occurrence of few most common

postoperative complications was observed. Besides, This study

may also have been biased due to differences in the

pathophysiology of the KTRs during ESRD phase (the

autoimmune ones for younger population of ESRD patients,

and the more chronic ESRD which arise from poorly

controlled hypertension/diabetes mellitus for the elder

populations). And the readmission rate might be

underestimated due to some of the patients having

readmission to another hospital without networking with us.

Meanwhile, only a better ambulatory distance during

postoperative mobilization was observed in Group MH, and

the effect size of most comparison is not satisfied. Further

studies need to explore more details about PA levels,

including preoperative PA levels and their effect on

postoperative recovery, with a large sample sizes and better

research designs. And we strongly suggest a prehabilitation

programme for patients awaiting Kidney transplantation to

help them achieve a higher physical activity level before

kidney transplantation.
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Conclusion

The preoperative PA level of KTRs is lower than that of

the general population but higher than that of patients

on dialysis. KTRs with moderate or high PA levels before

the operation showed better early mobilization in the

early postoperative days than KTRs with low PA levels,

but no significant advantage in other recovery indicators

(e.g., eGFR, infections, DGF, postoperative LOS and

unscheduled readmission) was found. Moreover, future

research should explore the potential mechanism and

practical application of different PA levels in the early

rehabilitation of KTRs.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were reviewed

and approved by West China Hospital Clinical Trials and

Biomedical Ethics Committee of Sichuan University [approval

number: 2020 (771)]. The ethics committee waived the

requirement of written informed consent for participation.
Author contributions

GL, QFG, SPZ, MWW, and QG acquired, analyzed the data,

and drafted the manuscript. GL, QFG, XZ, AW, CFG, QLT, and
Frontiers in Surgery 07
QG designed the research, acquired the article information, and

revised the manuscript. All authors contributed to the article

and approved the submitted version.
Funding

This work was supported by “1·3·5 project for disciplines of

excellence–Clinical Research Incubation Project, West China

Hospital, Sichuan University (2020HXFH051)”.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fsurg.

2022.1062652/full#supplementary-material.
References
1. Wang Y, Lei T, Wei L, Du S, Girani L, Deng S. Xenotransplantation in China:
present status. Xenotransplantation. (2019) 26(1):e12490. doi: 10.1111/xen.12490

2. Lorenz EC, Hickson LJ, Weatherly RM, Thompson KL, Walker HA,
Rasmussen JM, et al. Protocolized exercise improves frailty parameters and lower
extremity impairment: a promising prehabilitation strategy for kidney transplant
candidates. Clin Transplant. (2020) 34(9):e14017. doi: 10.1111/ctr.14017

3. Cheng XS, Myers JN, Chertow GM, Rabkin R, Chan KN, Chen Y, et al.
Prehabilitation for kidney transplant candidates: is it time? Clin Transplant.
(2017) 31(8). doi: 10.1111/ctr.13020

4. Pérez-Sáez MJ, Gutiérrez-Dalmau Á, Moreso F, Rodríguez Mañas L, Pascual
J. Frailty and kidney transplant candidates. Nefrologia. (2021) 41(3):237–43,
(English, Spanish). doi: 10.1016/j.nefro.2020.09.004

5. Su G, Qin X, Zhang L, Wu Y, Huang J, He J, et al. Facilitators and barriers to
be physically active in patients with chronic kidney disease based on PEAKING
cohort. Chinese Gen Pract. (2020) 23(31):3971–5; 3982. doi: 10.12114/j.issn.
1007-9572.2020.00.172

6. Foster C, Shilton T, Westerman L, Varney J, Bull F. World health organisation
to develop global action plan to promote physical activity: time for action. Br
J Sports Med. (2018) 52(8):484–5. doi: 10.1136/bjsports-2017-098070
7. Wilkinson TJ, McAdams-DeMarco M, Bennett PN, Wilund K. Global
renal exercise network. Advances in exercise therapy in predialysis chronic
kidney disease, hemodialysis, peritoneal dialysis, and kidney transplantation.
Curr Opin Nephrol Hypertens. (2020) 29(5):471–9. doi: 10.1097/MNH.
0000000000000627

8. Kang AW, Bostom AG, Kim H, Eaton CB, Gohh R, Kusek JW, et al. Physical
activity and risk of cardiovascular events and all-cause mortality among kidney
transplant recipients. Nephrol Dial Transplant. (2020) 35(8):1436–43. doi: 10.
1093/ndt/gfaa038

9. Mungovan SF, Carlsson SV, Gass GC, Graham PL, Sandhu JS, Akin O, et al.
Preoperative exercise interventions to optimize continence outcomes following
radical prostatectomy. Nat Rev Urol. (2021) 18(5):259–81. doi: 10.1038/s41585-
021-00445-5

10. Dunn MA, Rogal SS, Duarte-Rojo A, Lai JC. Physical function, physical
activity, and quality of life after liver transplantation. Liver Transpl. (2020) 26
(5):702–8. doi: 10.1002/lt.25742

