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Abstract

Background Frailty is associated with several unfavorable outcomes after kidney transplantation (KTx). However, limited
information is available regarding the transitions in frailty state and its components after KTx. This study aimed to evaluate
the transitions in physical frailty phenotype and its components over a period of 12 months after KTx.

Methods In this prospective single-center cohort study, we measured physical frailty phenotype (PFP) and its components
at the time of admission for KTx and 12 months after KTx. The evaluation includes five components: weakness (grip
strength analysed by sex and body mass index quartiles), physical activity (kcals/week based on the Minnesota Leisure Time
Physical Activity questionnaire), exhaustion (self-report using the Center for Epidemiological Studies Depression Scale),
gait speed (time taken to walk 15 feet based on sex and height-specific cutoff), and unintentional weight loss (self-report
of unintentional weight loss > 10 1bs in the last year). The exhaustion and physical activity components are validated in the
Brazilian population. Each component is scored as 0 or 1 according to its presence or absence, and a PFP score of 3-5 defines
frailty, 2 is intermediate, and 0-1 is rated as non-frail. We used the McNemar and Wilcoxon test to compare physical frailty
phenotype and its components between the two periods.

Results Among 87 patients included in the study, 16.1% were classified as frail, 20.7% as intermediately frail, and 63.2%
as non-frail. Sixty-four patients were included in the analysis to evaluate transitions in frailty. At the time of admission for
KTx, 15.6% of patients were defined as frail compared to 4.7% of patients at 12 months after KTx (p =0.023). Among the
physical frailty phenotype components, the proportion of patients who scored in the weight loss category 12 months after
KTx was significantly lower than that at the time of KTx (6.3% vs 34.4%, p <0.001).

Conclusions There was a 69.9% reduction in the prevalence of frail patients at the end of the 12-month follow-up after KTx.
Among the components of frailty, weight loss showed a significant improvement.

P4 Ricardo Augusto Monteiro de Barros Almeida
almeidaramb @yahoo.com.br

Medical School, Sdo Paulo State University (Unesp),
Botucatu, Sao Paulo, Brazil

Department of Infectious Diseases, Dermatology, Imaging
Diagnosis, and Radiotherapy, Sdo Paulo State University
(Unesp), Medical School, Botucatu, Sao Paulo, Brazil

Internal Medicine Department, Sdo Paulo State University
(Unesp), Medical School, Botucatu, Sdo Paulo, Brazil

4 Faculty of Nutrition, Universidade Federal de Goias (UFG),
Goilnia, Brazil

@ Springer


http://orcid.org/0000-0003-0567-6221
http://crossmark.crossref.org/dialog/?doi=10.1007/s40620-022-01436-4&domain=pdf

2342

Journal of Nephrology (2022) 35:2341-2349

Graphical abstract

Transitions in frailty states 12 months after kidney

transplantation: A prospective cohort study

EE » mm o» R » Q]r’ »E» R

Botucatu Medical School Admission for kidney
University Hospital transplantation Physical frailty ph 12 Month Physical frailty phenotype
2017-2018 (M0) N=87 (M1) N=64

Keywords Frailty - Physical frailty phenotype - Kidney transplantation - Chronic kidney disease

Introduction

Frailty is a condition characterized by a multidimensional
decline in physiological systems. It results in functional,
cognitive, and immunological impairment, accelerated
aging, and, consequently, an inability to deal with stress-
ors. Frailty overlaps with comorbidities and aging; how-
ever, it is independently associated with adverse outcomes
such as disabilities, falls, decreased mobility, hospitaliza-
tion, postoperative complications, reduced quality of life,
cognitive decline, and death [1-7].

Frailty has been described and validated in geriatric
populations, and additionally, in patients with chronic
end-stage kidney disease transplantation (KTx) recipients
[8—18]. These populations share many pathogenic mecha-
nisms of frailty, including a pro-inflammatory state and
dysregulation of the immune, neuroendocrine and neuro-
muscular systems. These factors can lead to protein-energy
malnutrition, sarcopenia, and anorexia, thereby resulting
in accelerated aging [8, 10, 19, 20].

Frailty is also associated with several adverse outcomes
after KTx, such as delayed graft function, longer hospital
stay, early hospital readmission, development of delirium,
intolerance to immunosuppressants, surgical complica-
tions, and mortality [10, 12—15, 17, 18, 21, 22]. However,
few studies have evaluated the transitions in frailty states
and its components after KTx [23-25], thus generating
conflicting results. Two of these previous studies [23, 25]
used the physical frailty phenotype (PFP), a tool developed
by Fried et al. [6]. The most appropriate methodology for
assessing frailty before and after KTx has not yet been
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identified [22, 26]; however, the PFP [6] is the most com-
monly used tool in the literature for KTx patients.

Most of the available data on transitions in frailty states
after KTx are derived from a single group of researchers
[23, 25] and two American centers. Therefore, it is neces-
sary to conduct studies in populations with different char-
acteristics. This study aimed to evaluate the transitions in
PFP states and its components after a follow-up period of
12 months post KTx.

Methods
Study design

We performed a prospective cohort study in which the PFP
and its components were measured in patients at the time
of admission for KTx and 12 months after KTx.

Study setting

This study included recipients of KTx at Botucatu Medi-
cal School University Hospital (HCFMB), Botucatu,
SP, Brazil. The HCFMB is a tertiary care teaching and
research center with 417 beds, covering approximately 75
municipalities and 2 million people. The HCFMB Kid-
ney Transplant Service performs 140 transplants per year
on average, with approximately 80% using kidneys from
deceased donors.
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Eligibility criteria

Patients of both sexes aged 18 years or older who underwent
KTx between March 2017 and March 2018 were included.
However, patients undergoing combined organ transplanta-
tion, those with amputations and other physical conditions
that precluded the walk test or handgrip strength test, as well
as patients with considerable cognitive impairments who
were unable to understand and respond to the frailty score
questionnaires were excluded from the study.

Study protocol

All patients were evaluated at the time of admission for KTx
(MO0). Demographic, clinical, anthropometric, laboratory,
and KTx data were collected from medical records and inter-
views with the patients; the physical frailty phenotype was
simultaneously assessed. It was assessed again 12 months
after KTx (M1). M1 data collection was performed in the
interval between 11 and 13 months after KTx.

Two authors collected data for evaluating the physi-
cal frailty phenotype: a dietitian performed 90.8% of the
assessments, and a nursing student performed 9.2% of the
evaluations. PFP [6] consists of five components: weakness
(grip strength quantified by sex and body mass index quar-
tiles), physical activity (kcals/week based on the Minnesota
Leisure Time Physical Activity questionnaire), exhaustion
(self-report using the Center for Epidemiological Studies
Depression Scale), gait speed (time taken to walk 15 feet
based on sex and height-specific cutoff), and unintentional
weight loss (self-report of unintentional weight loss> 10
Ibs in the last year). The exhaustion and physical activity
components were adapted and validated for the Brazilian
population [27, 28]. Each component was scored as 0 or 1
according to its presence or absence, and the PFP score was
calculated by adding the scores of its components. A score
of 3—5 was defined as frail, 2 as intermediate frail, and 0—1
as non-frail [25].

Definitions of study variables and protocols
of the transplantation service

The definitions of study variables and outcomes, as well as
descriptions of the prophylactic protocols of the HCFMB
Transplantation Service, can be found in the supplementary
material (Supplementary Text 1).

Statistical analysis

The present study is a subanalysis of a cohort with 87
patients at baseline that evaluated frailty as a predictor of
infectious and non-infectious outcomes in KTx recipients.
Therefore, the sample size calculation in the present study

was 68, based on that reported by Dos Santos Mantovani
etal. [17].

Data are expressed as mean + SD, median (interquartile
range), or percentage. The groups were compared using the
Student’s ¢ test or Mann—Whitney U test for continuous vari-
ables, and the ;(2 test or Fisher’s exact test for categorical
variables. The comparison between PFP and its components
before and 12 months after KTx was performed using the
McNemar or Wilcoxon test.

Data analysis was performed using SigmaPlot v12.0 (Sys-
tat Software Inc., San Jose, CA, USA) for Windows, and p
values < 0.05 were considered statistically significant.

Ethical consideration

The Institutional Review Board of Botucatu Medical
School approved this study (IRB approval number: CAAE
59232316.2.0000.5411). The study was performed in
accordance with the ethical standards as laid down in the
1964 Declaration of Helsinki and its later amendments. All
participants provided written informed consent.

Results
Study population

From March 2017 to March 2018, 131 patients underwent
KTx at the HCFMB. Of these, 87 (66.4%) were included in
the study (MO). Twelve months after KTx (M1), 64 patients
were included in the frailty transitions analysis. Figure 1
shows the patient flowchart.

Table 1 shows the demographic, anthropometric, clini-
cal, laboratory, and transplant-related data of the patients,
according to the presence or absence of frailty. There was
a predominance of White (51.7%) and multiracial Black
and White (33.3%) patients. Men represented 58.6% of the
patients, with a mean age of 44.9 + 12.2 years. The predom-
inant etiology of end-stage kidney disease was undefined
(33.3%). The most commonly used kidney replacement
therapy (KRT) was hemodialysis (81.6%), with a median
pre-KTx KRT time of 28 months. In addition, transplants
from deceased donors predominated (78.2%). Other gen-
eral characteristics of the patients and their donors are also
presented in Table 1. There was no significant difference
concerning the data evaluated in Table 1 when frail and non-
frail patients (grouped as intermediate frail and non-frail
patients) were compared.