11. Huang M, Lv A, Wang J, Xu N, Ma G, Zhai Z, et al. Exercise training and
outcomes in hemodialysis patients: systematic review and meta-analysis. Am
J Nephrol. (2019) 50(4):240–54. doi: 10.1159/000502447
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fsurg.2022.1062652/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2022.1062652/full#supplementary-material
https://doi.org/10.1111/xen.12490
https://doi.org/10.1111/ctr.14017
https://doi.org/10.1111/ctr.13020
https://doi.org/10.1016/j.nefro.2020.09.004
https://doi.org/10.12114/j.issn.1007-9572.2020.00.172
https://doi.org/10.12114/j.issn.1007-9572.2020.00.172
https://doi.org/10.1136/bjsports-2017-098070
https://doi.org/10.1097/MNH.0000000000000627
https://doi.org/10.1097/MNH.0000000000000627
https://doi.org/10.1093/ndt/gfaa038
https://doi.org/10.1093/ndt/gfaa038
https://doi.org/10.1038/s41585-021-00445-5
https://doi.org/10.1038/s41585-021-00445-5
https://doi.org/10.1002/lt.25742
https://doi.org/10.1159/000502447
https://doi.org/10.3389/fsurg.2022.1062652
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Li et al. 10.3389/fsurg.2022.1062652
12. Campanati-Palhares L, Simoncini TC, da Silva Augusto PG, Galhardo FD
M, Pereira MG, Vian BS, et al. Effects of a physiotherapeutic protocol in
respiratory function, aerobic capacity and quality of life after kidney
transplantation. Transplant Proc. (2018) 50(3):750–3. doi: 10.1016/j.
transproceed.2018.02.045

13. West MA, Jack S, Grocott MPW. Prehabilitation before surgery: is it for all
patients? Best Pract Res Clin Anaesthesiol. (2021) 35(4):507–16. doi: 10.1016/j.bpa.
2021.01.001

14. West SL, Ma C, Chaudhry M, Thomas SG, Lok CE. The association of daily
activity levels and estimated kidney function in men and women with predialysis
chronic kidney disease. Kidney Int Rep. (2017) 2(5):874–80. doi: 10.1016/j.ekir.
2017.05.003

15. Wong SW, Chan YM, Lim TS. Correlates of physical activity level among
hemodialysis patients in selangor, Malaysia. Malays J Nutr. (2011) 17(3):277–86.
doi: 10.31274/rtd-180813-9695

16. Qu N, Li K. Study on the reliability and validity of international physical
activity questionnaire (Chinese version, IPAQ). Chinese J Epidemiol. (2004) 25
(3):265–8. doi: 10.3760/j.issn:0254-6450.2004.03.021

17. Golder HJ, Papalois V. Enhanced recovery after surgery: history, key
advancements and developments in transplant surgery. J Clin Med. (2021) 10
(8):1634. doi: 10.3390/jcm10081634

18. Boden I, Skinner EH, Browning L, Reeve J, Anderson L, Hill C, et al.
Preoperative physiotherapy for the prevention of respiratory complications after
upper abdominal surgery: pragmatic, double blinded, multicentre randomised
controlled trial. Br Med J. (2018) 360:j5916. doi: 10.1136/bmj.j5916, Erratum in:
BMJ. 2019 Apr 25;365:l1862.

19. Berner JE, Geoghegan L, Kyriazidis I, Nanchahal J, Jain A. Alternative
physical treatments for deep venous thrombosis prophylaxis in surgical patients:
a systematic review. Physiotherapy. (2021) 113:73–9. doi: 10.1016/j.physio.2021.
05.002

20. Wu J, Lei W. Expert consensus on accelerated perioperative
rehabilitation management of kidney transplantation in China. Chinese
J Transplant (Electr Ver). (2018) 12(4):151–6. doi: 10.3877/cma.j.issn.1674-
3903.2018.04.002

21. Mezzolla V, Pontrelli P, Fiorentino M, Stasi A, Pesce F, Franzin R, et al.
Emerging biomarkers of delayed graft function in kidney transplantation.
Transplant Rev. (2021) 35(4):100629. doi: 10.1016/j.trre.2021.100629

22. Fiorentino M, Pesce F, Schena A, Simone S, Castellano G, Gesualdo L.
Updates on urinary tract infections in kidney transplantation. J Nephrol. (2019)
32(5):751–61. doi: 10.1007/s40620-019-00585-3
Frontiers in Surgery 08
23. Wilmes D, Coche E, Rodriguez-Villalobos H, Kanaan N. Bacterial
pneumonia in kidney transplant recipients. Respir Med. (2018) 137:89–94.
doi: 10.1016/j.rmed.2018.02.022

24. Liu Y, Lu Y, Li Y, Wu X, Wang C, Yang H, et al. Vitamin D as a
mediator between physical activity and quality of life in hemodialysis patients.
Chinese J Blood Purif. (2021) 20(5):320–3. doi: 10.3969/j.issn.1671-4091.2021.05.
008

25. Zhang Y, Xu F, Cai L. Investigation on physical activity level and self-efficacy
of patients with continuous ambulatory peritoneal dialysis. Nur Integr Trad
Chinese Western Med. (2018) 4(4):95–7. doi: 10.11997/nitcwm.201804029