The only statistical difference in the baseline character-
istics between the 64 patients who had a 12-month follow-
up and the 23 patients lost to follow-up was the age of the
patients. The mean age of the patients lost to follow-up
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Fig. 1 Patient disposition

Kidney transplants performed between
March 2017 and March 2018

(n=131)

I Logistical difficulties (n = 8)

Non-inclusion (n = 44)
I Researcher not informed (n = 17)

I Patient did not meet inclusion criteria (n = 13)

I Researcher unavailable for data collection (n = 5)

I Patient refused participation (n = 1)

Inclusion at the time of admission for
transplantation (MO0)

(n=87)

Exclusion (n = 23)

+ Death (n = 10)

—+ Graft loss (n=7)

I Re-evaluation outside the proposed period (n = 5)

I Loss of patient to follow-up (n=1)

Inclusion in the frailty transition
analysis (M1)
(n=64)

(49.2 +£9.7) was higher than that of the 64 patients who had a
12-month follow-up (43.3 +12.7) (Supplementary Table 1).

Pre-KTx frailty

Table 2 shows data on physical frailty phenotype and its
components of the patients at the time of admission for KTx.

Among the 87 patients included in the study, 16.1% were
classified as frail, 20.7% as intermediately frail, and 63.2%
as non-frail. Among the frailty components, low physical
activity (46.0%), weight loss (32.2%), and weakness (32.2%)
were predominant. The median frailty score was 1.

@ Springer

Transitions in frailty 12 months after KTx

Table 3 shows the transitions in physical frailty phenotype
and its components from the time of admission for KTx to
12 months after KTx.

Among the 64 patients included in the final analysis, there
was a significant reduction in the proportion of frail patients.
At the time of admission for KTx, 15.6% of patients were
frail, while 12 months after KTx, 4.7% were classified as
frail (p =0.023). When considering the median frailty score,
no significant difference was identified between the MO and
M1 time points.
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Table 1 Demf)graph.ic, Characteristics Overall Frailty state )4
anthropometric, clinical,
laboratory and transplant- (n=87) Yes (n=14) Not (n=73)
related data of the patients
included in the study, according Age (y)a 449+12.2 47.6+15.3 44.4+11.6 0.372
to the presence or absence of Male (%) 58.6 35.7 63.0 0.109
frailty Race and ethnicity (%)
White 51.7 57.1 50.7
Black 12.6 14.3 12.3
Multiracial Black and White 333 28.6 342 0.960
Asian 1.1 0.0 1.4
Brazilian Indian 1.1 0.0 1.4
Cause of ESKD (%)
Undefined 333 214 35.6
Other 27.6 35.7 26.0
Hypertension 21.8 28.6 20.5 0.342
Diabetes 10.3 0.0 12.3
Glomerulonephritis 6.9 14.3 5.5
Dialysis modality (%)
Hemodialysis 81.6 92.9 79.4 0.469
Peritoneal 149 7.1 16.4
Preemptive (none) 34 0.0 4.1
Time on dialysis (m)° 28 [14-45] 24 [13-57] 29 [14-44] 0.790
Pre-KTx diabetes (%) 13.8 7.1 15.1 0.681
Cardiovascular risk (%)
Low 70.1 57.1 72.6 0.339
Moderate + high 29.9 429 274
Retransplantation (%) 34 7.1 2.7 0.413
HLA mismatches (1)° 3 [2-4] 3[3-3.3] 3[2-4] 0.890
PRA class I (%)° 0[0-10] 0[0-67.3] 0[0-2] 0.198
Type of donor (%)
Living 21.8 214 21.9 1.000
Deceased 78.2 78.6 78.1
BMI (kg/m?)? 25.7+4.6 25.6+5.4 25.8+4.4 0.915
Expanded criteria donor (%)° 29.4 36.4 28.1 0.719
Cold ischemia time (h)* 23.2+3.7 22.8+3.3 23.2+3.7 0.735
Induction therapy (%)
Anti-thymocyte globulin 96.6 929 97.3 0.413
No induction 34 7.1 2.7
Maintenance therapy (%)
FK+mTORi+ PDN 64.4 64.3 64.4
FK+MPS + PDN 322 28.6 329 0.695
Other 34 7.1 2.7
DGF (%) 53.0 61.5 514 0.713

y years, ESKD end-stage kidney disease, m month, KTx kidney transplantation, HLA human leukocyte anti-
gen, n number of participants, PRA panel reactive antibody, BMI body mass index, & hours, FK tacrolimus,
mTORi mammalian target of rapamycin inhibitor, MPS mycophenolate sodium, PDN prednisone, DGF

delayed graft function
*Mean + standard deviation
®Median [interquartile range]
“Only deceased donors

Intermediate frailty 4+ non-frail
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Table 2 Frailty state and its components at the time of admission for
kidney transplantation

Frailty n=287
Frailty state (%)
Frail 16.1
Intermediate frailty 20.7
Non-frail 63.2
Frailty components (%)
Weight loss 322
Weakness 322
Exhaustion 20.7
Physical activity 46.0
Gait speed 4.6

Frailty score® 1[1,2]

“Median [interquartile range]

Table 3 Transitions of the frailty states and its components from the
time of admission for kidney transplantation (MO) to 12 months after
kidney transplantation (M1)

MO (n=064) M1 (n=064) P
Frailty (%) 15.6 4.7 0.023
Frailty components (%)
Weight loss 344 6.3 <0.001
Weakness 28.1 26.6 1.000
Exhaustion 18.8 25.0 0.502
Physical activity 40.6 31.3 0.327
Gait speed 4.7 3.1 1.000
Frailty score® 1[0-2] 1[0-2] 0.069

MO admission for kidney transplantation, M1 12 months after kidney
transplantation

“Median [interquartile range]

The proportion of patients who scored in the weight loss
category was significantly lower at 12 months after KTx
than at the time of admission for KTx (6.3% vs 34.4%,
p <0.001). The mean body mass index (BMI) at M1 was
significantly higher than at MO (27.6 +4.8 vs 25.5+4.7,
p<0.001).

The number of patients with each number of frailty com-
ponents at MO and M1 is presented in Supplementary Fig. 1.

Supplementary Table 2 shows the proportion of patients
who transitioned between frail and non-frail states during
the study period. Overall, 84.4% of patients remained non-
frail, no patient transitioned to frailty, 4.7% remained frail,
and 10.9% were no longer frail at the end of the study period.

Supplementary Table 3 shows the proportion of patients
who had a stable, worsening, or improving frailty state dur-
ing the follow-up. The frailty state remained stable for 54.7%
of patients, improved in 26.5% of patients, and worsened in
18.8% of patients. In addition, the frailty score remained
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stable in 29.7% of patients, reduced in 48.4% of patients,
and increased in 21.9% of patients.

Discussion

In this prospective observational study of 87 patients in a
single Brazilian center, there was a significant reduction in
the proportion of frail individuals at the end of the 12-month
follow-up period.

The mean age of the study population was at the lower
limit among patients included in the systematic review by
Quint et al. [9]. Most of the patients were male, similar to
the findings noted in the literature [9]. In addition, the pro-
portion of patients who received a deceased donor trans-
plant was higher than that in other studies on frailty in the
American kidney transplant population [12, 14, 23]. Dia-
betes mellitus was present in 13.8% of patients during the
pre-transplant period, a proportion lower than that reported
in the literature [9].

The prevalence of frail patients at the time of admission
for KTx in the present study was similar to that identified in
the meta-analysis by Quint et al. [9]. McAdams-DeMarco
et al. [18] reported that 37.0% of 443 patients evaluated at
the time of admission for KTx were classified as frail or
intermediately frail, which is similar to that found in the pre-
sent study. The similar proportion of pre-KTx frail patients
in our younger population probably can be justified by the
higher proportion of patients on dialysis, the longer time on
KRT, and the socioeconomic status.

McAdams-DeMarco et al. [23] evaluated 349 KTx recipi-
ents from a single American center. They showed that the
prevalence of frailty increased from 19.8% before KTx to
33.3% after 1 month and to 27.7% after 2 months of KTx.
Three months after KTx, the proportion of frail patients
dropped to 17.2%, a significant reduction compared with
that immediately before KTx, thus suggesting that frailty in
this population is not an irreversible state.

McAdams-DeMarco et al. [23] also found that 44.8% of
patients were less frail and 25.0% were more frail 3 months
after KTx. These data are very similar to those in the pre-
sent study, which considered a longer follow-up period of
12 months.

We identified only one study that evaluated the long-
term trajectory of frailty and its components in KTx recipi-
ents [25]. This study observed 1,336 KTx recipients at
two American centers and showed that frailty significantly
decreased in the first 2.5 years after KTx. There were sig-
nificant improvements in the weight, physical activity, and
exhaustion components. However, after 2.5 years of trans-
plantation, there was a reduction in strength and physical
activity thus increasing the possibility of developing frailty
in this population. Although the aforementioned study
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[25] did not present specific data for the follow-up period
of 12 months after KTx, the data from the present study
corroborate the significant improvement in frailty during
the initial years after KTx. Differences in follow-up time,
sample size, and population characteristics may justify the
absence of improvement in components other than weight
loss in the present study.