26. Kirkeskov L, Carlsen RK, Lund T, Buus NH. Employment of patients with
kidney failure treated with dialysis or kidney transplantation-a systematic review
and meta-analysis. BMC Nephrol. (2021) 22(1):348. doi: 10.1186/s12882-021-
02552-2

27. Erickson KF, Zhao B, Ho V, Winkelmayer WC. Employment among
patients starting dialysis in the United States. Clin J Am Soc Nephrol. (2018) 13
(2):265–73. doi: 10.2215/CJN.06470617

28. Huang B, Lai B, Xu L, Wang Y, Cao Y, Yan P, et al. Low employment and
low willingness of being reemployed in Chinese working-age maintained
hemodialysis patients. Ren Fail. (2017) 39(1):607–12. doi: 10.1080/0886022X.
2017.1361834

29. Zhu Q, Yang J, Zhang Y, Ni X, Wang P. Early mobilization
intervention for patient rehabilitation after renal transplantation. Am
J Transl Res. (2021) 13(6):7300–5. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC8290687/pdf/ajtr0013-7300.pdf

30. Dias BH, Rana AAM, Olakkengil SA, Russell CH, Coates PTH, Clayton PA,
et al. Development and implementation of an enhanced recovery after surgery
protocol for renal transplantation. ANZ J Surg. (2019) 89(10):1319–23. doi: 10.
1111/ans.15461

31. Hijazi Y, Gondal U, Aziz O. A systematic review of prehabilitation programs
in abdominal cancer surgery. Int J Surg. (2017) 39:156–62. doi: 10.1016/j.ijsu.2017.
01.111

32. Rivas E, Cohen B, Pu X, Xiang L, Saasouh W, Mao G, et al. Pain and opioid
consumption and mobilization after surgery: post hoc analysis of two randomized
trials. Anesthesiology. (2022) 136(1):115–26. doi: 10.1097/ALN.0000000000004037

33. de Almeida EPM, de Almeida JP, Landoni G, Galas FRBG, Fukushima JT,
Fominskiy E, et al. Early mobilization programme improves functional
capacity after major abdominal cancer surgery: a randomized controlled trial.
Br J Anaesth. (2017 Nov 1) 119(5):900–7. doi: 10.1093/bja/aex250 PMID:
28981596.
frontiersin.org

https://doi.org/10.1016/j.transproceed.2018.02.045
https://doi.org/10.1016/j.transproceed.2018.02.045
https://doi.org/10.1016/j.bpa.2021.01.001
https://doi.org/10.1016/j.bpa.2021.01.001
https://doi.org/10.1016/j.ekir.2017.05.003
https://doi.org/10.1016/j.ekir.2017.05.003
https://doi.org/10.31274/rtd-180813-9695
https://doi.org/10.3760/j.issn:0254-6450.2004.03.021
https://doi.org/10.3390/jcm10081634
https://doi.org/10.1136/bmj.j5916
https://doi.org/10.1016/j.physio.2021.05.002
https://doi.org/10.1016/j.physio.2021.05.002
https://doi.org/10.3877/cma.j.issn.1674-3903.2018.04.002
https://doi.org/10.3877/cma.j.issn.1674-3903.2018.04.002
https://doi.org/10.1016/j.trre.2021.100629
https://doi.org/10.1007/s40620-019-00585-3
https://doi.org/10.1016/j.rmed.2018.02.022
https://doi.org/10.3969/j.issn.1671-4091.2021.05.008
https://doi.org/10.3969/j.issn.1671-4091.2021.05.008
https://doi.org/10.11997/nitcwm.201804029
https://doi.org/10.1186/s12882-021-02552-2
https://doi.org/10.1186/s12882-021-02552-2
https://doi.org/10.2215/CJN.06470617
https://doi.org/10.1080/0886022X.2017.1361834
https://doi.org/10.1080/0886022X.2017.1361834
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8290687/pdf/ajtr0013-7300.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8290687/pdf/ajtr0013-7300.pdf
https://doi.org/10.1111/ans.15461
https://doi.org/10.1111/ans.15461
https://doi.org/10.1016/j.ijsu.2017.01.111
https://doi.org/10.1016/j.ijsu.2017.01.111
https://doi.org/10.1097/ALN.0000000000004037
https://doi.org/10.1093/bja/aex250
https://doi.org/10.3389/fsurg.2022.1062652
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Investigation of preoperative physical activity level in kidney transplant recipients and its impact on early postoperative recovery: A retrospective cohort study
	Introduction
	Materials and methods
	Setting and participants
	Allocation criterion
	Outcome measures
	Early mobilization after the operation
	Estimated glomerular filtration rate (eGFR) and delayed graft function (DGF)
	Infection and thrombosis
	Postoperative length of stay (LOS) and unscheduled readmission

	Statistical analysis

	Results
	Baseline characteristics and the PA level
	Early postoperative mobilization
	Postoperative complications, eGFR, postoperative LOS, and unscheduled readmission
	Associations between the preoperative PA level and early mobilization and other postoperative recovery indicators

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