Quint et al. [24] analyzed the transitions in frailty states
in a population of 176 KTx recipients in the first 12, 24,
and 36 months using the Groningen Frailty Indicator. The
proportion of frail patients at the time of admission for KTx
was similar to that in the present study and the meta-analysis
by Quint et al. [9]. However, while evaluating the transi-
tions in the frailty states after KTx, these authors observed
conflicting results compared with Chu et al. [25] and those
of the present study. After 22.8 months of mean follow-up,
19.3% of patients progressed to frailty, 71.0% remained sta-
ble, and 9.7% were no longer frail. The proportion of frail
patients at the time of KTx, which was 17.0%, increased to
26.7% after the mean follow-up period. When the follow-up
period up to 12 months after KTx was considered, 17.7% of
patients developed frailty and 10.0% were no longer frail.
One possible explanation for this unfavorable result is the
differences between the frailty assessment tools used in the
studies. Another finding highlighted by Quint et al. [24] is
the high proportion of patients pre-emptively transplanted
(40.9%). Among these patients, 44.1% progressed to frailty
after KTx. The Groningen Frailty Indicator evaluates both
cognitive and psychosocial factors, which were strongly
associated with the transition to frailty in this study. Cogni-
tive and psychosocial conditions would be better preserved
before KTx when patients are not undergoing dialysis. The
natural complications associated with KTx and the need
to use immunosuppressants would affect the cognitive and
psychosocial aspects, thus increasing the proportion of frail
patients. Another parameter is the different characteristics,
such as the average age and proportion of deceased donors,
of the populations included in the studies by Quint et al.
[24], Chu et al. [25], and the present study.

The only component of frailty that underwent a signifi-
cant change in the present study was unintentional weight
loss. In fact, there was a weight gain during follow-up. We
expected this result because the literature shows that most
KTx recipients gain weight in the first year after KTx [29].
The weight gain has multiple contributing factors, includ-
ing the immunosuppressive treatment, age, sex, genetics,
ethnicity, pre-transplant BMI, physical activity, socioeco-
nomic status, graft function, and the disappearance of die-
tary restrictions [29-31].

Chang et al. [29] showed that a 10% to 19% weight gain
in the first year after KTx was associated with the best
outcomes. On the other hand, weight gain greater than
or equal to 20% resulted in higher mortality. Obesity was

also associated with other complications in KTx, such as
delayed graft function, surgical complications, acute rejec-
tion, decreasing estimated glomerular filtration rate, dys-
lipidemia, diabetes mellitus, and cardiovascular diseases
[31, 32]. Therefore, we should better study the repercus-
sions of reducing frailty in this context of weight gain.

As visceral obesity and sarcopenia are associated with
unfavorable outcomes, we should use methods to identify
these metabolic changes in patients who gain weight after
KTx. These methods include dual-energy X-ray absorpti-
ometry, bioimpedance analysis, and waist circumference
[30, 33-36].

It is important to note that the frailty in patients under-
going KTx is different from that found in other chronic
diseases or acute conditions such as stroke and other
critical illnesses. [37-39]. In chronic kidney disease, the
incidence of frailty increases as the stage of the disease
progresses. In addition, dialysis and uremia impact frailty.
Therefore, KTx can, in most cases, improve frailty in a
population with end-stage kidney disease, which is less
common than in other diseases [40-42].

This study has some limitations. The cohort study was
performed only at one Brazilian center, and we used only
one frailty assessment tool [6]. Furthermore, the sample
size is relatively limited and may have reduced the statisti-
cal power of the study.

Despite these limitations, this study has significant
strengths. It is novel, as it includes patients from a devel-
oping country with specific demographic, economic, and
health characteristics. In this study, physical frailty pheno-
type [6] was used, which is the most commonly used tool
among the population of KTx patients and, above all, we
measured frailty when the patients were hospitalized for
the kidney transplant, thus reflecting the actual pre-KTx
state.

Conclusion

In conclusion, there was an important (69.9%) reduc-
tion in the prevalence of frail patients at the 12-month
follow-up period after KTx. Among the components of
frailty, weight loss showed a significant improvement in
this period.
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tary material available at https://doi.org/10.1007/s40620-022-01436-4.

Author contributions Conceptualization and methodology: MSM,
MFM, LGMA, RSC, GBA, NAC, JFS, RAMBA; Data collection:
MSM, NCC, RSC, GBA, RAMBA; Formal analysis: MFM, LGMA;
Writing the initial draft: MSM, MFM, NAC, RAMBA; Supervision:

@ Springer


https://doi.org/10.1007/s40620-022-01436-4

2348

Journal of Nephrology (2022) 35:2341-2349

RAMBA; Funding acquisition: RAMBA; All authors approved the final
version of the manuscript.

Data Availability The datasets generated and/or analyzed during the
current study are available from the corresponding author on reason-
able request.

Declarations

Conflict of interest The authors of this study declare no conflict of in-
terest.

Ethical approval This study was performed in line with the princi-
ples of the Declaration of Helsinki. The Institutional Review Board
of Botucatu Medical School approved this study (IRB approval num-
ber: CAAE 59232316.2.0000.5411). All participants provided written
informed consent.

Funding This work was supported by the Sdo Paulo Research Founda-
tion (FAPESP) (2016/24745-3) and Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior-Brasil (CAPES) (Finance Code 001).

References

1. Crocker TF, Brown L, Clegg A et al (2019) Quality of life is
substantially worse for community-dwelling older people living
with frailty: systematic review and meta-analysis. Qual Life Res
28(8):2041-2056. https://doi.org/10.1007/s11136-019-02149-1

2. Hewitt]J, Long S, Carter B, Bach S, McCarthy K, Clegg A (2018)
The prevalence of frailty and its association with clinical out-
comes in general surgery: a systematic review and meta-analysis.
Age Ageing 47(6):793-800. https://doi.org/10.1093/ageing/
afy110

3. Lan X, Li H, Wang Z, Chen Y (2020) Frailty as a predictor of
future falls in hospitalized patients: a systematic review and meta-
analysis. Geriatr Nurs 41(2):69-74. https://doi.org/10.1016/j.gerin
urse.2019.01.004

4. Kojima G (2017) Frailty as a predictor of disabilities among
community-dwelling older people: a systematic review and meta-
analysis. Disabil Rehabil 39(19):1897-1908. https://doi.org/10.
1080/09638288.2016.1212282

5. Chang SF, Lin PL (2015) Frail phenotype and mortality predic-
tion: a systematic review and meta-analysis of prospective cohort
studies. Int J Nurs Stud 52(8):1362—-1374. https://doi.org/10.
1016/j.ijnurstu.2015.04.005

6. Fried LP, Tangen CM, Walston J et al (2001) Frailty in older
adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci
56(3):M146-M156. https://doi.org/10.1093/gerona/56.3.m146

7. Buigues C, Juarros-Folgado P, Fernandez-Garrido J, Navarro-
Martinez R, Cauli O (2015) Frailty syndrome and pre-operative
risk evaluation: a systematic review. Arch Gerontol Geriatr
61(3):309-321. https://doi.org/10.1016/j.archger.2015.08.002

8. Exterkate L, Slegtenhorst BR, Kelm M et al (2016) Frailty and
transplantation. Transplantation 100(4):727-733. https://doi.org/
10.1097/TP.0000000000001003

9. Quint EE, Zogaj D, Banning LBD et al (2021) Frailty and kidney
transplantation: a systematic review and meta-analysis. Trans-
plant Direct 7(6):¢701. https://doi.org/10.1097/TXD.0000000000
001156

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Garonzik-Wang JM, Govindan P, Grinnan JW et al (2012) Frailty
and delayed graft function in kidney transplant recipients. Arch
Surg 147(2):190-193. https://doi.org/10.1001/archsurg.2011.1229
Chu NM, Deng A, Ying H et al (2019) Dynamic frailty before kid-
ney transplantation: time of measurement matters. Transplantation
103:1700-1704. https://doi.org/10.1097/TP.0000000000002563
McAdams-DeMarco MA, Law A, Salter ML et al (2013) Frailty
and early hospital readmission after kidney transplantation. Am J
Transplant 13(8):2091-2095. https://doi.org/10.1111/ajt.12300
Konel JM, Warsame F, Ying H et al (2018) Depressive symptoms,
frailty, and adverse outcomes among kidney transplant recipients.
Clin Transplant 32(10):e13391. https://doi.org/10.1111/ctr.13391
McAdams-DeMarco MA, Law A, King E et al (2015) Frailty
and mortality in kidney transplant recipients. Am J Transplant
15(1):149-154. https://doi.org/10.1111/ajt.12992
McAdams-DeMarco MA, Law A, Tan J et al (2015) Frailty,
mycophenolate reduction, and graft loss in kidney transplant
recipients. Transplantation 99(4):805-810. https://doi.org/10.
1097/TP.0000000000000444

McAdams-DeMarco MA, King EA, Luo X et al (2017) Frailty,
length of stay, and mortality in kidney transplant recipients:
a national registry and prospective cohort study. Ann Surg
266(6):1084-1090. https://doi.org/10.1097/SLA.0000000000
002025

Dos Santos Mantovani M, Coelho de Carvalho N, Archangelo TE
et al (2020) Frailty predicts surgical complications after kidney
transplantation. A propensity score matched study. PLoS ONE
15(2):€0229531. https://doi.org/10.1371/journal.pone.0229531
McAdams-DeMarco MA, Olorundare IO, Ying H et al (2018)
Frailty and postkidney transplant health-related quality of life.
Transplantation 102(2):291-299. https://doi.org/10.1097/TP.
0000000000001943

McAdams-DeMarco MA, Law A, Salter ML et al (2013) Frailty
as a novel predictor of mortality and hospitalization in individuals
of all ages undergoing hemodialysis. J Am Geriatr Soc 61(6):896—
901. https://doi.org/10.1111/jgs.12266

Alsaad R, Chen X, McAdams-DeMarco M (2021) The clinical
application of frailty in nephrology and transplantation. Curr Opin
Nephrol Hypertens 30(6):593-599. https://doi.org/10.1097/MNH.
0000000000000743

Haugen CE, Mountford A, Warsame F et al (2018) Incidence,
risk factors, and sequelae of post-kidney transplant delirium. J
Am Soc Nephrol 29(6):1752-1759. https://doi.org/10.1681/ASN.
2018010064

Kobashigawa J, Dadhania D, Bhorade S et al (2019) Report from
the American Society of Transplantation on frailty in solid organ
transplantation. Am J Transplant 19(4):984-994. https://doi.org/
10.1111/ajt.15198

McAdams-DeMarco MA, Isaacs K, Darko L et al (2015)
Changes in frailty after kidney transplantation. J] Am Geriatr Soc
63(10):2152-2157. https://doi.org/10.1111/jgs.13657

Quint EE, Schopmeyer L, Banning LBD et al (2020) Transitions in
frailty state after kidney transplantation. Langenbecks Arch Surg
405(6):843-850. https://doi.org/10.1007/s00423-020-01936-6
Chu NM, Ruck J, Chen X et al (2022) Long-term trajectories of
frailty and its components after kidney transplantation [published
online ahead of print, 2022 Feb 20]. J Gerontol A Biol Sci Med
Sci. https://doi.org/10.1093/gerona/glac051

Worthen G, Vinson A, Cardinal H et al (2021) Prevalence of
frailty in patients referred to the kidney transplant waitlist. Kid-
ney360 2(8):1287-1295. https://doi.org/10.34067/KID.00018
92021

Batistoni SS, Neri AL, Cupertino AP (2007) Validade da escala
de depressdo do Center for Epidemiological Studies entre idosos
brasileiros [Validity of the Center for Epidemiological Studies
Depression Scale among Brazilian elderly]. Rev Saude Publica


https://doi.org/10.1007/s11136-019-02149-1
https://doi.org/10.1093/ageing/afy110
https://doi.org/10.1093/ageing/afy110
https://doi.org/10.1016/j.gerinurse.2019.01.004
https://doi.org/10.1016/j.gerinurse.2019.01.004
https://doi.org/10.1080/09638288.2016.1212282
https://doi.org/10.1080/09638288.2016.1212282
https://doi.org/10.1016/j.ijnurstu.2015.04.005
https://doi.org/10.1016/j.ijnurstu.2015.04.005
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1016/j.archger.2015.08.002
https://doi.org/10.1097/TP.0000000000001003
https://doi.org/10.1097/TP.0000000000001003
https://doi.org/10.1097/TXD.0000000000001156
https://doi.org/10.1097/TXD.0000000000001156
https://doi.org/10.1001/archsurg.2011.1229
https://doi.org/10.1097/TP.0000000000002563
https://doi.org/10.1111/ajt.12300
https://doi.org/10.1111/ctr.13391
https://doi.org/10.1111/ajt.12992
https://doi.org/10.1097/TP.0000000000000444
https://doi.org/10.1097/TP.0000000000000444
https://doi.org/10.1097/SLA.0000000000002025
https://doi.org/10.1097/SLA.0000000000002025
https://doi.org/10.1371/journal.pone.0229531
https://doi.org/10.1097/TP.0000000000001943
https://doi.org/10.1097/TP.0000000000001943
https://doi.org/10.1111/jgs.12266
https://doi.org/10.1097/MNH.0000000000000743
https://doi.org/10.1097/MNH.0000000000000743
https://doi.org/10.1681/ASN.2018010064
https://doi.org/10.1681/ASN.2018010064
https://doi.org/10.1111/ajt.15198
https://doi.org/10.1111/ajt.15198
https://doi.org/10.1111/jgs.13657
https://doi.org/10.1007/s00423-020-01936-6
https://doi.org/10.1093/gerona/glac051
https://doi.org/10.34067/KID.0001892021
https://doi.org/10.34067/KID.0001892021

Journal of Nephrology (2022) 35:2341-2349

2349

28.

29.

30.

31.

32.

33.

34.

35.

36.

41(4):598-605. https://doi.org/10.1590/s0034-891020070004000
14

Lustosa LP, Pereira DS, Dias RC, Britto RR, Parentoni NA,
Pereira LSM (2011) Translation and cultural adaptation of the
Minnesota Leisure Time Activities Questionnaire in community-
dwelling older people. Geriatr Gerontol Aging 5(2):57-65
Chang SH, McDonald SP (2008) Post-kidney transplant weight
change as marker of poor survival outcomes. Transplantation
85(10):1443-1448. https://doi.org/10.1097/TP.0b013e31816f1cd3
Moreau K, Desseix A, Germain C et al (2021) Evolution of
body composition following successful kidney transplantation
is strongly influenced by physical activity: results of the COR-
POS study. BMC Nephrol 22(1):31. https://doi.org/10.1186/
$12882-020-02214-9

Chan W, Bosch JA, Jones D, McTernan PG, Phillips AC, Borrows
R (2014) Obesity in kidney transplantation. J Ren Nutr 24(1):1-
12. https://doi.org/10.1053/j.jrn.2013.09.002

Lafranca JA, IJermans JN, Betjes MG, Dor FJ (2015) Body mass
index and outcome in renal transplant recipients: a systematic
review and meta-analysis. BMC Med 13:111. https://doi.org/10.
1186/s12916-015-0340-5

Chan W, Chin SH, Whittaker AC et al (2019) The associations
of muscle strength, muscle mass, and adiposity with clinical out-
comes and quality of life in prevalent kidney transplant recipients.
J Ren Nutr 29(6):536-547. https://doi.org/10.1053/j.jrn.2019.06.
009

Menna Barreto APM, Barreto Silva MI, Pontes KSDS et al (2019)
Sarcopenia and its components in adult renal transplant recipi-
ents: prevalence and association with body adiposity. Br J Nutr
122(12):1386-1397. https://doi.org/10.1017/S00071145190024
59

Yanishi M, Kinoshita H, Tsukaguchi H et al (2018) Dual energy
X-ray absorptiometry and bioimpedance analysis are clinically
useful for measuring muscle mass in kidney transplant recipients
with sarcopenia. Transplant Proc 50(1):150-154. https://doi.org/
10.1016/j.transproceed.2017.12.023

Kovesdy CP, Czira ME, Rudas A et al (2010) Body mass index,
waist circumference and mortality in kidney transplant recipients.

37.

38.

39.

40.

41.

42.

Am J Transplant 10(12):2644-2651. https://doi.org/10.1111/j.
1600-6143.2010.03330.x

Costa NA, Minicucci MF, Pereira AG et al (2021) Current per-
spectives on defining and mitigating frailty in relation to critical
illness. Clin Nutr 40(11):5430-5437. https://doi.org/10.1016/].
¢lnu.2021.09.017

Fogg C, Fraser SDS, Roderick P et al (2022) The dynamics of
frailty development and progression in older adults in primary
care in England (2006-2017): a retrospective cohort profile. BMC
Geriatr 22(1):30. https://doi.org/10.1186/s12877-021-02684-y
Palmer K, Vetrano DL, Padua L et al (2019) Frailty syndromes
in persons with cerebrovascular disease: a systematic review and
meta-analysis. Front Neurol 10:1255. https://doi.org/10.3389/
fneur.2019.01255

Vetrano DL, Palmer K, Marengoni A et al (2019) Frailty and mul-
timorbidity: a systematic review and meta-analysis. J Gerontol A
Biol Sci Med Sci 74(5):659-666. https://doi.org/10.1093/gerona/
gly110

Lorenz EC, Kennedy CC, Rule AD, LeBrasseur NK, Kirkland JL,
Hickson LJ (2021) Frailty in CKD and transplantation. Kidney Int
Rep 6(9):2270-2280. https://doi.org/10.1016/j.ekir.2021.05.025
Kosoku A, Uchida J, Iwai T et al (2020) Frailty is associated
with dialysis duration before transplantation in kidney transplant
recipients: a Japanese single-center cross-sectional study. Int J
Urol 27(5):408-414. https://doi.org/10.1111/iju.14208

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer


https://doi.org/10.1590/s0034-89102007000400014
https://doi.org/10.1590/s0034-89102007000400014
https://doi.org/10.1097/TP.0b013e31816f1cd3
https://doi.org/10.1186/s12882-020-02214-9
https://doi.org/10.1186/s12882-020-02214-9
https://doi.org/10.1053/j.jrn.2013.09.002
https://doi.org/10.1186/s12916-015-0340-5
https://doi.org/10.1186/s12916-015-0340-5
https://doi.org/10.1053/j.jrn.2019.06.009
https://doi.org/10.1053/j.jrn.2019.06.009
https://doi.org/10.1017/S0007114519002459
https://doi.org/10.1017/S0007114519002459
https://doi.org/10.1016/j.transproceed.2017.12.023
https://doi.org/10.1016/j.transproceed.2017.12.023
https://doi.org/10.1111/j.1600-6143.2010.03330.x
https://doi.org/10.1111/j.1600-6143.2010.03330.x
https://doi.org/10.1016/j.clnu.2021.09.017
https://doi.org/10.1016/j.clnu.2021.09.017
https://doi.org/10.1186/s12877-021-02684-y
https://doi.org/10.3389/fneur.2019.01255
https://doi.org/10.3389/fneur.2019.01255
https://doi.org/10.1093/gerona/gly110
https://doi.org/10.1093/gerona/gly110
https://doi.org/10.1016/j.ekir.2021.05.025
https://doi.org/10.1111/iju.14208

	Transitions in frailty state 12 months after kidney transplantation: a prospective cohort study
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Methods
	Study design
	Study setting
	Eligibility criteria
	Study protocol
	Definitions of study variables and protocols of the transplantation service
	Statistical analysis
	Ethical consideration

	Results
	Study population
	Pre-KTx frailty
	Transitions in frailty 12 months after KTx

	Discussion
	Conclusion
	References




